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Related Rohde & Schwarz Instruments

1 Preface

The R&S WinlQSIM2 simulation software is a Windows-PC based program that cre-
ates digitally modulated signal waveforms. Offering waveform signals in accordance
with the definitions in the digital standards or with user-definable characteristics,

R&S WinlQSIM2 is an indispensable application for anyone engaged in state-of-the-art
digital modulation.

1.1 Key Features

Outstanding features of R&S WinlQSIM2 are:
® Generation of all important digital communication standard signals

® Generation of custom digital signals, like single, multi-carrier CW or multi-segment
waveforms

® Generation of noise signals with selectable bandwidth

® |mporting I/Q samples for additional filtering or superimposing
® Comprehensive graphic display modes

® |ntuitive operation via the block diagram

® Signal transmission to instruments via GPIB, USB, LAN, or file transfer via USB
stick

® Direct control of instruments via LAN (remote desktop)

For a detailed specification, refer to the data sheet.

1.2 Related Rohde & Schwarz Instruments

Waveform signals computed by R&S WinlQSIM2 can be loaded onto and processed
by the following Rohde & Schwarz Instruments, equipped with an ARB generator, or a
waveform memory playback.

Generation of waveforms for ARB generators

® R&S SMW
® R&S SMBV
e R&S SMU
® R&S SMJ

® R&S AMU
® R&S AFQ

® R&S EX-IQ-BOX
(waveform generation without data transfer)

e R&SBTC
® R&S SFU
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® R&S CMW

Control of vector signal generators

The following vector signal generators can be used for generation of radio frequency
(RF) signals. Moreover, these vector signal generators can be controlled by

R&S WinlQSIM2:
® R&S SMW

® R&S SMBV
® R&S SGT

e R&S SMU

® R&S SMJ

1.3 About the Manual

This user manual describes general functions of R&S WinlQSIM2, the operation of the
software and settings common to all firmware options. The settings specific to the firm-
ware options are described in the corresponding user manuals.

The main focus of this manual is on the signal generation capabilities of the software
and the tasks required to achieve them. The following topics are included:

® Welcome to R&S WinlQSIM2
Introduction to R&S WinlQSIM2, and getting familiar with the software, including a
brief introduction to the features and functions.

® Getting Started
Information on the basic steps for starting up the software.

® Configuring the Baseband Source and AWGN
Descriptions of the individual generation modes, including configuration settings
and task descriptions.

e Setting Up Instruments
Descriptions to the configuration steps for connecting to an instrument, signal
transmission and activation of signal generation, including configuration settings
and task descriptions.

® File and Data Management
Description of general functions to handle data files.

® General Functions
Description of the general settings and functions.

® Network and Remote Operation
Information on setting up the software in a network and operating it remotely.

® Remote Commands
Remote commands required to configure and perform measurements in a remote
environment, sorted by tasks
Remote commands required to set up the environment and to perform common
tasks, sorted by tasks
Programming examples demonstrate the use of many commands and can usually
be executed directly for test purposes
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1.4

Documentation Overview

® Troubleshooting and Error Messages
Hints and tips on how to handle errors.

® Appendix
Extensive reference information on remote control, etc.

® List of Commands
Alphabetical list of all remote commands described in the manual

® |ndex

Documentation Overview

This section provides an overview of the R&S WinlQSIM2 user documentation. You
find it on the product page at:

http://www.rohde-schwarz.com/product/WinlQSIM2.html > "Downloads"

Online help

Offers quick, context-sensitive access to the complete information for the base unit and
the software options directly on the instrument.

User manual

Separate manuals for the base unit and the software options are provided for down-
load:

® Base unit manual
Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

® Software option manual
Contains the description of the specific functions of an option. Basic information on
operating the R&S WinlQSIM2 is not included.

The online version of the user manual provides the complete contents for immediate
display on the Internet.

Basic safety instructions

Contains safety instructions, operating conditions and further important information.
The printed document is delivered with the instrument.

Data sheet and brochure

The data sheet contains the technical specifications of the R&S WinlQSIM2. It also
lists the options and their order numbers as well as optional accessories.

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.


http://www.rohde-schwarz.com/product/WinIQSIM2.html

1.5

1.6

Notes on Screenshots

Release notes and open source acknowledgment (OSA)

The release notes list new features, improvements and known issues of the current
software version, and describe the software installation.

The open source acknowledgment document provides verbatim license texts of the
used open source software.

See http://www.rohde-schwarz.com/product/WinlQSIM2.html > "Downloads" > "Soft-
ware"

Application notes, application cards, white papers, etc.

These documents deal with special applications or background information on particu-
lar topics, see http://www.rohde-schwarz.com/appnotes.

Typographical Conventions

The following text markers are used throughout this documentation:

Convention Description
"Graphical user interface ele- All names of graphical user interface elements on the screen, such as
ments" dialog boxes, menus, options, buttons, and softkeys are enclosed by

quotation marks.

KEYS Key names are written in capital letters.

File names, commands, File names, commands, coding samples and screen output are distin-

program code guished by their font.

Input Input to be entered by the user is displayed in italics.

Links Links that you can click are displayed in blue font.

"References" References to other parts of the documentation are enclosed by quota-
tion marks.

Notes on Screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as much as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic test situations.

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.


http://www.rohde-schwarz.com/product/WinIQSIM2.html
http://www.rohde-schwarz.com/appnotes

2 Welcome to the Simulation Software
R&S WinlQSIM2

The simulation software R&S WinlQSIM2 enables you to generate waveform files of
various digitally modulated signals in accordance with the definitions in the digital
standards or with user-definable characteristics.

Waveforms are files with settings provided for repeatable tests with the same test sig-
nal. Irrespectively of the way these waveform files are generated, they are always
played from an instrument, e.g. the vector signal generator R&S SMW. The signal cal-
culation is performed in advance and the instrument acts as a player.

Features and Functions

In addition to the wide range of digital standards, the functions of R&S WinlQSIM2 also
comprise single carrier modulation, the generation of multi carrier signals, WCDMA
and third-order signals.

The software calculates | and Q baseband signals on a Windows PC system compris-
ing almost the same functionalities as the Rohde & Schwarz vector signal generators.
R&S WinlQSIM2 includes the characteristics of an R&S instrument, if defined. In addi-
tion, an internal AWGN noise generator allows you to superimpose noise on the gener-
ated signal.

The graphical signal display function visualizes a generated signal in various graphical
views for quick evaluation and verification of the signal characteristics.

You can transmit a generated signal directly to a connected instrument in the network
over LAN, or via USB or GPIB. Alternatively, you can store it locally in a file and
retrieve it subsequently on the instrument. The instrument plays back the loaded wave-
form file and thus generates the corresponding signal.



Required equipment of an instrument
The following requirements must be met for playing the waveform files...

® ARB (Arbitrary Waveform Generator) or a waveform memory playback
An instrument must be equipped with an ARB or a waveform memory, allowing the
playback of waveform files.

® Digital standard option
To process waveform file generated by the simulation software R&S WinlQSIM2,
the instrument must have installed the corresponding digital standard option for
using R&S WinIQSIM2.
For example, if you purchase "Option SMW-K255", the EUTRA/LTE Digital Stan-
dard option for using R&S WinlQSIM2, you can process EUTRA/LTE waveform
files generated by R&S WinlQSIM2 on the R&S SMW.

® Multicarrier CW Signal generation
To process multicarrier waveforms, the instrument must be equipped with the cor-
responding option provided for R&S WinlQSIM2 waveform files.

e AWGN
Similarly, an instrument must have installed the corresponding R&S WinlQSIM2
option for processing additive white gaussian noise.

See Chapter 1.2, "Related Rohde & Schwarz Instruments”, on page 13 for the list of
instruments from Rohde & Schwarz that can process waveform files.

For information on the available options, see the data sheet of the instrument.

GUI Appearance and Operation

The graphical user interface of R&S WinlQSIM2 is based on the GUI design of the
R&S SMW vector signal generator, and also resembles the user interface of the R&S
SMBYV, or the R&S SMU signal generator family.
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Figure 2-1: R&S WinlQSIM2 application window with signal flow

1 = digital waveform signal

2 = noise signal

3 = superimposed signal

4 = main parameters of the waveform signal

5 = connected arbitrary waveform signal generator

6 = connected vector signal generator

7 = graphical display of the digital, noise and superimposed signals

The application window displays the signal generation in a block diagram. It indicates
the current state of the functional blocks and allows you to display the current signal
configuration graphically. The signal flow follows the logical left-to-right direction. The
status bar above the block diagram shows the main characteristics of the signal. Thus
you can see the status of signal configuration and active interfering components at a
glance.

Comprehensive graphic display modes in the time and frequency domain, e.g. I(t) and
q(t), vector diagram or spectrum, allow simulation and analysis of characteristics as
early as in the design phase of new digital communication systems.

You can configure the signal directly in the block diagram. R&S WinIQSIM2 offers intui-
tive and straight forward operation with a high degree of self-explanation due to the
logically structured signal flow, dialogs and menus.



Related Descriptions

The embedded context-sensitive help systems provide the help content related to the
element you are currently interacting with. The table of contents, the index and the find
functions supports you in finding the information if you are using the documentation in
pdf format or printable form. In particular in printed documents, you can find it helpful to
use this section and get familiar with the structure of this description.

The description follows the procedure as you likely configure a new signal generation
task. It starts with configuring the baseband source, describes how you can assign a
noise or interferer signal and validate the signal with the graphics display. Setting up
an instrument and transmitting the waveform file to the destination instrument complete
the process description.

Finally, the description deals with general functions of R&S WinlQSIM2, information
about remote control, like network connection and remote control commands, as well
as error messages and troubleshooting.
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3 Getting Started

This section describes the basic steps to be taken when starting up R&S WinlQSIM2

3.1

the first time.

Installing the R&S WinlQSIM2 Software....................
Starting R&S WiInIQSIM2........ccccviiiiiieee e
Trying Out R&S WinlQSIM2.........cccccoviiiiieiiiiieeeeee
Overview of R&S WiInlQSIM2........cccccovvvvveeeeiiieennn
Controlling R&S WinlQSIM2........ccccoviiiiiiiieieeee
Getting Information and Help.........ccccoiiiieeeieeeiiiiies

Installing the R&S WinlQSIM2 Software

R&S WinlQSIM2 is a stand-alone, PC-based application that creates waveform files of

digitally modulated signals.

You find the up-to-date version of R&S WinlQSIM2 and the corresponding release
notes describing the improvements and modifications on the product homepage "http://
www.rohde-schwarz.com/product/WinlQSIM2.html > Download > Software".

Software and hardware requirements

To install and run R&S WinlQSIM2, the following hardware and software requirements

have to be met:

Table 3-1: Software requirements

Options Remarks

Operating System Microsoft® Any other versions or operating sys-
®  Windows 8 tems are not supported. The instal-
®  Windows 7 lation process checks the operating
®  Windows Vista system and aborts the installation if
®  Windows XP SP2 your PC is not compatible.

R&S VISA, 10 libraries for instrument

control

®  National Instruments VISA 4.0. or
higher (optional)

®  other VISA runtime library

VISA runtime library o

VISA driver is bundled with a GPIB
(IEC/IEEE)-bus card from National
Instruments (NI) or Agilent. If none
of these cards are used, there is the
option to perform data transmission
via TCP/IP connection over LAN.

Drivers can be obtained from R&S
or NI directly.
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Table 3-2: Hardware requirements

Minimum requirements Recommended hardware
AMD / Intel CPU 1 GHz 2 GHz
RAM 1GB 2GB

Note:The installation process checks the
RAM size and aborts the installation if the
minimum memory size is not given.

Display resolution 1024 x 800 pixels = 1024x800 pixels
GPIB (IEC/IEEE)-bus ® National Instruments optional

card ® Agilent

Free HD space 600 MB 2GB

To install the software

To install the software, perform the following:

6 ® Administrator rights are required to install and run the program.

® |tis recommended that you uninstall any previous version of R&S WinlQSIM2
before installing the new version (see To uninstall a previous software version).

1. In the windows explorer, execute WinlQSIM2_v.vv.vvv.vvv.exe.

2. Follow the instructions of the installation wizard.

<v.vv.vvv.vvv> stands for the current version.

The setup file installs all software components R&S WinlQSIM2 requires for opera-
tion.

Table 3-3: Default file location (software installation for all users)

File type File location File name

User settings and data $APPDATA%\Rohde-Schwarz\winigsim2 *.wv, *.savrcl, etc.

(Waveforms, Save/

Recall, etc.)

Program data $PROGRAMFILES (X86) $\Rohde-Schwarz\ WinIQSIM2 Start.cmd
WinIQSIM2\xxX.x

To uninstall a previous software version

To uninstall a previous version, perform the following:

1. In the taskbar, select the "Windows Start" button.

2. Select "Settings > Control Panel > Programs > Programs and Features".

3. Inthe list of programs, select "R&S WinlQSIM2_v.vv.vvv...".



Starting R&S WinlQSIM2

4. Remove the program with "Uninstall/Change > Uninstall".

The script file identifies and removes any currently installed items of R&S WinlQ-
SIM2.

3.2 Starting R&S WinlQSIM2

To access R&S WinlQSIM2 easily, create a shortcut to the * . exe file and place it on
the desktop of your computer.

@ Access:

winiasimz 2203 1. On your computer, perform one of the following:

a) Select "Start > All Programs > R&S WinlQSIM2 > R&S WinlQSIM2 v.vv.vvv.ww"
b) Double-click the shortcut icon on the desktop.

After starting up, the main application window appears.

D B - PP

Waveform
Basehand Arb Sig Gen
—— mysuw v
[Jon b B
LAN
MSK ‘ Remote Control
|
AN Vs
—
Vector Sig Gen
D Cn -
LAN
Remote Control

Figure 3-1: R&S WinlQSIM2 main application window in initial state

2. Select "File > New" (or the @& icon alternatively) to start from an initial state.
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3.3 Trying Out R&S WinlQSIM2

The following is an example on how to use R&S WinlQSIM2 to generate a single car-
rier waveform with AWGN and load it in the ARB of an R&S SMW200A .

The workflow consists of the following steps, each described in a separate step-by-
step instruction:

® Chapter 3.3.1, "Configuring the Instrument”, on page 24

® Chapter 3.3.2, "Selecting the Instrument”, on page 26

® Chapter 3.3.3, "Generating the Waveform Signal", on page 26

® Chapter 3.3.4, "Adding Noise (AWGN) to the Signal", on page 29

® Chapter 3.3.5, "Displaying and Configuring the Graphical Representation of the
Waveform Signal”, on page 30

® Chapter 3.3.6, "Transmitting the Generated Waveform to the R&S SMW200A",
on page 37

® Chapter 3.3.7, "Transmitting the Generated Waveform to a File", on page 39

3.3.1 Configuring the Instrument

Before you can transmit a signal to a signal generator, you must configure the destina-
tion instrument and the connection between the instrument and R&S WinIQSIM2.

R&S WinlQSIM2 allows you to scan the LAN, GPIB, or USB interfaces for connected

@ instruments ("Arb Sig Gen or Vector Sig Gen"). Detected instruments are automatically
assigned to the list of "Available Instruments", including the associated information on
the connection.

Alternatively, you can create and configure an instrument manually, as described in
"To create an instrument manually" on page 196.

The general instrument settings affect various functions, e.g. the maximum size of the
waveform file. It is recommended that you configure a connected instrument first
before creating the waveform file.

To scan and configure an instrument

1. Connect the instrument to the LAN, e.g. an R&S SMW200A with option R&S SMW-
B10.

2. Switch the instrument on.

3. In the menu bar of R&S WinlQSIM2, select "File > New" to start the software from
an initial state.

4. In the block diagram, select "Vector Sig Gen > Instruments".

The "Configure Instruments" dialog opens.
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Awvailable Instruments

In this dialog, you can search for connected instruments, assign an instrument
manually and configure the connection.

5. Select "Scan" to search for connected instruments.

All instruments found in the network as well as instruments connected via the GPIB
or USB interfaces are displayed in the list of "Available Instruments". R&S WinlQ-
SIM2 retrieves all information on connection to the instrument automatically, so fur-
ther configuration is not required. However, you can check and modify the settings
with "Edit".

Awvailable Instruments

Tip: R&S WinIQSIM2 does not clear the list of "Available Instruments™ before a
scan. Any instruments found during a scan are added to the list.

6. If you can find your R&S SMW200A in the list, close the dialog.
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@

If the instrument you want to work with is not listed, check if the following prerequisites
are fulfilled, and scan for the instrument again:

® |[s the instrument switched on?
® |[s the instrument accessible via LAN, GPIB, or USB?
® |s the firewall of the instruments' operating system deactivated?

3.3.2

3.3.3

Selecting the Instrument

The waveform calculation is based on instruments settings. Thus, before you can cre-
ate a waveform, you must select and configure any instrument in advance (see also
Chapter 3.3.1, "Configuring the Instrument”, on page 24).

For the calculation, it is not imperative that a real instrument is connected. You can
also create a waveform on the basis of a manually configured instrument (offline).

» In the instrument selection list of the "Vector SigGen" block, select "SMW200A".

SMW200A -
LAN
Remote Control

The R&S SMW200A is selected. The prerequisites for waveform calculation are ful-
filled.

Generating the Waveform Signal

The example task is to configure a digital signal in accordance with the EUTRA/LTE
standard. It introduces the way to access the settings and the configuration principle
common for digital standards, and the R&S WinlQSIM2 software.

We use one of the provided EUTRA test models (E-TM), to show how to configure and
generate a test signal.

1. In the menu bar, select "File > new" to start from an initial state.
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R&S WinlQSIM2 sets all settings to default, except of the selected instruments in
the "ARB Sig Gen" and "Vector Sig Gen" blocks.

2. In the block diagram, select "Baseband > EUTRA/LTE".

L@Recdl‘Sme‘L &:;:;J

[oﬁmgn L Set To

Duplexing lFDD ']
Link Direction Downlink (OFDMA) ']
@ Test Models._. l

[ General DL Settings... I [ Frame Configuration_.. \
@ Filter/Clipping/ARB/TDW/Power.__ l LTE / Clip Off / 1 Frames

v,

\

The "EUTRA/LTE" settings dialog contains the parameters to configure the wave-
form signal.

3. Inthe "General" tab, select "Link Direction > Downlink (OFDMA)".
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4. Select "Test Models > E-TM1_1__10MHz".

5. Confirm with "Select".
The "Test Models" is a function for quick selection and settings adjustment accord-
ing to one of the various EUTRA test models (E-TM). A standard "File Select" func-
tion enables you to select form files with predefined settings.

E-TMA_1_ 15MHz

E-TM1_1__1_4MHz
E-TM1_1__20MHz
ETM1 1 3MHz
E-TM1_1__5MHz

E-TM1 2 10MHz -
Sl : Recent File
@ O Files @

The dialog closes automatically and the user interface confirms the name of the
selected file.

6. Select "General DL Settings" to have a look at the channel bandwidth and the
occupied bandwidth of the selected signal.

E)hanne\ Bandwidth I1ﬂ MHz 'D Number of Resource Blocks per Slot _
FFT Size I1 024 ']
Physical Resource Block Bandwidth 1215 kHz (Occumed Bandwidth 9.015 MHz,
Sampling Rate 15.360MHz  Number of Occupied Subcarriers 601
MNumber of Left Guard Subcarriers 212 Number of Right Guard Subcarriers 21

The selected test model operates with a channel bandwidth of 10 MHz. The signal
occupies 9.015 MHz.

7. Close the "General DL Settings" dialog.
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8. Inthe "General" tab, select state "On".

CO Qn 0=~ 0= 0
Duplexing lFDD ']
Link Direction Downlink (OFDMA) v
b Test Models. .. l E-TM1_1__10MHz
[ General DL Settings... l [ Frame Configuration... ‘
@ Filter/Clipping/ARB/TDW/Power... l LTE / Clip Off / 1 Frames

R&S WinlQSIM2 calculates the EUTRA/LTE test signal with the selected channel
bandwidth. It displays the characteristic signal parameters, i.e. the number of
"Samples" and the used "Sample Rate" in the status bar of the main window.

3.3.4 Adding Noise (AWGN) to the Signal

In R&S WinlQSIM2, you can also superimpose the waveform with noise.

In the example, we generate a "White Gaussian Noise" signal that is to be superim-
posed with the interference-free LTE signal. The minimum noise to system bandwidth
ratio is 2.

1. In the block diagram, select "AWGN".

Mode lAdditive MNoise ']

System Bandwidth l 10.000 0jMHz -

Min Noise/System Bandwidth Ratio

Moise Bandwidth mmeennnn

,
.
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The "AWGN Settings" dialog contains the parameters for configuring additive white
gaussian noise, noise level or CW interfering.

In the "General" tab, select "Mode > Additive Noise".
Set "System Bandwidth > 10 MHZz".
Enter "Min. Noise/System Bandwidth Ratio > 2".

o M w N

In the "Noise Power / Output Results" tab, enter "Bit Rate > 270.833333 kbps".

Set Noise Power Via lCJN ']
Bit Rate l 270.833 333|khps ']
Carrier/Moise Ratio 30.00/dB =
Eb/NO

Carrier Power

dBFS
MNoise Power (System Bandwidth) dBFS -
Noise Power (Total Bandwidth) dBFS

Carrier+Moise Power

Carrier+Moise PEP

6. Enter "Carrier/Noise Ratio > 30 dB".
7. Inthe "General" tab, select state "On".

R&S WinlQSIM2 generates the noise signal.

3.3.5 Displaying and Configuring the Graphical Representation of the
Waveform Signal

It is often useful to verify a generated waveform before storing or transmission. This
example shows you how to configure the display function of the R&S WinlQSIM2, and
how to view the signals in particular, both the baseband and the AWGN, and the
superimposed signal. The example uses the waveform generated as described in
Chapter 3.3.3, "Generating the Waveform Signal”, on page 26, and the AWGN signal
of Chapter 3.3.4, "Adding Noise (AWGN) to the Signal", on page 29.
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The graphics panel is an important tool for checking the signal configuration. In this
panel, you can display the generated 1/Q signal as 1/Q diagram, as well as derived rep-
resentations thereof like the vector diagram or the signal spectrum. For more informa-
tion, see Chapter 6, "Displaying Simulated Waveforms Graphically", on page 162.

To display the baseband waveform signal

1. In the menu bar of the main window, select "Graphics > Graphic 1 > Graphic 1
(Preview Only)".
R&S WinlQSIM2 indicates the graphics preview in the block diagram.

Graphic 1

A small icon & assigned directly to the signal line indicates the shown waveform.
To access the graphic settings, perform one of the following:

a) Double-click the small graphics display.
b) In the menu bar, select "Graphics > Graphic 1 > Graphic 1 (Complete)".

© WinIQSIM2 Graphic 2 =] @ (=]
Generated Waveform File 1
otal Signal Duration- 307200 Samples (= 10 ms) Sample Rate (fc) 30 72 MHz |
iewport
Min: 0 Max: 99 999 Range 100 000) Unit Samples = Sweep Step| 100|% ~| Sweep Rate OFF =
| |
| 1
1Q Source Baseband = ‘Mode |i{t)/q(t) i
108.5
Y
P 0 -9 07857
@ 2]
3
=
g
= 50
108.5
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000 75000 80000 85000 90000 100000
t/ Samples
108.5
g
2
3 PlC. 42,1749
=
3
5 |
-108.5
L] 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000 75000 80000 85000 90000 100000
t/ Samples
Scale X-Axis
Mode [Auto = Min: 0| Max: 99 999 Range: 100 000| Unit  |Samples &
cale Y-Axis
ift) Mode [Auto = Min: -108.5) Max: 108.5| Range: 217.0 Unit  |Mone &
qit) Mode [Auto = Min: -108.5 Max: 108.5/ Range: 217.0 Unit  |Mone &

) e — .

The "Graphic 1" settings dialog opens.
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By default, R&S WinlQSIM2 displays an "I(t)/q(t)" diagram. You can select the
graphical representation in the "Mode" combo box.

2. Select "IQ Source > Baseband".
3. Select "Mode > FFT Magnitude".
4. Select "Len > 2048 (2"M1)".

I1Q Source Baseband ~| Mode [FFT Magnitude ~| Len 2048 (2*11) ~ Win [Hanning ~| Avg|Auto =

40

Amplitude r{t) / dB
s N & ‘g
=3 = <

S

-100
153 14 13 12 11 -0 9 & 7 6 S5 4 3 2 41 0 1 2 3 4 5 6 T 8 9 10 M 12 13 141536

(Ffc) / MHz

The power spectrum displays the baseband waveform signal.

To display the AWGN signal

In this example, we use the second graphic function to display the AWGN signal. Per-
form the following steps:

1. In the menu bar of the main window, select "Graphics > Graphic 2 > Graphic 2
(Complete)".

2. Inthe "Graphic" dialog, select "IQ Source > AWGN".
3. Select "Mode > FFT Magnitude".
4. Select "Len > 2048 (2M1)".

1Q Source AWGH = Mode [FFT Magnitude =| Len 2048 (2411) =~ Win |Hanning ~ Avg|Auto ~

40

Amplitude r(t) / dB
d N @ g
s = 3

2

-100
153 14 13 12 11 10 9 8 4 6 5 4 3 2 4 0 1 2 3 4 5 6 7 & 9 10 1M 12 13 141536

{Ffc) / MHz
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The power spectrum displays the generated additive white gaussian noise signal.

To display the baseband signal superimposed with AWGN

1. In the menu bar of the main window, select "Graphics > Graphic 3 > Graphic 3
(Complete)".

2. Select "IQ Source> Baseband + AWGN".
3. Select "Mode > FFT Magnitude".
4. Select "Len > 2048 (2"M1)".

1Q Source Baseband + AWGN ~| Mode FFT Magnitude =| Len|2048 (2+11) ~ Win Hanning ~| Avg|Auto -

40

Amplitude r{t) / dB
] & s
=3 = =3

5

-100
153% 14 13 12 11 10 9 & 7 6 S5 4 3 2 414 0 1 2 3 4 5 6 T 8 9 10 M 12 13 141536

(Ffc) / MHz

The power spectrum displays the waveform derived from the baseband signal
superimposed with the AWGN signal.

"\ To retrieve more information, zoom in the spectrum and place the markers to the posi-
) tions to measure the corresponding values (see To zoom a particular area of the wave-
form).

Using markers to analyze the signal

Using the markers you can determine particular readings of the signals, e.g. to verify
the settings directly in the graph. You can position the markers in the diagram to find
out the appropriate values.

In the following examples, we set the markers to determine the occupied bandwidth of
the baseband waveform, and the carrier/noise ratio.

To determine the occupied bandwidth of the baseband signal
1. Open the "Graphics 3" dialog.

2. Inthe diagram, left-click the first marker and keep the mouse key pressed.
R&S WinlQSIM2 denotes the current X-axis position by a colored line.

3. Drag and drop the marker to the start position of baseband signal (On-time).

4. Accordingly, move the second marker to the end position.
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1Q Source [Baseband + AWGN »| Mads |FFT Magnitude *| Len 2048 (2¢1) »| Win|Hanning ~| Avg Auto v
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m

Marker 1 Delta- 1-2 Units:
e 4.5 441 -8.94 /|| MHz M
Am -3614 -1.464 -2.150 || di 4

You can see the current X and Y-axis positions of the markers in the diagram, or in
the "Marker" fields in the lower section of the dialog. The calculated "Delta 1-2" fre-
quency value reflects the occupied bandwidth of the EUTRA/LTE signal approxi-
mately, see Generating the Waveform Signal, step 6.

To determine the carrier to noise ratio

1. Open the "Graphics 3" dialog.

2. Inthe diagram, left-click and hold the first marker.

3. Drag and drop "Marker 1" to the top level of the noise signal.
4

Accordingly, move the second marker to the top level of the baseband waveform
signal.

[
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R&S WinlQSIM2 determines the carrier/noise ratio of approximately 30 dB calcula-
ted on the basis of the markers amplitude values.

To zoom a particular area of the waveform

To retrieve more information, you can enlarge any section of the graph and thus visual-
ize particular values of the signal in detail.

1. Left-click and hold the upper left corner of the section you want to zoom.
2. Draw the zoom rectangle.

1Q Source Baseband + AWGHN ~| Mode |FFT Magnitude ~| Len 2048 (2¢11) = Win|Hanning | Avg|Auto

Amplitude rit) / dB

1536 14 13 12 11 10 9 88 7 6 5 4 3 2 41 0 1 2 3 4 5 6 T 8 9 10 M 12 13 141536

(Ffc) / MHz
A dotted rectangular frame denotes the marked area.

3. Release the mouse button.
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1Q Source (Baseband + AWGN ~| Mode FFT Magnitude -| Len 2048 (2+11)

~ Win Hanning = Avg|Auto ~

Amplitude r(t) / dB

Zoom Qut (ffic) / MHz

R&S WinlQSIM2 enlarges the selected section. Now you can analyze the signal
trace in more detail visually.

4. To return to the initial size, select "Zoom Out".

To display the graphics in the main window

» Close all graphics dialogs.

Rohde&tSchuarz WinlQSIM2

=R E=h
File Transmission Graphics Help
L) o (o) || i | b %
Samples 307 200 Samp ¥ Sample Rate 30 720 000 MHz
| @ Info
Wavefi ]
Basehand o LDEDED
g E > SMW200A ~
LAN
Remate Control
=
| awan__| .
ector Sig Gen _
SMW200A v
LAN
Remate Control

Graphic 3

EUTRALTE CIE
Settings

R&S WinlQSIM2 shows the small graphics preview of all active diagrams. "Graphic
1" displays the baseband signal, in "Graphic 2" you can see the AWGN signal, and
in "Graphic 3" the baseband signal interfered with noise.
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3.3.6 Transmitting the Generated Waveform to the R&S SMW200A

Transferring the waveform file to the signal generator, requires that the connection
between R&S WinlQSIM2 and the R&S SMW200A is established.

You can see the connection at a glance in the block diagram denoted by the two thin
control lines, see "Block diagram" on page 45.

In case of crossed lines, establish the connection as described in Chapter 3.3.1, "Con-
figuring the Instrument”, on page 24 and Chapter 3.3.2, "Selecting the Instrument”,
on page 26.

In addition the following requirements must be met:
® Enabled file transfer via LAN and the used interface protocol
® Enabled write permission on the instrument's file system

® Disabled firewall in the operating system (applies to particular instruments as e.g.
the R&S AFQ100A)

See the user manual of the instrument for more information to its safety systems.

In this example, we assume that the connection over LAN is established and enabled.

To transmit the generated waveform to the R&S SMW200A and activate the ARB
signal generation

1. To configure the transmission, perform one of the following:

a) In the menu bar, select "Transmission > Transmit".
b) In the tool bar, select .
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S A Y
75 WinIQSIM2: Wavefo ransrission To Arbitra I |

User Comment for File/\Waveform

ETM1_1_10
- Source
Transmit from Internal (WinlQSIM2) -
A
I Destination ~
Transmit to Instrument -
@ File... ‘ LTE_10MHz.wy
L A

Automatically Load And Start Waveform

In

@ Transmit Waveform ‘

The "Waveform Transmission To Arbitrary Signal Generator" dialog opens.

Path A -

2. Select "Source > Internal (WinlQSIM2)"

R&S WinlQSIM2 selects the last generated waveform data automatically.
3. Select "Destination > Transmit To > Instrument".

4. Select "File" to determine the file name and directory for storing on the instrument.

a) Select, or create the destination directory on the instrument.
b) Enter the "File Name".
c) Confirm with "Ok".

Enable "Automatically Load and Start Waveform".
Select the required baseband path, for example "Path A".

Add a comment to the waveform.

®©® N o o»

Select "Transmit" to start the transmission.

R&S WinlQSIM2 transmits the waveform file to selected folder of the R&S
SMW200A. After successful transmission, the R&S SMW200A loads the file, ena-
bles the ARB and plays the transmitted waveform, and automatically provides the
waveform signal at the I/Q Modulator outputs.
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3.3.7 Transmitting the Generated Waveform to a File

To store the generated waveform file

1. In the tool bar, select a&.

0 WinlQSIM2: Wavefo ransmission To Arbitrary V

User Comment for FileAWaveform

EMA1_1_10_AdditiveMoise

. Source

Transmit from
S
I Destination

Internal (WinlQSIM2) -

P —

A

Transmit to File M

@ File... ‘ LTE_10MHz.

L

@ Transmit Waveform ‘

_: !

The "Waveform Transmission To Arbitrary Signal Generator" dialog opens.
2. Add a comment to the waveform.
3. Confirm with ENTER.
4. Select "Source > Internal (WinlQSIM2)"
R&S WinlQSIM2 selects the last generated waveform data automatically.
5. Select "Destination > File".
6. Select "File" to determine the file name and directory for storing the waveform.

a) Select, or create the destination directory.
b) Enter the "File Name".
c) Confirm with "Save"

7. Select "Transmit Waveform".

R&S WinlQSIM2 stores the waveform file in the specified directory on your com-
puter.

3.4 Overview of R&S WinlQSIM2

This section helps you to get familiar with R&S WinIQSIM2. It provides an introduction
to the general concept of the software, including the description of the main blocks in
the signal generation flow.
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3.4.1 Brief Introduction to the Concept of R&S WinlQSIM2

The signal generation software comprises all the functionalities required for creating
waveform files of digitally modulated baseband signals. It provides almost all standard-
compliant digital signals, user-definable signals with selectable modulation parameters
as well as multi carrier signals.

The graphical user interface provides intuitive operation via a block diagram, repre-
senting the core functionalities in blocks. You can control the entire process of the sig-
nal configuration via the block diagram. At a glance, you can see the status of signal
configuration, active interfering signals, the signal flow and connected instruments. In
addition, R&S WinlQSIM2 shows the signals graphically.

3.4.2 Possible Ways to Operate R&S WinlQSIM2

This chapter provides an overview on how to work with R&S WinIQSIM2 and describes
the manual operation of the software and also the alternative ways of operation.

There are two ways to operate R&S WinlQSIM2:

® Manual operation:
Run the software on your PC and use the mouse and/or keyboard.

® Remote control:
A remote control program either installed on the same or another computer, con-
trols R&S WinIQSIM2, see Chapter 3.5.3, "Remote Control", on page 49.
With remote control, you can create programs to automate repeating settings, tests
and measurements.
This way of operation is described Chapter 11, "Automation of R&S WinlQSIM2",
on page 228.

3.4.3 The Signal Flow at a Glance
The framed area symbolizes R&S WinlQSIM2 as one unit. It shows the blocks for gen-

eration of the baseband and interfering signals, and the signal flow to the peripheral
signal generators.
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Figure 3-2: R&S WinIQSIM2 signal flow

1 = digital waveform data

2 = noise data

3 = digital waveform data superimposed with noise

4 = electrical signal generated from the waveform data

3.4.4 Baseband Block

The "Baseband" block represents the source of the baseband signals.

This functional block is the access point to:

® The internal baseband generator
With the baseband generator, you can create a user-defined signal ("Custom Digi-
tal Modulation"), including MCCW signal generation and "Import IQ Data".

® The available digital standards
Generation of digital signals in accordance with the supported standards require
the corresponding R&S WinlQSIM2 digital standard options installed on the instru-
ment.

3.4.5 AWGN Block (Additional White Gaussian Noise)

The "AWGN" block controls the noise generator (AWGN).

You can create a white noise signal ("Additive White Gaussian Noise"), or a sinusoidal
signal ("CW Interferer") with adjustable frequency offset, and superimpose this noise
signal with the baseband signal. Alternatively, you can generate a pure noise signal
("Noise only").

HE
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3.4.6 Arb Sig Gen and Vector Sig Gen Blocks (Connected Instruments)

These blocks represent instruments that can process the waveforms created by

R&S WinlQSIM2. You can configure a remote connection to an instrument in the net-
work, transfer the created waveform file directly and even activate the signal genera-
tion on the instrument. In addition, you can scan for connected instruments in the net-
work.

R&S WinlQSIM2 distinguishes two types of generators:

® "Arb Sig Gen", the arbitrary waveform generators for generating the 1/Q baseband
signal.

® "Vector Sig Gen", the vector signal generators for modulating the 1/Q signal to RF.

Both generator types can be integrated in a single instrument, as e.g. in the
R&S SMW.

But there are also instruments that provide only one component, such as the 1/Q modu-
lation generator R&S AFQ or the R&S SGT vector RF source.

R&S WinlQSIM2 assigns detected or manually configured instruments according to

6 their functionality automatically to respective signal generator block. The instrument
selection fields of the blocks provide all available instruments listed under their sym-
bolic name.

3.5 Controlling R&S WinlQSIM2

This section provides an overview on how to work with R&S WinIQSIM2. It describes
what kind of information is displayed in the diagram area, how to operate R&S WinlQ-
SIM2 manually or in remote control mode, and how to use the online help.

3.5.1 Understanding the Display Information
The application window shows all main settings and control elements of R&S WinlQ-

SIM2. All menus and dialogs use known elements, like for example selection lists,
icons, check boxes, and entry fields.
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> Rohde&Schwarz WinlQsiM2 ()

File Transmission Graphics Help 0

Arb Sig Gen

AFQ100B N

— Graphic 1
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Figure 3-3: R&S WinlQSIM2 main application window

1 = Title bar

2 = Menu bar

3 = Toolbar

4 = Status bar

5 = Info line

6 = Block diagram

7 = Taskbar/Softkey bar

The following sections explain the labeled operation areas in detail.

Menu Bar / Toolbar

File Transmission Graphics Help

D= R

Figure 3-4: R&S WinIQSIM2 menu bar & toolbar

1 = New
2 = Open
3 = Save
4 = Transmit
5 = Graphics

The toolbar contains the most commonly used general functions of the application. The
toolbar icons provide quick and easy access with the mouse pointer. Alternatively, you
can also find these functions in the menus or you can use keyboard shortcuts to exe-
cute a function. For an overview, see Menu bar entries / toolbar icons / keyboard short-
cuts.
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1/2/3 (Preview only)"

(toggle)

Legend Toolbar | Menu bar Shortcut Description

1 D "File > New" ALT+F >N Resets R&S WinlQSIM2 to default.

2 "File > Open" ALT+F > O Loads an existing configuration file, containing

ﬁ specific settings of a configured application. The

file extension is predefined (* . savrcl).

3 — "File > Save" ALT+F >S Saves all settings to the current configuration to

an existing file.

- - "File > Save as" ALT+F >N Saves the complete settings to the current config-
uration to a new file (* . savrcl).

- - "File > Setup > Software ALT+F > P Displays the current software version and

Options" options.
- - "File > Setup > Temporary ALT+F > P Opens a dialog where you can define the location
Files" for temporary files.

- - "File > Setup > Undo/Redo" - Erases the last change done (undo)., or reverses
the undo (redo).

- - "File > Exit" ALT+F > X Terminates R&S WinlQSIM2.
The current configuration settings are saved and
restored when you restart the program.

4 *i "Transmission > Instruments" | ALT+T > | Opens a list of available instruments.

- - "Transmission > Transmit" ALT+T>T Opens a dialog for configuring file transmission to
an ARB instrument.

5 "Graphics 1(2,3) > Graphics ALT+G>1...>1... Displays a small graphics preview in the block

diagram.

"Graphics 1/2/3 > Graphics

ALT+G > 1> 1 (tog-

Opens the dialog for graphical display.

1/2/3 (Complete)" gle)
- - "Help > Contents" ALT+H>C Opens the R&S WinlQSIM2 online help.
- - "Help > Index" ALT+H>C Shows the index of the online help.
- - "Help > About" ALT+H > A Displays information on the software version.
Status bar

The status bar displays the main characteristics of the active signal, like samples or

symbols and data rates.
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Info Line

The info line shows brief status information and error messages. It appears above the
block diagram, when an event generates a message. For information on the error mes-
sages and warnings, refer to Chapter 13, "Troubleshooting and Error Messages",

on page 392.

You can also access an info window with detailed information on all messages in a his-
tory list. For details, see Chapter 10.2, "Querying Error Messages & Info Key",
on page 224.

Block diagram

The block diagram shows the current configuration and the signal flow in R&S WinlQ-
SIM2 and to the external instruments with the aid of function blocks, connected by sig-
nal lines. The following figure displays elements that can appear in the block diagram.

_\

Waveform -
e
g _ f\g > AFQ100B8 -
- —<—|LAN
|m - —<—| Remote Control
| ]

AV

[ Vector sigGen |

[ Awen__

SMW200A -

- ——|Lan
- —— | Remote Control

b i

— Graphic 1 Graphic 2 Graphic 3

M

= Waveform generation section
= Functional blocks
= Graphics indicator
= Signal lines
= Summation sign
a / 6b = Network and remote control lines (not connected / connected)
= Signal generator blocks
= Small graphics preview

0N O, WN -
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Legend Item Description

1 Waveform generation section Covers the functional blocks for generating the waveform
and additive white gaussian noise.

2 Functional block Represents a basic task in signal generation.

The push button provides access to any number of associ-
ated actions to accomplish the task.

The On/Off (checkbox) and the block label quickly acti-
vates the basic task.

3 Graphics indicator Denotes that the signal is displayed graphically (8).
4 Signal lines Show the signal flow.

5 Summation sign Denotes merged signals (baseband and noise)
6a/6b Control lines Indicate the connection to external instruments.

® solid line

the connection to the instrument exists
® crossed line

the connection is interrupted (6a)

Note:

Two parallel solid lines indicate that the interface is set up
and ready for remote control.

If one of two parallel lines is crossed, the interface config-
uration and the selected connection do not match. Ee.g.
the instrument is visible via LAN, but the GPIB interface is
configured for remote control.

8 Small graphics preview Shows small graphics in the block diagram.

Taskbar
The "Taskbar" contains labeled softkeys of active dialogs.

Whenever you open a settings or a graphics dialog, it is automatically assigned to a
softkey in the "Taskbar".

If you minimize a dialog, R&S WinlQSIM2 keeps it active in the background and in the
taskbar. Click the corresponding softkey, to maximize it again.

©) ©) ®

Figure 3-5: Softkeys representing active settings and graphics dialogs

1 = Waveform settings dialogs
2 = Graphics dialog
3 = Remote control settings dialog

R&S WinlQSIM2 maintains up to eight active dialogs in the background. Each addition-
ally opened dialog turns off the function that has been opened first, according to FIFO
(first in first out).

Additional display characteristics

The following section provides a short insight on the indication of the screen in general,
and significant elements that you see under specific operating modes, in dialogs or set-
tings.
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® Appearance of active elements

— Active elements like On/Off switches, state buttons, blocks and symbols have a
blue background.

— Selected elements such as blocks, tab labels, entry fields or check boxes are
highlighted orange.
— Inactive elements are gray.
® Dialogs
The dialogs of R&S WinlQSIM2 contain the setting parameters of the functions.
— The header of a dialog follows the general naming convention <DialogName>
<SourceDialog>.

— Key parameters indicated in tab labels.
A dialog is divided into tabs with logically grouped parameters. The tab label
expresses the content and can additionally contain status indicators or the set
value of a key parameter.

1 = status elements
2 = active, selected elements
3 = inactive elements

® Tooltips
In edit mode, a tooltip indicates the value range of a parameter or shows informa-
tion on current settings.

Min = -640 000 Samples
Max = 640 000 Samples

® Context-sensitive menus
Within the entire screen display, including single parameters, you can access con-
text-sensitive menus providing additional functions. The list varies, depending on
where you access the menu.

| ; Preset this parameter

@ Show SCPI command

° Marlk all parameters changed from preset
6 Start automatic SCPI recarding

e Start manual SCPI recording

@ Show last SCPI sequence

Figure 3-6: Context-sensitive menu

® Parameters changed from preset
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Orange displayed parameters indicate that the setting is different from the default

T
Set To 1 Generate
J
Sequence Length 10 000|Symbols B
Set acc to standard User -
Symbaol Rate 1.000 000 000|Msymis B
Coding OFF 5

@ Power Ramp Cantrol_ Off f Cosine /' 1.00sym

Means of Manual Operation

Like any software, you can control R&S WinlQSIM2 directly with the keyboard and
mouse. At first, you can operate the application intuitively via the block diagram. Fur-
ther functions are built in menus and dialogs using familiar elements such as selection
lists, check boxes and input fields.

The following overview provides a brief insight on the main operating elements:

To open a dialog:

— Select the required block and then the menu entry.

— Select the minimized view (thumbnail) in the taskbar.

To minimize a dialog, select the "Minimize" icon in the upper right corner.
To close a dialog:

— Select the "Close" icon in the upper right corner.

— Press ESC on the keyboard.

To select an item in a list, select the list, scroll in the list and select the required
item.

To enter data, select the entry field and insert the data and confirm with the
ENTER key.

To abort an entry, press the ESC key. R&S WinlQSIM2 cancels the entry without
changing the settings.
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Undo and redo actions

6 Redo

Accessed via the context-sensitive menu:

® "Undo" allows you to restore one or more actions on the instrument. Depending on
the available memory, the "Undo" steps can restore all actions.

® "Redo" restores a previously undone action.

Remote Control

In addition to working with R&S WinlQSIM2 directly via the user interface, you can
operate and control it from a remote computer. Remote control operation allows auto-
mation of the configuration process and is especially useful when a higher configura-
tion speed is required.

In remote control mode, you can configure the settings of R&S WinlQSIM2 via a con-
troller software using remote control commands (SCPI).

The controller software can run on the same computer as R&S WinlQSIM2 or another
PC. For details on this topic, see also Chapter 11, "Automation of R&S WinlQSIM2",
on page 228.
® R&S WinlQSIM2 and the controller software on the same PC

The two programs communicate via the localhost link (IP address = 127.0.0.1).

® R&S WinlQSIM2 and the controller software on different PCs
Communication requires a LAN connection.

For remote control over LAN or USB, you can use the R&S VISA ("Virtual Instrument
Software Architecture") library provided for download at the Rohde & Schwarz website
http://www.rohde-schwarz.com/rsvisa.

See also:

® How to operate R&S WinlQSIM2 via remote control is described in Chapter 11.2,
"How to Set up a Remote Control Connection", on page 233.

® For basic information on remote control, as interface messages, the SCPI com-
mand structure, status reporting system etc. see Chapter A.1, "Reference Informa-
tion on Remote Control", on page 397.

® SCPI commands are listed in the respective functions description, with a link to the
actual description of the command.
All available SCPI commands of R&S WinlQSIM2 are described in Chapter 12,
"Remote Control Commands", on page 251, and alphabetically listed at the end of
the user manual.
Note: In the individual manuals of the digital standards, the specific functions of the
standards are described in detail.
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The R&S WinlQSIM2 online help, however, includes also the descriptions of digital
standards.

3.6 Getting Information and Help
In some dialogs, graphics are included to explain the way a setting works. For further
information, you can use the following sources:
® The general help explains a dialog, provides instructions, and general information.
® The context help provides functional description on a setting parameter.
® Tooltips give the value range of the parameter.
To open the general help

» In the menu bar, select "Help > Contents".

The start page of the online help appears.

To display context help

» For information on a specific parameter, press the F1 key:

The "Help" dialog opens. You can browse the help for further information.

P
" Help - Signal Information Bar in the Main Window (d4el104.htm) el = =
Legal Notice * | Operating the R&S WinlQSIM2 > Graphical User Interface > Signal Information Bar in the Main Window
Q Welcome . R R . )
' Documentation Overview Signal Information Bar in the Main Window
- Typographical Conventions -
" How to Use the Help System Below the toolbar, the Signal Information bar is located.
What's new? In the "Signal Information” bar, the following fields and boxes are displayed:
ion of R&S WinlQSIM2 So...
) Operating the R&.S WiniQsIM2 "Symbols” Number of symbols.
- Signal Generation Software R&S ... ~ —
D-Q Getting Started Symbol Rate” || Rate (symbols/sec) at which the symbols are sent.
- System Block Diagram "Samples” Mumber of samples, respectively the number of symbols times over sampling factor.
- Control and Operation of R&S ...
& Signal Configuration Exam... "Sample Rate” || Rate (samples/sec) at which the samples are sent, respectively the symbol rate times over sampling factor.
ERY Graphical User interface "Filter Type" || Type of the filter that is applied to the signal_
Operating Menu and Toolbar i...
"Oversampling” || Factor by which the symbols have been up pled to obtain the fi samples.

-~ Messages in the Info Bar
Managing Messages in the Inf... Top
£+ File Menu
(3 standard Functions
3 setup
=3 Transmission Menu
- Creating New Instruments
- Editing Instruments
- Scanning for Available Inst...
- Deleting Instruments
Transmitting the Signals
Q Graphics Menu
- Graphic 1-3
(3 Generated Waveform ...
(3 viewport
Graphical Representation ...

- Help Menu

&[5, Main Window - Signal Flo...
i[5, Baseband Block

3 Q AWGH - Noise Generator -

Hide
.. H - ‘ @ oo ‘ @ oo ‘ ‘ Cantents Tree

Contents of the help dialog

The help dialog contains two main panels:
® "Contents" - covering a table of help contents
® "Topic" - contains a specific help topic
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The help system additionally provides an "Index" and a "Find" area, as well as "Zoom"
functions that are accessed by means of the corresponding buttons.

Navigating in the table of contents and in the help topics

1. To navigate within the table of contents entries, select an entry and scroll with the
mouse or the UP/DOWN keys.
Entries that contain further entries show a plus sign for folding out.
When selected, you can immediately see the description in the "Topic" panel.

2. To scroll up or down in the directory tree or the help text, use the scroll bar on the
right side of the panels. Alternatively, you can use the up/down cursor keys.

3. To follow a cross reference, select the link text (marked in blue font).

4. To return to the previous page, select "Back".
This function scrolls back all steps that you have performed before.

5. To maximize the "Topics" window, you can hide the contents tree with the "Hide
Contents" button, and vice versa.

6. To toggle between the "Contents" and "Topic" panels using the keyboard, use the
right/left cursor keys.

7. To get from the "Contents" or "Topics" panel with the keyboard to the softkeys,
press ESC, and then use the cursor keys.

Using the index

1. Select the "Index" button in the "Help" display.

2. Enter the first characters of a topic you are interested in. R&S WinlQSIM2 displays
all entries that start with these characters .

3. Select the index entry.

When selected, you can immediately see the description in the "Topic" panel.

To display tooltips
For information on the range of a specific parameter:

> Select the entry field.

In edit mode, the tooltip indicates the possible value range of a parameter.
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4 Configuring the Baseband Source

The R&S WinIQSIM2 software enables you to simulate various digitally modulated sig-
nals in accordance with the definitions in the digital standards or with user-definable
characteristics. In addition, you can configure multi carrier signals or multi segment
waveforms.

In addition, you can import unprocessed custom I/Q data via the TCP/IP interface.
R&S WinlQSIM2 processes this data as well, i.e. you can add an interference signal,
configure a filter, use the graphical display, or save and transmit the waveform.

e How to Access the Functions in the Baseband Block...........ccccveeiiiiiiiiiiennns 52
e Generating Signals According to Digital Standards...........ccccocveeeeeeeeeiiiiiccciieeee, 53
e Common Functions and Settings in the Baseband............ccccccceeeiiiiiicciiiiineeeneeennn. 55
e Generating Custom Digital Modulated Signals.............cccuevriiiiieineiiciieee e 66
e Generating Multi Carrier Continuous Wave Signals.........cccooooiiiiiiiiniiiiieeeeeee. 99
o Generating Multi Carrier SignalS............ciii i e 108
e Generating Multi Segment Waveform Files.........cciiiiii e 125
L I g o Yo [ I = - T SRS 135

4.1 How to Access the Functions in the Baseband Block

To access the functions in the baseband block
1. In the block diagram, select "Baseband".

2. Select the corresponding entry of the context menu.

‘ TDMA Standards \

Bluetooth. ..

TETRA..

(DMA Standards
3GPP FDD...

CDMA2000....

The "Baseband" block provides access to the configuration of the internal base-
band source. It offers a selection list with all supported standard compliant digital
standards, customer digital modulation as well as multi carrier and multi segment
waveforms.

A short designation in the block indicates the currently selected digital standard or
modulation.
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4.2 Generating Signals According to Digital Standards

R&S WinlQSIM2 generates digital signals in accordance with the specifications of the
main communication and radio standards.

This section lists the supported standard-compliant digital signals.

GSM/EDGE, EDGE Evolution

The "GSM/EDGE, EDGE Evolution" functionality generates signal waveforms in
accordance with the GSM/EDGE standard. It is based on the GMSK and 8PSK modu-
lation, and in accordance with the "EDGE Evolution" standard with simulation of higher
order modulations.

For details, see the R&S WinlQSIM2 GSM/EDGE user manual.

Bluetooth® BR+EDR, LE

The Bluetooth® enhanced data rate functionality generates signal waveforms in
accordance with the Bluetooth version 2.1+EDR and the latest Bluetooth low energy
technology.

For details, see the R&S WinlQSIM2 Bluetooth EDR user manual.

TETRA Release 2

The "TETRA Release 2" functionality generates signal waveforms in accordance with
the standard TETRA 2 ("Terrestrial Trunked Radio Release 2 ").

For details, see the R&S WinlQSIM2 "TETRA Release 2" user manual.

3GPP FDD incl. enhanced MS/BS tests, HSPA, HSPA+

The 3GPP FDD functionality generates signal waveforms in accordance with the
WCDMA standard 3GPP FDD incl. enhanced MS/BS tests, HSPA, HSPA+.

For details, see the R&S WinlQSIM2 3GPP FDD user manual.

CDMA2000°®

The CDMAZ2000 functionality generates signal waveforms in accordance with the
CDMA2000 standard 3GPP2 C.S0002-C, version 1.0, May 2002 (release C).

For details, see the R&S WinlQSIM2 CDMA2000 user manual.

TD-SCDMA and TD-SCDMA enhanced features

The TD-SCDMA and TD-SCDMA functionality generates signal waveforms in accord-
ance with the TD-SCDMA (3GPP TDD LCR) standard.

For details, see the R&S WinlQSIM2 TD-SCDMA user manual.

1xEV-DO Rev. A and Rev. B

The 1xEV-DO functionality generates signal waveforms in accordance with the
CDMA2000 1xEV-DO ("Evolution-Data Optimized"), Rev. A and Rev. B. Standard.
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For details, see the R&S WinlQSIM2 1xEV-DO Rev. A Rev. B user manual.

IEEE 802.11a/b/g/n, IEEE 802.11ac

The IEEE 802.11a/b/g/n and IEEE 802.11ac functionality generates signal waveforms
in accordance with the Wireless LAN standards IEEE 802.11a/b/g/n/ac/plj.

For details, see the R&S WinlQSIM2 IEEE 802.11a/b/g/n/ac/p/j user manual.

IEEE 802.11ad

The IEEE 802.11ad functionality generates signal waveforms in accordance with the
Wireless LAN standards IEEE 802.11ad.

For details, see the R&S WinlQSIM2 IEEE 802.11ad user manual.

ECMA-368 IEEE 802.15 3a

The ECMA-368 IEEE 802.15 3a functionality generates UWB MB-OFDM signal wave-
forms to generate in accordance with the "WiMedia Alliance" and "MultiBand OFDM
Alliance Unapproved Release Candidate Version 1.2".

For details, see the R&S WinlQSIM2 ECMA-368 IEEE 802.15 3a ("Ultra Wide Band")
user manual.
IEEE 802.16 WiMAX™

The IEEE 802.16 WiIMAX functionality generates signal waveforms in accordance with
the IEEE 802.16 standard WiMAX.

For details, see the R&S WinlQSIM2 WiMAX user manual.

EUTRAI/LTE Rel. 8, Rel. 9, Rel. 10, Rel. 11 Rel. 12

The functionality generates signal waveforms in accordance with the 3GPP standard
EUTRA/LTE Rel. 8, Rel. 9, Rel. 10, Rel. 11 Rel. 12.

For details, see the R&S WinlQSIM2 EUTRA/LTE user manual.

GNSS

The GNSS (global navigation satellite system) functionality generates signal wave-
forms in accordance with the GPS, Galileo, GLONASS and COMPASS/BeiDou.

For details, see the R&S WinlQSIM2 GNSS user manual.

DVB-HI/T

The DVB-H/T functionality generates signal waveforms in accordance with the DVB-H
(Digital Video Broadcasting - "Transmission System for Handheld Terminals") stan-
dard.

For details, see the R&S WinlQSIM2 DVB-H/T user manual.
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DAB / T-DMB

The DAB-H/T functionality generates signal waveforms in accordance with the "Digital
Audio Broadcasting" (DAB) / "Terrestrial Digital Multimedia Broadcasting" (T-DMB)
standard.

For details, see the R&S WinlQSIM2 DAB / T-DMB user manual.

NFC/EMV

The NFC/EVM functionality generates signal waveforms in accordance with the short-
range wireless connectivity technology NFC-A/B/F and the EMV standard.

For details, see the R&S WinlQSIM2 NFC A/B/F user manual.

4.3 Common Functions and Settings in the Baseband

Basic signal generation settings that are common to many generation tasks, regardless
of the selected baseband source or digital standard, are described here. If you, e.g.
generate a signal according to a digital standard, check the specific description for set-
tings that can deviate from the common settings.

4.3.1 Basics on Signals, Modulation Types and Filters

This section provides general information on common topics and basic principles.

4.3.1.1 Data and Signal Sources

This section describes the common characteristics of the signals used for generating
the baseband waveform signal, irrespective of the selected digital standard or user-
specific waveform. The provided selection in the dialogs depends on the parameter
and corresponding standard. Some parameters are therefore not available in certain
cases. Characteristics which are uniquely specific to particular standards are described
in the corresponding user manuals.

For the generation of modulation signals, R&S WinlQSIM2 uses the following input sig-
nals:
® Modulation data

® Control signals

Internal Modulation Data
R&S WinlQSIM2 uses the following internal modulation data sources:

® Data lists
Data lists are externally or internally created binary lists with modulation data.
R&S WinlQSIM2 provides standard file select function for loading of existing data
lists, creating internally new data lists or editing an existing one. Internally, data
lists are created in the dedicated "Data List" editor (see Chapter 4.4.2.8, "Data List
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Editor", on page 79). A separate file is created for each list and stored in the
user-specific directory of R&S WinlQSIM2. The file name is user-defined; the file
extension is *.dm_iqd.

Note: The maximum length of a data list is determined by the size of the data list
memory (see data sheet). For instrument-specific data, see the data sheet of the
respective instrument. There is no restriction on the number of lists that can be
stored.

Settings for file handling, like transferring external data lists to the instrument,
renaming of folders and files are accessed via the standard "File Manger" function
(see also Chapter 9, "File and Data Management", on page 206).

® Data patterns
You can use simple data patterns as internal modulation data, e.g. binary strings 0
or 1 ("All 0","All 1"), or variable bit strings with a maximum length of 64 bits.

® PRBS data
The internal PRBS generators deliver pseudo-random binary sequences of differ-
ing length and duration. They are known as maximum length sequences, and are
generated with the aid of ring shift registers with feedback points determined by the
polynomial.
The pseudo-random sequence from a PRBS generator is uniquely defined by the
register number and the feedback. The Table 4-1 describes the available PRBS

generators.

Table 4-1: Overview of PRBS generators

PRBS generator Length in bits Feedback to GUI selection
9-bit 29-1 =511 Registers 4, 0 PRBS 9/PN9
11-bit 2111 =2047 Registers 2, 0 PRBS 11/PN11
15-bit 215 -1 = 32767 Registers 1, 0 PRBS 15/PN15
16-bit 216 -1 = 65535 Registers 5, 3, 2, 0 PRBS 16/PN16
20-bit 220 .1 = 1048575 Registers 3, 0 PRBS 20/PN20
21-bit 221 -1 = 2097151 Registers 2, 0 PRBS 21/PN21
23-bit 223 .1 = 8388607 Registers 5, 0 PRBS 23/PN23
Example:

The example shows the diagram of a 9-bit generator with feedback to registers 4 and 0
(output). The generated serial data is converted internally, e.g 2 Bit/Symbol in case of

QPSK.

EXOR

A A

v

—I-54>{4

L

Serial data

0 Ll

Figure 4-1: A 9-bit PRBS generator
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For PRBS15 and PRBS23, a CCITT V.52-compliant data inversion is performed in the
feedback path automatically as shown below:

XEXEXEXEXIXEX XXX X X XXX X
‘f D15 ;F{_DM/\I_’T_D13_;H’\D12_:H\_D11 \—P{DmH\ D9 \—P{ D8 }-b D7 H D6 }bﬁ D5 /H\ D4 \-P{ D3 )H D2 D1
= banr

Related settings:

® Chapter 4.4.2.3, "Data Source", on page 70

® Chapter 4.4.2.8, "Data List Editor", on page 79

® Chapter 4.4.2.9, "Control and Marker Lists Editor", on page 81
® Data Source selection in the dialogs of the firmware options

Control Signals

The following control signals are processed by R&S WinlQSIM2:

e "Burst Gate" for power ramping

e "Level Attenuation" for power ramping

® "CW/Mod" for controlling the CW (continuous wave) mode

A dedicated internal "Control Data Editor" is provided for defining the control signals.

Refer to Chapter 4.4.2.9, "Control and Marker Lists Editor", on page 81 for a descrip-
tion on the provided settings.

Continuous Wave Mode

6 "CW" for controlling the CW (continuous wave) mode is not used in R&S WinIQSIM2.
However, a control list generated for a Rohde & Schwarz instruments can contain CW
controls.
A separate file with the file extension *.dm_igc is created for each defined control sig-
nal.

Power Ramping and Level Attenuation

The R&S WinlQSIM2 uses the two control signals "Burst Gate" and "Lev_Att" to trigger
the power ramping and level attenuation functions.

The application internally generates control signals as configured in Chapter 4.4.2.9,
"Control and Marker Lists Editor", on page 81.

® Burst gate control signal
The "Burst Gate" signal is a rectangular pulse signal with variable low and high
periods. Signal generation is restricted to the gate high periods. If the power ramp-
ing function is enabled, each transition between two gate periods of the "Burst
Gate" signal triggers the generation of a ramp. Further settings define the form and
the steepness of this ramp, see "Impact of the Power Ramping Settings on the
Generated Signal" on page 58.

® | evel attenuation control signal
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The "Lev_Att" signal is a rectangular pulse signal with variable low and high peri-
ods. Level attenuation is applied, if the "Lev_Att" signal is high. If level attenuation
is enabled, the modulation signal level is attenuated by a defined value.

Refer to Chapter 4.4.2.6, "Power Ramp Control Settings", on page 76 for a descrip-
tion of the provided settings for level attenuation and power ramping.

Possible applications
e Use the "Level Attenuation" function to simulate radio stations located at various
distances.

® Use the "Power Ramp" function if it is necessary to control the RF output signal
envelope synchronously, e.g. by the generation of TDMA signals.

Both the GSM/EDGE and the TD-SCDMA firmware options are equipped with embed-

ded power ramping function. In the GSM/EDGE standard for example, a maximum of 7
different level attenuation values can be defined and allocated separately to the 8 slots
independently of one another.

Impact of the Power Ramping Settings on the Generated Signal

The Figure 4-2 explains the power ramping function in principle. The "Burst Gate" sig-
nal defines the start of the rising and falling edges of the envelope of the output signal,
and the "Lev Att" signal defines the start and end of level attenuation. The signal level
during the attenuation period is a configurable value.

Burst Gate

Level
Attenuation

Start of Lev Att:

= —————Start of rising edge -
—Start of falling edge—

1/Q Out

\‘_/— -End of Lev Att-—- ‘

o

Figure 4-2: Signal behavior when power ramping and level attenuation are enabled

Several parameters are provided for precise definition of the form and the steepness of
ramp. The Figure 4-3 depicts the impact of the provided settings.

® Ramp function: defines the shape of the rising and falling edges
® Ramp time: defines the duration of the rising and the falling ramp

® Rise/fall delay: offsets the falling edge of the envelope at the beginning/end of a
burst




Common Functions and Settings in the Baseband
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Figure 4-3: Impact of the ramp settings
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4.3.1.2 Marker Signals

R&S WinlQSIM2 generates user-definable marker information which can be processed
by a Rohde & Schwarz instrument to provide the appropriate marker signals at the sig-
nal output.

You can define up to four marker signals according to the selection parameters
required for the respective digital signal.

Marker Modes

The marker mode is a characteristic for the shape and the periodicity of the marker.
R&S WinlQSIM2 provides several different modes to define different marker signals.
Most of them are specific for each of the digital standards. This section focuses only on
the general commonly available marker signals. Generally, the marker signal can
change from "On" (high) to "Off" (low) state or vice versa after some period of time.
R&S WinlQSIM2 provides various ways to describe the marker signal. Use the method
that best suits your needs.

Marker Mode Restart

The generated marker signal is a single "On" pulse. The rising edge of this pulse is
generated at the signal generation start as well as at each subsequent signal restart
time. This marker can be used to monitor the effects of the selected trigger, e.g. trigger
causing restarts of the signal generation.

Marker Mode Pulse

Periodic marker with consecutive On and Off periods of equal length. The first On
period starts at the beginning of the first generated sample/symbol. The marker fre-
quency is defined by a "Divider". The frequency is derived as follows:

<Frequency> = "Symbol/Sample Rate" / "Divider", respectively

<Frequency> = "Sampling Frequency" / "Divider".
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Example:
Symbol Rate = 1 Msym/s, Divider = 2

The marker frequency is 500 kHz, corresponding to a marker period of 2 us. Each On
and Off period has a length of 1 us, corresponding to one symbol period. With a divider
of 4 (6, 8 ...), the length of each On and Off period is increased to 2 (3, 4, ...) symbol
periods.

r T v
Signal samples | #1 | #2 I#E I#df I#S HE ]
b A A

Marker signal:

Divider = 2
Divider = 4
Divider =6

Marker Mode Pattern

Periodic marker where each period is defined by a bit pattern with a maximum length
of 64 bits. A "1" ("0") in the pattern denotes an On (Off) signal segment with a duration
of one sample/symbol period.

Example:
In the following example, the marker signal is defined by a pattern 100700....
T
Signal samples | #1 #2 | #3 | #4 | #5 | #6
AN

Marker signal 1 1] 0 1 0 ]

Marker Mode ON/OFF Ratio

Similar to "Pulse" but with independent lengths of the On and Off periods. The length
of the periods is entered as a number of symbols/sample periods.
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Example:

In the following example, the marker signal is defined by an "On Time" = 1 and "Off
Time" = 2.

~
Signal samples | #1 | #2 | #3 | #4 | #5 | #6

Marker signal | On Off On Off

4.3.1.3 Supported Modulation Types

R&S WinlQSIM2 supports a range of predefined digital modulation types.

In the communication techniques, the commonly used digital modulation schemes are
based on keying. From the several existing keying techniques, R&S WinlQSIM2 sup-
ports ASK (amplitude shift keying), FSK (frequency shift keying), PSK (phase shift key-
ing) and QAM (quadrature amplitude modulation). The digital modulation procedure is
described by mapping, i.e. by the assignment of | and Q values (PSK and QAM) or fre-
quency shifts (FSK) to every modulation symbol. The resulting modulated signal is
graphically represented by a constellation diagram, in that each possible symbol is rep-
resented by a discrete point on a complex plane. The number of used bits per symbol
is a modulation parameter. The exact position of the symbols on the constellation dia-
gram is determined by the used coding and can be influenced by additionally applied
rotation.

Most of the provided modulation schemes are implemented according to a communica-
tion standard. The QAM procedures 16QAM, 32QAM, 64QAM for instance have been
produced in accordance with ETSI standard ETS 300429 for digital video broadcasting
(DVB). The QAM procedures 256QAM and 1024QAM are not specified in this stan-
dard, but have been produced according to the same basic principles.

In the case of all FSK procedures, you can set the symbol rate fgyyg Up to @ maximum
value (see data sheet). The frequency deviation (FSK deviation) of the MSK modula-
tion is permanently set to ¥ of the symbol rate.

In addition to the common modulation schemes, a variable FSK modulation with defin-
able deviation per symbol is available. For even greater flexibility, you can apply a user
defined modulation mapping , see User mapping.

Predefined modulation types

Refer to Chapter 4.4.4.1, "Predefined Modulation Types", on page 92 for an overview
of the available modulation types.

User mapping

A user defined modulation mapping file can also be selected as modulation mapping
source. The user modulation mapping file must have extension *.vam and can be cre-
ated with the Rohde & Schwarz software tool mapping wizard. The mapping wizard
(mapwiz) is a tool from Rohde & Schwarz designed for editing modulation schemes
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(e.g. QPSK, 32QAM). Its main purpose is the assignment of logical symbol numbers to
constellation points and the selection of modulation-specific parameters. In addition, it
supports the creation of nearly any arbitrarily chosen constellation diagram. The output
of mapwiz is a mapping file (* . vam) that can be imported to a R&S WinlQSIM2. The
program was developed on a 32-bit Microsoft Windows platform under MATLAB. For
more information, refer to the description "Introduction to "mapwiz" Mapping Editor" on
the Rohde&Schwarz Internet page.

The remote commands required to define the modulation settings are described in
Chapter 12.9, "SOURce:BB:DM Subsystem", on page 324.

Related settings:
® Chapter 4.4.2, "Custom Digital Modulation Settings", on page 67

4.3.1.4 Supported Coding Schemes

Coding is a technique used to improve the signal properties and signal reception and is
required only when using some types of modulation. In general, the coding schemes
are applied before modulation, i.e. the modulation symbols are coded directly before |
and Q values or frequency shifts are assigned. Hence, the applied coding is directly
related to the selected modulation methods and explains why coding schemes are not
freely combinable with modulation methods.

Refer to Chapter 4.4.4.2, "Common Coding Algorithms", on page 95 for overview on
the available coding combinations. This section also defines the modulation types for
which the various coding procedures can be used.

Related settings:
e "Coding" on page 69

4.3.1.5 Supported Baseband Filters

In the wireless transmission technique, filters are applied to shape the baseband signal
before it is modulated on the RF. The selected baseband filter type and shape affect
the baseband signal, especially while generating broadband signals. If the filter is too
narrow, the signal is cut by the filter. If the filter is too wide, the signal could be distor-
ted by some unwanted signals.

To fulfill the range of requirements, R&S WinlQSIM2 offers a large selection of prede-
fined baseband filters. The predefined filters are designed for the special spectrum
characteristics of the different communication standards. However, depending on the
selected filter form additional filter parameters are provided for more precise adjust-
ment of the filter characteristic, like more steeper edges or customization of the transi-
tion bandwidth. For more information on the provided settings, refer to "Impact of the
Filter Parameters" on page 63.

The selection of user defined filter offers even more flexibility. The later is a useful
interface while filters with complex or proprietary form are required. For more informa-
tion, refer to "User filter" on page 63.
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Predefined baseband filters

Refer to Chapter 4.4.4.3, "Predefined Baseband Filters", on page 97 for an overview
of the available baseband filters.

User filter

The user filter file must have the extension * .vaf and can be created with the
Rohde & Schwarz software tool filter wizard.

The filter wizard (filtwiz) is a tool from Rohde & Schwarz designed for creating filter
files that can be imported on a R&S WinlQSIM2. Its main purpose is the conversion of
user-defined finite impulse response (FIR) filters into the filter format (* . vaf). Beyond
this filtwiz provides designs for standard filters, e.g. "Root Raised Cosine", Gaussian.

The program was developed on a 32-bit Microsoft Windows platform under MATLAB.

For more information, refer to the description "Introduction to "filtwiz" Filter Editor" on
the Rohde & Schwarz Internet page.

The remote commands required to define the filter settings are described in Chap-
ter 12.9, "SOURce:BB:DM Subsystem", on page 324 and the corresponding section in
the user manual of each firmware option.

Related settings:

® Chapter 4.4.2.5, "Filter Settings", on page 74
® Filter settings in the dialogs of the firmware options

Impact of the Filter Parameters

The following is a simple description of the filter parameters and the way they affect the
main filter characteristics. Changing filter parameters is an effective way to ensure that
the entire bandwidth of the desired signal is allowed to pass and adjust the filter form to
reach the spectrum mask requirements

Cut Off Frequency

The cut-off frequency or corner frequency is a filter characteristic that defines the fre-
quency at the 3 dB down point. This frequency is bound to the transition band; here the
filter characteristic changes form the passband to the stopband, where the signal is
suppressed.

Rolloff Factor

The rolloff factor is a measure for the excess bandwidth compared to the ideal band-
width of a "brick like" filter. The roll off factor affects the steepness of the filter flanks. A
"Rolloff Factor" = 0 would result in the steepest theoretically possible flanks ; values
near to 1 make the flanks more flat.
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i Roll Off Factor = 0
Roll Off Factor = 0.22
Roll Off Factor = 1

[Gain, dB

f Hz

Passband

The passband describes the frequency span that the filter passes unchanged. The
total passband of a filter is given as follows:

Bandwidth = (1 + "Roll Off Factor") * "Symbol Rate"

Cut Off Frequency Shift

The "Cut Off Frequency Shift" affects the cut-off frequency in the way that the filter
flanks are "moved" and the passband increases by "Cut Off Frequency Shift"*"Sample
Rate™:

Cut Off Frequency = (1 + "Cut Off Frequency Shift") * "Sample
Rate"

& Cut Off Frequency Shift = -1
Cut Off Frequency Shift = 0
Cut OFf Frequency Shift = 1

Gain, dB

-

T f, Hz

Cut Off Frequency

® A "Cut Off Frequency Shift" = -1 results in a very narrow-band filter
® Increasing the value up to 1 makes the filter more broad-band

® By "Cut Off Frequency Shift" = 0, the -3 dB point is at the frequency determined by
the half of the selected "Sample Rate".

4.3.1.6 Methods for Optimizing the Crest Factor

Communication standards utilizing higher order modulation techniques or using multi-
ple carrier and complex signals consisting of the signals of more than one digital stan-
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dard may feature a high crest factor. The signals of some digital standards may have
very high crest factors also particularly with many channels and long sequences.

The crest factor represents the ratio of the peak voltage value to the RMS voltage
value, i.e. the peak to average ratio (PAR). The higher the crest factor and the result-
ing dynamics of a signal, the greater the requirement for a power amplifier fed by the
signal to be linear. A very high crest factor arises for instance, when in a multicarrier
signal the carriers feature an identical start phase. This results form the fact that the
carriers are periodically superposed that leads to very high peak voltages in relation to
the RMS voltage values.

High crest factors entail two basic problems:

® The nonlinearity of the power amplifier (compression) causes intermodulation
which expands the spectrum (spectral regrowth).

® Since the level of the D/A converter is relative to the maximum value, the average
value is converted with a relatively low resolution. This results in a high quantiza-
tion noise.

Both effects increase the adjacent-channel power.

Direct approaches

At the individual signal generation stages, R&S WinlQSIM2 offers different direct
approaches aimed to reduce the crest factor. While the corresponding parameters are
enabled, the implemented algorithms ensure minimizing the crest factor or achieving of
predefined target crest factor by applying of automatic settings. Methods of reducing
the crest factor differ with regard to both the optimization achievable and the time
required for computation.

The provided crest factor reduction methods include:

® internal calculation of optimized carrier phases for the individual carriers in a multi
carrier signal

® automatic calculation of the carrier start phases in a multicarrier continuous wave
signal

Applying clipping and filtering

Another common and simple approach for achieving a lower PAR is the combination of
clipping and filtering. In several of the digital standards, like 3GPP FDD, CDMA2000
etc., R&S WinlQSIM2 provides the possibility to enable baseband clipping and to
select the baseband filter and, when applicable, to adjust the filter characteristics.

e Clipping is a technique that applies a wanted distortion to the signal.
The principle includes specifying a threshold, finding out the signal peaks once the
defined limits are exceeded and clipping them off. The level limit is specified as a
percentage of the highest peak value. Because clipping is done prior to filtering,
the procedure does not influence the spectrum. The error vector magnitude (EVM)
however increases.

R&S WinlQSIM2 offers two clipping modes:
— Vector |1+ jq|

The clipping limit is related to the amplitude | | + jq |. The | and Q components
are mapped together, the angle is retained.
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— Scalar|l]|+]|q]
The clipping limit is related to the absolute maximum of all the | and Q values | |
| +|q].Thel and Q components are mapped separately, the angle changes.

However, signal clipping not only changes the peak value but also the average
value and the effect on the crest factor is unpredictable.

® Filtering is applied subsequently. The used filters are specially designed and
should filter out the distortion.

4.3.2 Common Settings
The start dialog of each digital standard follows a repeating dialog structure that com-
prises the tabs "General" and "Marker".

The "General" tab comprises the primary settings of the standard, the functions for
storing and recalling settings and provides access to further functions and dialogs, like
the "Filter" settings.

The "Marker" tab comprises the settings related to the corresponding function.

This section focuses on the available settings. For more information, refer to Chap-
ter 4.3.1, "Basics on Signals, Modulation Types and Filters", on page 55.

4.4 Generating Custom Digital Modulated Signals

R&S WinlQSIM2 can generate digital modulation signals with user-definable character-
istics. The baseband filtering and the symbol rate can be set within wide limits.

441 About the Custom Digital Modulation

An introduction to the supported filter, modulation and coding schemes is provided in:
® Chapter 4.3.1.5, "Supported Baseband Filters", on page 62
® Chapter 4.3.1.3, "Supported Modulation Types", on page 61
® Chapter 4.3.1.4, "Supported Coding Schemes", on page 62.

Interdependency between selected modulation type and coding scheme and
handling of conflicting settings

The applied coding is directly related to the selected modulation methods. The availa-
ble coding schemes listed in Chapter 4.4.4.2, "Common Coding Algorithms",
on page 95 are not freely combinable with modulation methods.

Obviously, having selected a modulation procedure, not every combination of the fur-
ther modulation parameters "Symbol Rate" and "Coding" is possible. These restrictions
inevitably result in conflicting settings if you change a parameter and leads to a prohibi-
ted combination.
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An inappropriate change of a parameter triggers a settings conflict. A conflicting setting
is indicated by a message on the "Info" line in the display. Although R&S WinlQSIM2
displays the selected settings, the generated modulation signal does not correspond to
this display. The displayed message disappears as soon as a conflict-free setting is
selected.

Refer to Chapter 13, "Troubleshooting and Error Messages", on page 392 for a list of
the possible settings conflicts and messages in digital modulation.

Custom Digital Modulation Settings

The "Custom Digital Modulation" dialog enables you to select the data source, stan-
dard, symbol rate, coding, modulation type and filter.
To access the "Custom Digital Modulation" settings:

» Select "Baseband > Custom Digital Mod".

The dialog is divided into several tabs. In each case, the current setting is dis-
played in the tab name.

The remote commands required to define these settings are described in Chapter 12.9,
"SOURce:BB:DM Subsystem", on page 324.

General Settings

To access the common settings:

> Select "Baseband > Custom Digital Mod > General".

© 21/ 0 =] (0 =) @ sz

Sequence Length 1 |Symho|s

Set acc to standard

Symbol Rate 270.833 333

]

]
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@ Power Ramp Contral__ l

Off f Cosine /' 1.00sym

This tab provides access to the default and the Save/Recall settings, to a quick
selection of a digital modulation according to a predefined communication stan-
dard, adjusting the symbol rate and the coding.
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State

Activates digital modulation. Switching on digital modulation turns off all other digital
standards.

Remote command:
[ : SOURce<hw>] :BB:DM: STATe on page 327

Set To Default
Sets all relevant parameters to default, see Table 4-2.

Remote command:
[ :SOURce<hw>] :BB:DM: PRESet on page 325

Save/Recall

Accesses the "Save/Recall" dialog, i.e. the standard instrument function for storing and
recalling the complete dialog-related settings in a file. The provided navigation possibil-
ities in the dialog are self-explanatory.

The file name and the directory are user-definable; the file extension is however prede-
fined (* . dm).

See also Chapter 9, "File and Data Management", on page 206.

Remote command:

[ :SOURce<hw>] :BB:DM:SETTing:CATalog? on page 349
[ :SOURce<hw>] :BB:DM: SETTing:DELete on page 350

[ :SOURce<hw>] :BB:DM: SETTing:LOAD on page 350

[ :SOURce<hw>] :BB:DM: SETTing:STORe on page 350

Generate Waveform File

With enabled signal generation, triggers the instrument to store the current settings as
an ARB signal in a waveform file. Waveform files can be further processed as multi
carrier or multi segment signals.

The file name and the directory it is stored in are user-definable; the predefined file
extension for waveform files is * . wv.

Remote command:
[ :SOURce<hw>] :BB:DM:WAVeform:CREate on page 328

Sequence Length

Sets the sequence length of the signal in symbols. The signal is calculated in advance,
saved as waveform file, and output in the arbitrary waveform generator of the selected
instrument.
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Note: The product of "Sequence Length" * "Oversampling" must not exceed the maxi-
mum number of samples of the arbitrary waveform generator.

Remote command:
[ :SOURce<hw>] :BB:DM: SLENgth on page 327

Set acc. Standard
Selects a predefined communication standard. A subset of parameters is automatically
adjusted: "Modulation Type", "Symbol Rate", "Filter" and "Coding".

A subsequent modification of one of these parameters, sets the standard to "User".
Use the "Save/Recall" function to store and recall customized settings.

Refer to Table 4-3 for an overview of the available standards and the associated set-
tings of the modulation parameters.

Remote command:
[ : SOURce<hw>] :BB:DM: STANdard on page 327

Symbol Rate

Selects the symbol rate. The value range of this parameter depends on the selected
modulation type; the range is automatically redefined. R&S WinlQSIM2 generates an
error message if the selected symbol rate is outside of the redefined range and sets
the symbol rate to the maximum allowed value for the new modulation.

Remote command:
[ :SOURce<hw>] :BB:DM: SRATe on page 326

Coding
Selects the coding (see Chapter 4.3.1.4, "Supported Coding Schemes", on page 62).

The dialog offers only the coding settings that are permissible for the selected modula-
tion type. All other coding methods are grayed out. A subsequent modification to a
modulation type for which the selected coding is not available, automatically disables
the coding ("Coding = Off").

Remote command:
[ :SOURce<hw>] :BB:DM:CODing on page 336

Power Ramp Control
Accesses the power ramp control dialog, see Chapter 4.4.2.6, "Power Ramp Control
Settings", on page 76.

4.4.2.2 Marker Settings

This tab provides access to the settings necessary to select and configure the marker
mode.
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s Marker Wode ~
Marker 1 Clist ']

Marker 2 Pulge '] Divider l 2]

Freguency 135.416 7 kHz
Marker 3 Pattern '] Pattern [ 1D...l
Marker 4 On/Off Ratio '] COn Time 1_]
A /
Marker Mode

Marker configuration for up to four marker channels. The settings are used to select
the marker mode defining the shape and periodicity of the markers. The contents of the
dialog change with the selected marker mode; the settings are self-explanatory.

Use the settings to define the shape and periodicity of the markers. See Chap-
ter 4.3.1.2, "Marker Signals", on page 59 for description of the regular marker signals.

Remote command:

[ :SOURce<hw>] :BB:DM: TRIGger : OUTPut<ch>:MODE on page 328

[ :SOURce<hw>] :BB:DM: TRIGger :OUTPut<ch>:PULSe:DIVider on page 330
[ :SOURce<hw>] :BB:DM: TRIGger:0UTPut<ch>:PULSe:FREQuency?

on page 331

[ : SOURce<hw>] :BB:DM: TRIGger : OUTPut<ch>:PATTern on page 330

[ : SOURce<hw>] :BB:DM: TRIGger : OUTPut<ch>:0FFTime on page 329

[ : SOURce<hw>] :BB:DM: TRIGger : OUTPut<ch>:ONTime on page 329

Data Source
This tab provides access to the settings necessary to select and configure the data
source, like access to data and list editors or direct selection of PRBS data.

For an overview of the supported data sources, refer to Chapter 4.3.1.1, "Data and Sig-
nal Sources", on page 55.
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PRBS Type lPRBS g ]

@ Select Control List... I Mone
@ List Management... l

Data SOUICE....eeiiititetc ettt et e e e e e e e e e e eeaaeaeaeeeeeeeeeeeeesaraararananan 71
SElECE DAtA LiSt...evviiiriiiiiiiiiiieii et e e e e e e e e e e e e e e e e e e e e e aear bbb —————— 71
SElECE CONLIOI LiSt...uuruuiiiiiiiiieieie et e s e s e e e e e e e e e e e e e e e e e eeeeaesaesarasaaanans 71
LiSt MaNagemeEnt.. ..ottt e e e e e e e as 72

Data Source
Selects the data source (see "Internal Modulation Data" on page 55).

The following data sources are available:
"All O, All 1" A sequence containing 0 data or 1 data is internally generated

"PRBS, PRBS Type"
Selects internally generated PRBS data in accordance with the IUT-
T. Use the parameter "PRBS Type" to define the length.

Remote command:
[ :SOURce<hw>] :BB:DM: PRBS [ : LENGth] on page 325

"Pattern” Use the "Pattern” box to define a bit pattern with a maximum length of
64 bits.

"Data List"
Uses binary data from a data list, see Select Data List.

Remote command:
[:SOURce<hw>] :BB:DM:DLISt:CATalog? on page 341
[ :SOURce<hw>] :BB:DM:DLISt:SELect on page 347

Remote command:
[ : SOURce<hw>] :BB:DM: SOURce on page 325

Select Data List
Accesses the standard "Select Data List" browser dialog to select a data list file.

To load an existing data list, select the list file * . dm 1igd and confirm with "Select".
See also Chapter 4.4.3.2, "How to Create and Assign a Data List", on page 87

Remote command:

[ :SOURce<hw>] :BB:DM:DLISt:SELect on page 347

[ :SOURce<hw>] :BB:DM:DLISt:CATalog? on page 341
[ :SOURce<hw>] :BB:DM:DLISt :COPY on page 342

[ :SOURce<hw>] :BB:DM:DLISt :DELete on page 346

Select Control List
Accesses the standard "Select Control List" browser dialog to select a control list file.
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To load an existing control list, select the list file * . dm_igc and confirm with "Select".

Control lists can be generated in the "Control and Marker Lists" editor, see Chap-
ter 4.4.2.9, "Control and Marker Lists Editor", on page 81.

Irrespective of the way they are created, control lists are not automatically assigned
(see "To assign and activate control signals from a control list" on page 87).

Remote command:

[ :SOURce<hw>] :BB:DM:CLISt:CATalog? on page 341
[ :SOURce<hw>] :BB:DM:CLISt:SELect on page 345

[ :SOURce<hw>] :BB:DM:CLISt :COPY on page 342

[ :SOURce<hw>] :BB:DM:CLISt:DELete on page 344

List Management...
Accesses the standard "List Management" dialog for managing data and control lists,
see Chapter 4.4.2.7, "List Management Settings", on page 77.

Modulation Settings

This tab provides access to the modulation settings, e.g modulation type, FSK devia-
tion or modulation depth. The dialog shows the theoretical constellation diagram of the
selected modulation.

This section focuses on the available settings. For background information on how
these settings affect the signal and the filter characteristics, refer to Chapter 4.3.1.3,
"Supported Modulation Types", on page 61.

% Custom Digital Modulation =] (3]

_ ™y

Modulation Type IASK 'l

ASK Depth I 100.0|% 'J

State Modulation <=> CW Switching (Jon

105 0 05 1

1Y/ oTo LUTE= 1 To] o TN 18] o 1= TN 72
(o T=To W EST=T ol F=T'o] o] o R U UUTT TP 73
] S I =T o 1 o SR 73
T S D Lo - 1] o TS 73
F Y ale ] [S3 A o] = PSPPI 73
T S I/ o 1 74
DEVILION XXXX.ttttttteateeiiiitiet ettt e et e et e e e e e e e s e e et e et e e e e e e s s e aannbebeeeeeeeaaeeaeas 74

Modulation Type
Selects a modulation type. The associated symbol mapping is displayed.
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If the selected "Coding" is not allowed with the configured modulation type, the value of
the parameter Coding is set to "Off".

Refer to Table 4-4 for an overview of the allowed combinations.

Remote command:
[ :SOURce<hw>] :BB:DM: FORMat on page 336

Load User Mapping

Provides access to the "Select List File User Mapping" dialog to select the mapping
table (see "User mapping" on page 61). The dialog provides all standard file manage-
ment functions.

Remote command:

[ :SOURce<hw>] :BB:DM:MLISt:SELect on page 349

[ :SOURce<hw>] :BB:DM:MLISt:CATalog? on page 342

[ :SOURce<hw>] :BB:DM:MLISt:DELete on page 348

ASK Depth
Sets the modulation depth m for ASK modulation.
m = (Amplitude,,.,-Amplitude,,;,) / (Amplitude,,.,+Amplitude,,;,)

Remote command:
[ : SOURce<hw>] :BB:DM:ASK:DEPTh on page 335

FSK Deviation
Sets the frequency deviation for FSK modulation. The range of values depends on the
selected Symbol Rate (see data sheet).

Whenever "MSK" is selected, the deviation corresponds to 1/4 of the symbol rate and
cannot be changed.

Remote command:
[ :SOURce<hw>] :BB:DM:FSK:DEViation on page 337

Angle Alpha
For AQPSK modulation, sets the angle alpha between the point (0,0) and the | axis.

(1.0 (0,0)

(1.1) 0,1

Remote command:
[ :SOURce<hw>] :BB:DM:AQPSk:ANGLe on page 335
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FSK Type
(Variable FSK only)

Selects the FSK modulation type for selection "Variable FSK".
Available are 4FSK, 8FSK and 16FSK.

Remote command:
[ :SOURce<hw>] :BB:DM:FSK:VARiable:TYPE on page 338

Deviation xxxx
(Variable FSK only)

Sets the deviation of the associated symbol. The number of symbols depends on the
selected modulation type. The value of each symbol is indicated in binary format.

Remote command:
[ : SOURce<hw>] :BB:DM:FSK:VARiable: SYMBol<chO>:DEViation on page 337

Filter Settings

This tab provides access to the filter settings, like filter type and if available further filter
settings. A simplified diagram shows the filter characteristic of the selected filter.

This section focuses on the available settings. For background information on how
these settings affect the signal and the filter characteristics, refer to Chapter 4.3.1.5,
"Supported Baseband Filters", on page 62.

Filter

Roll Off Factor

Bandwidth

f Impulse Length

Owversampling
1 (Y R 74
L= =T =T =Y (=T S 75
(0101 Q@) 1l o =Y o (01T o Ty VA = Tex (o] 75
BanNAWIAth.....coveeieiee e e r e e ee e 75
IMPUISE LENGLN....ceiiiieeee e e e e e e 75
(O V=T £ T 0T o] 1o Lo T TP PRI 75
(oY= 1o B0 LT ol 1) (=T N 76

Filter
Selects the baseband filter.
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Remote command:
[ :SOURce<hw>] :BB:DM:FILTer: TYPE on page 334

Filter Parameter
Sets the corresponding filter parameter.

The filter parameter offered ("Roll Off Factor" or "B x T") depends on the currently
selected filter type.

Remote command:

[ :SOURce<hw>] :BB:DM:FILTer:PARameter :APCO25 on page 333

[ :SOURce<hw>] :BB:DM:FILTer :PARameter:COSine[ :ROLLoff] on page 332
[ :SOURce<hw>] :BB:DM:FILTer: PARameter:GAUSs on page 332

[ :SOURce<hw>] :BB:DM:FILTer:PARameter: PGAuss on page 333

[ :SOURce<hw>] :BB:DM:FILTer: PARameter :RCOSine on page 333

[ :SOURce<hw>] :BB:DM:FILTer: PARameter: SPHase on page 333

Cut Off Frequency Factor
(available for filter parameter Lowpass and APCO25 (LSM) only)

Sets the value of the cut off frequency factor. The cut off frequency of the filter can be
adjusted to reach spectrum mask requirements.

Remote command:

[ :SOURce<hw>] :BB:DM:FILTer : PARameter: LPASs on page 332

[ :SOURce<hw>] :BB:DM:FILTer: PARameter: LPASSEVM on page 332

[ :SOURce<hw>] :BB:DM:FILTer:PARameter: APCO25Lsm: GAUSs on page 334

[ :SOURce<hw>] :BB:DM:FILTer: PARameter : APCO25Lsm: LOWPass on page 334
Bandwidth

Determines the bandwidth of the cosine filter, so that the functionin 5 (f) =
(1 + RollOff)* Bandwidth /2.

led for £ >=

Remote command:

0 is fulfil-

[ :SOURce<hw>] :BB:DM:FILTer: PARameter:COSine:BANDwidth on page 334

Impulse Length

Displays the number of filter taps. If check box "Auto" is activated, the most sensible
parameter value is used. The value depends on the coherence check. If the check box
is deactivated, you can set the value manually.

Remote command:

[ :SOURce<hw>] :BB:DM:FILTer: ILENgth:AUTO on page 332
[:SOURce<hw>] :BB:DM:FILTer: ILENgth on page 331

Oversampling

Determines the upsampling factor. If check box "Auto" is activated, the most sensible
parameter value is used. The value depends on the coherence check. If the check box
is deactivated, you can set value manually.

Remote command:

[ :SOURce<hw>] :BB:DM:FILTer:0SAMpling:AUTO on page 332
[ :SOURce<hw>] :BB:DM:FILTer :0SAMpling on page 332
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Load User Filter

Accesses the "Select User Filter" dialog for selecting a user-defined filter file with
extension * .vaf (see "User filter" on page 63). The dialog provides access to the
standard file management functions, like store, load, delete.

Remote command:

[ :SOURce<hw>] :BB:DM:FLISt:SELect on page 348

[ :SOURce<hw>] :BB:DM:FLISt:CATalog? on page 342
[ :SOURce<hw>] :BB:DM:FLISt:DELete on page 347

Power Ramp Control Settings

To access these settings:

» Select "Baseband > Custom Digital Modulation > General > Power Ramp Control".

Ramp Function
Ramp Time 1.00 E
Rise Delay m
Fall Delay
Attenuation 15.0 E

The dialog provides access to the settings used to configure the power ramping. It
includes the source for the necessary control signals "Burst" and "Lev_Att", the form of
the ramp function and the applied attenuation (see "Power Ramping and Level Attenu-
ation" on page 57).

Power ramping is possible up to a symbol rate of 5 MHz. A higher symbol rate disables
the power ramping automatically and an error message is output.

S = = U 76
L= o ] B0 T (o T o S 77
REMP TIME.. ettt e e sttt e e e s rabe e e e e s e nee e e e e s eanneeeeean 77
LTSI D 1= = 77
= | 0T = SRRt 77
Y (T o TN = 4[] o RO PPUUTURR 77
State

Enables/disables power ramping.

Remote command:
[ :SOURce<hw>] :BB:DM: PRAMp [ : STATe ] on page 340
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Ramp Function
Selects the ramp function that describes the shape of the rising and falling edges dur-
ing power ramp control, see Figure 4-3.

"Linear" The transmitted power rises and falls in a linear fashion.

"Cosine" The transmitted power rises and falls with a cosine-shaped edge.
This setting causes a more favorable spectrum than the "Linear" set-
ting.

Remote command:
[ :SOURce<hw>] :BB:DM: PRAMp : SHAPe on page 339

Ramp Time
Enters the power ramping rise time and the fall time for a burst. The setting is
expressed in symbols. See also Figure 4-3.

Remote command:
[ : SOURce<hw>] :BB:DM: PRAMp : TTME on page 339

Rise Delay
Sets the offset in the rising edge of the envelope at the start of a burst, see Figure 4-3.

A positive value causes a delay (the envelope length decreases), and a negative value
causes an advance (the envelope length increases). The setting is expressed in sym-
bols.

Remote command:
[ : SOURce<hw>] :BB:DM: PRAMp : RDELay on page 339

Fall Delay
Sets the offset in the falling edge of the envelope at the end of a burst, see Figure 4-3.

A positive value causes a delay (the envelope length increases), and a negative value
causes an advance (the envelope length decreases). The setting is expressed in sym-
bols.

Remote command:
[ : SOURce<hw>] :BB:DM: PRAMp : FDELay on page 339

Attenuation
Determines the level by which the average signal level is attenuated during the signal
attenuation period, during the time the "Lev_Att" signal is high. See also Figure 4-2.

For information about the required control signal LEV_ATT, refer to "Power Ramping
and Level Attenuation" on page 57.

Remote command:
[ : SOURce<hw>] :BB:DM: PRAMp: ATTenuation on page 338

List Management Settings

To access the list management dialog:

1. Select "Baseband > Custom Digital Mod > Data Source > Data List...".
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2. Select "List Management...".

|!a Select Data List To Edit... CustomDigMod_DatalList
@ Edit Data List... ‘

@ Select Control List To Edit.... ‘ CustomDigMod_ControlList

@ Edit Control List. . ‘

The dialog provides access to the respective file functions and editors for selecting,
creating or editing data and control lists.

Select Data List To Edit...
Enables you to select or create a data list file, and provides access to the file manager.

You can perform the following tasks

® "New List"
To create a file, navigate to the target folder, enter the file name and confirm with
"Save". R&S WinlQSIM2 automatically assigns the extension .dm_iqgd to the file
name.

® "Select List"
To load an existing data list file, navigate to the target folder, select the file
*.dm_iqgd and confirm with "Select".

® "File Manager"
To perform standard file management functions, like create directories, move,
copy, delete files and/or directories, use the standard "File Manager" function, see
Chapter 9.6, "Using the File Manager", on page 217.

See also Chapter 4.4.3.2, "How to Create and Assign a Data List", on page 87

Remote command:

[ :SOURce<hw>] :BB:DM:DLISt:SELect on page 347

[ :SOURce<hw>] :BB:DM:DLISt:CATalog? on page 341
[ :SOURce<hw>] :BB:DM:DLISt :COPY on page 342

[ :SOURce<hw>] :BB:DM:DLISt :DELete on page 346

Edit Data List ...
Accesses the data list editor, see Data List Editor.

Select Control List
Enables you to select or create a control list file, and provides access to the file man-
ager.

You can perform the following tasks

® "New List"
To create a file, navigate to the target folder, enter the file name and confirm with
"Save". R&S WinlQSIM2 automatically assigns the extension .dm igc to the file
name.

® "Select List"
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To load an existing control list file, navigate to the target folder, select the file
*.dm_1igc and confirm with "Select".

® "File Manager"
To perform standard file management functions, like create directories, move,
copy, delete files and/or directories, use the standard "File Manager" function, see
Chapter 9.6, "Using the File Manager", on page 217.

Irrespective on the way they are created, control signals are not automatically assigned
(see "To assign and activate control signals from a control list" on page 87).

Remote command:

[ :SOURce<hw>] :BB:DM:CLISt:CATalog? on page 341
[ :SOURce<hw>] :BB:DM:CLISt:SELect on page 345

[ :SOURce<hw>] :BB:DM:CLISt:COPY on page 342

[ :SOURce<hw>] :BB:DM:CLISt:DELete on page 344

Edit Control List ...
Accesses the control and marker list editor, see Chapter 4.4.2.9, "Control and Marker
Lists Editor", on page 81.

4.4.2.8 Data List Editor

R&S WinlQSIM2 provides the following ways to create a data list file:

® Using the dedicated "Data List Editor" and create a file with extension * .dm 1iqgd,
see "To create a data list manually" on page 88

® Using the tag-oriented format and create a data list file, see "To create a data list
using tag file format" on page 276

® Using SCPI commands and create a file in binary format, see "To create a data list
in binary format" on page 277

To access the "Data List Editor" dialog:
1. Select "Baseband > Custom Digital Mod > Data Source > Data List...".
2. Select "List Management...".

3. Inthe "List Management" dialog, select "Select Data List To Edit... > Select List /
New List".

4. Navigate to the required directory.

5. Select an existing list, or enter a file name.
For example: and .

a) Select the directory D: \user\.
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b) Enter "File Name > 'dl_3gpp".

Offset 84, Len 84, dl_3gpp Insert Mode 1
0 o000 1111 0101 0101 0101 0101 1111 0000 1111 1111 0000 1010 1111
52 0101 1111 1111 1111 1111 1100 1010 o101
104
156
208
260
32
364
416
468
520

572 .

o S e e [ w ][ e |

The "Data List Editor" is a list of binary values with a maximum length of 23" bits.
This value corresponds to a file size of approx. 268 Mbyte.

To increase readability, the bits are displayed in groups of four. The current cursor
position, the length of the list and the list file name are displayed above the list. The
offset starts with the value 0 which corresponds to the bit position on the left side of
the first row, i.e. the beginning of the list. On the left edge of the editor, the last
three offset positions are specified at the beginning of the row.

You can edit the list either in "Insert" or "Replace" mode, toggled with the "Insert"
key.

SCPI command:

[:SOURce<hw>] :BB:DM:DLISt:SELect on page 347

[ :SOURce<hw>] :BB:DM:DLISt : DATA on page 345

[ :SOURce<hw>] :BB:DM:DLISt : DATA: APPend on page 346

The buttons below the binary list simplify the editing. The following table lists the
provided functions.

GUI Element Description
"GoTo" Opens the entry window for the bit position. The cursor marks the bit at
the selected position.
r 5
0 To Offset H
[ a
"Start Select" / "Undo Defines the current cursor position as the start position for the range to be
Select" selected. To define the stop position, select "GoTo > Go To Offset" and

define the offset.

Selecting "Undo Select" deactivates the selected range.

"Copy", "Cut", "Paste" Standard copy, cut and paste functions

"Hex" Switch over to hexadecimal display.

Each 4 bits are displayed as a hexadecimal value: To increase readability,
the hexadecimal values in turn are displayed in pairs of two.

"Save" Stores the changes made to the data list file selected for editing.
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4.4.2.9 Control and Marker Lists Editor

R&S WinlQSIM2 provides the following ways to create a file containing control signals:

® Using the dedicated "Control Data Editor" and create a file in ASCII format and with
extension *.dm_iqc.
The "Control Data Editor" is described in this section. Refer to "To create a control
list in ASCII format manually" on page 86 for step-by-step instructions.

® Using the tag-oriented format and create a control list file, see "To create a control
list using tag file format" on page 275

® Using SCPI commands and create a file in binary format, see "To create a control
list in binary format" on page 275

Access:
1. Select "Baseband > Custom Digital Mod > Data Source".
2. Select "List Management".

3. Inthe "List Management" dialog, select "Select Control List To Edit... > Select List /
New List".

4. Navigate to the required directory.

5. Select an existing list, or enter a file name.
For example:

a) Select the directory D: \user\.

b) Enter "File Name > 'cl_3gpp".
6. Select "Edit Control List...".

. CList Dig Mod - d:/4cl_3gpp =] =l

(— Configure Control Signals — Select Ramp to Edit
Marker 1 :
!
Marker 2 .
|
Marker 3 .
O

Marker 4 .

Burst Gate .

Level Attenuation .

0 100 200 300 400 500 600 700 800 Position / Symbol

CW Mod

e .

Total List Length
Length 1000

Marker 2 Cursor Zoom Save —
[Preset Type IAH down ~ /|| Position 485] I Zoom In \
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The dedicated internal "Control Data Editor" is an intuitive graphical interface provi-
ded for defining and managing of:
e Marker signals
e Control signals, like the CW, Hop, Burst Gate and Lev_Att control signals
(see also "Control Signals" on page 57)

A separate file with the file extension *.dm_iqc is created for each defined control
signal kept on the hard disk. Control lists created with the editor are files in an
ASCII file format.

In the "Control Data Editor" dialog, the available marker and control signals are dis-
played color-coded. The "Select Ramp to Edit" is a graphical display of the signal
characteristics. To define the ramp for the individual markers or control signals, tap
on the desired position or use the provided support functions "<Signal> Table" and
"Cursor Position". To simplify the settings, use the predefined preset ramp charac-
teristics in the "<Signal> Preset Type" section. The scaling of the x-axis is always
adapted to the overall length of the control list to provide constant overview of all
defined ramps. For detailed representation, zoom the displayed area around the
current cursor position.

In the "Configure Control Signal" section, a status check box indicates whether the
individual marker or control signal is assigned or enabled (see Chapter 4.4.3.1,
"How to Create and Assign a Control List", on page 86).

SCPI command:

[ :SOURce<hw>] :BB:DM:CLISt:SELect on page 345

[ :SOURce<hw>] :BB:DM:CLISt:CATalog? on page 341

Configure Control SIgNal.............uuiiiiiiiieiii e e e e e e e s e eeeees 82
Select Ramp t0 Edit.......cccuiiiiiiiiie e 82
Total LISt LENGIN ... 83
=TS R Y] o= T PP PSP PPPN 83
L0 =l o 110 o TS 83
PoSitions CoNtrol SigNal........eeeiiiiiiiiiee e 83
0 To )0 0T A4 T o) Y PP PRPR 84
SAVE/SAVE AS..oiiieeiiii et e et e e e an e e e e e anree e e e e anreeas 84

Configure Control Signal
Displays the color the marker/control signal has been assigned.

The status check box indicates whether the individual marker or control signal is
assigned or enabled (see Chapter 4.4.3.1, "How to Create and Assign a Control List",
on page 86).

Remote command:

n.a.

Select Ramp to Edit
Graphical representation for editing of the marker/control signals.

Refer to Chapter 4.4.3.1, "How to Create and Assign a Control List", on page 86 for
an overview of the editing capabilities of the display.
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Remote command:

{ [TRACE] LIST [#]: PosO:State0; Posl:Statel; ...PosN-1l:StateN-1}
on page 263

[ : SOURce<hw>] :BB:DM:CLISt:DATA on page 343

Total List Length

Enters the length of the definition range of the control list in bits. The starting value is
always bit 0. The entire definition range is displayed, i.e. the bit scale is adapted to the
entry. If the definition range is decreased, the ramps outside the range are lost.

When used, the control list is always repeated over the length of the definition range if
the length of the data list exceeds the length of the control list.

Tip: With long control lists, it is useful to zoom the displayed area around the current
cursor position ("Zoom in").

Remote command:
{CONTROI, LENGTH: ControlLength} on page 261

Preset Type
Triggered with "Preset", presets for the ramp characteristic of the selected control sig-
nal as defined with the "Preset Type".

"All Up, All Down "
Continuously high/low marker/control signal.

"Ramp Up, Ramp Down"
A ramp from low to high or high to low is configured in the center of
the displayed signal area; ramp position can be subsequently shifted
as required.

"Ramp Up/Down, Ramp Down/Up"
Created is a ramp sequence of low to high and high to low transitions,
respectively high to low and low to high transitions. The ramps are
symmetrically distributed around the center of the displayed signal
area but be subsequently shifted as required.

Remote command:
n.a.

Cursor Position
Displays/enters the cursor position in the graphical display

If the entered value exceeds the selected length of the definition range, the length is
adjusted automatically.

Remote command:
n.a.

Positions Control Signal
Select "Edit Table" to access a dialog with representation of the ramps of the selected
signal in table form.



Generating Custom Digital Modulated Signals

The bit position is specified in the "Ramp Position" column, the high or low signal sta-
tus in the "Ramp State" column. Use the last blank row to enter new ramps.
To apply the changes, press "Accept".

Remote command:
n.a.

Zoom/Visible
Zooms the displayed area of the control list. The designation of the button changes
from "Zoom in" to "Zoom out".

With long control lists, it can be helpful to display only a part of the control list. In such
cases, set the "Visible/Bits Visible" to determine the number of symbols/bits to be dis-
played and select "Zoom" to focus the displayed area around the current "Cursor Posi-
tion".

Ramps outside the displayed area are not lost by zooming.

Remote command:
n.a.

Save/Save As
Stores the changes in the selected control list file or in a new file.

Remote command:
n.a.

4.4.3 How to Generate Custom Digitally Modulated Signals and Create
Data and Control Lists

This section provides step-by-step instructions on configuring and using the provided
settings. For details on individual functions and settings see Chapter 4.4.2, "Custom
Digital Modulation Settings", on page 67.

To generate a digitally modulated signal

This example shows you how to generate a simple WCDMA-3GPP (QPSK 45° Offset)
signal with the help of the "Custom Digital Modulation" functionality.

1. In the main application window, select "File > New" to start the application in a
defined initial state.
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2. Select "Baseband > Custom Digital Mod".

The "Custom Digital Modulation" dialog opens.
3. Select "General > Set acc to standard > WCDMA-3GPP".

4. Select "General > State > On" to enable signal generation.

4" Custom Digital Modulation =] @ |
O General Marker Data Source | Modulation Filter
WCDMA-3GFP PRES 9 QPSK 45° Offset | Root Cosine
Off /D on 0, SetTo e . @ Generate
{ " Default - Recall O Save Waveform
Sequence Length ‘ 10 [][]UlSymans '|
Set acc to standard ‘WCDMA—SGF‘F‘ '|
Symbol Rate ‘ 3.840 000 000|Msym/s '|
Coding ‘WCDMA S
‘@ Power Ramp Control. .. | Off / Cosine / 1.00sym
Figure 4-4: Selecting a WCDMA-3GPP standard signal
5. In the "Modulation" tab, consider the used "Modulation Type".
4 Custom Digital Modulation =] = |
General Marker Data Source | Modulation Filter
WCDMA-3GPP FPRES 9 QPSK 45° Offset | Root Cosing
Modulation Type ‘QF‘SK 457 Offset -
State Modulation <== CW Switching D On

1 05 0 05 1

Figure 4-5: Display of the used modulation type

R&S WinlQSIM2 generates a WCDMA-3GPP signal, modulated with a QPSK 45°
Offset modulation.

HE
User Manual 1177.5533.02 — 01 85
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4.4.3.1 How to Create and Assign a Control List

R&S WinlQSIM2 provides the following ways to create a file containing control signals:

® Using the dedicated Control and Marker Lists Editor and create a file in ASCII for-
mat and with extension *.dm_iqgc, see "To create a control list in ASCII format
manually" on page 86

® Using the tag-oriented format and create a control list file, see "To create a control
list using tag file format" on page 275

® Using SCPI commands and create a file in binary format, see "To create a control
list in binary format" on page 275

To create a control list in ASCIl format manually
Use the intuitive built-in Control and Marker Lists Editor dialog:

1. To access the "Control Data Editor", select "Baseband > Custom Digital Mod >
Data Source > Select Control List" and select an existing file.
Tip: To create a control list, select "List Management...> Select Control List To
Edit... > New List".

2. Select "List Management > Edit Control List...".
The "CList Dig Mod" dialog opens.

3. Adjust the control signals as required:

a) Define the "Total List Length", e.g. "Length > 1000".

b) Inthe "CList DigMod" dialog, select the graphic editor "Select Ramp to Edit".

c) Select the color coded trace of the required signal.

d) To insert a ramp, double-click the position where you want to the ramp.

The number or ramps per marker is not limited.

e) Toremove a ramp, use the BACKSPACE key at the selected ramp.

f) For faster marker and control signal definition, apply them with "Preset" via the
predefined ramp functions ("Preset Type").

g) If necessary, readjust the ramps with the help of the "Edit Table" function.

h) Define the "Total List Length".

i) To display only a part of the control list, select the "Visible/Bits Visible" to deter-
mine the number of symbols/bits to be displayed and select "Zoom" to focus
the displayed area around the current "Cursor Position".

Ramps outside the displayed area still remain during zooming.
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Hop

S |

% CList Dig Mod - d://cl_3gpp | =N (=
(— Configure Control Signals — Select Ramp to Edit

Marker 1

!
Marker 2
|
Marker 3 .
O

Marker 4 .

Burst Gate .

Level Attenuation .

0 100 200 300 400 500 600 700 800 Position / Symbol
CW Mod

Total List Length
Length 1000
Marker 2 Cursor Zoom Save —
[Preset Type [A\I down ~/|| Position 488] I Zoom In 1
I Preset I IEdlt Tah\e...} Visible 150||| SaveAs...

Figure 4-6: Example of control list settings

4. To store the settings in a control list file, select "Save / Save As ".

The created file is an ASCII file with the extension *.dm iqgc

5. Toinclude marker and control signals in the waveform signal, select the corre-
sponding signals in the "Configure Control Signals" section.

To assign and activate control signals from a control list

Irrespective of the way they are created, generated control lists are not automatically
included.

1. To use a marker/control signal from a control list, perform the following:

a) Select "Baseband > Custom Digital Mod > Marker".
b) Select "Marker x > CList"

2. To enable R&S WinlQSIM2 to include the Burst Gate and Level Attenuation control
signals as defined in a control list:

a) Select "Baseband > Custom Digital Mod > General".
b) Select "Power Ramp Control > State > On".

R&S WinlQSIM2 includes the control signals in the waveform signal.
4.4.3.2 How to Create and Assign a Data List

R&S WinlQSIM2 provides the following ways to create a data list file:

® Using the dedicated Data List Editor and create a file with extension *.dm iqd,
see "To create a data list manually" on page 88
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® Using the tag-oriented format and create a data list file, see "To create a data list
using tag file format" on page 276

® Using SCPI commands and create a file in binary format, see "To create a data list
in binary format" on page 277

To create a data list manually
Use the intuitive build in Data List Editor dialog:

1. To access the "Data List Editor":

a) Select "Baseband > Custom Digital Mod... > Data Source > Data List"
b) Select "List Management...".
c) Inthe "List Management" dialog, select "Select Data List To Edit... > New List".
d) Navigate to the required directory, and enter a file name.
For example, select the directory D: \user\ and enter "File Name" = d1.

The "Data List Editor" opens; the data list is empty.
2. Enter a sequence of 0 and 1, for example 01110101.

|
Offset 8, Len 8, dl Insert Mode Fo
00111 0101 |

=
—

Start
GoTo ‘ Salect H Copy H Paste H HEX H Save

Figure 4-7: Example of data list

3. Select "Save" to store the used settings as a data list file.
R&S WinlQSIM2 stores the d1.dm_iqgd file in the D: \user\ directory.

To assign and activate data lists

Irrespective of the way they are created, generated data lists are not automatically
used.

1. To enable R&S WinlQSIM2 to use the data list as data source for the custom digi-
tal modulation:

a) Select "Baseband > Custom Digital Mod... > Data Source > Data List"
b) Select "Select Data List..."

c) In the destination folder, select the file.

d) Confirm with "Select".

2. To enable R&S WinlQSIM2 to use the data list as data source for any of the digital
standards:
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a) Select the "Data List Name" in the individual dialog.
For example, for "Baseband > 3GPP FDD > Basestations > BS1 > Channel
Table > P-CCPCH > Data = Data List"

b) Select "DList = None".

¢) In the destination folder, select the file.

d) Confirm with "Select".

e) Select "State > On".

If you now activate the the corresponding standard, R&S WinlQSIM2 creates the
waveform signal of the standard using the list as the data source.

4.4.4 References

Table 4-2: Custom digital modulation default values

Parameter Value

State Not affected by "Set to Default"
Data Source PRBS 9
Standard GSM

Symbol Rate 270.833 ksymb/s
Coding GSM

Modulation Type MSK

Filter Gauss (FSK)
Filter Parameter BXT 0.3

Power Ramp Control

Attenuation 15dB

Ramp Time 1 sym

Ramp Function Cosine

Fall Delay 0

Rise Delay 0

Source Internal

State Off

Source Internal

Mode Symbol
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Table 4-3: Communication standards with their predefined settings

Standard Modulation Symbol Rate Filter Coding Parameter for SCPI
command
APCO Phase1 4FSK, Deviation 4.8 ksym/s APCO25, roll off = 0.2 APCO25(FSK) APCOPH1C4fm
C4FM 1.8 KHz
APCO Phase1 pi/4-DQPSK 4.8 ksym/s Cosine, roll off = 0.2, BW | APCO25(PSK) APCOPH1CQpsk
CQPSK =4.8KHz
APCO Phase2 H- | 4FSK, Deviation 3 | 6 ksym/s APCO25 (H-CPM) APCO25(FSK) APCOPH2HCpm
CPM KHz
APCO Phase2 H- pi/4-DQPSK 6 ksym/s Cosine, roll off = 1, BW = | APCO25(PSK) APCOPH2HDQpsk
DQPSK 7.2 KHz
APCO Phase2 H- | pi/8-D8PSK 4 ksym/s Cosine, roll off = 1, BW = | APCO25(8PSK) | APCOPH2HD8PSKW
D8PSK Wide 7.2 KHz
APCO Phase2 H- | pi/8-D8PSK 4 ksym/s Cosine, roll off = 1, BW = | APCO25(8PSK) | APCOPH2HD8PSKN
D8PSK Narrow 5 KHz
APCO Phase1 pi/4-DQPSK 4.8 ksym/s APCO25 (LSM), Gauss | APCO25(8FSK) | APCOPH1Lsm
LSM Cut Off = 2.04 KHz, Low-
pass Cut Off = 6.2 KHz
APCO Phase1 pi/4-DQPSK 4.8 ksym/s Cosine, roll off = 1, BW = | APCO25(8FSK) | APCOPH1Wcgpsk
WCQPSK 7.2 KHz
Bluetooth 2FSK, Deviation 1.0 Msym/s Gauss, B*T=0.5 OFF BLUetooth
160.0 kHz
DECT 2FSK, Deviation 1.152 Msym/s | Gauss, B*T = 0.5 OFF DECT
288.0 kHz
ETC (ARIB STD ASK, ASK Depth 1.024 Msym/s | Split Phase, B*T = 2.0 OFF ETC
T55) 100%
GSM MSK 270.833333 Gauss, B*T = 0.3 GSM GSM
ksym/s
GSM EDGE 8PSK EDGE 270.833333 Gauss linear OFF GSMEdge
(3pi/8 8PSK) ksym/s
NADC pi/4 DQPSK 24.3 ksym/s Root Cosine, alpha = NADC NADC
0.35
PDC pi/4 DQPSK 21.0 ksym/s Root Cosine, alpha = PDC PDC
0.50
PHS pi/4 DQPSK 192.0 ksym/s Root Cosine, alpha = PHS PHS
0.50
TETRA pi/4 DQPSK 18.0 ksym/s Root Cosine, alpha = TETRA TETRa
0.35
WCDMA 3GPP QPSK 45° Offset 3.84 Msym/s Root Cosine, alpha = WCDMA 3GPP W3GPp
0.22
TD-SCDMA QPSK 45° Offset 1.28 Msym/s Root Cosine, alpha = OFF TCSCdma
0.22
cdma2000 Forward | QPSK 1.2288 Msym/s | cdmaOne + Equalizer cdma2000 CFORward
cdma2000 Reverse | Offset QPSK 1.2288 Msym/s | cdmaOne cdma2000 CREVerse
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Standard Modulation Symbol Rate Filter Coding Parameter for SCPI
command
Worldspace QPSK 1.84 Msym/s Root Cosine, alpha = OFF WORLdspace
0.40
TFTS pi/4 DQPSK 22.1 ksym/s Root Cosine, alpha = TFTS/ TETRA TFTS
0.40
Table 4-4: Permissible coding combinations for modulation symbols and modulation type
OFF | Differ- | Phase | Diff. Gray | GSM | NADC, TFTS/ | INMARSAT, | VDL | APCO25 | APCO25
ential | Diff. +Gray PDC, TETRA | ICO, (FSK) (8PSK)
PHS, WCDMA,
TETRA, cdma2000
APCO25
(PSK),
PWT
ASK X X X X
BPSK X X X X
pi/2 DBPSK X X
QPSK X X X X X
QPSKEDGE | X
QPSK45° Off- | X X X X
set
Pi/4 QPSK X X X
Pi/4 DQPSK X X X X
8PSK X X X X X
AQPSK X X X X
OQPSK X X X X
8PSK_EDGE | X
Pi/8 D8PSK X X X
MSK X X X X X
2FSK X X X X X
4FSK X X X X X
8FSK X X X X
16FSK X X X X
16QAM X X X X X
16QAM EDGE | X
32QAM X X X X X
32QAM EDGE | X
64QAM X X X X X
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OFF | Differ- | Phase |Diff. |Gray | GSM |NADC, |TFTS/ |INMARSAT, |VDL | APCO25 | APCO25
ential | Diff. | +Gray PDC, TETRA | ICO, (FSK) | (8PSK)
PHS, WCDMA,
TETRA, cdma2000
APCO25
(PSK),
PWT
128QAM X X X X X
256QAM X X X X X
1024QAM X X X X X
4441 Predefined Modulation Types

In Table 4-5, you can see the available modulation types and the associated parame-
ters. The mapping for the selected modulation type is displayed in graphical form.

Table 4-5: Modulation type and associated mapping

ASK
1 bit per symbol

ASK

0s

Q Value

-05

0 05 1
| Value

-1 -05

PSK

BPSK
1 bit per symbol

QPSK
2 bits per symbol

QPSK 45° Offset
2 bits per symbol, 45° rotation

BPSK

05

QValue

0.5

0 05 1
| 'Value

-1 -05

QPSK

QValue

| 'Value

QPSK45

QValue

| Value

QPSK EDGE
2 bits per symbol, 3pi/4 rotation

AQPSK
2 bits per symbol, pi/2 rotation

OQPSK
2 bits per symbol, Q offset
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EDGE QPSK (3P4 rotation)

0s

QValue

05

-1 05 0 05 1
| 'Value

AQPSK (pif2 rotation)

Q Value

1Value

QOQPSK

Q Value

| Value

pi/4-QPSK
2 bits per symbol pi/4rotation

pi/2-DBPSK
1 bit per symbol
Differential coding, pi/2 rotation

pi/4-DQPSK
2 bits per symbol
Differential coding, pi/4 rotation

P4 QPSK

Q Value

0
| Value

PIr2 DBPSK

Q Value

| Value

Pl4 DOPSK

Q Value

0
| Value

pi/8-D8PSK
3 bits per symbol
Differential coding, pi/8 rotation

8PSK
3 bits per symbol

8PSK EDGE (3pi/8 8PSK)
3 bits per symbol
Edge coding, 3pi/8 rotation

PIig DBPSK

8PSK

3PU8 8PSK

4 bits per symbol

4 bits per symbol, pi/4 rotation

o o o
0
| Value | Value
QAM
16QAM 16QAM EDGE 32QAM

5 bits per symbol
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32QAM

18QAM

Q Value

0
|Value

EDGE 16QAM (P4 rotation)

QValue

I'Value

Q Value

0
| Value

32QAM EDGE
5 bits per symbol, -pi/4 rotation

64QAM
6 bits per symbol

128QAM
7 bits per symbol

EDGE 32QAM (-PIM4 rotation)

BAQAM

128QAM

8 bits per symbol

10 bits per symbol

s =] s
o a
| Value | Value | Value
256QAM 1024QAM 4096QAM
12 bits per symbol

256QAM

QValue

| Value

1024QAM

Q Value

| Value

4096QAM

QValue

-1 05 0 05 1
| Value

FSK
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MSK 2FSK 4FSK
1 bit per symbol 1 bit per symbol 2 bit per symbol
FSK deviation FSK deviation
MSK 2FSK AFSK

-1 -05 1) 05 -1 05 1) 0s -1 05 o 0s

Relative frequency f/f, Relative frequency £, Relative frequency f/f, o)

44.4.2 Common Coding Algorithms

spondingly coded output symbol. Individual bits in the symbols from the LSB (least sig-
nificant bit) to the MSB (most significant bit) are denoted by ag,, a;,, etc. The same

applies to the output symbols.

@ In the notation used below, a, denotes the n" input symbol and b, denotes the corre-

Common coding types are listed in Table 4-6.

Table 4-6: Common coding algorithms

Coding Coding algorithm Applicable for
K bit/symbol

"None" b, =a, k=1..8
"Differential" b, = (a, + b,_) modulo 2% k=1..7
"Differential + Gray" Gray coding with additional differential coding k=1.7
"GSM" d, = NOT (d, EXOR d,_4) k=1
"Phase differential b,,= [NOT(a, EXOR a,) AND (a, EXORb, .} OR
coding"" l(a,, EXOR &) AND (a,, EXOR by, /]

by,= [NOT (a,, EXOR a;,) AND (a,, EXOR by, )] OR

[{a,, EXOR &, ) AND {a, EXORb,, 1]

") "Phase differential coding" INMARSAT and PHASE DIFF correspond to system
standards Inmarsat-M and DVB according to ETS 300 429. The INMARSAT coding
can generally be used for modulation types with 2 bits/symbol, such as QPSK.

Examples

The following examples illustrate how some of the different common coding schemes
in combination with a modulation method influence the signal.
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Example: Differential coding for QPSK modulation with K = 2 bit/symbol

Decimal display; the value range for modulation symboils is a, = {0, 1, 2, 3}

According to Table 4-6 and for k = 2, the recursive coding is defined as b, = (a, + b,_4)
modulo 4

Depending on the state of a preceding modulation symbol b,_;, the coded modulation
symbol b, is obtained for example from modulation symbol a,, = 2 as follows:

b, |0 1 2 3

b, |2 3 0o |1

By means of differential coding, the assignment of modulation symbols a, (binary indi-
cation: MSB, LSB) to the phase differences shown in the following table is generated:
Table 4-7: Phase difference for QPSK

Modulation symbol a, 00 01 10 11

Phase difference 0° 90° 180° 270°

Example: Differential coding for modulation type pi/4DQPSK

With differential coding switched on at the same time, the obtained constellation dia-
gram for pi/4ADQPSK is similar to that of 8PSK. Phase shifts are however assigned to
the individual modulation symbols. The Table 4-8 shows the assignment of modulation
symbols a, (binary indication: MSB, LSB) to phase shifts of the 1/Q vector in relation to
the selected coding.

Table 4-8: Phase shifts for pi/4DQPSK

Modulation symbol a, 00 01 10 1
"Coding = OFF" +45° +135° - 135° - 45°
"Coding = NADC, PDC, PHS, TETRA or APCO25 +45° +135° - 45° - 135°
(PSK)"

"Coding = TFTS" -135° +135° - 45° +45°

Example: Gray and differential coding for 8PSK modulation

When this coding scheme is used, the gray coding according to the gray code is per-
formed befor the differential coding. The latter uses the recursive coding algorithm quo-
ted above (see Table 4-6). The assignment of modulation symbols a, (binary indica-
tion: MSB, LSB) to the phase differences shown in the following table is generated:

Table 4-9: Differential coding according to VDL"

Modulation symbol d,, | 000 001 010 011 100 101 110 111

Phase difference 0° 45° 135° 90° 270° 315° 225° 180°

") "Differential coding according to VDL" can be used for modulation types with 3 bits/
symbol, e.g. 8PSK.
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The Table 4-10 shows the filters that are available, together with their associated
parameters. The filter characteristic is displayed in graphical form.

Table 4-10: Overview of the baseband filters

Cosine
Roll Off Factor
Bandwidth

Root Cosine
Roll Off Factor

Gauss (FSK)
BxT

Cosine r=05

Filter impulse respanse

mSVm bol

Filter impulse respanse

Root Cosine r=0.5

mavmbo\

Gauss BT=05

Filter impulse response

msvmbm

Pure Gauss
BxT

Gauss Linearized

Edge Narrow Pulse Shape

Gauss (FPure) BT=05

o
=

o
@

Filter impulse response
o o
N =

i

Filter impulse response

Linearized Gauss

LS

Edge MNarrow Pulse Shape

Filter impulse response

LA

Edge Wide Pulse Shape

cdmaOne 705 kHz

Edge Wide Pulse Shape

Filter impulse response

Lo

Filter impulse response

L

CdmaCne 705kHz

Filter impulse response

Wy ol




Generating Custom Digital Modulated Signals

cdmaOne + Equalizer cdmaOne 705 kHz + Equalizer cdma2000 3X
CdmaCne with equalizer CdmaCne 705 kHz with equalizer Cdma2000 3X
i i 8
5 5 5
g g g
g g 2
& & 8
z z z
E E £
£ £ £
T T i
mEymhn\ m‘aymhn\ Utsymhn\
APCO25 APCO25 (H-CPM) APCO25 (LSM)
Roll Off Factor Gauss Cut Off Frequency
Gauss Cut Off Frequency
APCO25r=05 APCO H-CPM APCO LSM
Pt o @
2 2 2
2 2 2
g 8 3
8 8 8
z 2 2
E E £
£ z Bl
I T Y
mSvmbo\ msymlml
Split Phase Rectangular Dirac
BxT
Splitphase BT=0.5 Rectangular Dirac
i i 3
g g g
g g 3
& & &
E E 2
E E E
£ £ £
- T =
mEymhn\ m‘aymhn\ UtSymbnl
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Lowpass ACP opt.

Lowpass EVM opt.

EUTRA/LTE

Filter impulse response

Ideal Lowpass (0 25), ACP optim.

Ideal Lowpass (0.25), EVM optim.

Filter impulse response

EUtra/LTE

0z

Filter impulse response

=

)
~

4.5 Generating Multi Carrier Continuous Wave Signals

The multi carrier continuous wave (MCCW) function enables you to calculate wave-
forms with up to 8192 continuous wave carriers with R&S WinlQSIM2.

4.5.1 About the MCCW

R&S WinlQSIM2 can calculate and generate a multi carrier continuous wave signal
build from up to 8192 unmodulated carriers. The carrier offset and the power level of
the carriers are user-definable. The provided settings allow individual configuration of
each carrier as well as the joint configuration of subsets of carriers. Automatic start
phase setting is provided in order to minimize the crest factor.

The common application fields of the multi carrier CW signals are receiver tests with
broadband test signals.
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4.5.2 MCCW Settings

4521

» To access the multi carrier CW settings, select "Baseband > Multi Carrier CW...".

@ COQo ©x:

Mo. of Carriers l 54]
Carrier Spacing l 10.000 00{kHz -

Optimize Crest Factor Mode

Chirp ']

s
h

The "Multi Carrier CW" dialog contains the parameters for configuring the carriers
directly and provides access to the carrier table and the graphical representation.

The remote commands required to define these settings are described in Chap-
ter 12.11, "SOURce:BB:MCCW Subsystem", on page 363.

General Carrier Settings

This tab contains the common multi carrier conrinuous wave parameters.

Settings:

S ALt ——————————————————————— 100
St 10 DEfAUIL......cceeeeeeeee e e e e e e e e e e e e eaaaaaa 101
NUMDET OF CAITIEIS. ... i iiiiiie ittt st e e s s e e e s saneeee s 101
(07 44 (=T ST o - T Lo TR PPUPPRRPPOt 101
(04 oo S (=T 11 =0 T2 USRS 101
Optimize Crest Factor MOUE. . ...t 101
DeSired Crest FACION.....oooiiiiiiiccceee e e e e e e e e e e e e e e e e eeeeeees 102
State

Activates the multi carrier CW signal generation.

Note: Switching on MCCW turns off all the other digital standards and digital modula-
tion modes.

Since multi carrier CW signals are computed in arbitrary waveform mode, R&S WinlQ-
SIM2 adjusts the maodifications of the "Carrier Table" and "Table Setup Assistant" set-
tings only when confirmed with "Accept" (see Chapter 4.5.2.2, "Carrier Table",

on page 102).
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Remote command:
[ :SOURce<hw>] :BB:MCCW: STATe on page 364

Set to Default
Sets all relevant parameters to default, see Table 4-11.

Remote command:
[ : SOURce<hw>] :BB:MCCW: PRESet on page 365

Number of Carriers
Sets the number of carriers composing the multi carrier CW signal.

Note: Interdependence between total bandwidth, carrier spacing and number of carri-
ers. The total bandwidth of the multi carrier CW signal is calculated as follows:
Total Bandwidth = ("Number of Carriers" - 1) * "Carrier Spacing"

The result must not exceed the system bandwidth of the instrument (see the data
sheet of the corresponding instrument). If the total bandwidth is not respected when
entering the number of carriers, the value selected as "Carrier Spacing" is reduced.
Hence, the number of carriers entered defines the maximum carrier spacing.

By default the multi carrier table already lists 64 carriers that are preset to the settings
"State > ON", "Power > 0 dB", "Phase > 0°".

If you use fewer carriers than listed in the table, it is recommended that you delete the
superfluous entries. Vice versa, if you extend the number of carriers, R&S WinlQSIM2
adds the new entries at the end of the table.

Remote command:
[ :SOURce<hw>] :BBR:MCCW:CARRier:COUNt on page 365

Carrier Spacing
Sets the spacing between carriers for the multi carrier CW signal. The carriers are
arranged symmetrically around the RF carrier.

Remote command:
[ : SOURce<hw>] :BB:MCCW:CARRier:SPACing on page 368

Clock Frequency

Displays the clock rate at which the multi carrier CW signal is output by the arbitrary
waveform generator. The output clock rate depends on the number of carriers and the
selected carrier offset.

The value indicates the resolution during the marker generation.

Remote command:
[ :SOURce<hw>] :BB:MCCW:CLOCk? on page 370

Optimize Crest Factor Mode
Selects the mode for automatically minimizing the crest factor. The carrier start phases
are automatically configured according to the selected mode.

Methods of reducing the crest factor differ with regard to both the achievable optimiza-
tion and the time required for computing. For more information, refer to Chap-
ter 4.3.1.6, "Methods for Optimizing the Crest Factor", on page 64.
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"Off" There are no automatic settings for minimizing the crest factor. The
"Phase" setting as defined in the carrier table is in use.

"Chirp" Rapid crest factor optimization regardless of the number of carriers. A
minimal crest factor of < 3 dB is only obtained for multi carrier signals
in which all carriers are switched on and the power of the carriers is
identical. In a different configuration, the achievable crest factor is
worse.

"Target Crest"  Optimization of the crest factor to a desired value for all carrier config-
urations. The optimization time depends on the number of carriers
and the desired crest factor. The computing time increases only when
the number of carriers exceeds 256 and the crest factor is below 4
dB. The desired value can be entered in "Desired Crest Factor".

Note: You can cancel the optimization at any time. R&S WinIQSIM2
uses the value reached at this time, as indicated.

Remote command:
[ :SOURce<hw>] :BB:MCCW:CFACtor :MODE on page 370

Desired Crest Factor
Defines the desired "Target Crest" factor for optimization.

Remote command:
[ :SOURce<hw>] :BB:MCCW:CFACtor on page 369

4.5.2.2 Carrier Table

This tab contains the settings required for configuring the selectable range of carriers.

—— Table Setup Assistant ———

3

Carrier Start l 1| Stop

Carrier State on

Power Start [ —3_[][]|dE.l - Step 1_[][]|dB ]
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Settings:
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Table Setup Assistant

Enables joint configuration of a selectable range of carriers.

Carrier Start/Stop < Table Setup Assistant
Defines the start/stop index of the carrier range to which the following settings are
intended to apply.

Remote command:
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:STARt on page 373
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:STOP on page 373

Carrier State < Table Setup Assistant
Switches the carriers in the carrier range on/off.

Remote command:
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:STATe on page 373

Power Start < Table Setup Assistant
Sets the power of the starting carrier.

Remote command:
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:POWer [ :STARt] on page 373

Power Step < Table Setup Assistant
Sets the step width that is used to increment the power from carrier to carrier.

The individual power of each carrier ("Carrier Table > Carrier# >Power") is calculated
as "Power Start" + n*"Power Step".

Remote command:
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:POWer:STEP on page 372

Phase Start — Table Setup Assistant
Sets the phase of the starting carrier. This setting is only available for "Optimize Crest
Factor Mode > Off".

Remote command:
[ :SOURce<hw>] :BB:MCCW:EDIT:CARRier:PHASe [:STARt] on page 372

Phase Step — Table Setup Assistant
Sets the step width that is used to increment the phase from carrier to carrier.

The individual phase of each carrier ("Carrier Table > Carrier## >Phase") is calculated
as "Phase Start" + n*"Phase Step".

Remote command:
[ : SOURce<hw>] :BB:MCCW:EDIT:CARRier:PHASe: STEP on page 371
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Accept — Table Setup Assistant
Adopts the carrier range setting into the "Carrier Table".

Remote command:
[ : SOURce<hw>] :BB:MCCW:EDIT:CARRier:EXECute on page 371

Carrier Table
A table with additional settings for the configuration of the individual carriers.

R&S WinlQSIM2 computes the multi carrier CW signal only after you have confirmed
the settings with "Accept". As long as you have not confirmed changes, the table back-
ground is yellow.

Note: The phase/deg settings are only effective if you have deactivated optimization of
the crest factor ("Optimize Crest Factor > Off").

Tip: Use the Carrier Graph function to display the current carrier configuration.

"No." Indicates the carrier index.
"State" Switches a carrier on/off
"Power" Sets the power of a carrier.

If you use the Table Setup Assistant settings to fill the individual car-
rier powers, the power of a carrier is calculated as "Power Start" +
n*"Power Step".

"Phase" Sets the starting phase of a carrier.
If you use the Table Setup Assistant settings to fill the individual car-
rier powers, the power of a carrier is calculated as "Phase Start" +
n*"Phase Step".

"Accept" Applies the settings in the carrier table for signal generation.

Remote command:

[ :SOURce<hw>] :BB:MCCW:CARRier:LIST:STATe on page 367
[ :SOURce<hw>] :BB:MCCW:CARRier:STATe on page 369

[ : SOURce<hw>] :BB:MCCW:CARRier:LIST: POWer on page 366
[ :SOURce<hw>] :BB:MCCW:CARRier:POWer on page 368

[ : SOURce<hw>] :BB:MCCW:CARRier:LIST:PHASe on page 365
[ :SOURce<hw>] :BB:MCCW:CARRier: PHASe on page 367

4.5.2.3 Carrier Graph

The "Carrier Graph" tab represents the current carrier configuration graphically.

The X-Axis covers the carriers, and the colored bars represent the active carriers. The
Y-axis represents the power, that is, the height shows the set power of each individual
carrier.



R&S®WinlQSIM2™ Configuring the Baseband Source

£ Multi Carrier CW =] ® |5

Qe

10— ! HHHN i i 1| | ——
20 N ! HHHN i i 1| | ——
30 [N ! AN 11! i 1| | S—
A ! HHHN i i 1| | ——
50— ! HHHN i i 1| | ——
70— ! HHHN i i 1| | ——
50— ! HHHN i i 1| | ——
1 " 1 1

0 10 30 40 50 60 70
Channel

Marker Carrier Table

Power / dB

4.5.2.4 Marker Settings

This tab provides access to the settings necessary to select and configure the marker
mode settings.

2 Multi Carrier CW =] B =]
O General | Carrier Table | Carrier Graph |
IS Marker Mode ~
Marker 1 |Restart -
Marker 2 |Pulse - Divider 2

Frequency 1.250 000 000 MHz

Marker 3 |Pattern < 10...
Marker 4 |On/Off Ratio < On Time 1| Samples -
Off Time 1| Samples -

A A
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Marker Mode

Marker configuration for up to four marker channels. The settings are used to select
the marker mode defining the shape and periodicity of the markers. The contents of the
dialog change with the selected marker mode; the settings are self-explanatory.

Use the settings to define the shape and periodicity of the markers. See Chap-
ter 4.3.1.2, "Marker Signals", on page 59 for description of the regular marker signals.

Remote command:

[ : SOURce<hw>] :BB:MCCW: TRIGger:OUTPut<ch>:MODE on page 374

[ :SOURce<hw>] :BB:MCCW: TRIGger:OUTPut<ch>:PULSe:DIVider on page 376
[ :SOURce<hw>] :BB:MCCW: TRIGger:0UTPut<ch>:PULSe:FREQuency?

on page 376

[ : SOURce<hw>] :BB:MCCW: TRIGger:0UTPut<ch>:PATTern on page 375

[ : SOURce<hw>] :BB:MCCW: TRIGger :OUTPut<ch>:0ONTime on page 375

[ : SOURce<hw>] :BB:MCCW: TRIGger: OUTPut<ch>:0FFTime on page 375

How to Use the Multi Carrier Continuous Wave Function

This section provides examples on how to configure a multi-carrier continuous wave
signal for some general test cases:

® To generate a test signal for testing the frequency response of a DUT
® To generate a single sideband test signal for testing image rejection

Information on test setups or instrument configurations are not considered here.

To generate a test signal for testing the frequency response of a DUT

To create a test signal with a bandwidth of 80 MHz, e.g. to test a power amplifier or
filter, configure the signal as follows:

1. Select "Baseband > Multi Carrier Continuous Wave".

2. Inthe "General" tab, set "Number of Carriers > 81".

3. Set "Carrier Spacing > 1 MHz".

4. Adjust further settings, e.g. the marker signals.

5. Enable signal generation with "Multi Carrier Continuous Wave > State > ON".
R&S WinlQSIM2 computes the multi carrier CW signal and provides the waveform
for storing or transmitting to a connected instrument.

To generate a single sideband test signal for testing image rejection

If a single sideband test signal for testing the image rejection capabilities of DUT is
required, proceed as follows:

1. Select "Baseband > Multi Carrier Continuous Wave".
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2. Inthe "General" tab, set "Number of Carriers > 81".
3. Set "Carrier Spacing > 1 MHz".

4. In the "Carrier Table" tab, perform the following settings:

a) Set "Carrier Start > 40"
b) Set "Carrier Stop > 81"
c) Select "Carrier State > Off".
d) Confirm with "Accept".

5. Select the "Carrier Graph" tab, to visualize the configured sideband signal.

% Multi Carrier CW EI E] @

O General Carrier Graph

 ——

Marker | Carrier Table

Power/ dB
22888882 -

&
=1

0 10 20 30 40 50 60 70 80 90
Channel

6. Adjust further settings, e.g. marker signals.
7. Enable signal generation with "Multi Carrier Continuous Wave > State > ON".

R&S WinlQSIM2 computes the multi carrier CW signal and provides the waveform
for storing or transmitting to a connected instrument.

454 References

Table 4-11: MCCW default values

Parameter Value

State Not affected by "Set to Default"

Carrier Setup

Number of Carriers 64
Carrier Spacing 10 kHz
Optimize Crest Factor Chirp
Desired Crest Factor 3dB
Marker
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Parameter Value
Channel 1...4 Restart
Multi Channel Setup

Start Carrier 0
Stop Carrier 0
State ON
Power 0dB
Power Step 0dB
Initial Phase 0°
Phase Step 0°
Channel Setup

State ON
Phase 0°
Power 0dB

Generating Multi Carrier Signals

To simulate complex multi carrier scenarios with different baseband signals,

R&S WinlQSIM2 provides the possibility to generate multi carrier waveforms. These
waveforms can consist of up to 512 carriers, each modulated by the same or by differ-
ent user-selectable baseband signals.

The multi carrier waveform is a practical solution for the generation of a complex
broadband signal. You can compose the signal on the basis of various communication
standards, e.g. CDMA2000 or 3GPP FDD. In addition, R&S WinIQSIM2 supports multi
carrier signals composed of several signals from the same communication standard as
it is the case with LTE Advanced.

Required Options

R&S WinlQSIM2 offers all included digital standards for the creation of multisegment
waveform files. However, the used instrument must be fitted with the associated
R&S WinlQSIM2 options for the generation of the individual carrier signals.

About the Multi Carrier Waveforms

This chapter provides background information on the ARB functionality for generating
multi carrier signals and the impact of the provided settings. Refer to Chapter 4.6.4,
"How to Use the Multi Carrier Function", on page 123 for information on how to use
the provided settings to configure a multi carrier signal.
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Multi carrier waveforms are a convenient way to configure broadband test signals
required for transmitter or receiver tests. Even complex multi carrier scenarios com-
posed of signals from different digital standards can be created and used for these
tests.

Multi carrier files can be processed by an ARB generator, therefore the composed
waveform file must be created before loading and playing by the ARB. Using

R&S WinlQSIM2, you can configure and create multi carrier waveforms and transmit
the computed waveform directly to a connected instrument or store it in a file. The file-
name is user-definable; as with the single carrier waveforms, and the file extension is

*LWV.

General principle for composing a multi carrier signal

The following is a list of the general steps used for composing a multi carrier signal:

® |n the default mode, the up to 512 carriers are equidistantly distributed, centered
around the carrier index, which represents the RF frequency or baseband DC line.
The carrier spacing is adjustable within the total available bandwidth. The total RF
bandwidth of the composed multi carrier signal must not exceed the bandwidth of
the instruments' ARB (see data sheet).

® Another possibility is to define the center frequency of each of the carrier individu-
ally, see also Chapter 4.6.2.1, "Defining the Carrier Frequency", on page 109.

® Each carrier can be separately defined in terms of power, phase and modulated
input signal.
To define the leveling of the composed multi carrier signal, use the parameter
"Power Reference" on page 115

e Optionally, crest factor optimization can be applied (see Chapter 4.6.2.2, "Optimiz-
ing the Crest Factor", on page 110).

® After all multi carrier processing steps are completed, R&S WinlQSIM2 calculates
the resulting peak and RMS power over the total signal and enters the values in
the waveform file.

4.6.2.1 Defining the Carrier Frequency

There are two ways to define the carrier frequency of the individual carriers in the multi
carrier signal.

® Enabling the arbitrary carrier frequency distribution and specifying the carrier fre-
quency of each carrier individually.

® Using the built-in equidistant carrier spacing distribution function, i.e. enabling
the carriers to be equally spaced and centered toward the RF frequency. The car-
rier frequencies are automatically calculated depending on the selected number of
carriers and the carrier spacing.
The maximum carrier spacing is calculated as a function of the available total
bandwidth and the selected number of carriers as follows:
Max Carrier Spacing = Total bandwidth /(Number of Carriers - 1)
To avoid wrap-around problems, the effective applied carrier spacing can be
slightly modified.

HE
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The value of the carrier spacing is rounded in that way that the carrier closest to

the baseband DC line shows no phase jump assuming that the carrier is unmodu-

lated.

— For odd number of carriers:
RoundedCarrierSpacing = 1/OutputSignalDuration*round(CarrierSpac-
ing*OutputSignalDuration)

— For even number of carriers:
RoundedCarrierSpacing=2/OutputSignalDuration*round(0.5*CarrierSpac-
ing*OutputSignalDuration)

R&S WinlQSIM2 provides the parameter Mode for this purpose.

4.6.2.2 Optimizing the Crest Factor

An introduction to the topic is provided in Chapter 4.3.1.6, "Methods for Optimizing the
Crest Factor", on page 64. This section focuses on the settings provided for and rela-
ted to the multi carrier signals.

R&S WinlQSIM2 provides a crest factor reduction in form of an automatic optimization

upon selected values for the following parameters:

® Crest factor optimization mode: determines whether the phase settings are
selectable or internally calculated to fulfill a requirement for the crest factor value.

® Clipping: reduces the peak power of the resulting multi carrier signal according to
the input parameter "Target Crest Factor"
The resulting clipped peak power is defined by sum of the RMS level of the unclip-
ped multi carrier signal and the input parameter "Target Crest Factor".
Since clipping reduces also the RMS level, the resulting crest factor of the clipped
signal is slightly above the "Target Crest Factor".

® Target Crest Factor: determines the desired crest factor. A value above the crest
factor of the unclipped multi carrier signal has no effect.

® Filter Cut Off Frequency: determines the filter parameter of the final lowpass fil-
ter.
When the cut off frequency is set as half of the output sample rate, a final lowpass
filter improves the spectrum of the clipped multi carrier signal. However, it can also
increase the resulting crest factor.

4.6.3 Multi Carrier Settings

» To access the multi carrier settings, select "Baseband > Multi Carrier".

The "ARB: Multi Carrier" dialog enables direct configuration of the carrier distribu-
tion around the center frequency and adjusting some parameters for improving the
signal characteristics.

The dialog is divided into several tabs. In each case, the current setting is dis-
played in the tab name. In the tab "Carrier Table", you can select the waveform file
to be processed. Use the "Carrier Graph" to visualize the configured signal.

HE
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The remote commands required to define these settings are described inChapter 12.7,
"SOURce:BB:ARB:MCAR Subsystem", on page 301.

4.6.3.1 General Settings

This tab provides access to the default settings, selecting the output waveform file and
enabling the generation as well as the configuration of the carrier distribution.

([« L Recdl‘Sawe]

's General Settings )
Mode Equidistant Carrier Spacing ']
Number of Carriers l 1]
Carrier Spacing l 0.00|Hz ']
Crest Factor Mode lO'Ff ']
Clipping [ Jon
Signal Period Mode Longest File Wins ']
Power Reference lRMS -

o -/

's Output Settings )

Output File... ‘ ArbMecewOutpDummy

Clock Rate 100 000.000 Hz

File Size 100 Samples
Settings:
] = R\ [ (0= 4 o T=T SRR 112
STy (o T B I =T || U 112
SAVE/RECAI FramMe... oottt e e e e et e e e e raaeeaeeeees 112
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State Multi Carrier
Activates multi carrier generation.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:STATe on page 314

Set to Default
Sets all relevant parameters to default, see Table 4-12.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:PRESet on page 312

Save/Recall Frame

Accesses the standard "Save/Recall" dialog, i.e. the standard function for storing and
recalling the complete dialog-related settings. Refer to Chapter 9.2, "Storing and
Recalling Application Settings", on page 208 for a detailed description.

The multi carrier settings are stored as files with the predefined file extension
*.arb multcarr. The file name and the directory they are stored in are user-defina-
ble.

Remote command:

[ :SOURce<hw>] :BB:ARBitrary:MCARrier:SETTing:CATalog? on page 313

[ : SOURce<hw>] :BB:ARBitrary:MCARrier:SETTing:LOAD on page 313

[ :SOURce<hw>] :BB:ARBitrary:MCARrier:SETTing:STORe:FAST on page 314
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:SETTing:STORe on page 314

Mode
Selects the way the carriers are distributed within the available bandwidth.

"Equidistant Carrier Spacing"
Sets an equidistant carrier spacing distribution, i.e. the carriers are
equally spaced and centered around the RF frequency. The carrier
frequencies are automatically calculated depending on the selected
number of carriers and the carrier spacing.

"Arbitrary Carrier Frequency"
Enables the specification of the carrier frequency of each carrier indi-
vidually.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier:MODE on page 302

Number of Carriers
Sets the number of carriers for the multi carrier waveform. By default the multi carrier
table lists 1 carrier. A maximum of 512 carriers can be configured and activated.

Tip: You can find and modify the number of carriers in both, the "General" tab as well
as in the dialogs "Carrier Table" and "Carrier Table Assistant".
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When the number of carriers is increased, the multi carrier table is extended by adding
further lines at the end of the table. If these carriers already have been defined before,
the settings are preset according to the former settings. Otherwise the parameters are
preset with the default values.

See also Chapter 4.6.2.1, "Defining the Carrier Frequency", on page 109.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier:COUNt on page 302

Carrier Spacing
Sets the frequency spacing between adjacent carriers of the multi carrier waveform.

The carriers are arranged symmetrically around the RF carrier and the maximum car-
rier spacing is limited to:

"Carrier Spacing” = Total baseband bandwidth /("Number of Carriers" - 1).

The total baseband bandwidth depends on the used ARB generator which replays the

waveform. The total bandwidth is specified in the data sheet of the corresponding
instrument.

For more information, see Chapter 4.6.2.1, "Defining the Carrier Frequency",
on page 109.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier:SPACing on page 302

Crest Factor Mode
Selects the mode for optimizing the crest factor by calculating the carrier phases. For
more information, refer to Chapter 4.6.2.2, "Optimizing the Crest Factor", on page 110.

The following modes are available:

"Off" There is no automatic setting for minimizing or maximizing the crest
factor. The "Phase" setting as defined in the carrier table is in use.

"Minimize" The crest factor is minimized by internally calculating optimized car-
rier phases. The Phase setting displayed in the carrier table is invalid.

"Maximize" The crest factor is maximized by internally calculating optimized car-
rier phases. The Phase setting displayed in the carrier table is invalid.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CFACtor :MODE on page 305

Clipping
Switches the baseband clipping on and off.

Clipping reduces the peak power of the resulting multi carrier signal according to the
input parameter "Target Crest Factor". For more information, refer to Chapter 4.6.2.2,
"Optimizing the Crest Factor", on page 110.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CLIPping[:STATe] on page 307

Target Crest Factor
Sets the value of the desired crest factor, if baseband clipping is enabled.



Generating Multi Carrier Signals

A "Target Crest Factor" above the crest factor of the unclipped multi carrier signal has
no effect. For more information, refer to Chapter 4.6.2.2, "Optimizing the Crest Factor",
on page 110.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CLIPping:CFACtor on page 306

Filter Cut Off Frequency
Sets the cut off frequency of the final lowpass filter, if baseband clipping is enabled.

When the cut off frequency is set as half of the output sample rate, a final lowpass filter
improves the spectrum of the clipped multi carrier signal. However, it also increases
the resulting crest factor. See also Chapter 4.6.2.2, "Optimizing the Crest Factor",

on page 110.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CLIPping:CUToff on page 306

Signal Period Mode

Defines the way the resulting signal period of the multi carrier waveform is calculated.
The resulting period is always calculated for all carriers in the carrier table irrespective
of their state (ON/OFF). Use the "Carrier Table > Info" function to obtain information on
the sample rate and file length data of each carrier.

Note: Wrap-around and timing problems occur when 1/Q signals of different length are
used. Thus, demodulation of a carrier can be difficult or even impossible. It is therefore
recommended, that you consider the timing when creating the input 1/Q files or to
adjust the signal duration to the carrier which is subsequently demodulated. In this
case, the other carriers are for interfering the signal only. These problems do not arise
with signals of the same standard (e.g. 3GPP).

The following modes are available:

"Longest File Wins"
The resulting signal period is defined by the longest I/Q file in the car-
rier table. Shorter 1/Q files are periodically repeated.

"Shortest File Wins"
The resulting signal period is defined by the shortest I/Q file in the
carrier table. Only the first part of longer I/Q files is used.

"User" Enables you to define a user-specific Signal Period.
Shorter 1/Q files are repeated periodically, and only the first part of
longer 1/Q files is used.

"Least Common Multiple"
The output file duration is the least common multiple of all input file
durations.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:TIME:MODE on page 315

Signal Period

Sets the signal period in "Signal Duration Mode > User". Shorter 1/Q files are repeated
periodically, and only the first part of longer 1/Q files is used.
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Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:TIME on page 314

Power Reference

Defines the way the individual carriers in a composed multi carrier signal are leveled.
The difference between the provided modes is especially important if signals with dif-
ferent crest factors are composed together into a multi carrier signal.

"RMS" The individual carriers are leveled based on their RMS power and the
configured "Carrier Gain".

Example:

A multi carrier signal is composed from two waveform files.
First carrier "Gain" = 0 dB

Second carrier "Gain" = -3 dB

In the resulting multi carrier signal, the RMS power of the second car-
rier signal will be 3 dB lower than the RMS power of the first carrier
signal.
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"Peak" The individual carriers are leveled based on their peak power and the
configured "Carrier Gain".

Example:

A multi carrier signal is composed from two waveform files.
First carrier "Gain" = 0 dB

Second carrier "Gain" = -3 dB

In the resulting multi carrier signal, the peak power of the second car-
rier signal will be 3 dB lower than the peak power of the first carrier
signal.

Example: Multi carrier signal composed of waveforms with dif-
ferent crest factor

A multi carrier signal is composed from two waveform files with the
following characteristics:

3GPP FDD signals with the same "Sample Rate" but different "Crest

Factors”.
"Peak" = 0 dBFS
"Carrier Gain" = 0 dB
Stato| Sarie e | Gaim | Phase Delay | o |
0 -5.000 000| 0.00/ 0.00 0| ....Data/Lists/Arb/ArbMccwDummy|Info...
1 5.000 000 0.00 0.00 0 ... Data/Lists/Arb/ArbMcowDummy| Info..

&
-

Amplitude r(t) / dB

-100
17.3548 14 12 -10 8 6 4 2 0 2 4 6 8 10 12 14 17.3548

(F-fc)/ Mz

The Peak values of the carrier signals are equal, the RMS values are
different.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:POWer:REFerence on page 305

Output Settings
The output settings indicate the name, the size and the clock rate of the currently cal-
culated multi carrier output file.

[
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Qutput Settings
Output File... ArbMulticarrier!
Clock Rate 100 000.000 Hz
File Size 100 Samples

Output File — Output Settings

Accesses the standard "File Select" function to specify the output file name of the multi
carrier waveform to be calculated. As with normal waveforms, the file extension is

* L WV.

To trigger the calculation and storage of this multi carrier waveform, select "State >
on".

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:0FILe on page 312

Clock Rate — Output Settings

Displays the resulting sample rate at which the multi carrier waveform is output by the
ARB generator. The output clock rate depends on the number of carriers, carrier spac-
ing and input sample rate of the leftmost or rightmost carriers.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CLOCk? on page 308

File Size — Output Settings
Displays the resulting number of samples of the multi carrier waveform.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:SAMPles? on page 312

4.6.3.2 Carrier Table Settings

» To access the carrier table settings, select "Baseband > Multi Carrier > Carrier
Table".

-0.150 000| 0.00 0.00 0|...sts/Arb/ArbMccwDummy| Info. ..
-0.050 000/ 0.00 0.00 0|...sts/Arb/ArbMecwDummy| Info....
0.050 000, 0.00[ 0.00 0|...sts/Arb/ArbMccwDummy| Info. ..
0.150 000, 0.00[ 0.00 0|...sts/Arb/ArbMecocwDummy| Info. ..




Generating Multi Carrier Signals

This tab comprises additional settings for configuring individual carriers. A selecta-
ble carrier range can be set with the aid of the optional "Carrier Table Assistant".
The settings of all available carriers are displayed in table form. Previously applied
assistant settings can be further refined. The number of lines corresponds to the
number of carriers.

The phase/deg settings are only effective if you have deactivated optimization of the
crest factor ("Optimize Crest Factor > Off").

Use the "Carrier Graph" tab to visualize the selected multi carrier configuration.

Settings:

NUMDET Of CaITIEIS. ..ceviititiiiceeee e e s e e e e e e e e e aaaeeeeeeeeeeeeeeresenes 118
N Ottt e ettt e et et e e e e e e ettt et e e —e——— b —————————eieaeeeaaaaaeterererrrrrara————————— 118
] €= (YRR 118
Carrier FreqQ [IMHZ] ...ttt e e e e e e et e e e e aaa e 119
(7= o RN 119
[ 4 F= 1T T 119
== PO URPT 119
Bl ettt ettt ettt et et eeeaeeeeaaaaaaateterr e ——————————————————— 119
0] {0 RSP 119
et e i e e e e e et e e e e e e e ettt ——————— b b —————————— e aeeeeeaaaaaeaerrerene 119

Number of Carriers
Sets the number of carriers for the multi carrier waveform. By default the multi carrier
table lists 1 carrier. A maximum of 512 carriers can be configured and activated.

Tip: You can find and modify the number of carriers in both, the "General" tab as well
as in the dialogs "Carrier Table" and "Carrier Table Assistant".

When the number of carriers is increased, the multi carrier table is extended by adding
further lines at the end of the table. If these carriers already have been defined before,
the settings are preset according to the former settings. Otherwise the parameters are
preset with the default values.

See also Chapter 4.6.2.1, "Defining the Carrier Frequency", on page 109.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier:COUNt on page 302

No
Indicates the carrier index ranging from 0 to (number of carriers -1).

Individual carriers can be set using the remote control commands by specifying the
index in the parameter CARR.

State
Activates a carrier.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:STATe on page 312
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Carrier Freq [MHz]
Sets the carrier frequency.

Note: The carrier frequency can only be set in "Arbitrary Carrier Frequency" mode. For
"Equidistant Carrier Spacing", the carrier spacing is determined automatically.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:FREQuency
on page 304

Gain
Sets the gain of a carrier.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:POWer on page 305

Phase
Sets the starting phase of a carrier.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:PHASe on page 304

Delay
Sets the starting delay of a carrier.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:DELay on page 303

File
Accesses the standard "File Select" function for selecting the input file with the 1/Q sig-
nal to be modulated onto the carrier.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:FILE on page 304

Info
Indicates the sample rate, number of I/Q value pairs (number of samples), and the
resulting signal period of the selected 1/Q input file.

Remote command:
n.a.

m
Indicates an occurred conflict by means of a warning triangle. A conflict arises when
the carriers overlap and is also indicated in the header of the "Carrier Table" tab.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier<ch>:CONFlict?
on page 303

4.6.3.3 Carrier Table Assistant

1. To access the dialog, select "Baseband > Multi Carrier".
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2. Select "Carrier Table > Carrier Table Assistant"

Carrier State On
Delay Start ns - Step ns -

[ Input Waveform File... ‘ ArbMeowDummy

Apply Assistant Settings

[

The "Carrier Table Assistant" dialog enables you to configure a selectable subset
of carriers. Using the assistant, you can quickly set up a multi carrier scenario
within a specified carrier range.

Settings:

NUMDET Of CAITIEIS....iiviiiie ittt e e e e s saree e e e s sneae e e s senneaeeas 120
L0 14 1Y ] - | (= TSR PERPPPRRR 121
(07 T4 (=T ] = 7 o] o RS 121
L= 11T = P 121
(7= IS T o PP PPPRPRN 121
PRase Start........cooiiiii e e e e e 121
[ E= TS (=Y o 121
=T F= Y ) = o PR ERRRR 121
[T = S =7 o SR 122
INPUt WaVeform File....... oo e 122
ApPPly AsSIStant SettiNgsS.......ueiii i 122

Number of Carriers
Sets the number of carriers for the multi carrier waveform. By default the multi carrier
table lists 1 carrier. A maximum of 512 carriers can be configured and activated.

Tip: You can find and modify the number of carriers in both, the "General" tab as well
as in the dialogs "Carrier Table" and "Carrier Table Assistant".

When the number of carriers is increased, the multi carrier table is extended by adding
further lines at the end of the table. If these carriers already have been defined before,
the settings are preset according to the former settings. Otherwise the parameters are
preset with the default values.

See also Chapter 4.6.2.1, "Defining the Carrier Frequency", on page 109.
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Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:CARRier:COUNt on page 302

Carrier State
Activates the carriers within the range "Carrier Start" to "Carrier Stop".

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:STATe on page 312

Carrier Start/Stop
Defines the start/stop index of the carrier range the assistant settings apply to.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:STARt on page 311
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:STOP on page 311

Gain Start
Sets the gain of the carrier marked by "Carrier Start".

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:POWer [ :STARt]
on page 311

Gain Step
Sets the step width that is used to increment the gain.

The resulting carrier gain in the carrier table equals:
Gain = "Gain Start" + n*"Gain Step"
Where n ranges from 0 to ("Carrier Stop" - "Carrier Start").

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:POWer:STEP
on page 311

Phase Start
Sets the phase of the carrier marked by "Carrier Start".

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:PHASe [ :STARt]
on page 310

Phase Step
Sets the step width that is used to increment the phase.

The resulting phase in the carrier table equals:
Phase = "Phase Start" + n*"Phase Step"
Where n ranges from 0 to ("Carrier Stop" — "Carrier Start")

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:POWer:STEP
on page 311

Delay Start
Sets the delay of the carrier marked by "Carrier Start".
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Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:DELay [ :STARt]
on page 309

Delay Step
Sets the step width that is used to increment the delay

The resulting delay in the carrier table equals:
Delay = "Delay Start" + n*"Delay Step",
Where n ranges from 0 to ("Carrier Stop" — "Carrier Start").

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:DELay:STEP
on page 308

Input Waveform File
Accesses the standard "File Select" function for selecting the input file with the 1/Q sig-
nal to be modulated onto all carriers of the selected carrier range.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:FILE on page 310

Apply Assistant Settings
Transfers the assistant settings to the carrier table.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:MCARrier:EDIT:CARRier:EXECute
on page 309

4.6.3.4 Carrier Graph

1. To access the dialog, select "Baseband > Multi Carrier".

2. Select "Carrier Graph"

% ARB: Multi Carrier o] @ ]

General Carrier Table

0 1 2 3
(-0.15) (-0.05) {0.05) (0.15)

Carrier Index (Frequency /MHz)

The carrier graph is a graphical representation of the current multi carrier configu-
ration in the frequency domain.
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The height of the bars corresponds to the selected gain of each individual carrier.
The bandwidth of the carrier signals is indicated by the width of the bars.

4.6.4 How to Use the Multi Carrier Function

This section provides step-by-step instructions on how to configure and use the multi
carrier settings.

To create a multi carrier waveform file (general workflow)

Perform the following general steps:

1. To configure the general settings, select "Baseband > Multi Carrier > General".

2. To configure the carrier table select "Carrier Table"

3. To enter the file name of the multi carrier waveform, select "General > Output File"
4

To save or load a multi carrier waveform, select "State > On".

To generate a multi carrier signal for standard transmitter tests

High power amplifiers of multi carrier base stations face increased requirements in
terms of linearity and acceptable intermodulation performance.

To set up a standard transmitter test, proceed as follows:
1. Select "Baseband > 3GPP FDD".

2. Adjust the following parameters:

a) Select "3GPP FDD > Basestations > Test Setups/Models"
b) Select "3GPP FDD: Downlink/Test Model > Test_Model_1_16channels".
c) Confirm with "Select".

3. To enable signal generation, select "3GPP FDD > General > ON".

4. To create a 3GPP waveform file, perform the following:

a) Select "Generate Waveform".
b) In the destination folder, enter the "File Name" for the waveform file, for exam-

ple 3gpp 1 16.
c) Confirm with "Save"

5. To set up a multi carrier scenario with 4 carriers and a carrier spacing of 5 MHz,
select "Baseband > Multi Carrier".

6. Adjust the following parameters:

a) Inthe "General" tab, select "Number of Carriers = 4" and "Carrier Spacing = 5
MHz".

b) Select "Carrier Table > Carrier Table Assistant".

c) Select "Carrier Start = 0".

d) Select "Carrier Stop = 3".
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e) To load the generated waveform file to all 4 carriers, select "Input Waveform
File".

f) Navigate to the generated waveform file 3gpp 1 16.

g) Confirm with "Select".

h) Select "Carrier State > On".

Carrier State On

Gain Start 0.00/dB - Step l 0.00(dB *]

[ Input Waveform File__. ‘ 3gpp_1_16

Apply Assistant Settings

[

i) Select "Apply Assistant Settings".
j) Close the dialog.

The "ARB: Multi Carrier > Carrier Table" dialog confirms the configuration.

...atallists/Arb/3gpp_1_16
0.00/ 0.00 0| .._ata/Lists/Arb/3gpp_1_16Info...
0.00/ 0.00 0| ...ata/Lists/Arb/3gpp_1_16/Info...
0.00/ 0.00 0| .. ata/Lists/Arb/3gpp_1_16(Info...

7. Select "Carrier Graph" to visualize the configuration.
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8. To store the multi carrier waveform, select "General > Output File".
9. Enter the name for the file, for example 4x5MHz 3gpp 1 16.
10. To save or load a multi carrier waveform, select "State > On").

11. To transmit the waveform to an ARB generator, proceed as described in Chap-
ter 8.2, "How to Transmit Waveform Data to Instruments or Files", on page 203.

4.6.5 References

Table 4-12: Multi carrier default values

Parameter Value

Number of Carriers 1

Carrier Spacing 0 MHz

Crest Factor Mode Off

Signal Period Mode Longest file wins

4.7 Generating Multi Segment Waveform Files

Modern chip technologies implement several communication standards within one chip
and rise spatial verification and test requirements. To fulfill the requirements of these
test systems and to enable rapid alternation between different waveforms with differing
test signals, R&S WinlQSIM2 provides the functionality to create multi segment wave-
form files.

This section introduces the concept of multi segment waveform files, including the set-
ting parameters and some typical configuration examples.
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4.7.2

4.7.21

Generating Multi Segment Waveform Files

Required Options

R&S WinlQSIM2 offers all included digital standards for the creation of waveform files.
However, the used instrument must be fitted with the associated R&S WinIQSIM2
options for the generation of the signal from the waveform file.

About Multi Segment Waveforms

A multi segment waveform is a signal composed of several different waveforms, called
segments. Each segment contains a fully independent waveform that can be gener-
ated with its own specific markers and clock settings. You can also implement blank
segments, i.e. segments containing a zero signal.

The Figure 4-8 shows the principle of building a multi segment waveform.

Waveform#1
Resulting Multi Segment Waveform (“.inf_mswv)
[}
E
%
§ Waveform##2 Segmenti#1 Segment#2 Segment#3
5
(=N
=
. & @
Waveformi#3 Segment switching
(e.g. “wwvs)
Cutput signal (“wv)

Figure 4-8: ARB Multi Segment Waveform concept

Typical applications for the multi segment mode are described in section Chap-
ter 4.7.4, "How to Create and Work with Multi Segment Waveform Files", on page 134.

Multi Segment Waveforms Processing

A multi-segment waveform file is configured and stored with R&S WinIQSIM2. If con-
nected, you can directly transmit the waveform file to a signal generator, that plays the
file and generates the signal, triggered by the functions "State" button. An instrument
loads the entire multi segment waveform into the memory, and thus allows you to alter-
nate between the individual waveforms without delay by loading. Moreover, in most
instruments you can define the output order of the segments, as well as the segment
intended to be output at any given moment. See the manual of the used generator to
get more information on the processing of waveform files .
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4.7.2.2 File Concept

To provide flexible configuration, building a composed multi segment waveform file
involves different stages; by completing of each of them, R&S WinIQSIM2 creates and
stores a dedicated file. The following files are used:

® Configuration list: is a dedicated file with details on how a multi segment wave-
form is made up from different waveforms, the level and the clock rate settings, and
the file name. The file extension is *.inf mswv.
You can create any number of configurations as a basis for defining further multi
segment waveforms.

® Qutput file: is the created output multi segment waveform file. R&S WinlQSIM2
stores it under a user definable name; as with the standard waveforms, the used
file extension is * .wv. R&S WinlQSIM2 appends additional information to the
header of the composed waveform file, e.g. user comments.

4.7.2.3 Impact of the Marker Settings

The general purpose of the marker signal is the triggering of the DUT (device under
test) and the synchronization with other measurement instruments.

To be optimally flexible for those tasks, you can define additional marker signals with
R&S WinlQSIM2:

® Segment markers
Since multi segment waveforms act as stand alone waveforms, that can also con-
tain marker signals. You can either include this marker signals in the processing of
the composed multi segment waveform signal, or exclude.

e Additional segment restart and sequence restart markers
Additional marker signals can be defined to restart the multi segment sequence or
to restart each of the multiple segments. A marker signal configured and defined
for one of these purposes over-writes markers that are defined in the individual
waveforms, and markers that are assigned to the same output connector of an
instrument.

Muld Segment Seg. Seg. Segment Segment Seg.

segment #0 #3  #3 #2 #0 #3
waveform

Sequence
Restart Marker
(e.g. Marker 1)

Segment
FtastartMarkar* * ﬂ 4 4 t
(e.g. Marker 2)

Figure 4-9: Example of marker signals

The segment start is defined by the rising edge of the marker. It applies for switch-
ing between two segments as well as in case of segment replay.
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4.7.3 Multi Segment Settings

4.7.31

» To access the multi segment settings, select "Baseband > Multi Segment".

The "ARB: Multi Segment" dialog enables direct assignment of waveforms to the
multiple segments, adjusting the clock, level, and marker settings of the composed
waveform, and selecting the output file.

For description on the provided settings, refer to Chapter 4.7.3.1, "Settings for the
Handling of Multi Segment and Output Files", on page 128, Chapter 4.7.3.2, "Seg-
ment Table Settings", on page 129 and Chapter 4.7.3.3, "Level / Clock / Marker
Settings", on page 131.

The remote commands required to define these settings are described in Chapter 12.8,
"SOURce:BB:ARB:WSEG Subsystem", on page 315.

Settings for the Handling of Multi Segment and Output Files

To access the general settings:

1. Select "Baseband > Multi Segment".

[@ New List \ @ Load List I Save List I Save List As_ U

Multi Segment Waveform File ]

Output File d/R&S_WinlQSIM2/MultiSegment wv

Comment

The "General" tab comprises standard functions for file handling, like selecting and
loading of files, determining the output file name.

The provided settings depend on the current waveform. The "Sequencing List"
function for instance requires that the current "Sequence Table" contains more
than one segment.

2. Perform one of the following:

e Select "New List" to create a multi segment waveform file
e Select "Load List" to load an existing one

3. Add a comment.

4. Select "Output File" to define the file name for the multi segment waveform file.

Settings:

] £=1 (= T 129
T A I = 129
(oY= T [ T3 ST 129
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SAVE LiST/SAVE LISt Aot e et e e e e e e e e e st e e raaa s 129
(076] 101041101 TP 129
L@ U)o T 1 YRR 129
State

Activates multi segment waveform generation.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : STATe on page 324

New List
Accesses the standard "Create Multi Segment Waveform List" function to enter the
name of the new file.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:SELect on page 321

Load List
Accesses the standard "File Select" function to select the configuration file to be edi-
ted.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:CATalog? on page 316
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:SELect on page 321

Save List/Save List As...

Saves the current entries of the Segment Table Settings in a configuration list (file),
including the level mode, clock mode, segment marker mode and output file name set-
tings.

See also Chapter 4.7.2.2, "File Concept", on page 127.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:OFILe on page 320

Comment
Adds a comment to the composed multi segment file.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:COMMent on page 318

Output file
Accesses the standard "File Select" dialog function and requests a file name.

The output file name is required for the internal storage of the multi segment waveform,
triggered by the "Save List" function.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:OFILe on page 320

4.7.3.2 Segment Table Settings

1. To access the multi segment table settings, select "Baseband > Multi Segment".
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In the "ARB: Multi Segment > General" tab, select an existing list.
Select "Segment Table".

Select "Append" to add existing waveform segments.

Blank" to add a blank segment.

Configure the "Blank Segment Settings" as required.

4915 MHz | 393216

c-/Users/fisch_bi/Docur’

11.520 MHz | 115200/ 10.000 ms |c:/Usersfisch_bi/Docur Infa. .

42.774 MHz 1000 23380 ps Blank segment

4x6MHJz_3gpp_1_16.wv

42774 MHz | 427742 10.000 ms |c:/Usersfisch_bi/Docur| Infa. .

=

(@ e | vt e ) 5 | Q oom |

{Clock Rate 10.000 000|kHz - Samples 1000 Pen'od-E] Append Blank J

Blank Segment

This section contains the parameters required to create and configure settings of
the multi segment waveform file.

Multi Segment Table, Append/Delete/Shift Seg........cccovviiiiiiiii e, 130

Blank Segment.......

Multi Segment Table, Append/Delete/Shift Seg.
The table lists the individual waveforms (segments) of the selected multi segment
waveform. The information about the segments is retrieved from the tags of the corre-

sponding waveform

files.

Table 4-13: GUI elements in the multi segment table

Function Description

"Segment#" Indication of segment index. Within the manual and remote control configuration,
this segment index indicates the segment explicitly.
Tip: Use the segment index for example to define the subsequent sequence for
output in the mode "Next Segment" or "Next Segment Seamless".

"Waveform" Indication of the waveform file name of the segment.

"Clock Rate" Indication of the clock rate of the selected waveform.

"Samples" Indication of the number of samples in the segment.

"Period" Indication of the segment duration.

"Path" Indication of the location of the waveform file used for the corresponding segment.

"Comment" Indication of the possible comment contained in the waveform.

"Info" Opens a dialog with detailed information about the currently selected waveform.
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"Append" Opens the standard "File Select" dialog for navigation to and selec-
tion of the waveform file to be added on the end of the existing list.
Only non-multi segment waveforms can be loaded.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:SEGMent:CATalog?

on page 321

[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:SEGMent : APPend

on page 320

"Delete" Removes the selected entry from the table. The waveform file itself is

however not deleted.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:DELete on page 318

"Shift Seg.# Up/Down"
Rearranges the segments, i.e. moves the selected segment up and
down.

Blank Segment
Comprises the settings of a blank segment. A blank segment is a zero signal with
defined clock rate and number of samples.

"Clock Rate" Selects the clock rate of the blank segment.
"Samples" Selects the number of samples for the blank segment.
"Period" Displays the resulting period for the blank segment.
"Append Adds the blank segment to the multi segment file.
Blank"

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:BLANk:APPend
on page 316

4.7.3.3 Level/Clock / Marker Settings

1. To access these settings, select "Baseband > Multi Segment".
In the "ARB: Multi Segment > General" dialog, select an existing list.

Select "Segment Table".

A w0 DN

Configure the segments.
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5. Select "Level/Marker/Clock".

Level Equal RMS '] Segment Marker (lgnare '}
Clock IHighest '] Sequence Restart lDisabIed '}
User Clock Rate MHz ~| Segment Restart Marker 1 '}

The "Level/Marker/Clock" tab provides the parameters required to adjust the level,
marker and clock settings for the selected multi segment waveform file.

Settings:

I S 132
{01 LoTo CUREPP PRSP 132
(0L o O [ Yo Q= =R 133
SEIMENT MAIKET.....uetiiiiieie et e e e e e e e e e s et e ee e e e e e eaaaeeessaannnrnnns 133
Y=o 0= o7 =T = SR 133
SegmMENt RESTAN. ... ... 133
Level

Determines the signal level mode to be used for generating the multi segment signal.

"Unchanged" When generating the signal, the level meets the values defined in the
individual segment files.

"Equal RMS" The signal is generated with the same RMS level value for all seg-
ments.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:LEVel [ :MODE]
on page 318

Clock
Determines the clock rate mode to be used for generating the multi segment signal.

"Unchanged" Uses the clock rate that is defined in the corresponding waveform file
of each segment.

"Highest" Uses the highest available clock rate for all segments.

Note: Trade-off between fast switch over and computing time. This
mode provides short switch over times between segments.
However, the computing time increases because the individual seg-
ments have to be resampled.

"User" Uses the clock rate defined by the parameter "User Clock" for all seg-
ments.
This mode is a trade-off between fast switch over and computing
time, too.
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Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:CLOCk :MODE
on page 317

User Clock Rate
Determines a user-specific clock rate for all segments of the multi segment waveform.

This value applies to "Clock Mode > User".

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:CLOCk on page 317

Segment Marker
Determines the marker signal mode to be used for generating the multi segment wave-
form signal, see also Chapter 4.7.2.3, "Impact of the Marker Settings", on page 127.

"Ignore" The marker information in the individual segment waveform files is
not considered.

"Take Over" Uses the marker information of the individual segment waveform files.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment : CONFigure:MARKer :MODE
on page 320

Sequence Restart
Activates the generation of an additional sequence restart marker in the output wave-
form file.

If additional marker generation is enabled, the existing marker signals in the individual
segment waveform files are not considered, see also Chapter 4.7.2.3, "Impact of the
Marker Settings", on page 127.

"Disable" No additional marker is generated.

"Marker 1, 2, 3"
Generates a restart marker signal at the beginning of the first seg-
ment of the complete multi segment sequence.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:MARKer:FSEGment
on page 319

Segment Restart
Activates the generation of an additional segment restart marker in the output wave-
form file.

If additional marker generation is enabled, the existing marker signals in the individual
segment waveform files are not considered, see also Chapter 4.7.2.3, "Impact of the
Marker Settings", on page 127.

"Disable" No additional marker is generated.

"Marker 1, 2, 3"
Generates a restart marker signal at the beginning of each segment.
The segment start is defined by the low-high slope of the marker sig-
nal. It applies for switching between two segments as well as in case
of segment replay.
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Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WSEGment :CONFigure:MARKer:ESEGment
on page 319

4.7.4 How to Create and Work with Multi Segment Waveform Files

This section provides step-by-step instructions on how to configure and use the multi
segment settings. The basic workflow in Figure 4-10 shows the essential stages of
multi segment waveform configuration, together with the corresponding user interface
dialogs and if applicable, the corresponding file extensions.

LARB > Multi Segment*

Select Define File

Configuration List Content DL Save Output File | Activatefile
Clock/Marker/Level . | generation
(new or load) (append/arrange processing Wy State > On |
*inf_mswv waveforms) / /

Figure 4-10: Basic workflow for generation of multi segment waveforms

To generate a multi segment waveform file (basic workflow)
1. Select "Baseband > Multisegment".
2. Inthe "General" tab, select "New List" to create an empty list.

3. Use the "ARB: Multi Segment > Segment Table > Append" function to add two or
more waveform files.

4. In the "Level/Clock/Marker" tab, adjust the "Level", "Clock" and "Segment Marker"
settings.

In the "General" tab, select "Output File".
Enter a file name.

5

6

7. Confirm with "Save".

8. Select "Save List" to store the configuration in the file.
9

Select "State > On".

To add additional marker signals

To add marker signals at the beginning of each segment and at the beginning of the
sequence, additional marker signals are enabled and inserted into the multi segment
waveform.

1. In the "Multi Segment > Level/Clock/Marker" dialog, select "Segment Marker =
Ignore”

2. Enable "Level/Clock/Marker > Sequence Restart = Marker 1"
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3. Enable "Level/Clock/Marker > Segment Restart = Marker 2"

An additional restart marker signal is generated at the beginning of each segment
and the beginning of the waveform. These restart markers overwrite the existing
Marker 1 and Marker 2 trace signals defined in the waveforms of the individual
segments.

4.8 Import IQ Data

The import function allows you to load externally created 1/Q samples via a server con-
nection into R&S WinlQSIM2.

Created on a user-specific system, you can transfer unprocessed external signals
directly to R&S WinlQSIM2. Once imported, R&S WinlQSIM2 provides all processing
stages like filtering, graphics display or adding noise, and even directly transmitting the
waveform signal to a connected instrument.

R&S WinlQSIM2 and the user-specific application communicate over LAN and the
TCP/IP network protocol, provided the TCP/IP driver is installed on the corresponding
computers. Using this link, programs can always communicate even if they run on dif-
ferent PCs and different operating systems. For information on the LAN interface and
the structure of the associated IP address, see Chapter 11.1.1, "LAN Interface",

on page 230.

External Application

Specification and
parameter display of
an unprocessed
signal

Calculation of the
signal according to
the defined
parameters

:
=
=
=
t
(=]
Q
E

The external application acts as a server for the data. In the following description, it is
referred to as import server. For communication R&S WinlQSIM2 sends queries to the
server, and receives the corresponding replies.

The applications exchange the following information:

® Server identity

® Parameter status

® Sequence length

® \Waveform
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4.8.1 About the Import Interface

This section explains the programming of the import interface using the example of the
development environment National Instruments LabWindows CVI xxxx Full Develop-
ment System. In principle, other development environments use similar TCP/IP com-
mands, therefore see the manuals of the respective development systems for details.

Network communication using TCP/IP consists of a server and one or more several cli-
ents. The server provides the data and transfers it on request or spontaneously to the
client. The client receives the incoming data.

Thus, when importing waveform files, R&S WinlQSIM2 acts as client and the external
application as server. Client and server exchange the user data in ASCII format, and
the messages as binary blocks.

4.8.1.1 Server Name, Port Number and Items

To build a link to the server, the client must know the name of the server (e.g.
12.34.56.78). In addition, both participants need access to a common channel, the
TCP/IP port.

6 The default port address is 1000, but you can select any other value.

Note that certain ports are pre-allocated, such as 80 for browsers. Assign therefore
only a freely available port address.

Table 4-14: TCP/IP items from client to server

Item Meaning

GetServerID ID query

GetNewState Query if new data are available
GetSequencelLength Query of sequence length
GetSymbolRate Query of symbol/reference point rate in Hz
GetSymbol Query of the symbols/reference points

4.8.1.2 Format of Query Commands of the Import Client

Query commands are sent with ClientTCPWrite (gHandle, request,
strlen (request), 1000); the last parameter timeout is given in ms.

4.8.1.3 Format of Reply Commands (Messages) of the Import Server

Replies are sent with ServerTCPWrite ().
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6 R&S WinlQSIM2 must receive the reply within 10 seconds, otherwise the timeout takes
effect.

The calculation and the transmission of the signal typically require a certain time.
Therefore, it is important that the calculation is performed in advance, and not triggered
by renewed requests. R&S WinlQSIM2 queries regularly for data with the command
GetsSymbols, and the server provides the calculated signal from a buffer.

To distinguish between replies to different queries, a header is placed in front of the
data section of the reply:

typedef enum { SYMBOLRATE, SEQUENCE LENGTH, SYMBOLS, NEWSTATE, SERVER ID }
SERVER MESSAGE HEADER TYPE;

typedef struct

{

SERVER MESSAGE HEADER TYPE type;

float data;

}

SERVER MESSAGE TYPE;

SERVER MESSAGE TYPE Reply;

Reply.type = SEQUENCE LENGTH;

Reply.data = (float) Sequencelength;

ServerTCPWrite (gHandle, (void *)&Reply, sizeof (Reply), 1000);

ServerlD, NewState and the symbol rate are handled the same way as the sequence
length.

The format above cannot be used if the symbol value is to be sent to R&S WinlQSIM2
because the message is longer than the size of element data in structure
SERVER MESSAGE TYPE.

A free memory block must be filled then with data as follows:

Pos 1 : SYMBOLS (enum, = 2)
Pos 2 : I(0)
Pos 3 : Q(0)
Pos 4 : I(1)
Pos 5 : Q(1)

Pos 2*N : I(-1)
Pos 2*N+1 : Q(-1)

A pointer on this block is then transferred to the function ServerTCPWrite ().

Alternatively to transmitting the waveform in one block, the samples can be divided into
several blocks. In the latter case, only the first block is sent with a header, the following
blocks are without header.
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4.8.2 Import Settings

» To access the import settings, select "Baseband > Import...".

Set To Default ‘ [ Save/Recall... ‘

'S TCP/IP Parameters ~y
Use Local Server On
Port Mumber l 1 U[][Jl
Transmission Timeout (s) l 20

L. "y

Server ID MNoise Power Ratio

Filter/Clipping... Cosine / Clip Off

The "Import" dialog contains the parameters for configuring the TCP/IP connection
to the server, and provides access to the filter, clipping and marker settings.

The remote commands required to define these settings are described in Chap-
ter 12.10, "SOURce:BB:IMPort Subsystem", on page 352.

] €= (TR 138
ST AR (o T D= £= 10 | SR 138
ST V= o= || U 139
(O ETS T WoTor= IS 1= V=T R 139
SEIVEI NAIME....cciiiiitiiiee ettt ettt e e e e s eseeeeaaaaaaeeeeeeeeesrsssssrarasnnnnan 139
POt NUMIDET ...t e e e e e e e e e e e e e e e e e e e eeeeereb e bbb nnnns 139
TransSmMiSSION TIMEOUL (S).eeerieieiiiiiiiiiiiiiiie et e e e e e e et e e e e e e e e e e s e e sab e e e e e e e eaeeeeeeeannns 139
ST RV | OO 139
1LY /A @4 o] o] o T T PSP 140
1Y = T Y 140
State

Activates the import of IQ data.

Remote command:
[ :SOURce<hw>] :BRB:IMPort:STATe on page 356

Set to Default
Sets all relevant parameters to default, see Table 4-15
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Remote command:
[ :SOURce<hw>] :BB:IMPort: PRESet on page 353

Save/Recall

Accesses the "Save/Recall" dialog, i.e. the standard function for storing and recalling
the complete dialog-related settings in a file. The provided navigation possibilities in
the dialog are self-explanatory.

The file name and the directory are user-definable; the file extension is however prede-
fined (* . import).

See also Chapter 9, "File and Data Management", on page 206.

Remote command:

[ : SOURce<hw>] :BB:IMPort:SETTing:CATalog? on page 354

[ :SOURce<hw>] :BB:IMPort:SETTing:LOAD on page 355

[ :SOURce<hw>] :BB:IMPort:SETTing: STORe on page 355

[ :SOURce<hw>] :BB:IMPort:SETTing:DELete on page 355

Use Local Server

Determines the computer on which R&S WinlQSIM2 is running as the server from
which the IQ data streams are downloaded. If activated, the field for entering a remote
host is filled with the entry "127.0.0.1" automatically and is read-only.

Remote command:
[ :SOURce<hw>] :BB:IMPort:SERVer:L0Cal [:STATe] on page 353

Server Name
Sets the name (IP address) of the connected server.

This parameter is editable when "Use Local Server" is unchecked. Otherwise,
"127.0.0.1" is used.

Remote command:
[ : SOURce<hw>] :BB: IMPort: SERVer : NAME on page 353

Port Number
Defines the port number for the server connection.

See also Chapter 4.8.1.1, "Server Name, Port Number and Items", on page 136.

Remote command:
[ :SOURce<hw>] :BB:IMPort:SERVer: PORT on page 354

Transmission Timeout (s)
Sets the wait time for aborting the data transfer in case of a server timeout.

Remote command:
[ :SOURce<hw>] :BB:IMPort:SERVer:TTOut on page 354

Server ID
Indicates the connected import server.

If no import server is connected, "not connected" is displayed.

Remote command:
[ :SOURce<hw>] :BB:IMPort:SERVer:ID? on page 353
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4.8.3.1
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Filter/Clipping
Accesses the dialog for configuring the baseband filter and clipping, see Chapter 4.8.3,
"Filter / Clipping Settings", on page 140.

The current filter and the clipping state are displayed next to the button.

Marker
Accesses the dialog for configuring the marker signals, see Chapter 4.8.4, "Marker
Settings", on page 144.

Filter / Clipping Settings

Access:
» Select "Import > Filter/Clipping".

The dialog comprises the settings, necessary to configure the baseband filter, sam-
ple rate variation and clipping.

Filter Settings

I Filter ~

[Fi lter Cosine -
Roll Off Factor l 01 Ul

Cut Off Frequency Shift

=1
L
L=

Impulse Length Auto
Auto

Sample Rate Variation

oo

s Clipping

Oversampling

LIII

=
State (Jon

Clipping Level l 1U[J| % ']
Clipping Mode Vector [i+]g| ']

The upper section in the dialog contains the parameters necessary for configuring the
baseband filter.

-
L.
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Settings

T (=Y S 141
ROl Off FACIOr OF BXT ..ttt 141
Cut Off FrequeNCY Shift.....ccci it e e e e e e e e e nnnrenes 141
Cut Off FreqQUENCY FaCTON....ciiiiiiiiii ettt 141
Sample Rate Variation ... 141
IMPUISE LENGLN....eiiii e 142
L@ Y21 £ 1T a1 o] 1o T TR PP 142
Filter

Selects the baseband filter.

Remote command:
[ :SOURce<hw>] :BB:IMPort:FILTer: TYPE on page 359

Roll Off Factor or BxT
Sets the filter parameter.

The filter parameter ("Roll off Factor" or "BxT") depends on the currently selected filter
type. This parameter is preset to the default for each of the predefined filters.

Remote command:

[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:COSine on page 359

[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:RCOSine on page 360
[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter: PGAuss on page 359
[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:GAUSs on page 359

[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter: SPHase on page 360

[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:APCO25 on page 360

Cut Off Frequency Shift
Sets the value for the cut off frequency shift.

The cut off frequency of the filter can be adjusted to meet spectrum mask require-
ments. This parameter applies to "Cosine" and "EUTRA/LTE" filters.

Remote command:
[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:COSine:COFS on page 361

Cut Off Frequency Factor
Sets the value for the cutoff frequency factor. The cutoff frequency of the filter can be
adjusted to reach spectrum mask requirements.

This parameter applies to "Lowpass" and "EUTRA/LTE" filters.

Remote command:
[ :SOURce<hw>] :BB:IMPort:FILTer:PARameter:LPASs on page 359
[ :SOURce<hw>] :BB:IMPort:FILTer: PARameter : LPASSEVM on page 359

Sample Rate Variation
Displays the sample rate of the imported signal.

If you change the sampling rate in the external application, R&S WinlQSIM2 updates
the parameter immediately, even if you have not recalculated the signal.
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A variation of this parameter only affects the ARB clock rate; all other signal parame-
ters remain unchanged.

Remote command:
[ : SOURce<hw>] :BB:IMPort:SRATe:VARiation? on page 356

Impulse Length
Displays the number of filter tabs.

If enabled, the most sensible parameter values are selected. The value depends on
the coherence check.

Disable it to set the values manually.

Remote command:
[ :SOURce<hw>] :BB: IMPort:FILTer: ILENgth:AUTO on page 358
[ :SOURce<hw>] :BB:IMPort:FILTer: ILENgth on page 358

Oversampling
Sets the upsampling factor.

If enabled, the most sensible parameter values are selected. The value depends on
the coherence check.

Disable it to change the value manually.

Remote command:
[ :SOURce<hw>] :BB:IMPort:FILTer:0SAMpling:AUTO on page 359
[ :SOURce<hw>] :BB:IMPort:FILTer:0SAMpling on page 359
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4.8.3.2 Clipping Settings

[Fi lter Cosine -

Roll Off Factor l 01 []l

Cut Off Frequency Shift

Impulse Length Auto
Owersampling Auto

Sample Rate Variation
o

-

State
Clipping Level l 100| % ']
Clipping Mode Vector [i+]q| ']

The lower section in the dialog contains the parameters necessary for configuring the

-
L.

clipping.

Settings:

L0370 o] 1T TS €= (= SRR 143
ClIPPING LEVEI ..t 143
(O3 1To] o1 T 1Y (oo =T PP PPUPUPRN 144

Clipping State
Switches baseband clipping on and off.
Baseband clipping is a simple and effective way of reducing the crest factor of the sig-

nal. Since clipping is done before to filtering, the procedure does not influence the
spectrum. The EVM however increases.

Remote command:
[ :SOURce<hw>] :BB:IMPort:CLIPping:STATe on page 358

Clipping Level
Sets the limit for clipping.

This value indicates at what point the signal is clipped. It is specified as a percentage,
relative to the highest level. 100% indicates that clipping does not take place.

Remote command:
[ :SOURce<hw>] :BB:IMPort:CLIPping:LEVel on page 357
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Clipping Mode
Selects the clipping method. A graphic illustration of the way in which this two methods
work is given in the dialog.

® "Vector|i+jql"
The limit is related to the amplitude | i + g |. The | and Q components are mapped
together, the angle is retained.

® "Scalar|il|,|q]"
The limit is related to the absolute maximum of all the  and Q values |i |+ ]| q .
The | and Q components are mapped separately, the angle changes.

Remote command:
[ :SOURce<hw>] :BB:IMPort:CLIPping:MODE on page 357
Marker Settings

This dialog provides access to the settings necessary to select and configure a marker
output signal, like the marker mode.

i

For information on how these settings affect the signal, refer to Chapter 4.3.1.2,
"Marker Signals", on page 59.

» To access the marker settings, select "Import > Marker...".

Marker Mode N

iMarker 1 |Restart -
Marker 2 |Pulse '] Divider l 2]
Marker 3 |Pattern '] [ 10...‘
Marker 4  |On/Off Ratio '] On Time 1| Samples ']
Off Time 1| Samples *]
- A

The dialog contains the parameters required for configuring marker output signals.

Settings:
1Y E= T NG gAY/ oo [ 144

Marker Mode

Marker configuration for up to four marker channels. The settings are used to select
the marker mode defining the shape and periodicity of the markers. The contents of the
dialog change with the selected marker mode; the settings are self-explanatory.

All regular marker signals are described in "Marker Modes" on page 59.
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Remote command:

[ : SOURce<hw>] :BB:IMPort:TRIGger: OUTPut<ch>:MODE on page 361

[ :SOURce<hw>] :BB:IMPort:TRIGger:0UTPut<ch>:PULSe:DIVider

on page 362

[ :SOURce<hw>] :BB:IMPort:TRIGger:OUTPut<ch>:PULSe:FREQuency?
on page 363

[ : SOURce<hw>] :BB: IMPort: TRIGger:OUTPut<ch>:PATTern on page 362
[ :SOURce<hw>] :BB:IMPort:TRIGger:OUTPut<ch>:0FFTime on page 362
[ : SOURce<hw>] :BB:IMPort:TRIGger:OUTPut<ch>:0ONTime on page 362

How to Import an External Unprocessed Signal

This section gives an example on how to import an externally generated signal to
R&S WinlQSIM2. Using R&S NPR Noise Power Ratio Signal Generation and Mea-
surement, an add-on tool for R&S WinlQSIM2 to generate noise power ratio signals,
we create a stimulus signal for import to R&S WinlQSIM2. In the example, both appli-
cations are started on the same computer.

To establish the client to server connection

It is assumed that you have installed both, R&S WinlQSIM2 and the R&S NPR applica-
tion on your computer.

1. Start R&S WinlQSIM2.
2. To start R&S NPR, select "Windows > All Programs > R&S NPR".

SR =]l ® =
File Devices! Optimize Crest Factor!  Help
Center/MHz | Width/MHz | Start Freq/MHz | Stop Freq/MHz | Start Index | Stop Index | Depth/dB B
1 993.500137| 5999756 990.500259|  996.500015 -24903 9175  -100.00
2 1005.999756|  5.999756) 1002.999878) 1008.999634 7864 23502 -100.00
3 1018.499756|  5.999756| 1015499878| 1021.499634 40632 56360|  -100.00
7
Custom [~ Connected
Phase/Magn File Phase Distr. Const.Seed
CE— P e | oo I | W
Rnd mfi TCF/IP Port
Constant - [.‘ledFadnrl 11.2827 dB 1000
al Power/dBm | NPR Lower /dB | NPR /dB _ Mode
Cort Measure I D=iq Quit
000/ 000 000 ywrsy o | o  sigcars.

3. In R&S WinlQSIM2, select "File > New" to start from an initial state.
4. Select "Baseband > Import".
5. Check "Use Local Server".

R&S WinlQSIM2 assigns the address of the local host automatically and displays it
under "Server Name".
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The connection to the server is established immediately and R&S WinIQSIM2 dis-
plays the designation of R&S NPR under "Server ID".
In R&S NPR, the "Connected" LED also indicates that the connection between the

two applications is established.

ile Devices! Optimize Crest Factor! Help
State Off
Rate 50.000000 MHz Center/MHz | Width/MHz | Start Freq/MHz | Stop Freq/MHz | Start Index | Stop Index | Depth/dB
[N, 1000000 1 993500137 5999756|  ssosouso| seesooons| 203  -sr7s| -10000]
| semoumn || Seeme \ ossow | 5000000 i | |2 sl s e “rassen] et o el oo
Fr— TP 7z | 72 7 W5 2 = W=
Line Spacing|| 3814697 Hz
Use Local Server /) on
Notch Count 3
s N Notch Width ]| 5000000 MHz
erver fame Notch Offset (3 6.000000 MHz y
Notch Depth ] -100.0 d8
Port Number 1000 _
Transmission Timeout (s) 20 Pigse/Mag Fie| - Phase Disir]  ConstSeed| | vy .J- =)
o~ RES@ET g TCRAP
Senver ID Nise Power Ratio Crest Factor] 11.2827 dB 7000 ‘\
I (ACP) / Clip O Power/dBm |_NPR Lower/dB_| NPR /B — Mode| I owha
ilter/Clipping - owpass ip easure "
000 000 000 g | o e || TR o

To configure a custom signal in NPR

The R&S NPR application provides all parameters required for configuring a noise ratio
stimulus signal.

1. Configure the signal, e.g. ...

(&/npR w23

File Devices! Optimize Crest Factor! Help
Sample Rate |5 100.000000 MHz Centter/MHz I Width/MHz | Start Freq/MHz | Stop Freq/MHz | Start Index | Stop Index | Depth/dB
b
NBW/SRate| -] (0.800000 1 587.001038] 4398773  984501648)  se9s0n4z7| -0i57 5331 -100.00
Noise BW || 80.000000 MHz 2 1006939207 4538773  1004499817)  1009.438535 2949 6225 -100.00
FFT Length 65536 3 1026.998501 4998773|  1024499512]  1029.498291 16056 19332|  -100.00
Line Spacing|| 15258789 kHz
Notch Court [ 3
MNotch Width [+| 5.000000 MHz
Motch Offset [5|  7.000000 MHz
Match Degth |5 -100.0 dB
Custom [~ Connected
Phase/Magn File Hﬁm[idr Seed
@ - Rrnd (const seed)- g_ D’a‘“"ﬂ- a
Rnd m - TCP/IP Port
Constant - Crest Factor| 10.5692 dB 1000
al Power/dBm | NPR Lower/dB | NPR /dB Made
Meastre I"bwia Quit
0.00] 000 0.00 weny s Lo o] 28

a) Set"Sample rate = 100 MHz", and "NBW/SRate = 0.8".
b) Select "FFT Length = 65536".
c) Set "Notch Count =3", "Notch width = 5 MHZz", "Notch Offset = 7 MHz" and

"Notch Depth =-100 dB".

2. Select "AutoCalc Notches" to update the signal parameters, displayed in the upper
panel on the right.
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Select "Calc FFT" to prepare the 1Q data for transmission to R&S WinlQSIM2.

SRS =5 ==
File Devices! Optimize Crest Factor! Help
Sample Rate |2 100.000000 MHz Centter/MHz | Width/MHz | Start Freq/MHz | Stop Freq/MHz | Start Index | Stop Index | Depth/dB
e

NBW/SRate (| 0800000 9a7.001038] 4398773  984501648)  se9s0n4z7| 10157 331 -100.00
MNoise B r 80.000000 MHz 1006.999207) 4538773 1004499817) 1009.438536 2343 6225 -100.00
FFT Length 65536 3 1026 998901 4998779|  1024499512| 1029498291 16056 13332| 10000
Line Spacing 1.5258789 kHz
Notch Court [ 3
Notch Width ||  5.000000 MHz
Motch Offset [=|  7.000000 MHz
Notch Depth |2 -100.0 dB

Custom [~ Connected
Fhase/Magn File Phase Distr. Const.Seed

i
@ Rﬂ"dmm;:i J Tcpﬁpm
Eorad CledFadorl 10.5692 dB 1000
al Power/dBm | NPR Lower /dB | NPR /dB _ Mode
0.00[ 0.00] 000 wewys Loy e || 120 o
o o = Motch Nr. 0 Single ™ Sig<) Comp.

The "Data Valid" LED indicates that the data is ready for transfer.

To process the signal in R&S WinlQSIM2 and validate it graphically

1.

In the "Import" dialog of R&S WinlQSIM2, select "Filter/Clipping", to configure the

filter, e.g. a lowpass:

Filter

e
[Filter

Lowpass (ACP optim.)

Cut Off Frequency Factor
Impulse Length [:] Auto

D Auto

Sample Rate Varation

Owversampling

|

|

|

Close the dialog.

In the "Filter" tab, select "Filter > Lowpass (ACP optim.)".
Uncheck "Impulse Length > Auto".
Enter "Impulse Length = 128".
Uncheck "Oversampling > Auto".
Enter "Oversampling = 1".

In the "Import" dialog of R&S WinlQSIM2, select "State > On" to enable data trans-

fer.

The 1Q signal data is transmitted immediately.
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Configuring the Baseband Source

To verify the signal in R&S WinlQSIM2 graphically

1.

In R&S WinlQSIM2 application window, select "Graphics > Graphic 1 > Graphic1
(Complete)".

Configure the graphical display:

Select "IQ Source > Baseband".

Set "Mode > FFT Magnitude", FFT window function "Win > Rect", and FFT
average mode "Avg. > 1".

Select segment length "Len > 65536 (2416)".

a)
b)

c)

' WinIQSIM2 Graphic 1

=l e =
Waveform File
Sample Rate (fc): 100 MHz ‘

otal Signal Duration: 65536 Samples (= 655.36 ps)

lewport

0] Masx: 65 535| Range: 655636/ Unit  Samples Sweep Step | 100|% ~| Sweep Rate |OFF

1Q Source Baseband

= Mode FFT Magnitude ~| Len|65536 (2416)

* Win Rect

40

Amplitude r{t) / dB

&
=4

(FHc) | MHz

Scale X-Axis
50 Max:

o Mode Auto = Min: 50 Range: 100 Unit  MHz

cale Y-Axis

Mode |Auto - Min: -100.0 Max:

Delta: 1-2 Units=—

0.000: 0.000{|| MHz K

-5.632 0.000 || dB H

The graph displays the power spectrum of the imported I/Q signal calculated by
FFT (Fast Fourier Transform).

110.0 Unit |dB

10.0 Range:

— Marker 1
ffc 0.000

-5.632

Now you can further process the waveform, like e.g.:

e Verify the signal directly in the graph using markers and the zoom function, see
"Using markers to analyze the signal" on page 33, or Chapter 6.5, "Scaling and
Marker Settings", on page 175.

e Superimpose the signal with additional noise, see Chapter 3.3.4, "Adding Noise
(AWGN) to the Signal", on page 29, or Chapter 5.1, "About the AWGN Genera-
tor", on page 150.

e Store the resulting waveform in a file, see Chapter 3.3.7, "Transmitting the
Generated Waveform to a File", on page 39, or Chapter 9.7, "Transferring a
File to an Instrument”, on page 219.

e Directly transmit the waveform to an ARB instrument and activate signal gener-
ation, see Chapter 3.3.6, "Transmitting the Generated Waveform to the

User Manual 1177.5533.02 — 01

148
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R&S SMW200A", on page 37, and Chapter 8, "Transferring Data",
on page 201.

4.8.6 References

Table 4-15: Import default settings

Parameter Value
Use Local Server On
Server Name localhost
Port Number 1000
Transmission Timeout (s) 20

Filter Cosine
Roll off factor (cosine filter) 0.10
Impulse Length Auto
Oversampling Auto
Clipping State On
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5 Adding Noise to the Signal

This section introduces the concept of the AWGN generator (Additive White Gaussian
Noise). It describes the settings for generation of noise, sine wave interferer and add-
ing noise to the generated signal.

5.1 About the AWGN Generator

R&S WinlQSIM2 allows you to superimpose the generated signal with noise. The noise
generator generates an AWGN signal (Additive White Gaussian Noise) with selectable
bandwidth and adds it to the digital baseband signal. The main characteristic of this
kind of noise signal is the Gaussian distribution of the noise power density and uniform
frequency distribution.

6 Multi carrier and multi segment signals cannot be superimposed with a noise signal.

This noise signal superimposes the (interference-free) useful signal ("Additive Noise"
mode).

Typical applications for signals superimposed with noise, are bit or block error mea-
surements, depending on the set S/ N or C / N ratio, or measurements of mobile base
stations.

Generation of the AWGN signal

The generated Gaussian noise achieves ideal statistical characteristics:
® | and Q paths are decorrelated from each other.
e Small probabilities are achieved due to the crest factor of 18 dB.

® The period of the noise signal depends on the selected system bandwidth. The
relationship of period P to system bandwidth B is approximated:

P =~ (2800-1) / By,
— The results are periods between 10%?5 years with minimum bandwidth and
approximately 2 days with maximum bandwidth.

— For comparison: the result corresponds to a period of approximately one month
for 3GPP FDD with a bandwidth of 3.84 Mcps. Or, a period of 427 days for
GSM with 270.833 ksps.

AWGN modes

The AWGN generator generates signals in one of the following different modes:

e "Additive Noise": the generated noise signal superimposes the interference-free
useful signal
An additive white noise is required for measurements of mobile radio base stations.
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e "Noise Only": a pure noise signal is generated and modulated on the carrier; the
connection to the baseband is interrupted.

® "CW Interferer mode™": a sinusoidal signal with an adjustable frequency offset and
carrier-to-interferer (C/l) power ratio is added to the baseband signal by means of a
counter instead of a shift register.

Signal and noise parameters

The Figure 5-1 illustrates the relation between the signal and noise parameters.

)

Signal

( AWGN

[Signal BW-a»|
- System BW*|
Noise BW-

I
'—h

Figure 5-1: Graphical representation of the relation between system bandwidth and noise bandwidth
(minimum Noise/System BW = 2)

System BW* = Occupied BW

The system bandwidth is a measure for the transmitted RF bandwidth. The selected
value is usually the occupied bandwidth and can therefore be a value greater than the
pure signal bandwidth.

In the most test cases, the signal and the noise power are not defined directly but by
means of the target's signal-to-noise ratio (SNR) or carrier/noise ratio.

The carrier power is a measure for the signal without the noise distribution.

To achieve flat noise within the selected system bandwidth, the noise bandwidth must
be larger than the system bandwidth. The minimum noise bandwidth is sometimes part
of the specifications and is calculated as follows:

“Noise Bandwidth" = "System Bandwidth" x "Minimum Noise/System Bandwidth Ratio"
The achievable noise bandwidth must not exceed the sampling rate of the baseband.

By default, the noise power within the system bandwidth is not defined directly but cal-
culated depending on the selected system bandwidth and the desired SNR. The noise
power over the noise bandwidth is calculated respectively.
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Measured noise power can exceed the displayed value

The noise signal is not generated arbitrarily for a particular bandwidth, but instead it is
generated in steps. Noise therefore also occurs outside the set system bandwidth. I.e.
the total measurable noise power usually exceeds the displayed value "Noise Power".

Moke Signal

System B andnidth

For a correct measurement of the noise power within the system bandwidth, it is rec-
ommended that you measure the channel power with a signal analyzer.

In the "Additive Noise" mode, the output signal is the signal with the noise distribution.
Hence, the power level at the RF output corresponds to the carrier+noise power.

The noise power of a digitally modulated signal is characterized by the parameter
Ey/N, indicating the ratio of bit energy to noise power density. The correlation to the

SNR is as follows:

C/N or S/N = (Ep/Ny)*(fyi/Bsys), where B is the system bandwidth and
Bit Rate f,; = "Symbol Rate" * Modulation Value

Where is the bit rate value retrieved from?
The parameter "AWGN > Bit Rate" indicates the value used by the C/N or E/N, calcu-

lation. The value is retrieved automatically depending on the configured baseband sig-
nal:

® For signals generated by the "Custom Dig Mod", the bit rate is determined by the
selected standard.
(see parameter "Custom Dig Mod > General" > ""Symbol Rate" on page 69").

® For signals generated in accordance to a digital standard, the bit rate is often a
stand-alone parameter.
Some test cases however, for example the 3GPP base station tests (TS 25.141),
specify the E/N settings that apply to channel-coded data or block segments. Set
the parameter "Bit Rate" to the required value, e.g. the bit rate before or after chan-
nel coding.

HE
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Application fields

Typically, the noise generator is required for the following tests:
® |nreceiver sensibility tests with predefined SNR of the receiver

® |n bit-error or block-error measurements, depending on the set signal-to-noise ratio
(SNR)

® \Whenever a pure noise signal is required

5.2 AWGN Settings

The "AWGN" block provides access to the settings for the AWGN generator.

How to access and configure the "AWGN Settings"

1. To access the "AWGN Settings" dialog, select "Block Diagram > AWGN".

Mode Moise Only -
Sample Rate 40.000 000 000|MHz -
Sequence Length 20 480|Samp ~
System Bandwidth 3840 0|MHz -
Min Moise/System Bandwidth Ratio 1.0
Noise Bandwidth 3.843 6MHz

\ v

The dialog contains the parameters for configuration of noise and CW interfering
signals.

2. To activate the AWGN generator, perform one of the following:

a) Inthe AWGN Settings dialog, set "State > On".
b) In the block diagram , select "AWGN > On".
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AWGN Settings

The remote commands required to define these settings are described in Chapter 12.6,
"SOURce:AWGN Subsystem", on page 293.

General Settings

State
Activates the generation of an AWGN signal. The interferer (AWGN or CW interferer,
depending on the selected mode) is generated after the generator is activated.

Remote command:
[ :SOURce<hw>] : AWGN: STATe on page 300

Mode
Selects the mode for generating the interfering signal.

"Additive Noise"
The AWGN noise signal with selectable system bandwidth is added
to the baseband signal.

"Noise Only" The pure AWGN noise signal with selectable system bandwidth is
modulated to the carrier. The connection to the baseband is interrup-
ted.

"CW Interferer" A sine with a defined frequency offset is added to the baseband sig-
nal. The calculation of E,/N, ratio is omitted.

Remote command:
[ : SOURce<hw>] : AWGN : MODE on page 297

Sample Rate
Sets the sample rate of the AWGN signal in "Noise Only" mode.

The sample rate depends on the selected instrument. If you select a different device,
the value range of the sampling rate changes accordingly. In addition, the maximum
sample rate must not exceed the maximum clock frequency of the instrument.

Remote command:
[ : SOURce<hw>] : AWGN : SRATe on page 300

Sequence Length
Sets the sequence length of the "Noise Only" signal in samples.

This parameter depends on the selected instrument. The value range changes accord-
ingly, if you select a different instrument.

Remote command:
[ : SOURce<hw>] : AWGN : SLENgth on page 300

System Bandwidth
Sets the RF bandwidth for the corresponding carrier/noise ratio of "Additive Noise "
and "Noise Only" signals.

Within this frequency range, the signal is superimposed with a noise signal which level
corresponds exactly to the set C/N or S/N ratio.
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For more information, refer to the description of Figure 5-1, and "Measured noise
power can exceed the displayed value" on page 152.

Remote command:
[ : SOURce<hw>] : AWGN : BWIDth on page 294

Min. Noise/System Bandwidth Ratio

Sets the ratio of minimum noise bandwidth to system bandwidth of "Additive Noise "
and "Noise Only" signals. Using this parameter, you can configure the minimum real
noise bandwidth, as required by some standards.

R&S WinlQSIM2 automatically adjusts the value range corresponding to the selected
instrument. The maximum value of "Min. Noise/System Bandwidth Ratio" is derived
from the maximum sample clock of the instrument, according to:

Noise Bandwidth = System BW x Minimum Noise/System BW Ratio

The parameter Noise Bandwidth displays the resulting noise bandwidth. It must not
exceed the maximum sampling rate of the instrument.

The calculation of level from the selected C/N or S/N ratio in relation to system band-
width is not affected

Remote command:
[ : SOURce<hw>] : AWGN :BWIDth:RATio on page 295

Target CW Frequency Offset
Sets the frequency offset of the sine wave for "CW Interferer" signals.

The range is limited to # (Symbol Rate + Sample rate) /4.

Remote command:
[ : SOURce<hw>] : AWGN: FREQuency : TARGet on page 297

Resulting CW Frequency Offset
Indicates the resulting frequency offset of the sine wave in "CW Interferer" mode.

The resulting "CW Frequency Offset" is the correction of the desired value based on
generating an integer multiple of periods out of the output sequence length.

Remote command:
[ : SOURce<hw>] : AWGN: FREQuency :RESult? on page 296

Noise Bandwidth
Indicates the real noise bandwidth of the "Additive Noise" and "Noise Only" signals.

See also Figure 5-1.

Remote command:
[ : SOURce<hw>] : AWGN :BWIDth:NOISe? on page 295
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5.2.2 Noise Power/Output Results Settings

> To access these settings, select "AWGN > Noise Power / Output Results".

- AWGN Settings o] @ ]

o-jE———

Q
=

Set Moise Power Via

Bit Rate

0.00|dB

4

Carrier/Moise Ratio

1

Eb/MNO

Carrier Power dBFS -

Noise Power (System Bandwidth)

MNoise Power (Total Bandwidth)

Carrier+Moise Power

Carrier+Moise PEP

ko

The dialog contains the parameters for noise power configuration. The available
settings vary according to the selected Mode.

Set Noise Power Via
Selects the mode for setting the noise power of an "Additive Noise" signal.

The following correlation applies:

"C/N or S/N"= ("E/Ny")*(fpi/Bsys), where:

® "C/N or S/N" is the carrier/noise ratio

® "E,/N,"is the ratio of bit energy to noise power density

® 'Bit Rate "f,;= "Symbol Rate" x Modulation Value

® B, is the system bandwidth.

See also Chapter 5.1, "About the AWGN Generator", on page 150.

Remote command:
[ : SOURce<hw>] : AWGN : POWer : MODE on page 298
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Bit Rate
Indicates the bit rate used for converting C/N or S/N to E,/N, in "Additive Noise" mode.

For input, set > C/N, or S/N. In "E,/N," mode, the parameter is only displayed.

Tip: For digitally modulated signals, select the bit rate before or after channel coding,
as required.

See also "Signal and noise parameters" on page 151.

Remote command:
[ : SOURce<hw>] : AWGN : BRATe on page 294

Carrier/Noise Ratio, Carrier/Interferer Ratio

Sets the ratio of the carrier signal to the respective AWGN signal:
® "Carrier/Noise Ratio" in "Additive Noise" mode

® '"Signal/Noise Ratio" in "CW Interferer" mode

® The power of the noise signal is derived from the entered C/N or S/N value and
displayed with the parameter Noise Power (System Bandwidth) / Interferer Power
in the units of the useful signal.

® The power of the useful signal is displayed with the parameter Carrier Power and
can also be modified there.

® The power of the output signal is displayed under Carrier + Noise Power, Carrier +
Interferer Power.

Remote command:
[ : SOURce<hw>] : AWGN : CNRatio on page 296

E./Ng
Specifies the value for the ratio of bit energy to noise power density in "Additive Noise"
mode.

For input, set > Eb/NO. In "C/N, S/N" mode, the parameter is only displayed.

® The power of the noise signal is derived from the selected E,/N, and displayed with
the parameter Noise Power (System Bandwidth) / Interferer Power in the units of
the useful signal.
The power of the useful signal is displayed with the parameter Carrier Power™.
The power of the output signal is displayed under Carrier + Noise Power, Carrier +
Interferer Power.

Remote command:
[ : SOURce<hw>] : AWGN : ENRatio on page 296

Carrier Power
Displays the power of the useful signal in "Additive Noise" or "CW Interferer" mode.

Remote command:
[ : SOURce<hw>] : AWGN: POWer : CARRier on page 297

Noise Power (System Bandwidth) / Interferer Power
Displays the power of the noise signal in the system bandwidth.

Note: The noise signal is not generated arbitrarily for a particular bandwidth, but
instead it is generated in steps. Noise therefore also occurs outside the set system
bandwidth. l.e. the total measurable noise power (see below) usually exceeds the
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5.3

value displayed here. For correct measurement of the noise power within the system
bandwidth, it is recommended that you measure the channel power with a signal ana-
lyzer.

Carrier Signal

Moke Signal

Svyztem B andwidth

Remote command:
[ : SOURce<hw>] : AWGN : POWer : NOT Se on page 298

Noise Power (Total Bandwidth)
Displays the power of the noise signal in the total bandwidth in "Noise Only" and "Addi-
tive Noise" mode.

Remote command:
[ : SOURce<hw>] : AWGN: POWer : NOISe:TOTal? on page 299

Carrier + Noise Power, Carrier + Interferer Power
Displays the power of the noise/interferer signal plus useful signal in "Additive Noise"
and "CW Interferer" mode.

Remote command:
[ : SOURce<hw>] : AWGN : POWer : SUM? on page 299

Carrier+Noise PEP, Carrier + Interferer PEP
Displays the peak envelope power (PEP) of the signal comprised of noise signal plus
useful signal in "Additive Noise" and "CW Interferer" mode.

This parameter is set to 0 dBFS whereas all other display power values show the val-
ues relative to the PEP after noise generation.

Note: The peak envelope power ("PEP") displayed in the "Status bar" corresponds to
the PEP value of the carrier.

Remote command:
[ : SOURce<hw>] : AWGN : POWer : SUM: PEP? on page 299

How to Configure the Noise Generator for Receiver
Tests

This section shows you how to configure the noise generator for receiver tests, for
example the tests specified in the 3GPP test specification TS 36.141, chapter 7.
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For the following example, we assume that R&S WinIQSIM2 generates an uplink
EUTRA/LTE signal with following characteristics:

e "EUTRA/LTE > Duplexing = FDD", "Link Direction = Uplink"

e "EUTRA/LTE > General Uplink Setting > Channel Bandwidth = 5 MHz" and "Occu-
pied Bandwidth = 4.5 MHz"

® "EUTRAJ/LTE > Frame Configuration > UE1 > FRC > FRC State = On" and "FRC =
TS 36.141: A2-3"

e "EUTRA/LTE > State = On"

Settings in the used signal generator:
® "Status bar > Frequency = 1.95 GHz" and "Level = -69.9 dBm"
® "RF State > On"

To configure the AWGN for receiver sensibility tests with predefined SNR of the
receiver

We assume that an AWGN interfering signal with the following characteristics is
required:

Interfering signal mean power = -21.75 dBm/BW and C/N = 12.6 dB
1. Select "AWGN".

2. Set the following parameters:

"Mode > Additive Noise"
"System Bandwidth > 4.5 MHz"
The unit of the interfering mean power is dBm/BW, where BW is the system
bandwidth. The system bandwidth of the LTE signal is the occupied bandwidth,
see also Figure 5-1.

e "Min Noise/System Bandwidth Ratio = 1.5"

3. Select "Noise Power/Output Results".

4. Set the following parameters:

e "Set Noise Power Via > C/N"
e "Carrier/Noise Ratio > 12.6 dB"
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o AWGHN Settings EE:ITI
Set Moise Power Via CM -
Bit Rate l 100.000 U[][]|khps ']
Carrier/Moise Ratio l 12_E-U|dB ']

-

dBFS -

MNoise Power (System Bandwidth) m
MNoise Power (Total Bandwidth) m
dBFS -

BFS -

Carrier+Noise Power

-

Carrier+Moise PEP

The dialog confirms the required interfering signal mean power "Noise Power (Sys-
tem Bandwidth) = -21.75 dBm". If you add this value to the level of the generator
(-69.9 dBm), the resulting interfering power is 82.5 dBm, as required for testing.

5. Select "AWGN > General > State > On".

R&S WinlQSIM2 generates the noise signal, and adds it to the baseband signal.
Now you can store the waveform, or directly transfer it to a connected instrument,
see Chapter 8, "Transferring Data", on page 201.

To generate a CW interfering signal

In the following example, we assume that two interfering signals are required, a 5 MHz
uplink LTE signal and a CW signal. The signals are transmitted at -52 dBm in the sig-
nal generator; the LTE signal at 1.96 GHz and the CW signal 10 MHz below it.

To configure the signal:

1. To enable the required LTE signal, select "EUTRA/LTE > General Uplink Setting >
Channel Bandwidth = 5 MHz" and "EUTRA/LTE > State = On".

2. Enable the required LTE signal:

a) Select "EUTRA/LTE > General Uplink Setting > Channel Bandwidth = 5 MHZz"
and "EUTRA/LTE > State = On".
b) Select "Status bar > Frequency = 1.96 GHZz" and "Level = -52 dBm".

3. Enable the required interfering signal:
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a) Select "AWGN > General > Mode > CW Interferer".

b) Select "Target CW Frequency Offset = 10 MHZz".

c) In the "Interferer Power/ Output Results" tab, select "Carrier/Noise Ratio = 12.6
dB".

d) Inthe "General" tab, select "State > On".

R&S WinlQSIM2 generates the noise signal, and adds it to the baseband signal.

Now you can store the waveform, or directly transfer it to a connected instrument,
see Chapter 8, "Transferring Data", on page 201.
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6 Displaying Simulated Waveforms Graphi-
cally

The built-in graphical signal display function of R&S WinlQSIM2 visualizes a generated
signal in various graphical views. Shown graphically, you can quickly check signal
characteristics or evaluate the signal in detail.

6.1 About the Graphical Signal Display

R&S WinlQSIM2 displays a signal either as 1/Q, amplitude/phase, vector, eye, or con-
stellation diagram, but also the power spectrum of the signal or the statistical evalua-
tion of the signal power, see Diagram Modes. General display functions, like zooming
or the use of markers, assist you in the in-depth evaluation of certain measuring points,
see Display Functions.

6.1.1 Diagram Modes

This section focuses on graphical signal displays, their content and application. See
Table 6-1 for an overview of the signal characteristics you can monitor.

Table 6-1: Graphics modes overview

Graphics modes Domain Measurement is known from
this instrument

1/Q Diagram Time Oscilloscope (standard mode)

R/Phi Diagram Time Oscilloscope (standard mode)

Vector Diagram Time Oscilloscope (XY mode)

Constellation Diagram Time Oscilloscope (XY mode)

Eye Diagram Time Oscilloscope (triggered to symbol
clock and showing repetitive
traces)

CCDF Display Statistical representation of peaks | Peak Power Analyzer

Power Spectrum Frequency Spectrum Analyzer

6.1.1.1 1/Q Diagram

The 1/Q diagram displays the inphase component (i[t]) and quadrature component (q[t])
of the 1/Q signal over time.
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" WinIQSIM2 Graphic 1
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Figure 6-1: 1/Q diagram of a GSM/EDGE signal with markers

Inphase (t), quad- = graphical signal display in two separate coordinate systems with identical X and Y

rature q[t]) axes

X-axis = time represented as number of symbols, chips or samples depending on the signal

Y-axes amplitude, scaled to the peak envelope power; where minimum scaled amplitude = -1,
maximum scaled amplitude = +1

Application: To analyze time slot signals for example with added noise from the
AWGN in the time domain. This mode shows the signal like an oscilloscope.

6.1.1.2 R/Phi Diagram

The R/Phi diagram displays the amplitude (r[t]) and phase (phi[t]) of the waveform over
time.
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* WinIQSIM2 Graphic 1 = =2 =
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Figure 6-2: R/Phi diagram with markers
Amplitude (r[t]), = graphical signal display in two separate coordinate systems with identical X axes and
Phase (phi[t]) varying Y axes
X-axis = time represented as number of symbols, chips or samples depending on the signal
Amplitude (r(t) = absolute amplitude value, scaled to the peak envelope power; where minimum scaled
amplitude = -1, maximum scaled amplitude = +1
Phase (phi(t) = phase, scaled in rad or degree; where minimum scaled phase = -180 °, maximum scaled

amplitude = +180 °
Application: To analyze the amplitude or phase modulated signals in the time domain.
6.1.1.3 Vector Diagram

The vector diagram displays the Q component over the | component. All points in the
complex domain are connected by lines.
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% WinlQSIM2 Graphic 1 ol @ =
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Figure 6-3: Vector diagram

X-axis, Y-axis = amplitudes of the signal components, scaled to the peak envelope power; where minimum
scaled amplitude = -1, maximum scaled amplitude = +1

Application: To analyze the transition between the various states of modulation map-
ping, especially with linear modulations like MSK, QPSK or QAM. This mode shows
the signal like an oscilloscope (X/Y-mode).

6.1.1.4 Constellation Diagram

Constellation diagrams display the modulation symbols as discrete points in the 1/Q
plane. Unlike the vector diagram, the constellation diagram displays only one sample
per symbol. This sample represents the symbol.

Constellation diagrams are helpful when generating signals using the "Custom Digital
Modulation" settings. Compare the displayed constellation diagram with the diagram
displayed in the "Custom Digital Modulation > Modulation" dialog.
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* WinIQSIM2 Graphic 1 = =2 =
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Figure 6-4: Constellation diagram of a WCDMA-3GPP (QPSK 45° Offset) signal

X-axis, Y-axis = amplitudes of the signal components, scaled to the peak envelope power; where minimum
scaled amplitude = -1, maximum scaled amplitude = +1

Application: To classify modulation.

6.1.1.5 Eye Diagram

The eye diagram displays synchronized and superimposed sections of either the
inphase or the quadrature components of the signal.
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Figure 6-5: Eye diagram with partially closed eye

X-axis = time in the range of -/+ 1 symbol
Y-axis = amplitude, scaled to the peak envelope power; where minimum scaled amplitude = -1, maximum
scaled amplitude = +1

The display width is normalized for two symbols:
® The one-symbol "eye opening" in the center of the display.
® 1/2-symbols to the left and right of the center eye for capturing time transitions.

Several 100 curve segments are superimposed. The beginning of the recording is syn-
chronous to the symbol and chip clock pulse.

Application: To analyze amplitude and time distortion elements (e.g. jitter) at high-
speed digital data systems. A high quality, unimpaired signal shows a clearly open eye
(horizontally and vertically).

6.1.1.6 CCDF Display

The Complementary Cumulative Distribution Function (CCDF) displays the probability
the waveform exceeds the average power.
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' WinlQSIM2 Graphic1 ol ® e
enerated Waveform File
)'rmal Signal Duration: 115200 Samples (= 10 ms) Sample Rate (fc): 11.52 Mz ‘
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Figure 6-6: CCDF diagram of a 3GPP Signal

X-axis = level over the average signal power, where the average power (RMS) corresponds to the origin
Y-axis = probability of exceeding the average power, that is the percentage of time the signal spends at or
above the power level specified by the X-axis

6.1.1.7 Power Spectrum

The power spectrum displays the signal spectrum which is calculated from the 1/Q sig-
nal by means of Fast Fourier Transform (FFT). The power density over frequency is
displayed.
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* WinIQSIM2 Graphic 1 = =2 =
Generated Waveform File

otal Signal Duration: 307200 Samples (= 10 ms) Sample Rate (fc): 30.72 MHz ‘

iewport
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Figure 6-7: Power spectrum diagram: Example with two signals

"Len" = indicates the number of samples used for calculating the Fast Fourier Transform (FFT)
"AVG" = indicates the number of subspectra used for averaging
"Win" = indicates the window FFT function

X-axis = frequency plotted symmetrically (- Sampling Rate/2 to +Sampling Rate/2)
Y-axis = power density

6.1.2 Display Functions

The graphical display provides general display functions known from other measure-
ment instruments. It enables you to focus on a certain area of the diagram or to use
markers for precise evaluation. You can find out how to optimize the display for your
monitoring task.

Zooming

You can zoom into the diagram to visualize the measurement in more detail. Using the
mouse pointer or by value entries you can define the area to be zoomed.

[
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Zooming is merely a visual tool, it does not change the number of samples used for the
calculation. Increase the number of samples before zooming, as otherwise the function
has no real effect.

A zoom replaces the current diagram by a new diagram which displays an enlarged
extract of the diagram. Repeat zooming until the required details are visible.

Using markers

Markers are tools for numerical readout of measured data in diagrams. They help you
to analyze the displayed signal characteristics by determining particular values in the
diagram. Thus you can extract numeric values from a graphical display in both the time
and the frequency domain. For example, you can measure the frequency distance
between two peaks of a signal.

See also .

You can use two markers (H and B) for your measurements. With the mouse pointer or
on the basis value entries, you can determine the marker positions and the distance
between "Marker 1" and "Marker 2". Directly above the icons, you can see the corre-
sponding values of the marker in the diagram.

985 846, 82736

Figure 6-8:

1 = marker number
2 = marker position on the x-axis in the current units
3 = marker value on the y-axis

If a marker is outside the range of the "Viewport", and thus not visible, you can shift it
into the indicated area. Type a value within the displayed scale in the entry field of the
corresponding marker.

Color maps

The vector, constellation and power spectrum diagrams assign colors to the graphs to
visualize how often the signal components have achieved certain values. The color
represents the number of occurrences in %, related to the maximum value.

The legend below the diagram explains the distribution the colors represent.

100%




Graphical Signal Display Settings

6.2 Graphical Signal Display Settings
This section focuses on the configuration and the graphical representation of a wave-
form.

If you have activated a graphical representation, R&S WinlQSIM2 provides the graphic
as:

® Graphics icon
® Preview in the block diagram
® Full-size graphs in the configuration dialog

To show the small graphics preview in the block diagram, perform one of the following:
1. In the menu bar, select "Graphics > Graphic 1 > Graphic 1 (Preview Only)"

2. Inthe "Toolbar", select a graphic icon k.

| Rohde&Schwarz WinlQSIM2 (E=%Ech ==
File Transmission Graphics Help
D e @ R ©
40 000 8.666 667
e' Waveform
= — LN
:{)%EE}‘—
LAN
| Remote Control
Ve
% Vector Sig Gen
Remate Control

Figure 6-9: R&S WinlQSIM2 bock diagram with active graphics

1 = Toolbar icon
2 = Graphics icon in the block diagram
3 = Small graphics preview

R&S WinlQSIM2 displays the selected graphic as small graphic block diagram.

To access the graphic signal display settings, perform one of the following:

1. In the menu bar, select "Graphics > Graphic 1 > Graphic 1 (Complete)"
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2. In the block diagram, double-click the small graphics preview.

* WinlQSIM2 Graphic 1 =] @ (==
d Waveform File
otal Signal Duration: 307200 Samples (= 10 ms) Sample Rate (fc): 30.72 MHz ‘
lewport
Min: 0 Max: 99 999 Range 100 000) Unit Samples = Sweep Step| 100|% ~| Sweep Rate |OFF i

1Q Source Baseband + AWGN ~| [Mode FFT Magnitude ~| Len (1024 (2*10)  ~| Win Hanning ~| Avg Auto =

Amplitude r{t) / dB

153% 14 43 42 1 0 9 & 7 6 5 4 3 2 4 0 1 2 3 4 5 6 7T & 9 10 M 12 13 141536

(Hc) / MHz
Scale X-Axis
-fc Mode |Auto = Min: -15 Max: 15 Range 30.720 00 Unit MHz 7|
Scale Y-Axis
Am Mode Auto = Min: -100.0 Max: 10.0 Range: 1100 Unit |dB E
Cursor 1 Delta: 1-2 Units:—
e 6.7 53 -14/|[ MHz |
Am -96.000 -75.866 -20.134 || dB -

Figure 6-10: Graphics configuration dialog

The dialog contains all parameters required for graphical representation of the

waveform:
e Generated Waveform File
e Viewport

e Chapter 6.5, "Scaling and Marker Settings", on page 175.

The remote commands required to define these settings are described in Chapter 12,
"Remote Control Commands", on page 251.

6.3 Generated Waveform File

This section shows information on the generated waveform such as the total duration,
the sample rate and the oversampling factor.
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Viewport

Total Signal Duration

Displays the signal duration in seconds of the available samples within the generated
waveform file.

Remote command:
:GENerate:WAVeform: DURation? on page 287

Sample Rate (fc)
Displays the Sample Rate in [HZz]. It is calculated as follows:

Sampling Rate = Number of Symbols * Oversampling Factor.

Remote command:
:GENerate:WAVeform: SAMPles? on page 288
:GENerate:WAVeform: SRATe? on page 288

Oversampling Factor
Displays the baseband oversampling factor.

This parameter is determined by the content of the generated waveform file. To adjust
the oversampling rate, set the corresponding parameters defined within the standards.

Remote command:
:GENerate:WAVeform:0SAMpling? on page 287

6.4 Viewport

The viewport indicates the currently displayed range of the waveform.

The yellow bar indicates the displayed part, and the white bar represents the total
length of the waveform. The display is dynamic, and you can control it either manually
or automatically.

To control the viewport, you have the various options:

® Manually by defining "Min" and "Max" or "Min"or "Max" and "Range"

® Manually with the mouse by dragging the yellow bar

® Using an automatic time control by defining the sweep step size and time

"Mode" "Viewport" Yellow Bar White Bar
"I(t)/q(t)" Range, within the scaling | Currently displayed Total signal
f the X-axis is shifted in | range.
"r)a(t)" o 9
(/a(t) the display.
"FTT" Maximum observed Used range for FTT Total signal
range.
"Vector" Observed scope Irrelevant Total signal
"Constellation"
"Eye"
"CCDF"
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In addition, the viewport section includes the selection of the graphics mode, and the
possibility to display the signal with noise specified under AWGN (see Chapter 5.2,
"AWGN Settings", on page 153.

Depending on the selected graphic mode, you can set additional parameters like filter,
segment length.

Viewport
Note: There is no limitation to the length of the waveforms. Long waveform streams
are divided in packets of a displayable size and are then displayed packet-wise.

Sets the operating range to display the waveform.

"Min" Start value of the operating range.
"Max" End value of the operating range.
"Range" Operating range, the calculated delta between "Min" and "Max".

Tip: If you define two of the three values, the third value is calculated
automatically.

"Unit" Unit of the operating range.
If you change the unit, the settings are adjusted automatically.

"Sweep Step"  Step size of the sweep in per cent.

"Sweep Rate" Sweep steps per second.

1Q Source
Selects the signal for the graphical display.

The graphics allow you to view the baseband signal and the additive noise separately,
as well as the resulting superimposed signal.

Mode
Selects the graphics mode.

"I(t) / q(t)" Displays the currently active waveform over time in two graphs: the
top one shows the | component (inphase | (t)), the bottom one the
quadrature samples (q(t)).

"r(t) / phi(t)" Displays the waveform over time in two graphs: the top one shows
the amplitude, the bottom one the phase.

"Vector" Depicts the samples in the complex plane, that means the transitions
are shown as vectors.

"CCDF" Depicts the probability the waveform takes on a value higher than the
maximum output power.

"FFT Magnitude"
Displays the power spectrum (magnitude over frequency) derived
from a Fast Fourier Transform of the waveform.

"Constellation" Depicts all samples in a two-dimensional diagram in the complex
plane, sampled at the symbol rate.

"Eye (I/q)" Displays the repetitively superposed | and Q samples. The symbol
transitions are sampled at the symbol rate.

HE
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Len
Selects the number of samples of the Fast Fourier Transform.

Win
Selects the FFT window function.
Windowing supports you in FFT analysis to minimize the discontinuities in the mea-

sured signal interval. It reduces the effect of spectral leakage, and the frequency reso-
lution increases.

Various window functions are provided for the FFT analysis of waveform signals. Each
of these functions has certain characteristics with specific advantages and also trade-

offs. Therefore consider these properties carefully, to find the optimal FFT function for

your signal.

"Rect (Rectan- Suitable for separate two tone signals with almost equal amplitudes
gular)" and a small frequency distance.
Resolution: high (frequency), low (amplitude)

"Hanning" Used for frequency response measurements, sine waves, periodic
signals and narrow-band noise.
Resolution: high (frequency), low (amplitude)

"Blackman" Mainly for signals with single frequencies to detect harmonics.
Suitable for signals provided for accurate single-tone measurements.
Resolution: low (frequency), high (amplitude)

"Welch" Fast estimation of the power spectrum at different frequencies.
Reduces noise in the estimated power spectrum, but also the fre-
quency resolution.

Resolution: low (frequency), high (amplitude)

"Flat Top" Suitable for signals that are used for accurate single-tone measure-
ments.
Resolution: low (frequency), high (amplitude)

Avg
Selects the number of waveforms used for average calculation.

6.5 Scaling and Marker Settings

In this section, you can configure the graphics display and determine the marker posi-
tions manually.

The settings for configuring the x-axis and y-axis are the same. You can select the
manual mode, which enables manual defining of the scope (min, max, range values)
and the unit for the respective parameter

Mode
Selects the mode for setting the axis scaling.

HE
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"Auto" Activates automatic scaling.
R&S WinlQSIM2 scales the axis automatically, according to the
parameters of the waveform.
The value range is indicated as read only, but you can still determine
the unit. Automatic scaling assumes the values of the viewport for the
x-axis, and calculates the scaling for the y-axis on the basis of the
maximum and minimum values of the samples.

"Manual" Activates manual scaling.
You can define the area that is to be zoomed with "Min" and "Max", or
"Range" in combination with "Min" or "Max". The third value is calcu-
lated automatically. The unit can be set as well.

Remote command:
n.a.

Scale X-Axis /Y-Axis
Sets the scaling and the units for the x-axis and the y-axis.

Note: The scaling values can never be higher or lower than the scaling values set
under "Viewport" on page 174.

"Min" Start value of the operating range.
"Max" End value of the operating range.
"Range" Operating range, the calculated delta between "Min" and "Max".

Tip: If you define two of the three values, the third value is calculated
automatically.

"Unit" Unit of the operating range.
If you change the unit, the settings are adjusted automatically.

Marker 1/ 2, Delta 1-2, Units

Determines the marker position on the x-axis, and shows the corresponding y-value,
as well as the distance between the two markers. See also "Using markers"

on page 170.

Zoom Out
Resets a previous zoom, see also "Zooming" on page 169.

Note: The "Zoom Out" button always returns to the initial display size.

6.6 How to Verify the Generated Signal with the Graphics
Display

This section shows how to use the various graphic modes to visualize the signal char-
acteristics of the generated waveform. It also explains how to evaluate the effect of
standard settings like added noise. The examples use a simple custom digital modula-
ted signal.
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Generating a simple WCDMA-3GPP (QPSK 45° Offset) waveform

» In the custom digital modulation dialog, enable a predefined WCDMA-3GPP signal
(see "To generate a digitally modulated signal" on page 84).

¥ Custom Digital Modulation EI = @
General BT Data Source (| Modulation Filter
WCDMA-3GPP PRBS 9 QPSK 45° Offset || Root Cosine

Modulation Type |OF'SK 457 Offset '|

Figure 6-11: Used modulation type

To display the constellation diagram of the WCDMA-3GPP waveform graphically

1. To activate the graphical signal display, perform one of the following:

a) Inthe menu bar, select "Graphics > Graphic 1 > Graphic 1 (Preview only)"

Graphic 1

R&S WinlQSIM2 indicates the graphics preview in the block diagram. To
access the graphics settings, select the small graphics preview.
b) In the menu bar, select "Graphics > Graphic 1 (Complete)"

HE
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. WinlQSIM2 Graphic 1 =] @ (==
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Figure 6-12: Graphic dialog with WCDMA-3GPP signal, I(t)/q(tf) mode

The "Graphics Configuration" dialog contains the parameters, required to configure
the graphical display, and shows the waveform graphically.

2. Select "IQ Source > Baseband".

3. Select "Mode > Constellation".

|
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74 WinlQSIM2 Graphic 1

(ol o =
Sample Rate (fc): 3.84 MHz ‘

d Waveform File
otal Signal Duration: 10000 Samples (= 2.60417 ms)

lewport

0 Max: 9999 Range 10 000| Unit Samples = Sweep Step | 100/% ~| Sweep Rate |OFF <]
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0.8
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1.5
15 12 1 08 06 04 02 0 02 0. 08 1 12 15
Inphase i(t) 66% 75% 83% 100%
Scale X-Axis
i(t) Mode |Auto = Min: -2 Max: 2 Range 3 Unit MNone 7|
Scale Y-Axis
qit) Mode Auto = Min: <15 Max: 15 Range: 3.0 Unit MNone E

Figure 6-13: Constellation diagram of a WCDMA-3GPP (QPSK 45° Offset) waveform

The displayed constellation diagram confirms the used modulation type, see Fig-
ure 6-11.

To display the WCDMA-3GPP waveform in the vector diagram

1.
2.

Select "IQ Source > Baseband".

Select "Mode > Vector".
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. WinlQSIM2 Graphic 1 =] @ (==
d Waveform File
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lewport
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Figure 6-14: Vector diagram of the WCDMA-3GPP (QPSK 45° Offset) waveform

To visualize the effect of filter parameters on the generated waveform

1. Select "Baseband > Custom Digital Mod... > Filter > Roll Off Factor = 0.99"

%% Custom Digital Modulation

Data Source
PRBS S

O General

Marker

Maodulation
QPEK 45° Offset

Filter

Roll Off Factor

Impulse Length

Oversampling

[E=RR=R =
Filter
Root Cosine
Root Cosine B
0.99

Auto 40
Auto 4
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* WinlQSIM2 Graphic 1 =] @ (==
d Waveform File

otal Signal Duration: 40000 Samples (= 2.60417 ms) Sample Rate (fc): 15.36 MHz ‘
lewport

Min: 0 Max: 29 999/ Range 30 000/ Unit Samples = Sweep Step | 100/% ~| Sweep Rate |OFF <]

| |

| 1

1Q Source Baseband | Mode |Vector K

15 12 1 08 060402 0 02 04 06 08 1 12 15

Inphase ift)
Scale X-Axis

i(t) Mode |Auto = Min: -2 Max: 2 Range 30 Unit MNone 7|
Scale Y-Axis

qit) Mode Auto = Min: <15 Max: 15 Range: 3.0 Unit MNone E

The vector diagram changes according to the modified filter parameter.

2. Select "Baseband > Custom Digital Mod... > Filter > GAUSS linearized"

% Custom Digital Modulation o] = (==
Data Source | Modulation Filter
O Cereel || wave PRES 9 QPSK 45° Offset | Gauss Linear.
Filter Gauss Linearized B

Impulse Length Auto 10
Oversampling Auto 32

[
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" WinIQSIM2 Graphic 1

(ol o =

d Waveform File

otal Signal Duration: 320000 Samples (= 2.60417 ms) Sample Rate (fc): 122.88 MHz

lewport

Min: 6000 Max: 25999 Range 20000/ Unit Samples = Sweep Step|  20|% ~| Sweep Rate |OFF

[ |

1Q Source Baseband | Mode |Vector K

= = o
=5 &

= &
=

uydrature qit)

2
o

04

15 12 1 08 060402 0 02 04 06 08 1 12 15

Inphase ift) 66% 75% 83%
Scale X-Axis

i(t) Mode |Auto = Min: -2 Max: 2 Range 30 Unit MNone 7|
Scale Y-Axis

qit) Mode Auto = Min: <15 Max: 15 Range: 3.0 Unit MNone E

To zoom in a diagram with the mouse
To zoom a displayed part of a waveform directly in the graph, perform the following:
1. Left-click the upper left corner of the graph area you want to zoom.

2. Drag the zoom rectangle.

A5 1.2

1 08 06 0402 0 02 04 06 08 1

Inphase ift)

1.2

8% 16%
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A dotted rectangular frame shows the marked area.
3. Click into the frame to confirm the selection.

The display expands and shows the selected area. A green frame with a miniatur-
ized rectangle embedded appears, indicating the zoomed area.

0.4677

0.45
0.44
0.43
0.42
0.41

0.4
0.39
0.38

Quadrature q(f)

0.37
0.36
0.35
0.34

0.3306
-0.3916 0.3 025 0.2 015 01 005 0 005 01 015 0.2522

Inphase it}

Now you can move the zoomed area in the overview-window by dragging with the
mouse.

To return to original size, right-click and select "Unzoom" in the context-sensitive
menu.
T zoom in a diagram by adjusting the axes

To expand the entire graph, you can also adjust the scaling of the axes. The method
for adjusting the axis scale is the same for both the X and Y axis. Therefore, the func-
tion is explained only once.

Perform the following:

1. Select "Mode > Manual".

2. Set the "Min" and "Max" values to determine the zoom area.
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Scale X-Axis
Mode (Manual ~| Min: 0.0] Max: 1000.0 Range: 1000.0
Scale Y-Axis
i(t) Mode Manual =| Min: -1.5) Max: 1.5| Range: 30
qit) Mode Manual =| Min: -1.8) Max: 1.8| Range: 36

R&S WinlQSIM2 adjusts the "Range" accordingly. Alternatively, you can determine
"Min" and "Range" with an automatically calculated "Max" value.

Tip: The scaling range is limited by the scaling values of the "Viewport".

3. If necessary, set the "Unit".
R&S WinlQSIM2 converts the values automatically.

For reverse operation, set "Mode > Auto".

To set markers with the mouse
To place a marker directly in the graph, perform the following:
1. Left-click the first marker symbol.

2. Drag and drop the marker to the target position.
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3. Left-click the second marker and repeat step 1 to 2.

Now you can analyze the displayed waveform.

Setting markers by entering the position
To place a marker precisely in the graph, perform the following:

» Enter the X-axis positions for the "Marker 1" and "Marker 2".

Marker 2 Delta: 1-2
-30

280

The marker moves to the defined position, giving the Y-axis values in the "I(t)" and
"q(t)" fields. The values are not editable. In the "Delta: 0 - X" group box, the differ-
ence (delta) between the X-axis value and Y-axis value of the marker position is
displayed.

Marker 1

t 250
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Alternatively, you can determine "Delta: 1 to 2" value with an automatically adjus-
ted "Marker 2" position. "Marker 1" remains fixed.
Now you can analyze the waveform.
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7 Setting Up Instruments

The signal generator blocks in the main application window symbolize instruments that
can generate signals from the waveforms of R&S WinlQSIM2.

Arb Sig Gen
SMW200A @

® "Arb Sig Gen" represents instruments featuring an ARB modulation generator.

e "Vector Sig Gen" represents vector signal generators with an I/Q modulator and RF
generator.

Both blocks provide access to dialogs for configuring the corresponding destination
instrument, the connection between the instrument and R&S WinlQSIM2, and remote
operation.

When connected, R&S WinlQSIM2 can send the generated waveform signal directly to
a Rohde&Schwarz instrument, and even enable signal generation on the instrument
remotely.

Required equipment for instruments
6 Processing waveform files generated by R&S WinlQSIM2, an instrument must be
equipped with an ARB and the corresponding options for the digital standard, multi car-
rier signal generation and AWGN.
® See the list of instruments Chapter 1.2, "Related Rohde & Schwarz Instruments”,
on page 13 for information on instruments from Rohde & Schwarz.
® Forinformation on the available options, see the data sheet of the instrument.

® The appropriate options are specified in the description of the respective standard.

Note also, that R&S WinlQSIM2 does not necessarily need a connected instrument for
the signal calculation. You can generate the waveform for a manually configured
dummy instrument (in offline mode), and subsequently select an instrument in the net-
work for transmission (online mode). However, keep in mind, that the general instru-
ment settings affect various functions, as for example the maximum size of the file the
waveform is stored in.

Therefore, it is important that you consider the value ranges of the instrument, which
will later generate the signal.

The following sections describe the basic steps to be taken and the necessary prereqg-
uisites.
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This sections describes the basic steps to be taken and the associated requirements.

e Available Instruments SettingsS.......cuuiiiiiiiiiiie e 188
o Configure Instruments SettiNgS........eueeiiiiiiiiii e 189
o Configuring Remote Operating MOdEes..........ccuuieiiiiiiiiiiiiiieee e 192
e How To Access and Configure an Instrument............cccoiiieiiiini e, 195

7.1 Available Instruments Settings

To access an instrument directly, you have the options to scan the network, or USB or
GPIB interfaces for connected instruments, as described in "To scan and configure an
instrument" on page 24. As an alternative, you can specify an instrument manually. It
can be a dummy or an existing instrument, that has not been detected during a scan.
To perform these tasks, see Chapter 7.2, "Configure Instruments Settings",

on page 189.

search (scan), or add a new instrument, R&S WinlQSIM2 maintains the list. It adds any

6 The list of instruments shows all previously assigned entries. When you start a network
newly detected instruments to the next free list entry (instrument number).

> To access the list of available instruments, perform one of the following:

a) In the block diagram, select "ARB Sig Gen, Vector Sig Gen > Instruments"
b) In the menu bar, select "Transmission > Instruments".

Awailable Instruments

G- @ Q- -

The dialog lists all available instruments for selection and provides access to the
parameters for configuring a selected instrument. You can also browse the network
for instruments, or remove an entry from the list. With "New", you can create a
dummy instrument.
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Available Instruments
Displays a list of all instrument entries with information on the instrument type, and the
user-definable symbolic name.

New, Edit

Accesses the corresponding "Configure Instrument - Edit" or "Configure Instrument -
New" dialogs. Since the provided parameters are similar, these dialogs are described
only once, see Configure Instruments Settings.

Scan
Searches for instruments on the network, the USB and GPIB interfaces.

Remote command:
: INSTruments:SCAN on page 289

Delete
Removes an instrument from the list.

7.2 Configure Instruments Settings

To communicate with a connected instrument on the network or via other interfaces, it
must be clearly identifiable. Therefore, each connection requires unique address infor-
mation.

The "Configure Instruments - Edit/New" dialogs cover the same parameters, therefore
the following description applies to both modes.
1. To access these settings, select "Arb Sig Gen/Vector Sig Gen > Instruments...".

2. To define a new instrument, or open an existing instrument configuration, perform
one of the following:

a) Select "New".
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b) Select an instrument from the list of available instruments and then select

" E d it"

Instrument Nr. a5

Symbaolic Name My SMW2004A

Instrument Type SMW/B10/K511/KE12 =

I Instrument Limits ~
Min Mumber of Samples 3
Max Mumber of Samples 1073741824
Min Sample Clock [Hz] 400
Max Sample Clock [Hz] 150 000 000

(. A

= LAN ~
Instrument Name / IP Address |SMW-test05s

(. J

I Remote Control ~
Hardware Channel LAN <

(. A

Both, the "Configure Instruments > New/Edit" dialogs contain the parameters for
configuring the instrument and the network connection. Additionally, they show the
value ranges of the characteristical signal parameters of the currently selected
instrument.

Instrument No.
Displays the line number of the instrument entry in the list of available instruments, see
Available Instruments Settings.

Symbolic Name
Determines an alias name for the selected instrument.

Instrument Type

Selects a type from the instrument family according to the features of the selected
instrument.
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Instrument Limits
Displays the samples and clock value ranges of the selected instrument.

Instrument Name / IP Address
Determines the instrument IP address or instrument name in the LAN.

Note: In a LAN that uses a DNS server (Domain Name System server), each PC or
instrument connected in the LAN can be accessed via an unambiguous instrument
name (hostname) instead of the IP address.

Basically the default instrument name follows the syntax

<instrument>-<serial number>, e.g. SMW200A-100000 according to the con-
ventions of Rohde & Schwarz. However, some instruments might be addressed by an
instument name with slightly different syntax. In addition, the serial number might not
always be located at the rear panel of the instrument.

Check the settings in the instrument setup or the user documentation to obtain the
required information on the instrument name.

Hardware Channel
Selects the remote connection.

Each of the available channels requires a unique address information for identification.
Therefore, the displayed parameters vary accordingly.

"LAN" Configures the connection in the LAN.
For communication in the LAN, the IP address or the instrument
name is required, see Instrument Name / IP Address

"USB" Configures the connection via the USB interface. The USB resource
string requires that you enter the "Serial Number".
"Tip:" You find the 6-digit serial number on the rear panel of the
instrument.

Example:
100012

"GPIB" Configures the connection via the Interface GPIB (IEC/IEEE Bus
Interface) interface. GPIB provides channel addresses from 0 to 30.

Example:
28

Apply, Ok
Applies the settings. "Ok" confirms the settings and closes the dialog.

Cancel
Discards the modifications and closes the dialog.
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7.3 Configuring Remote Operating Modes

7.3.1 Remote Control (SCPI)

R&S WinlQSIM2 provides the option to remotely control the instrument for a number of
basic parameters that are relevant for the signal generation. These parameters vary
depending on the selected generator type (ARB or Vector), and instrument.

The "Remote Control" dialog displays the parameters relevant for exchanging and acti-
vating waveforms from R&S WinlQSIM2, and you can modify these settings via remote
control.

When the connection is active, both, R&S WinlQSIM2 and the instrument synchronize
modified settings immediately, regardless of where you perform the changes.

7.3.2 Remote Control Settings of ARB Generators

Accessing an ARB generator

» In the block diagram, select "Arb Sig Gen > Remote Control (SCPI)".

Table 7-1: Remote Control ARB <instr>, examples

% WinlQSIM2: Remate Control Arb AFQ1008

Base Band State on

D Base Band State on S
Load Wavefile MNone
Wideband Mode Off

Clockrate 1.000 000 UUU
e et
Clockrate 1.000 000 000|MHz ~

Option Key

H
*
L * |

R&S SMW200A R&S AFQ100B

The dialog contains the parameters required for the ARB configuration of the
appropriate instrument. Depending on the accessed instrument, the parameters in
the dialog vary.

Path
Selects the signal path to be controlled.

Applies to instruments with more than one signal path.
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Base Band State on
Activates the baseband signal.

Load Wavefile

Accesses the instruments directory, where waveform files are stored. When a wave-
form file is selected, the instrument loads it into the ARB. On the right of the button,
R&S WinlQSIM2 displays the loaded file.

Wideband Mode
Displays the current setting of the wideband mode, when you are working with an R&S
AFQ100B.

Active Output
Sets the active output of the instrument to "Analog out" or "Digital out", provided the
instrument is equipped accordingly.

Output Type

Selects output type options for analog signal output of an R&S AFQ100B:

"Balanced" Provides symmetrical signals at the inverting and non-inverting out-
puts.

"Unbalanced" The inverted and non-inverted signals at the outputs are not symmet-
rical.

"No options for digital output type"
There are no options for the digital output.

Amplitude

Sets the amplitude of an R&S AFQ100B. The value depends on the settings of the
"Active Output" and "Output Type". The analog output amplitudes are given in Volt, the
digital output amplitudes in a value related to Full Scale (FS).

Clockrate
Sets the clock rate of the instrument.

Option Key
Defines the option key for authentication of an R&S AFQ100.
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7.3.4

Configuring Remote Operating Modes
Remote Control Settings of Vector Signal Generators
Accessing a Vector Signal Generator

» In the block diagram, select "Vector Sig Gen > Remote Control (SCPI)".

Table 7-2: Remote Control Vector <instr>, examples

[:] RF State on ]I

Power

e ey
_ wlme}
Frequency 1.000 000 000

1.000 000 000/GHz ~ m i

R&S SMBV

Frequency

R&S SMW

The dialog contains the parameters required for the configuration of the appropri-
ate vector signal generator. Depending on the instrument, the parameters in the
dialog vary.

Path
Selects the signal path to be controlled.

Applies to instruments with more than one signal path.

RF State on
Activates the RF signal.

Power
Sets the RF power.

Frequency

Sets the RF frequency.

Remote Desktop

To access the instrument via remote desktop, perform the following steps:

Prerequisites

It is assumend that the instrument is connected to the LAN and configured in

R&S WinlQSIM2. In addition, you need the security password of the instrument, and
the remote desktop control must be enabled in the instrument (see the user manual of
the instrument).

1. In the "ARB Sig Gen or Vector Sig Gen" block, select an instrument.

2. Select "ARB Sig Gen or Vector Sig Gen > Remote Desktop".
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| @ TightVNC applet |_

VNC Authentication

Password: OK |

The "VNC Authentication" dialog prompts you to enter the instruments' security
password.

3. Enter the password and confirm with "OK".

When the connection is established, you have access to the instrument and you
can perform settings directly from your computer.

Disconnect | Options | Clipboard | Send Ctrl-Alt-Del | Refresh

1.000 000 000 000c+- - &
1.000 000 000 000/c+= - &

H:sebamﬂﬂ Fading A
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Figure 7-1: Remote desktop access to the R&S SMW

7.4 How To Access and Configure an Instrument

The following are examples that show step by step how to detect instruments in the
network, and configure the associated settings in R&S WinlQSIM2.

To scan the network for connected instruments

1. In the block diagram, select "Arb Sig Gen/Vector Sig Gen > Instruments ...".
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2. Select "Scan" to search for connected instruments.

R&S WinlQSIM2 searches for available instruments. This process may take some
time.

Awvailable Instruments

When finished R&S WinlQSIM2 displays all instruments found in the your network
domain as well as instruments connected via the GPIB or USB interfaces.

In addition, R&S WinlQSIM2 retrieves information on the connection to the instru-
ment automatically.

3. To check the network parameters, select the corresponding instrument in the list,
and select "Edit".

The "Configure Instruments" dialog opens, and you can take a look at the settings
of the selected instrument, or modify the configuration. For details on the provided
see Chapter 7.2, "Configure Instruments Settings", on page 189. For an example
on how to set the parameters, see "To configure the instrument" on page 197

To create an instrument manually

1. In the menu bar of R&S WinlQSIM2, select "File > New" to start the software from
an initial state.

2. In the block diagram, select "Arb Sig Gen/Vector Sig Gen > Instruments...".
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Awvailable Instruments

B

Q New... Q Delete... Edit.. Q Scan

R&S WinlQSIM2 shows the list of all previously assigned entries, even if the instru-
ments are currently not connected.

3. Select "New" to create new instrument entry.

The "Configure Instruments" dialog opens where you can configure the parameters
of the dummy instrument, see "To configure the instrument” on page 197.

For details on the provided settings, see Chapter 7.2, "Configure Instruments Set-
tings", on page 189.

To configure the instrument

The example shows the steps to be taken for configuring an instrument manually. We
assume an R&S SMW200A equipped with extended ARB and bandwidth options is
connected via USB.

Note: If you have selected a connected instrument, no further configuration is required.

1. To access the instrument settings, select "Arb Sig Gen/Vector Sig Gen > Instru-
ments ... > New/Edit"
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Instrument Nr. 2
Symbalic Name lSymhoIic name l
Instrument Type lAFQ1 00B/B11 *]
I Instrument Limits n
Min Mumber of Samples 3
Max Number of Samples 1073741824
Min Sample Clock [Hz] 1000
Max Sample Clock [Hz] 600 000 000
(. A
= LAN ~
Instrument Name / IP Address

A A
' Remate Control ~
Hardware Channel lLAN ']
L. A
Q> @wm Qe

First, the dialog box shows any default entries.
2. Enter "Symbolic Name > MySMW200A ".
3. Select "Instrument Type", e.g. "> SMW/B10/K511/K512/K522".

According to the instrument and its options, R&S WinlQSIM2 indicates the relevant
sample parameters of the instrument in the "Instrument Limits" section.

4. Select "Hardware Channel > USB".

5. Confirm with "Apply".
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Instrument Nr. 3
Symbalic Name [MySMWZUUA J
Instrument Type lSMWIB10IK511IK512!K522 v]
I Instrument Limits ™
Min Mumber of Samples 3
Max Number of Samples 1073741824
Min Sample Clock [Hz] 400
Max Sample Clock [Hz] 200 000 000
(. v
I LAM ™

Instrument Name / IP Address
A

' Remoate Contral ~
Hardware Channel lUSB -
Serial Number [ 100 [][J‘I}

A

9 o o=

R&S WinlQSIM2 assigns your settings.

6. To close the dialog, select "Ok".

You can see the new instrument MySMW200A added to the list.

Awvailable Instruments

Q New... Q Delete... . Edit.. Q Scan

To delete an instrument from the list

1. Inthe block diagram, select "Arb Sig Gen/Vector Sig Gen > Instruments...".
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2. In the "Configure Instruments" dialog, select the instrument to be deleted and click
the "Delete" button.

R&S WinlQSIM2 removes the selected entry from the list of available instruments.
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8 Transferring Data

In addition to saving a waveform signal in a file, you can download it directly to an
instrument connected via LAN, GPIB or USB. R&S WinIQSIM2 provides a transfer dia-
log with the necessary setting parameters.

8.1 Waveform Transmission Settings

To configure the data transmission, perform the following steps:

1. Configure the baseband signal that you want generate with the ARB of an instru-
ment.

2. In the menu bar of R&S WinlQSIM2, select "Transmission > Transmit"

User Comment for File/\Waveform

ETM1_1_10
IS Source

Transmit from Internal (WinlQSIM2) =
: Destination ~
Transmit to Instrument -
@ File... ‘ LTE_10MHz.wy
\. J

Automatically Load And Start Waveform

In Path A -

@ Transmit Waveform ‘

The "Waveform Transmission To Arbitrary Signal Generator" dialog contains the
parameters required for configuring data transmission or saving.

User Comment for File/Waveform

Enables you to specify a brief remark to the waveform (optionally), e.g. information for
identifying the file.

The destination instrument displays the comment in the "Load Waveform" dialog. For

example, the R&S SMW200A shows the main characteristics of the waveform file in a
tooltip, including the user comment.
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Transmit from
Selects the data source.

"Internal (WinlQSIM2)"
Uses last generated internal waveform file.

"File" Uses a previously stored file.
To select the file, you can access the browser with the displayed File
button.

File

Accesses the standard browser for selecting a previously stored waveform file.

Transmit to

Selects the recipient of the waveform file.

"Instrument”
Transmits the waveform file directly to the instrument.
The instrument receives the file and stores it in its user directory. If
you have enabled "Automatically Load and Start Waveform" the
instrument loads the waveform file directly in the ARB and starts sig-
nal generation.

"File" Stores the waveform into a file on the computer.
To determine the location and file, use the File button.

File

Accesses the standard browser for storing the waveform file. You can select the direc-
tory and assign a file name. The file extension is predefined (* . wv).

Automatically Load And Start Waveform
Enables the following automatic process sequence when you execute Transmit Wave-
form:

The generator stores the file on its internal hard disk, loads it into the ARB and starts
replaying the signal. The resulting signal is immediately available for the 1/Q output.

When disabled, Transmit Waveform transmits the waveform file and stores it on the
hard disk of the instrument.

In
Selects the signal path of the instruments for the signal generation.

ARB
Selects the arbitrary waveform generator.

This parameter is provided for connected R&S BTC instruments, since these instru-
ments have several ARB generators in a path.

Transmit Waveform

Executes the waveform transfer according to the configured source and destination
media.
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8.2 How to Transmit Waveform Data to Instruments or
Files

The step by step instructions in this section show you how:
® "To configure the connection and to generate the waveform file" on page 203

® "To transfer the generated waveform signal to the instrument via the network"
on page 204

® "To transfer the generated waveform signal to the instrument via USB"
on page 204

® "To store the generated waveform signal in a file" on page 205

® "To load a waveform file" on page 205

® "To copy a previously created waveform file" on page 205

® How to transfer waveform data created by R&S WinlQSIM2 to a connected instru-
ment

Using the example of an R&S SMW200A connected in the LAN, we assume that you

have already performed the following steps:

® The R&S SMW200A is connected in the LAN and turned on

® R&S WinlQSIM2 is installed on a remote controller also connected in the network.

® R&S WinlQSIM2 is running, reset to an initial state.

the task-related settings. For information on configuration and working with the

6 This section does not describe any settings for the R&S SMW200A but focuses only
R&S SMW200A, refer to the user manual of the instrument.

To configure the connection and to generate the waveform file
This instruction leads through the required steps before the data transfer.

1. Perform the steps in "To scan the network for connected instruments” on page 195,
to establish the connection to the R&S SMW200A in the LAN.

2. Verify the instrument settings, according to "To configure the instrument"
on page 197.

3. Inthe block diagram of R&S WinlQSIM2, select "Vector Sig Gen > SMW200A".

4. To generate the waveform signal with the required settings:

a) Follow the example under Chapter 3.3.3, "Generating the Waveform Signal”,
on page 26

b) If you want to add an interference signal to the waveform, see Chapter 3.3.4,
"Adding Noise (AWGN) to the Signal", on page 29.
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To transfer the generated waveform signal to the instrument via the network

At this point, we refer to "To transmit the generated waveform to the R&S SMW200A
and activate the ARB signal generation" on page 37 for an example to transmitting the
created waveform data to the R&S SMW200A.

» See "To transmit the generated waveform to the R&S SMW200A and activate the
ARB signal generation" on page 37.

To transfer the generated waveform signal to the instrument via USB

Alternatively to the file transfer possibility via LAN, GPIB or USB connection, you can
use a USB storage device for direct file transfer to the instrument.

It is recommended that you transfer files with user data, e.g. waveform files, data lists,
application settings to the instrument, rather than load and play them from a connected
USB storage device.

To transfer a file with user data via USB and store it on an instrument, perform the fol-
lowing:

1. Connect a USB storage device, e.g. a USB memory stick to a USB interfaces of
the PC.

The PC recognizes the connected USB storage device automatically and assigns a
directory drive.

2. Configure the waveform, e..g. a 3GPP FDD signal.

3. Store the waveform in a file, as described in "To store the generated waveform sig-
nal in a file" on page 205 by selecting the target directory on the USB drive letter.

4. Verify the security settings of the destination instrument.
If disabled:

a) Enable the file transfer via USB on the instrument.
b) Enable the write permission to the storage media of the instrument.

Refer to the unser manual of the instrument for information on how to get the
access.

Connect the USB memory device to a USB interface of the instrument.
On the instruments front panel, press the SAVE/RECALL key.
Select "File Manager".

In the directory tree, navigate to the USB drive.

© © N o O

Select the required file.

10. Select "Copy".

11. In the directory tree, navigate to the internal user directory.
12. Select "Paste".

The file with user data is transferred to the instrument.
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To store the generated waveform signal in a file

> To store the waveform, see "To store the generated waveform file" on page 39.

To load a waveform file

1. In the menu bar, select "Transmission > Transmit".
2. Select "Source > Transmit from > File".

3. Open the browser dialog with the "File" button.

4. Select the required file.
5

Confirm with "Open".

To copy a previously created waveform file

If you want to duplicate for example an existing waveform, you can save a copy with a
different name.

1. In the tool bar, select & to open the "Waveform Transmission" dialog.
Select "Source > Transmit from > File".

Open the browser dialog with the "File" button.

Select the required file.

Confirm with "Open".

Select "Destination > Transmit to > File".

Open the browser dialog with the "File" button.

Open the browser dialog with "Destination > File".

© ©®© N o o &~ 0 N

Select the destination directory

—
o

. Enter the new file name.

—_
—_

. Confirm with "Save".

R&S WinlQSIM2 stores the same waveform data in the new file.
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9 File and Data Management

9.1

R&S WinlQSIM2 uses files to save all application data. You can store and load appli-
cation settings, as well as import and export user data.

The save and recall function for managing of the application settings is available via
the "File" menu. Dedicated save/recall functions are available in the settings dialogs of
the digital standards or accessible whenever user files are used.

This section focuses on the functions provided for managing of user data files and cov-
ers the topics listed below.

For information on the related remote control commands, refer to Chapter 12.4, "MME-
Mory Subsystem", on page 278.

®  AbOUL the File SYSIeM...cuiiiii i 206
e Storing and Recalling Application Settings..........cccoiiiiiii e 208
o Accessing Files with User Data..........oocueiiiiiiiiiii e 213
o Exporting Remote Command LiStS.........coiuiiiiiiiiiiiiiiiie e 216
e Loading, Importing and EXporting LiStS..........ccovecciiiiiiiiiiiee e 216
®  UsiNg the File Manager.......ueeeiiiii ittt e e e e e e e 217
e Transferring a File to an InStrument...........ccccccooeiiiiicciiii e, 219

About the File System

Depending on the contained information, two file groups are distinguished: program
and user files.

R&S WinlQSIM2 stores the program files in a predefined destination directory, as
described in "To install the software" on page 22. These files and the system directory
are not to be modified.

Therefore, this section focuses on files with user data.

This section is an overview of the file system of R&S WinlQSIM2 and covers the fol-
lowing topics:

® "Types of user data" on page 206

® "File storage Location" on page 207

® "File handling" on page 207

® "File naming conventions" on page 207

® "File extensions" on page 208

® "File Contents" on page 208

Types of user data

The user data includes saved settings of the application, data for the different digital
standards and import data, as well as the waveform files generated for transmission.
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The user data can be roughly divided into the following data types:

® Settings, e.g. the frame setting of the GSM/EDGE standard or the current applica-
tion settings, can be stored and reloaded later.
See Chapter 9.2, "Storing and Recalling Application Settings”, on page 208

e Externally or internally generated complex modulation and control data can be loa-
ded.
See Chapter 9.3, "Accessing Files with User Data", on page 213

® Externally generated waveforms can be imported.
See Chapter 4.8, "Import |Q Data", on page 135

File storage Location

R&S WinlQSIM2 stores user files on an arbitrarily selectable directory, or on an exter-
nal storage medium, like a memory stick.

Application data storage Location

R&S WinlQSIM2 stores application data in the default application data directory
$APPDATA%\Rohde-Schwarz\winigsim2. In manual control, you can access and
change the storage directory via "File > Setup > Temporary Files > Browse".

In remote control, you can query the directory with the command : SysTem:MMEMory :
PATH:USER?. To change the current directory, use the command : MMEMory :
CDIRectory.

File handling

To access files and the file system or to use the general file management functions
such as copying and moving data, use the standard browser functions (see Chap-
ter 9.6, "Using the File Manager", on page 217).

To transfer files from and to the instruments or to import files, use one of the following
alternatives:

® Connect a memory stick to one of the USB interfaces.
The computer recognizes a connected memory stick and assigns a drive letter
automatically.

e Establish a connection to a LAN.
You can also exchange files with devices / computers that have shared directories
on the network for SMB access

Connected to a LAN you can exchange files via two standard transfer protocols
from a remote client:

— FTP (file transfer protocol)
— File sharing according to SAMBA/SMB (server message block) protocol.

See the user manual of the destination instrument, to obtain information on the
supported file transfer protocols.

File naming conventions

To enable files to be used in different file systems, the following file naming conven-
tions should be observed.
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The file name can be of any length and is case-sensitive, i.e it is distinguished between
uppercase and lowercase letters. All letters and numbers are permitted (numbers are,
however, not permitted at the beginning of the file name). Where possible, special
characters should not be used. Use of the slashes "\" and "/" should be avoided since
they are used in file paths. A number of names are reserved by the operating system,
e.g. CLOCKS, CON, AUX, COM1...COM4, LPT1...LPT3, NUL and PRN.

File extensions

R&S WinlQSIM2 distinguishes the files according to their extensions; each type of file
is assigned a specific file content and hence a specific file extension. The extension is
usually of no consequence to the user since access to the files occurs in the individual
dialogs where only the relevant type of file is available. For example, files with frame
settings can only be saved and loaded in the "GSM/EDGE" dialog.

See Chapter A.2, "Extensions for User Files", on page 419 for an overview of the sup-
ported file extensions.

File Contents

In general, a settings file contains user-specific settings of a session, e.g. baseband
settings, instrument settings, graphic display settings, etc.

To maintain the file size and to accelerate the loading and processing times, only the
settings which differ from their respective default values are stored. Considered is also
configuration data for the operating elements and lists with user data, e.g. dialog posi-
tions and a data lists. However, if a list data is part of the settings, a reference to this
list is stored, not the list itself.

This approach makes sure that the created files contain only relevant information. Dur-
ing the recall process, R&S WinlQSIM2 interprets only the relevant settings; all non-
referenced parameters are set to the associated preset values. Error messages indi-
cate the settings which cannot be implemented, like referencing non-existing lists or
the attempt to activate settings which are not supported by R&S WinlQSIM2.

9.2 Storing and Recalling Application Settings

This section deals with the save, load, and reset functions of the application settings.

Apart from presetting the application to an initial state, the functions "Save" and
"Open", as well as "Save" and "Recall" enable you to store a configured waveform sig-
nal for later reuse. These functions store or reload either all performed settings, or
exclusively the settings of a digital standard.

For example, if you want to repeat, or restore a specific waveform signal you have
already generated. Or you want to transfer the waveform signal to several instruments.

In each of these cases, you can create a file with the complete application settings, or
you can choose to store only the settings of a particular digital standard. Both options
are scope of this section.

HE
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Save/Open the complete application settings

You can save and upload the complete settings of your configuration in a defined stor-
age location with a user-defined filename. The file extension is * .svrcltxt. Set-
tings files created in this way are visible in the file system and accessible with the
known "File > Open / Save / Save As...." functions for file handling.

The "File > Open" process replaces the current configuration with the reloaded values.

Save/Recall the settings belonging to the digital standards

Each of the digital standards provides a special "Save/Recall" function to manage
directly the settings associated to the corresponding digital standard, e.g. all settings in
the "3GPP FDD" dialog.

The "Save/Recall" functions create files with user-defined names, predefined file exten-
sion and on a definable storage location. The files are accessible with the supported
methods for file handling.

9.2.1 Resetting the Application

To perform a reset of R&S WinlQSIM2
» In the menu bar, select "File > New".
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The function sets the parameters and operating modes to default values prede-
fined in R&S WinlQSIM2.

9.2.2 Save/Open Complete Application Settings

To access the dialogs for storing or loading the complete application settings
Depending on the task, perform one of the following:

» In the menu bar,

a) Select "File > Open".
b) Select "File > Save".
c) Select "File > Save As...".

M

@@vl o » Computer » (C:) OS5 » Program Files (x86) » Rehde-Schwarz » WIinIQSIM2 » 3.20 » - “-" | Search 3.20 le
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= RS‘GPCESE an . ). RS.GPGui 0L20151124  File folder
- RS‘GPFTPMEH : ) RS.GPUnicoder 0120151124 File folder
- RS‘GP; = 1. Trolltech.Qt 26.01.2015 11:24 File folder
- RS‘GPS_”‘ [E] [ rS.ChartDisplay 26012015 11:24 File folder
[ ¥ 5] .
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File name: -
Save as type: | Save/Recall Files (*.savrcl) ']
(&) Hide Folders

The provided settings of these operations are similar and closely related.
These browser functions detect, display and store only settings files with the file
extension *. svrcl.

File
Provides the functions for handling of settings files.

Open — File
Accesses the standard file browser for loading a previously saved R&S WinlQSIM2
settings file. A file contains the complete application settings.

Save / Save As.. — File
Stores the settings of the current session in a previously selected file or in a new file.
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9.2.3 Save/Recall Settings

To access the dialog for storing and loading the settings of a digital standard

» In the general tab of a digital standard dialog, select the "Save" or "Recall".
E.g. select "Block Diagram > Baseband > EUTRA/LTE > General > Save".

1% Save EUTRA/LTE Settings 1%’ Recall EUTRA/LTE Settings

MUsersffisch_bi 1 c:MUsersfisch_bi 1
{3l Searches B {3l Searches B
£ Videos £ Videos
(@ VirtualBox VMs @ VirtualBox VMs

& 0 winigsim2 & 0 winigsim2

File Name @ - =
Select ecer
IEUTRATasl l S e
5 Recent File
Files Manzger

The name of the dialog is context-sensitive and varies depending on the performed
function and the particular digital standard. The provided functions are similar.

Select Operation
Accesses the functions for storing ("Save") and loading ("Recall") the current configura-
tion of a digital standard.

Directory, File List and File Name

Note:

You access this generic function each time you perform one of the following:
® Store or load (settings) files

® Define a folder these files are to be stored in

® Navigate through the file system

The name of the dialog is context-sensitive but the provided functions are self-explana-
tory and similar.

With the provided settings, you can ...

® Navigate through the file system, use the directory tree

® Create a new file, load and store files, use the dedicated functions "New", "Select",
Using the File Manager and Recent files.

® Perform standard file management functions, like create directories, move, copy,
delete files and/or directories, use the standard "File Manager" function (see Using
the File Manager).

Remote command:

To list all files in a directory:

:MMEMory:CDIRectory on page 281

:MMEMory:CATalog? on page 280

Refer to the description of the digital standards for the syntax of the corresponding
SCPI command: [ :SOURce<hw>] :BB:<Digital Standard>:SETTing:CATalog.

Recent files
Displays the files last used.
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Save
Saves the current settings belonging to a digital standard under the defined file name.

Remote command:
:MMEMory: STORe: STATe on page 286
Refer to the descriptions of the firmware options for the correct syntax of the corre-

sponding SCPI commands:
[ :SOURce<hw>] :BB:<Digital Standard>:SETTing:STORe
[ :SOURce<hw>] :BB:<Digital Standard>:SETTing:DELete

Recall
Restores the selected configuration.

During recall, signal generation software considers all related settings, for example
active state or lists. An error message indicates the settings which cannot be imple-
mented.

Remote command:

:MMEMory:LOAD: STATe on page 284

Refer to the descriptions of the firmware options for the correct syntax of the corre-
sponding SCPI command:

[ :SOURce<hw>] :BB:<Digital Standard>:SETTing:LOAD

File Manager
Accesses the "File Manager" dialog, see Chapter 9.6, "Using the File Manager”,
on page 217.

9.2.4 How to Save and Recall Settings

You can save your settings into a file, e.g. for the reuse of the waveform in repeated
tests with the same settings.

To save and recall complete application settings
1. In the menu bar, select "File > Save".
2. Select the storage location.

3. To save the settings, perform one of the following:

a) For an update, select an existing file.
b) For creating a new file, assign the file name.

4. Confirm with "Save".

R&S WinlQSIM2 stores the current configuration in the file with the defined name
and path and the extension *.savrcltxt is created.

5. To restore settings, select "File > Open" in the menu bar.

6. In the target directory, select the previously stored settings file.
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7. Confirm with "Open".

The settings are restored and you can process the waveform signal with the same
settings.

9.3 Accessing Files with User Data

By the calculation of signals according to the different digital standards or by the gener-
ation of custom digitally modulated signals, R&S WinlQSIM2 uses the data from differ-
ent data sources (see also Chapter 4.3.1.1, "Data and Signal Sources", on page 55).
To simulate the signal of one UE for instance, R&S WinlQSIM2 modulates and codes
the provided data for each channel and further processes the signal as described in
the corresponding standard.

Whenever a data list file is enabled as a data source, R&S WinlQSIM2 provides direct
access to the standard "File Select" function. You can select, create and edit data list
files.

9.3.1 File Select Settings

The "File Select" dialog opens automatically each time you select a data list file as data
source or you select a control list.

To access a loadable data list file

1. Select the "Data List Name" in the individual dialog, e.g. for "Baseband > 3GPP
FDD > Basestations > BS1 > Channel Table > P-CCPCH > Data = Data List"
select "DList = None".

A "File Select" dialog for loading, creating and modifying a file is displayed.

. 3GPP FDD A: BS1/Chd Data
c:/Usersffisch_bifwinigsim2

-- A videos
@ @ VirtualBox VMs
E| ﬂ winigsima

-- &l var 1

..... d|_3gpp

< Recent File
@ Se'ed‘ Hew ‘ @ Edit | " ) Files | Manager.

Tip: The name of the dialog is context-sensitive and varies according to the digital
standard and accessing function. However, the provided functions are similar.

2. Toload an exisitng file:

a) In the file system, navigate to the destination folder.
b) Select the file.
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c) Confirm with "Select".

3. To create afile, for example if there is no data list file specified:

a) In the file system, navigate to the destination folder.
b) Select "New".

c) Enter the file name.

d) Confirm with "Ok".

R&S WinlQSIM2 creates and stores a new empty file.

4. To edit an existing or newly created file:

a) In the file system, navigate to the destination folder.
b) Select the file.
c) To open the fle, select "Edit".

The standard "Data List Editor" dialog opens, see Chapter 4.4.2.8, "Data List Edi-
tor", on page 79.
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5. Edit the file content.

6. Confirm with "Save".

Directory, File List and File Name

Note:

You access this generic function each time you perform one of the following:
® Store or load (settings) files

® Define a folder these files are to be stored in

® Navigate through the file system

The name of the dialog is context-sensitive but the provided functions are self-explana-
tory and similar.

With the provided settings, you can ...

® Navigate through the file system, use the directory tree

® Create a new file, load and store files, use the dedicated functions "New", "Select",
Using the File Manager and Recent files.

® Perform standard file management functions, like create directories, move, copy,
delete files and/or directories, use the standard "File Manager" function (see Using
the File Manager).
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Remote command:

To list all files in a directory:

:MMEMory:CDIRectory on page 281

:MMEMory:CATalog? on page 280

Refer to the description of the digital standards for the syntax of the corresponding
SCPI command: [ : SOURce<hw>] :BB:<Digital Standard>:SETTing:CATalog

Functions for handling of data lists
Provided are the following standard functions for file handling:

"Select" Select and load the file.

Remote command:

[ :SOURce<hw>] :BB:DM:DLISt:SELect on page 347

Refer to the descriptions of the firmware options for the correct syntax of the corre-
sponding SCPI command:

[ :SOURce<hw>] :BB:<Digital Standard>:...:DATA DLISt
[ :SOURce<hw>] :BB:<Digital Standard>:...:DSELect
"New" Creates a file with the specified "File Name".

To confirm, select "OK"; use "Cancel" to undo the operation.
To edit the file content, select "File Select > Edit".

"Edit" Accesses the "Data List Editor" and loads the selected file for editing,
see Chapter 4.4.2.8, "Data List Editor", on page 79.

Functions for handling of control lists
Provided are the following standard functions for file handling:

"Select" Select and load the file.

Remote command:
[ :SOURce<hw>] :BB:DM:CLISt:SELect on page 345

"New" Creates a file with the specified name. To edit the file content, select
"File Select > Edit".
"Edit" Accesses the "Control List Editor" and loads the selected file for edit-

ing, see Control and Marker Lists Editor.

Recent files
Displays the files last used.

File Manager
Accesses the "File Manager" dialog, see Using the File Manager.

How to Create and Access Data and Control Lists

The general principle for accessing files with user data is described in "To access a
loadable data list file" on page 213. Detailed and further information on how to create
and access files with user data like data lists and control lists is provided in the follow-
ing sections:

® Chapter 4.4.3.2, "How to Create and Assign a Data List", on page 87
Overview of the possible ways and detailed description on how to create data lists



Loading, Importing and Exporting Lists

® Chapter 4.4.3.1, "How to Create and Assign a Control List", on page 86
Overview of the possible ways and detailed description on how to create control
lists

® "Storing and Loading Current Settings" on page 279
Information on accessing files in a remote environment

9.4 Exporting Remote Command Lists

To set specific instrument settings or perform a task automatically, you can create
scripts that contain the settings in the form of remote control command sequences.

You can either record or manually create SCPI lists, or generate a list of the current
application state in one step, see .

Completed scripts are stored in files, converted to different formats, depending on the
used language of the source code.

The R&S WinlQSIM2 supports the most commonly used languages by default, as
there are:

® Plain SCPI: *.txt

e MATLAB: *.m

e NICVI: *.c

It is also possible, to convert the SCPI command list to a user-specific language, see .

9.5 Loading, Importing and Exporting Lists

Although R&S WinlQSIM2 provides built-in editors for creating data and control lists,
as well as lists for the list mode or lists with user correction data, you may want to cre-
ate or evaluate them with an external application. The instrument provides interfaces
with the following functionality:

® Import and export list files in a standard ASCII format file

® [oad files with modulation and control information

® |oad of internally or externally generated waveform file

Lists are stored and loaded in the appropriate dialogs. For example, the user correction
data list is created and stored in the "User Correction" dialog; waveform files are cre-

ated with the signal generation software R&S WinlQSIM2 or in the dialogs of some of
the digital standards.

For more information, refer to Chapter 9.3.2, "How to Create and Access Data and
Control Lists", on page 215.
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9.6 Using the File Manager

9.6.1

The "File Manager" is a tool similar to the standard Windows Explorer that helps you to
manage mass storage media and files.

It is embedded in R&S WinlQSIM2, especially designed for managing file formats for
applications in signal generation. It supports direct data exchange between instruments
from Rohde & Schwarz.

You can perform the following tasks:

® Copying files from disk to other media.
See Chapter 9.7, "Transferring a File to an Instrument”, on page 219

® Copying files into another directory, renaming and deleting files.
See "Cut, Copy&Paste and Delete" on page 219

® Creating directories.
See "Create New Directory"” on page 219
Access:

You can access the "File Manager" via the "File Manager" button. It is available in all
dialogs that provide loading or saving data from or to files, e.g. in the dialogs of the
digital Standards, Custom digital Modulation or list management. The instruction leads
you to the file manager, by the example of the digital standard application 3GPP FDD:

1. In the block diagram, select "Baseband > 3GPP FDD".

2. Select "Recall".

Tip: Each "Save/Recall" dialog and each "File Select" dialog provides a quick
access to the "File Manager", i.e. whenever you select data lists or files with user
data.

3. Select "File Manager".

File Manager Settings

Access:
1. In the block diagram, select e.g. "Baseband > 3GPP FDD".

2. Inthe "General" tab, select "Recall".
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3. Select "File Manager".

Al Files )
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The dialog provides all standard functions required to manage files. It displays the
contents of the selected folder and provides functions to rename, delete, copy or to

move files.
Settings:
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File Type

Selects the file types to be indicated. If a file type with a specific file extension is
selected, only files with this particular extension are listed.

See Chapter A.2, "Extensions for User Files", on page 419 for an overview of the sup-
ported file extensions.

Directory and File Name
Allows you to navigate in the contents tree to select the directory and file.

The dialog lists all files of the selected directory, and highlights the selection. The path
is indicated above the directory tree.

Unlike the "Save/Recall" and "File Select" dialogs, the "File Manager" displays the full
file names including extensions.

Remote command:
:MMEMory:CDIRectory on page 281
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Cut, Copy&Paste and Delete
Standard file management functions.

Before a file is deleted, a message prompts you to confirm the deletion.

Remote command:
:MMEMory:DELete on page 284
:MMEMory : COPY on page 282

Rename
Renames the selected file or directory.

Remote command:
:MMEMory : MOVE on page 285

Create New Directory
Creates a folder and opens an edit dialog to enter name and path (absolute or relative
to the current directory) of the new folder.

Remote command:
:MMEMory:MDIRectory on page 285

9.7 Transferring a File to an Instrument

As explained in Chapter 8, "Transferring Data", on page 201, you can transfer a wave-
form file to an instrument via one of the following ways:

® Directly to an instrument connected over LAN, GPIB or USB, see "To transmit the
generated waveform to the R&S SMW200A and activate the ARB signal genera-
tion" on page 37 for an example.

® Manually via a connected USB storage device, as described in "To transfer the
generated waveform signal to the instrument via USB" on page 204.

Mainly because of security reasons, the access to the file system of an instrument can
be denied, because one or all of these access methods are deliberately disabled.
Access to the file system via LAN and/or USB requires that the corresponding service
is enabled and a write access to the file system is enabled.

To get more detailed information on the security settings of your instrument, refer to
the corresponding user manual. For comprehensive information, refer to the applica-
tion note 1GP72: Connectivity of Rohde&Schwarz Signal Generators.


https://www.rohde-schwarz.com/appnote/1GP72.html

10 General Functions of the Signal Generation
Software

The general functions include basic settings, regardless of the selected operating
mode and signal generation. You can access these settings mainly in the file menu or,
alternatively via the icons in the toolbar in the main application window.

Refer to Menu bar entries / toolbar icons / keyboard shortcuts for an overview.

The general functions of the menu entries at a glance:

® "File > New", presets R&S WinlQSIM2 to a predefined state, see Chapter 9.2.1,
"Resetting the Application", on page 209.

® "File > Open, Save, Save As", saves application settings for reuse, see Chap-
ter 9.2, "Storing and Recalling Application Settings", on page 208.

® "File > Setup", provides information on the software, see Chapter 10.1, "Setup”,
on page 221

e "Exit", shuts down the application.
R&S WinlQSIM2 stores the current settings, and reloads this configuration with the
next start.

® "Help", provides access to the online help and information on the software version,
see Chapter 3.6, "Getting Information and Help", on page 50.

For the description of the application-specific menu entries, see:
6 ® "Transmission", provides the settings for configuring instruments and data transfer.
— "Instruments...", see Chapter 7, "Setting Up Instruments”, on page 187.
— "Transmit", see Chapter 8, "Transferring Data", on page 201.

® "Graphics", see Chapter 6, "Displaying Simulated Waveforms Graphically",
on page 162
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10.1 Setup

10.1.1 Software/Options Settings

Access:

» Select "File > Setup > Software/Options".

Show Open Source Acknowledgements

The dialog shows the software components of the firmware.

Software
Shows the versions of the software package and the software platform.

Note: Software updates as well as the release Notes describing the improvements and
modifications are provided on the Internet at the download site of the Rohde &
Schwarz WinlQSIM2 home page. This home page always offers the latest information
on R&S WinlQSIM2. How to install / uninstall the software, as well as changes of the
software installation procedure, is also described in the release notes.
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10.1.2 Temporary Files

» To access the "Temporary Files" dialog, select "File > Setup > Temporary Files".

Delete contents. ..

The dialog contains the parameters for selecting the file location or removing tem-
porary files.

Folder
Indicates the directory where temporary files are stored.

Browse
Accesses the browser for selecting the file location for temporary files.

Delete contents...
Deletes all temporary files in the selected directory.

10.1.3 Undoing or Restoring Actions

"Undo" is a function that removes the effect of the last action on the instrument and
reverts it to an older state. Conversely, "Redo" restores a previously undone action.

You can "Undo/Redo" actions according to two criteria:
® Step by step
Gradually undo/redo the actions in reverse order as previously performed.

Depending on the available memory, the "Undo/Redo" steps can restore all
actions.

® Multiple steps at once
Select any specific action in the history list to "Undo/Redo" multiple actions in a sin-
gle step.
Note: This mode requires a system restoration file on the instrument.
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10.1.3.1 Undo/Redo Settings

Access:

» Select "Setup > Settings > Undo/Redo".

device state after power on
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The dialog contains all functions for enabling the "Undo/Redo" functionality.

State
Enables the recording of the performed actions.

History List
Lists the performed actions, provided "Undo/Redo" state is "On".

Clear History
Deletes the recorded list of the performed steps.

Apply
Performs the "Undo/Redo".

If you select a previously performed action of the list, all subsequent actions are
undone. The list entries remain.

If you select a subsequently executed action, you can restore all the actions undone up
to this state.

10.1.4 How to Select the File Location and Delete Temporary Files

To determine the storage location for temporary files

In this example, we create a destination folder for temporary files. If the directory
already exists, skip the second step.

1. In the main application window, select "File > Setup > Temporary Files..."
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R&S WinlQSIM2 displays the current storage location for temporary files in the
"Folder" field.

2. Select "Browse" to access the browser, e.g. to create a folder, or to select the new
destination folder.

3. Confirm with "Select Folder".
R&S WinlQSIM2 changes the destination location and displays the complete direc-
tory name in the "Folder" field.

To delete temporary files

Note: This function deletes all files in a directory.

Therefore, before deleting content, verify the currently selected directory, shown under
"Folder". If necessary, select the destination folder, as described in To determine the
storage location for temporary files.

1. To delete the contents in the folder, select "Delete Contents".

R&S WinlQSIM2 prompts you to confirm deleting of contents.

[] 'i Delete contents E

Delete all files in folder C:\Jsers'fisch_bitAppData\Roaming\Rohde-Schwarz\winig
sim2\new/ ?

2. Confirm with "Yes"

The function removes all temporary files in the selected folder.

10.2 Querying Error Messages & Info Key

The R&S WinlQSIM2 monitors the functions performed and automatically detects
errors and irregularities. The application displays the messages in the info-line and
records them in the background with a detailed description.

bar. Select the icon to obtain information on the error and the number of occurrences.
The icon is assigned to permanent messages, i.e. the message and icon are displayed
until the error is eliminated.

6 If any critical error occurs, R&S WinlQSIM2 automatically shows the ! icon in the task-

Find details to the system messages also in Chapter A.3.1, "Status Information Dis-
played in the Info Line", on page 421 and Chapter 13, "Troubleshooting and Error
Messages", on page 392.

To access the history view with the recorded messages, perform the following:

» In the main application window, select "Info line > Info".
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Tip: For some messages, the information line appears briefly in the block diagram,
and provides the option to open the info dialog using the "Info" button.

urrent time: Do Mrz 18 2015,

Lev [scpifText |
90 Saw/Rcl Handler Info -Recall completed

8: Mar-19-2015/ 12:50:07-093ms, Error code 90005,
Sav/Rcl Handler Info -Save completed

SCPI: Device specific error

Histo

The "Static" info dialog contains the last monitored message in the upper section.
The lower section displays additional information on the highlighted message.

10.2.1 History Settings

To access history view with the recorded messages, perform the following:

|

In the main application window, select "Info line > Info".
Tip: For some messages, the information line appears briefly in the block diagram,
and provides the option to open the info dialog using the "Info" button.

Lev [scriftext |
90 SawRcl Handler Info -Recall completed

90  SawRcl Handler Info -Recall data from file C:/Users/fisch_bi/winigsim2/AppSettings1_savrcl
90 SawRcl Handler Info -Save completed
90  SawRcl Handler Info -Save data to file C:/Users/fisch_bifwinigsim2/AppSettings1_savrc|

-241 Hardware missing -hardware or software option missing ([dPGsmBursVamosOffsetJitterh:0.d:0.5:0.c:0)

4: Mar-19-2015/ 12:26:54-434ms, Error code 90005,
Sav/Rel Handler Info -Recall completed

SCPI: Device specific error

Histo . Static
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In "History" view, the dialog displays a list of all accumulated messages with a brief
detailed description to each message, and provides standard functions for handling
the messages.

Show History / Show Static
Selects the view of the info dialog.

e "Static"
Shows the last monitored message.
® "History"

Shows all the accumulated messages.
"LEV" Type of message, abbreviated, and color coded.

The following messages types are distinguished:
e "Err": Error message (red colored)

® "Info": Information message (black)

® "Sys": System message

® "Crit": Critical message (red)

See also Chapter A.3.1, "Status Information Displayed in the Info
Line", on page 421.

"SCPI" SCPI error code of a message.
"Text" Description of the message.

Clear History < Show History / Show Static
Deletes the history list.

Remote command:

:SYSTem:ERRor : ALL? on page 382

Each time a SYST:ERR:ALL? query is sent, the error queue is returned and at the
same time cleared.

10.2.2 How to Manage Messages in the History View

Since the functions in the history view are self-explanatory, the following instructions
show you a brief outline of their use.

» To access the "History" view, select "Info line > Info".

To display all accumulated messages

» In the lower right corner of the "History" dialog, select "Show History".
R&S WinlQSIM2 displays all messages generated during the current session, with
the most recent message on top of the list.

To get additional information to a message

» In the upper panel of the "History" dialog, select the message.

The lower section displays additional information to the selected message.
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To delete the history list

Note: You can delete the history in the history view. The static view does not provide
this function.

1. In the "History " dialog, select "Show History".
2. Select "Clear History".

R&S WinlQSIM2 removes the messages accordingly.
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i

The description in this section requires basic knowledge of the remote control opera-
tion. Definitions specified in the SCPI standard are not provided.

You find some basic information to the SCPI syntax, command lists, and general pro-
gramming recommendations in Chapter A.1.1, "Additional Basics on Remote Control",
on page 397. In addition, this section provides information on the status reporting sys-
tem of the instrument:

As an alternative to manual operation via the user interface, you can operate

R&S WinlQSIM2 also from a remote controller. Remote operation allows automation of
the configuration process and is especially useful when a higher configuration speed is
required.

Using an appropriate controller program, you can operate R&S WinlQSIM2 remotely.
R&S WinlQSIM2 can run either on the controller PC or on a separate PC connected
via LAN.

The figures below show the possible scenarios for remote operation of R&S WinlQ-
SIM2 including a connected instrument:
® The controller and R&S WinlQSIM2 are on the same PC.

Controller
Application Program

— ) R&s WinlasiM2

® |n some rare cases, the controller and the software are installed on two separate
PCs.

Controller
Application Program ¢ R&S WinlosIM2

The following sections focus on the possibilities to control R&S WinlQSIM2 remotely.
The contents include basics on the remote operation modes, the interfaces and exam-
ples for setting up a remote control session with several access tools.

i

Do not mistake remote control operation with the remote control functions provided in
the "Arb/Vector ...Sig Gen" blocks, i.e. "Remote Control (SCPI)" and "Remote Desk-
top". R&S WinlQSIM2 uses these remote operating modes for controlling a connected
instrument, see Chapter 7.3, "Configuring Remote Operating Modes", on page 192.
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Remote Control (SCPI)

Remote control operation of R&S WinlQSIM2 is characterized by:

® A controller program controls R&S WinlQSIM2, usually via VISA ("Virtual Instru-
ment Software Architecture") interfaces.

® The GUI is not visible.

® Remote control commands (SCPI) perform the settings, either individually or in
sequences (SCPI programs).

For background information about the SCPI command structure and basic information
on operating the R&S WinlQSIM2 software via remote control, refer to Chapter A.1.1,
"Additional Basics on Remote Control", on page 397.

A detailed description of specific SCPI commands available for R&S WinlQSIM2 is pro-
vided in Chapter 12, "Remote Control Commands", on page 251. The remote control
commands for the digital standards are described in detail after each related function
section.

11.1 Remote Control Interfaces and Protocols

R&S WinlQSIM2 supports various protocols to be remotely controlled via the LAN
interface:

Table 11-1: Remote control protocols for controlling R&S WinlQSIM2

Interface Protocols, VISA" address string and library Remarks
Local Area Network ®  HiSLIP high-speed LAN Instrument Protocol The interface is based on TCP/IP and supports
(LAN) (IVI-6.1) various protocols.
TCPIP::host add ::thislipO[::INSTR
VISA ost address tslip0l I For a description of the protocols refer to:
o VXI-11 ® Chapter 11.1.1.2, "HiSLIP Protocol",
.. .. on page 231
TCPIP::host add HE
AN denios nzme]reﬁ?I[NSTR] e Chapter 11.1.1.3, "VXI-11 Protocol",
VISA o on page 232
® socket communication (Raw Ethernet, simple ° C_Zha"pter 11.1.1.4, "Socket Communica-
Telnet) tion", on page 232

TCPIP::host address|[::
LAN device name]::<port>::SOCKET
VISA or socket controller

") VISA is a standardized software interface library providing input and output functions to communicate with instruments. A VISA
installation on the controller is a prerequisite for remote control over LAN (when using VXI-11 or HiSLIP protocol), USB and serial
interface. For remote control via socket communication VISA installation is optional. For more information, see Chapter 11.1.2,
"VISA Library", on page 232.

Rohde & Schwarz provides the standardized I/O software library R&S VISA for com-
munication via TCP/IP (LAN: HiSlip, VXI-11 and raw socket), USB (USBTMC) or serial
interfaces.

R&S VISA is available for download at the Rohde & Schwarz website http://
www.rohde-schwarz.com/rsvisa.
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How to configure the remote control interfaces is described in Chapter 11.2, "How to
Set up a Remote Control Connection", on page 233.

SCPI (Standard Commands for Programmable Instruments)

SCPI commands - messages - are used for remote control. Commands that are not
taken from the SCPI standard follow the SCPI syntax rules. The instrument supports
the SCPI version 1999. The SCPI standard is based on standard IEEE 488.2 and aims
at the standardization of device-specific commands, error handling and the status reg-
isters. The tutorial "Automatic Measurement Control - A tutorial on SCPI and IEEE
488.2" from John M. Pieper (R&S order number 0002.3536.00) offers detailed informa-
tion on concepts and definitions of SCPI.

Tables provide a fast overview of the bit assignment in the status registers. The tables
are supplemented by a comprehensive description of the status registers.

For more information, see also Chapter A.1.1, "Additional Basics on Remote Control",
on page 397.

11.1.1 LAN Interface

For remote control in a network, the controller PC and the PC with R&S WinlQSIM2 (if
not the same) must be connected via the LAN interface to a common network with
TCP/IP network protocol. The controller software and, for particular protocols the VISA
program library must be installed on the controller PC.

Identifying devices in a network

If several devices (PCs, instruments) are connected to the network, each device has its
own IP address and associated resource string. The controller identifies these devices
by means of the resource string.

11.1.1.1 VISA Resource Strings

The VISA resource string is required to establish a communication session between
the controller and R&S WinlQSIM2 in a LAN. The resource string is a unique identifier,
composed of the specific IP address of the PC and some network and VISA-specific
keywords.

TCPIP::host address[::LAN device name][::INSTR]

TCPIP = designates the network protocol

host address = designates the IP address or hostname of the instrument

[::LAN device name] = defines the protocol and the instance number of a subinstrument
[:INSTR] = indicates the instrument resource class (optional)

The IP address (host address/computer name) is used by the programs to identify and
control R&S WinlQSIM2. It is automatically assigned by the DHCP server the first time
the device is registered on the network. Alternatively, you can also assign its LAN
device name.

See below the characteristics of the VISA resource strings for the corresponding inter-
face protocols. The highlighted characters are crucial.
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HiSLIP

TCPIP::host address::hislip0[::INSTR]
hislip0 = HiSLIP device name, designates that the interface protocol HiSLIP is used (mandatory)

hislip0 is composed of [::HiSLIP device name[,HiSLIP port]] and must be assigned.

For details of the HiSLIP protocol, refer to Chapter 11.1.1.2, "HiSLIP Protocol",
on page 231.

VXI-11

TCPIP::host address[::inst0][::INSTR]
[::inst0] = LAN device name, indicates that the VXI-11 protocol is used (optional)

inst0 currently selects the VXI-11 protocol by default and can be omitted.

For details of the VXI-11 protocol, refer to Chapter 11.1.1.3, "VXI-11 Protocol",
on page 232.

Socket Communication

TCPIP::host address::port::SOCKET

port = determines the used port number
SOCKET = indicates the raw network socket resource class

Socket communication requires the specification of the port (commonly referred to as
port number) and of "SOCKET" to complete the VISA resource string with the associ-
ated protocol used.

The registered port for socket communication is port 5025.

See also Chapter 11.1.1.4, "Socket Communication”, on page 232.

11.1.1.2 HiSLIP Protocol

The HiSLIP (High Speed LAN Instrument Protocol) is the successor protocol for
VXI-11 for TCP-based instruments specified by the VI foundation. The protocol uses
two TCP sockets for a single connection - one for fast data transfer, the other for non-
sequential control commands (e.g. Device Clear or SRQ).

HiSLIP has the following characteristics:

® High performance as with raw socket network connections

® Compatible IEEE 488.2 support for Message Exchange Protocol, Device Clear,
Serial Poll, Remote/Local, Trigger, and Service Request

® Uses a single IANA registered port (4880), which simplifies the configuration of fire-
walls

® Supports simultaneous access of multiple users by providing versatile locking
mechanisms

® Usable for IPv6 or IPv4 networks
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However, using HiSLIP, data is sent to the device using the "fire and forget" method
with immediate return. Thus, a successful return of a VISA operation such as
viWrite () does not guarantee that the instrument has finished or started the reques-
ted command, but is delivered to the TCP/IP buffers.

6 Using VXI-11, each operation is blocked until a VXI-11 device handshake returns.

For more information see also the application note: 1MA208: Fast Remote Instrument
Control with HiSLIP.

11.1.1.3 VXI-11 Protocol

The VXI-11 standard is based on the ONC RPC (Open Network Computing Remote
Procedure Call) protocol which in turn relies on TCP/IP as the network/transport layer.
The TCP/IP network protocol and the associated network services are preconfigured.
TCP/IP ensures connection-oriented communication, where the order of the
exchanged messages is adhered to and interrupted links are identified. With this proto-
col, messages cannot be lost.

11.1.1.4 Socket Communication

An alternative way for remote control of the software is to establish a simple network
communication using sockets. The socket communication, also referred to as "Raw
Ethernet communication", does not necessarily require a VISA installation on the
remote controller side. It is available by default on all operating systems.

The simplest way to establish socket communication is to use the built-in telnet pro-
gram. The telnet program is part of every operating system and supports a communi-
cation with the software on a command-by-command basis. For more convenience and
to enable automation by means of programs, user-defined sockets can be program-
med.

Socket connections are established on a specially defined port. The socket address is
a combination of the IP address or the host name of the instrument and the number of
the port configured for remote-control. All R&S WinlQSIM2 use port number 5025 for
this purpose. The port is configured for communication on a command-to-command
basis and for remote control from a program.

11.1.2 VISA Library

VISA is a standardized software interface library providing input and output functions to
communicate with devices and applications. Thus, you can configure the interface
without having to adjust the application program to the used interface. The I/O channel
(LAN or TCP/IP, USB, GPIB,...) is selected at initialization time with the channel-spe-
cific address string ("VISA resource string"). Alternatively, you can define a VISA alias
(short name), see Table 11-1 for an overview.

Access via VXI-11 or HiSLIP protocols is achieved from high level programming plat-
forms using VISA as an intermediate abstraction layer. VISA encapsulates the low-

HE
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level VXI or GPIB function calls and thus makes the transport interface transparent for
the user.

A VISA installation is a prerequisite for remote control using the following interfaces:

® | AN Interface using HiSLIP Protocol
® | AN interface using VXI-11 Protocol

Access via the LAN socket protocol can be operated both, with or without the VISA
library, see Chapter 11.1.1.4, "Socket Communication”, on page 232. For more infor-
mation about VISA library, refer to the user documentation.

11.2 How to Set up a Remote Control Connection

This section guides you through the steps required to set up remote control connec-
tions of the available interfaces.

® Setting Up a Remote Control Connection over LAN Using VXI-11 Protocol
® Setting Up a Remote Control Connection over LAN Using Socket Communication

A remote control program must open a connection to R&S WinlQSIM2, before it can
send commands to and receive device responses from R&S WinlQSIM2.

11.2.1 Setting Up a Remote Control Connection over LAN Using VXI-11
Protocol

In this example, the 1/O software library R&S VISA from Rohde & Schwarz is used to
set up a LAN remote control link and remotely control the R&S WinlQSIM2. R&S VISA
is running on the controller PC that can be the same or a different PC. When the con-
nection is set up you can send commands to the instrument, and receive the respon-
ses.

A remote control connection requires a VISA installation but no additional hardware on
the controller PC. The LAN I/O channel is selected at initialization time using the VISA
resource string (also referred to as "address string"). A VISA alias (short name) is used
to replace the complete resource string. The host address is either the R&S WinlQ-
SIM2's computer name (hostname) or the IP address. See also Chapter 11.1.1, "LAN
Interface", on page 230.

In this example, it is assumed that:
6 ® A LAN remote control link between the controller PC and the R&S WinlQSIM2 is
set up.
® The R&S VISA program is installed on the remote PC, see "http://www.rohde-
schwarz.com/rsvisa > RS VISA Release Notes".

For detailed information, refer to section "Remote Control Basics" in the user manual
or to the online help of the "R&S VISA" program.
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To set up the controller with R&S VISA

To remote control the R&S WinIQSIM2, we use the "R&S VISA Tester" application.
The application communicates via TCP/IP protocol.

1. On the controller, start "R&S VISA > Tester 32bit" or "R&S VISA > Tester 64bit",
respectively.

Find Resource  Change Log File  RsWisa Config  Choose Visa Implementation

Resource Timeout Current log file Shaw Log

2000 E Open Lag visaTesterllog20151109_104402 bxt ‘Write Log

- - - - Basics | Locking I Attributes I Events I Gpib I Tests |
Line Duration Status Wisa Operation
8 1ps WLSUCCESS wiGetdttribute(sessionid= .., -
9 1ps WLSUCCESS wiGetdttribute(sessionid= ..,
10 7 ps VI SUCCESS wiSetMtributefsessionid=1.. | | | wnte | [ Read | [ cquery | [ Clear History |
11 4 ps WLESUCCESS wiGetAttribute(sessionid= .., =
1 # s VI_SUCCESS viGethttribute(sessionid= ... et B
13 11 ps WL SUCCESE wiGethttribute(sessionid= ...
14 14 ms WI_SUCCESS wiOpen(sesn= 3, rsrc= TCPL.
15 13 ps WL SUCCESE wiSetdttributeisessionid= 4.,
16 1ms WLSUCCESS wiClose{sessionid= 4)
17 13 s WI_SUCCESS wiOpenisesn= 3, rsre= TCPL.,
18 T ps WLSUCCESS wiSetAttribute{sessionid=5...
19 1ms WLSUCCESS wiClose{sessionid=5)
20 T ps WLSUCCESS wiGetAttribute(sessionid= ..,
21 1ps WLSUCCESS wiGetdttribute(sessionid= ..,
2 1ps VLSUCCESS viGetittribute(sessionid= .. Read count 1024 =3
23 D ps WLSUCCESS wiletAttribute{sessionid= 3.,
Iml Uiees 29 [ Read STE ] [ Trigger ] [ Clear ]
Displayed: 16 Ox----

Status: WL SUCCESS

2. In the menu bar, select "Choose VISA Implementation > Rohde & Schwarz Visa".

g !' oose E!E IFPIET.. E

@ Raohde & Schwarz Visa

() Matianal Instruments
() Default Yisa

l Ok I[ Caneel ]

3. Select "Rohde & Schwarz Visa".
4. Confirm with "OK".

5. In the menu bar, select "Find Resource" to search for the corresponding computer
in the LAN.
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Resource | Find Resources I

LEI (mDMS)
WRI-11

1000 =

Select
P Cancel

6. Select "VXI-11" and "Find Resources".

R&S VISA scans the network for all connected devices and lists all detected devi-
ces in the "Resource" list.
Note: The search can take some time, particularly in large networks.

7. Select the IP address of the corresponding PC.

8. Confirm with "Select".

(& Fmdmd st =

Resource - | Find Resources I
> TCPIPO:10.113.1.43 [ LI (mDiS)
> TCPIPO:10.113.1.49 _
I TCPIPO:10.113.1.96 [ & w1
[ TCPIPO:10.113.2.44 1000 E
4 TCPIPO:127.0.0.1

| TCPIPD:127.0,0,1simst0: INETR |

TCPIPO:127.0.0. 1 instr0INETR -
TCPIPO:: 127.0.0.1:insk0:  INSTR,
» —

The "Find and select resource" dialog closes and R&S VISA indicates the IP
address in the "Resource" field of the main application window.

9. As an alternative to the IP address, you can assign an alias name to the
R&S WinlQSIM2:

a) In the menu bar, select "RsVisaConfig".

= QAN RO

Resource identifier Alias

b) In the toolbar, select "+" to access the "VISA Resource String Composer".
c) Fillin the "Alias" name, the "VISA Resource String" and the "Device IP Address
or host name" as shown in the figure.
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d) Confirm with "OK".

i Eig Eesource !tnng Eomposer E

Resource String EBuild Interface
Alias Interface Type
Rohde & Schwarz WinIQSIMZ [VXI-II -
VISA Resource String Board Mumber
TCPIPO: localhost: instrd: : INSTR @ i}
TCR(IP
Device IF Address or hostname
localhost
Dervice Id
1]

The application assigns the "Alias" name.

RsWizaConfigure - 5.5,

=P N RO

Resource identifier Alias

TCPIPO:localhostinstrlzINSTR Rohde & Schuwarz WinlQSIha2

e) Close the dialog.
The R&S WinlQSIM2 is now registered in the program and can be addressed
via the resource string or alias name.

In the main window, select "Connect".
R&S VISA establishes the connection to R&S WinlQSIM2.

Now you can send settings to configure the instrument and receive its responses.

Note: If the connection cannot be set up, R&S VISA displays an error in the log
view. For information on how to proceed when network failures occur, see Chap-
ter 13.4, "Resolving Network Connection Failures", on page 395.

For further information on the functions to read and write to an open session, as
well as the utility applications the software provides, see the R&S VISA User Man-
ual.

Starting a remote control session over LAN with R&S VISA

To set R&S WinlQSIM2 to remote control, you can use the addressed command &GTR,
or send any command from the controller.

1.
2.

Start the "R&S VISA Tester".

Establish the connection to the R&S WinlQSIM2, see "To set up the controller with
R&S VISA" on page 234.
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3. Inthe "R&S VISA > Basics" tab, enter an SCPI command, e.g. "*IDN?".

4. Confirm with "Query".

R&S WinlQSIM2 is switched to remote control when it receives a command from
the controller.

5. Select "Read" to obtain the response from R&S WinlQSIM2.

@) RsisaTester 5.5.4 Visa from Rohde & Schwarz GmbH (5.5.4)

Find Resource  Change Log File  RsWisa Config  Choose Visa Implementation

Resource Timeout Current log file Shaw Log

TCPIFO::127.0,0, 1 tinsk0:: INSTR | | pisconnect 2000 %] | Openlog | visaTesterilogz0151116_154023.bxt  [] write Log

Basics | Locking | Attribukes | Events | Gpib | Tests |

Line Duration Status Wisa Operation
95 757 ps WL SUCCESE witrite(sessionid= 10,buf=... *IDN7? -
96 509 ps WISUCCESE witrite(sessionid= 10,buf=...
97 582 ps VISUCCESS vitrite(sessionid= 10buf=,, | | | Write | [ Read | [ Query | [ clearHistory |

98 353 ps WL SUCCESS wiReadi{sessionid= 10,buf= ... S

RohdeSchwarz, WinTQSIMZ, 00000001, 03,20,286, 16,
2015-11-10; 11:54:36,

Clear Text Read count 1024 E
Live Mode | Lines: 98 -
[ Read STE ] [ Trigger ] [ Clear ]
Displayed: 4 Ox----

Status: WL SUCCESS

Tip: If the "Show Log" checkbox is checked, R&S VISA displays each VISA func-
tion call in the log-view on the left. If you check the "Write Log" checkbox, the log-
view entry is written to the log file as well. You can operate the log-view in two
modes: the "Live Mode" shows only the most recent messages whereas the "View
Mode" allows you to scroll the history.

6. To activate baseband signal generation, select e.g. SOUR:BB: W3GP: STAT 1.

7. Confirm with "Write".
To check the performed setting, and select "Read".
Response: 1.

Note: R&S WinlQSIM2 does not indicate when it is controlled remotely. To return
to manual control, operate R&S WinIQSIM2 directly.

11.2.2 Setting Up a Remote Control Connection over LAN Using Socket
Communication

This section provides an example on how to establish a remote control connection over
Telnet client, which is embedded in every operating system.
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information we recommend that you use a client which supports secure protocols, as

Note that the Telnet client transmits information unencrypted. Therefore, for sensitive
e.g. SSH.

In the following example, we assume basic knowledge of programming and operation
of the controller. You can find information on the interface commands in the corre-
sponding manuals.

To set up a Telnet connection

To control the software, only a Telnet program is required.

1. To establish a Telnet connection with R&S WinlQSIM2, start the Telnet program.

2. Enter the socket address.
The socket address is a combination of the IP address or the hostname of
R&S WinlQSIM2's PC and the number of the port configured for remote-control via

Telnet.
Tip: R&S WinlQSIM2 uses the port number 5025 for remote connection via Telnet.
= Run @

=== Typethe name of a program, folder, document, or Internet
resource, and Windows will open it for you.

Open: elnet 127.0.0.1 5025 -

B This task will be created with administrative privileges.

[ OK H Cancel || Browse... |

The connection to R&S WinlQSIM2 is set up and you can send remote commands.

& Telnet127.001 =N EoR 5

-

3. Inserta command, e.g. *IDN.
Note that Telnet does not reflect your first entry.

4. Confirm with "Enter".
If you get a response, the connection is working properly. Then the client displays
all subsequent inputs and responses.

[
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] Telnet 127.0.0.1

[ ] & |mn)

=] DN?
gohde&Schuarz,WinIQSIH2, aeaeaea1 . 83.20.200.18 heta (Debug>, 2015-83-13; B7:37:

SOUR:=BB:DM:STAN W3GP

SOUR:BB:DM:SRAT?
38408868

SOUR:BB:DM:COD?
WCDMA

SOUR:BB:DM:=STAT OM

11.3 Automating Tasks with Remote Command Scripts

11.3.1

To achieve fast configuration, work with complex test setups or with reproducible
repeating measurements, you can automate the required settings with remote com-
mand scripts. A script contains a series of remote commands that perform the settings
sequentially. When completed, it is converted to an executable format, stored in a file
and can be run whenever needed.

About the Creation and Use of Remote Command Scripts

For creating remote command scripts, R&S WinlQSIM2 provides a function, which
records manual settings in SCPI format.

Creating an SCPI list

You can create an SCPI command list directly in R&S WinlQSIM2 and save the list in a
file. If you want to edit or write a script manually, use a suitable editor.

Even if you manually write the command sequence, R&S WinlQSIM2 supports you by
displaying the command syntax for a parameter, including the current parameter value,
see e.g. "To find out the remote command with "Show SCPI Command" "
on page 246, and "To find out the remote command using the "Online Help
on page 246.

Directly in R&S WinlQSIM2, you can create an SCPI list at any time of operation. Both,
automatic or manual SCPI recording is possible. l.e., you can record all the settings
that you perform between a start and an end point, or select deliberately the com-
mands you want to record.

® Record all performed steps automatically
The instrument records the SCPI commands including the setting values of each
step you perform, and then writes the commands to the file system, see "To record
SCPI lists automatically" on page 244.
Some parameters cannot be set by an SCPI command. If so, "no SCPI command
found" is entered instead of a command.

® Record certain steps manually

User Manual 1177.5533.02 — 01
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In manual recording mode, you can deliberately record an SCPI command with the
"Add SCPI command to sequence" function, see "To record SCPI lists manually"
on page 244.

® \Write a script manually
To write or edit settings in a script, you must know the exact syntax of the SCPI
command and the setting value. R&S WinlQSIM2 helps you, if you need to look up
a command:

"Show SCPI command" (context-sensitive menu)
Displays the SCPI command of the selected parameter with the setting value.
With the "Copy" function, you can paste the command directly into the script,
see "To find out the remote command with "Show SCPI Command" "
on page 246.

— Online help
Describes each function, and includes a cross-reference to the corresponding
SCPI command. The referenced section describes the SCPI command syntax
with all setting values and their functionality, see "To find out the remote com-
mand using the "Online Help™ on page 246.

Tip: Conversely, if you are looking for a function in the GUI, which belongs to an
SCPI, you find it via the cross-reference in the online help, see "To find out the GUI
function, which corresponds to an SCPI command" on page 247.

Displaying a recorded SCPI list

R&S WinlQSIM2 lists the recorded remote commands in the "SCPI Sequence dialog",
see Chapter 11.3.2, "SCPI Sequence Settings", on page 241.

Depending on the starting point, you can access the "SCPI Sequence" dialog as fol-
lows:

® During recording
Select "Show current SCPI Sequence" in the context sensitive menu.

® At any time outside recording
Select "Show last SCPI Sequence" in the context sensitive menu.
This function implies that at least one recording has been executed after power-on.

® At the end of the recording
The dialog automatically opens. That is, when you have selected "Stop automatic
SCPI recording" or "Stop manual SCPI recording".

® After you have exported the script to a file, select "Show file content" in the "SCPI
Recording Export" dialog, see Chapter 11.3.3, "SCP| Recording Export Settings",
on page 242.

Checking and revising a recorded SCPI list

It is recommended that you check a recorded list and revise if necessary. It can be
that ...

® A parameter has not assigned an SCPl command.

® An element of the user interface has not an assigned parameter.

In these cases, the recording function writes : SYST: INF:SCPI 'SCPI command
not available' in the list instead.
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Such entries are also detected during execution. The instrument recognizes an incom-
plete command and displays an error message.

See "To check a recorded SCPI list" on page 250 for some suggestions on how you
validate the recorded commands.

Creating and exporting an executable script file

When the script list is completed, a code generator translates the SCPI commands into
the source code of a proprietary programming language, using a code template. There-
fore, each language requires an appropriate code template. When converted, you can

store the script in a file with an extension corresponding to the programming language.

The R&S WinIQSIM2 provides the following predefined code templates by default:

® Plain SCPI
Represents SCPI base format, that is ASCII format, stored as text file (* . txt).

* MATLAB
A programming environment, frequently used in signal processing and test and
measurement applications (* .m).
You can directly use this format with MATLAB(c) toolkit. For comprehensive infor-
mation on this topic, refer to the application note 1GP60: MATLAB Toolkit for R&S
Signal Generators.

e NICVI
An ANSI C programming environment designed for measurements and tests (*. c).
You can directly use this format with "National Instruments LabWindows CVI".

You can also convert a script to a user-specific format. In this case, you need a code
template with the extension * . expcodetmpl.

For information on how to select the code template and store the script in a file, see
"To convert and store SCPI lists" on page 249.
Executing an SCPI script

To run a remote command script, you need a remote control program on the controller
PC, which supports the corresponding script format.

SCPI Sequence Settings

Access:
Depending on the starting point, perform the corresponding step:

1. When recording is in progress:
In the context-sensitive menu, select "Show current SCPI Sequence".

2. When recording is not running:
In the context-sensitive menu, select "Show last SCPI Sequence".


https://www.rohde-schwarz.com/appnote/1GP60.html
https://www.rohde-schwarz.com/appnote/1GP60.html
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3. When you stop recording, the dialog opens automatically.

" SCPI Sequence

*RST

:50URce1:BB:EUTRa: SETTing: TMOD: DL "E-TW1_1__10MHz"
(S30URce1:BE.EUTRa: TRIGger OUTPut2: MODE FAP
(S50URce:BE:EUTRa: TRIGger OUTPut1:ROFF set 20
(50URce1:BE.EUTRa: TRIGger OUTPut3:MODE RAT
(S30URce1:BE.EUTRa: STATe 1

:S0URceT:AWGN:MODE ADD

(SOURceT: AWGN: STATe 1

(INSTruments: SELect: ARB 7.41098e-323

‘ Remove Last SCPI Command ‘ ‘ Export

The "SCPI Sequence" dialog lists the last recorded and exported SCPI command
list. It enables you to delete the last recorded command, and you can access the
export dialog for storing the list in a file.

Export
Accesses the Chapter 11.3.3, "SCPI Recording Export Settings", on page 242 dialog
for configuring the file parameters for export.

Remove last SCPI Command
Deletes the last recorded command when SCPI recording is in progress.

Once the recording is stopped, the entries are internally stored and cannot be
changed.

SCPI Recording Export Settings

R&S WinlQSIM2 enables you to store recorded command lists in the "SCPI Recording
Export" dialog. It provides access to this dialog directly after a recording, or if you have
recorded and stored a command list at a previous time.

In any case, you can access the dialog only in the "SCPI Sequence" dialog by select-
ing the "Export" button.
Access:

You can access the dialog only in the "SCPI Sequence" dialog by selecting the
"Export" button.

1. To open the "SCPI Sequence" dialog, proceed as described in "Access:"
on page 241
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2. Inthe "SCPI Sequence" dialog, select "Export".

Farmat

Plain SCPI 2

Select File... W2 SCPIRecordTest

| Export data to file |

| Show file content I

RET

(S0URCce!:BE:EUTRa: SETTing TMOD:DL "E-Th1_1__10MHz"
(S30URcel:BE.EUTRa: TRIGger OUTPUt2:MODE FAP
(S0URce!:BE.EUTRa: TRIGger OUTPut1:ROFFset 20
(S0URcel:BE.EUTRa: TRIGyer OUTPUt3:MODE RAT
(S0URcel:BE.EUTRa: STATe 1

(SOURCel: AWGEH: MODE ADD

(S0OURcel: AWGN: STATe 1

(INSTruments: SELect: ARB 7.41098e-323

The "SCPI Recording Export" dialog contains all functions required for export of
command lists to a file. It enables you to select the source code format, assign an
individual file name and display the file content.

Format
Selects the source code format for the command list.

"Plain SCPI" Uses SCPI syntax.

"Predefined Code Generator"
Accesses the predefined templates for common source code genera-
tors that convert the recorded settings in the programming languages
MATLAB or NICVI.

"User Code Generator"
Provides the ability to convert a script by a user-specific code genera-
tor.

Select Code Template
Opens the standard "File Select" dialog and lists the predefined or user-defined code
templates.

See Chapter 9.3.1, "File Select Settings", on page 213.

Select File

Opens a standard file select dialog "Select Output File", see Chapter 9.3.1, "File Select
Settings", on page 213.

Export data to file
Executes data export.

Show file content
Displays the content of the script in the appropriate source code.
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11.4 How to Use the SCPI Record Function

This section describes how you record the remote control commands during the man-
ual setting. It contains short instructions how to convert the recorded command lists to
executable script files.

To record SCPI lists automatically

This example explains briefly how to proceed when you want to record all performed
steps.

For comprehensive information on this topic, refer to the application note 1GP98: SCPI
Recorder Test Automation on a Fingertip.

1. On the screen, open the context-sensitive menu with a right mouse click.

2. Select "Start automatic SCPI recording".

°°. Start automatic SCPI recording

I

Starting from now, all steps you perform are recorded.

3. To stop SCPI recording, select "context-sensitive menu > Stop automatic SCPI
recording".

% Stop automatic SCPI recording

The "SCPI Sequence" dialog opens automatically.

4. Proceed with "To check a recorded SCPI list" on page 250.

To record SCPI lists manually

Using this function, you can deliberately determine the settings, you need in the script.
For this application, it is useful to mark all modified parameters. It helps you to check if
you have recorded all necessary settings.

1. To retrace your settings, open the context-sensitive menu.

2. Select "Mark all parameters changed from preset".

®  Mark all parameters changed from preset

I

This function identifies all settings you have changed, both in the block diagram,
and in the dialogs. They appear orange.


https://www.rohde-schwarz.com/appnote/1GP98.html
https://www.rohde-schwarz.com/appnote/1GP98.html
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Default

i Generate
@ Recall Save Le YWavefarm

|

Duplexing |TDD "‘

Link Direction

Downlink (OFDMA) v‘

|Q Test Models... ‘

Seneral Settings... ‘ | Frame Configuration... ‘

|9 Filter/Clipping/ARBTOWV/Power. .. ‘ Root Cosine / Clip On / 1 Frames

3. Open the context-sensitive menu

4. Select "Start manual SCPI recording".

*. Start manual SCPI recording

Now you can selectively record your steps:

d)

Set the parameter.
Open the context-sensitive menu.
Select "Add SCPI command to sequence"

+scn=| Add SCPI command to sequence

Tip: You cannot see "Add SCPI ..." in the menu?

It happens, if you open the context-sensitive menu outside of a dialog or input
field, for example in the block diagram. Open the context-sensitive menu within
the corresponding dialog or input field, and the feature is available.

Continue with the next setting, and repeat steps a to b whenever needed.

Each time you select "Add SCPI ...", the SCPI command is appended to a tempo-
rary list.

5. To check the progress of the recording, select "context-sensitive menu > Show cur-
rent SCPI sequence".

;s:gpl Show current SCPI sequence

The "SCPI Sequence" dialog opens with the list of all recorded settings so far.

6. To stop SCPI recording, open the context-sensitive menu again.

7. Select "Stop manual SCPI recording".
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%y Stop manual SCPI recording

The "SCPI Recording Export" dialog automatically opens.
8. Proceed with "To check a recorded SCPI list" on page 250.

To find out the remote command with "Show SCPI Command"”

To find out the SCPI command of a parameter in manual operation, perform the follow-
ing:
1. Select the corresponding parameter.

2. Select "context-sensitive menu > Show SCPI command".

,gﬂ Show SCPIl command

You get the detailed command syntax, including the currently set value.

:S0URcel:BB:EUTRa:DL:BYY ByW10_00

| Copy I Close

To find out the remote command using the "Online Help"

If you are looking for the remote command to a function in manual operation, you find it
in the description of the online help.

1. Select the corresponding parameter.

2. Select "context-sensitive menu > Help".

? | Help

Alternatively, you can open the online help with the "F1" key.

The help topic opens. It describes the function and the corresponding parameter
values, if applicable. A link leads you to the description of the remote command.
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3.

. 0 Help - (dPDBEUtraDuplexhode ===
Digital Standard EUTRAATE = EUTRANTE Configuration and Settings = General Settings = Duplexing
Link Direction Duplexing
Test Models Selects the duplexing mode. The duplexing mode determines how the uplink and dawnlink signals are
separated
General DL Settings€/G... "TDD" In TDD mode, the same fraquency is used for both directions of transmission {uplink and

Frame Configuration© downlink). With one baseband, sither anly downlink or only uplink can be generated.
, . "FDE" In FOD mode, different frequencies are used for downlink and uplink directions
Filter / Clipping ! ARB [TD...
Rermote command.

& [ Marker Settings [:50URce<hw>]:BB:EUTRa: DUPFLexing

Info Dialog
Top
- () Test SetupsModels

- () General DL Settings ! Ge...

e Q DL Frame Configuration ...

Hide
Bl - @ @ |
=

To find out the syntax of the remote command including the parameter values, fol-
low the link.

The help topic of the SCPI command description opens.

Digital Standard EUTRA/LTE > Remote-Control Commands > Primary Commands =

[ SOURce<hw=] BB:.EUTRa DUPLexing

Do [:30URce<hw>]:BB:EUTRa:DUPLexing <Duplexing=
Test Models
General DL Settings/G... Sets the duplexing mode
z — Parameters:
rame Configuration€ <Duplexings 00| FOD
Fitter / Clipping ! ARB TD...
*
3] Q Marker Settings RST FDD
fofo Diatos Example: SOURcel:BE:EUTRa:DUPLexing FDD

- () Test SetupsModels
Manual operation: See "Duplexing”
& (5 General DL Settings i Ge...

Top

e} Q DL Frame Configuration ... ﬂ

Hide
Bl | = Qe @ | e
—

To find out the GUI function, which corresponds to an SCPI command

If you have an SCPI command, and look for the associated function in the manual
operation (GUI), you find it via the cross-reference in the online help.

1.
2.

Select any block or parameter in the graphical user interface of R&S WinlQSIM2.
Select "context-sensitive menu > Help".

In the navigation panel of the online help, select the section to which the command
applies, e.g. "Operation of WinlQSIM", "Digital Standard EUTRA/LTE", etc.

E.g. you are looking for the function of the command
[SOURce:BB:EUTRa:DL:CELL<ch0>DUPLexing.
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. Digital Standard DAB ' T.DMB

& Digital Standard DVB-H

. gital Standard GPS/GalileoGL ...
. Digital Standard GSM/EDGE

. Digital Standard IEEE 802.11 {a/b/g)
. Digital Standard IEEE 802.11

. Digital Standard TD-SCDMA

. Digital Standard TETRA Release 2

W Digital Standard UWE MB_OFDM

) Digital Standard IEEE 802.16 Wi... |

& weicome B Digital Standard EUTRAJLTE
the R&S WinIQSIMZ Softw... Contents

[ Operating the R3S WinlQSIM2 * Welcome to the EUTRALTE Digital Standard
) Digital Standard 1xEV:DO * About the EUTRALTE Options

» * ELUTRALTE Configuration and Settings
B it Standard 3PP FOD * Remote-Conirol Commands
i Digital Standard BluetoothEDR o | jst of Commands
%} Digital Standard CDMA2000 incl.... Top

Back

| L@ Zoom In ‘ @ Zoom Out |

Hide

Contents Tree
—

4. Select "List of Commands".

. Welcome

the R&S WinlQSIM2 Softw...

. Operating the R&S WinlQSIM2

W} Digital Standard 1xB£DO

. Digital Standard 3GPP FDD

. Digital Standard BluetoothEDR.

. Digital Standard CDMA2000 incl....

. Digital Standard DAB ' T.DMB

@ Digital Standard DVB-H

ﬂ Digital Standard EUTRALTE

Q Welcome to the EUTRALTE ...

h Ahout the EUTRALTE Options

(3 EUTRALTE Configuration an... _ |

Q Remote-Control Commands
Glossany: 3GPP Specifications, ...

. Digital Standard GPS/Galileo/GL ...

‘ Digital Standard GSM/EDGE

=

Digital Standard EUTRA/LTE > List of Commancdis

List of Commands

SOURce] BB EUTRaVERSion?
SOURce=hw=].BEB:.EUTRa CLIPping:LE Vel
SOURce=hw=].EE:.EUTRa CLIPping:MODE
SOURceshw=]BB:EUTRa CLIPping: STATe
SOURceshw=]BB:EUTRa:DLBUR
SOURceshw=]BB:EUTRa DLBYY
SOURceshw=]BB:EUTRa: DL CACELL=ch0> BB
SOURceshw=]BB:EUTRa DL:CACELL=chO= By
SOURceshw=]BB:EUTRa: DL CACELL=chl=>CIF
SOURceshw=]BB:EUTRa OL:CACELL=chl=DFReq

SOURce<hw=]:EB.EUTRa DL.CACELL=chi=>DUPLexing |

[
[
[
[
[
[
[
[
[
i
[ SOURCce<hw=]BE.EUTRa DL CACELL=chl=10

[ SOURces<hw=]BE:EUTRa DL CA:CELL=chl=INDex

[ SOURceshws]:BE.EUTRa DL CA CELL=ch> POFF set
[

[

[

[

[

[

[

[

[

[

[

[

[

SOURceshw=]BB:EUTRa DL:CACELL=chO=SPSCanf
SOURceshw=]BB:EUTRa DL CACELL=chl=>STATe
SOURceshw=]BB:EUTRa DL:CACELL=chi=TDELay
SOURceshw=]BB:EUTRa DL:CACELL=ch0=LUDConf
SOURceshw=]BB.EUTRa:DL.CASTATe
SOURceshw=]BB:EUTRa DL:CONFMODE
SOURce<hw=].BE.EUTRa DL.CONSubframes
SOURceshw=]BB.EUTRa DLCPC
SOURceshw=]BB:EUTRa DL CSETtngs RARNM
SOURceshw=]BB:EUTRa DL:CSIS:COMFig
SOURceshw=]BB.EUTRa:DL.CSIS:INAP

i1
!
18
1B
18
1B
18
1B
1B
18
1B
18

SOURce<hw=] BB:EUTRa DL-CACELL<chD>PS Tart

SOURCe=hw=].BE EUTRa DL CACELL<chD> SCINdex
1B
18
1Bl
1B
18
1B
18
1B
18
1B
18
1 i

[SOURRRzhw=1RBR FLITRA DI CSIS POW

Back

| L Zoom In | L Zoom Out |

Hide
Contents Tree

5. Select the command.
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Digital Standard EUTRA/LTE > Remote-Control Commands > Primary Commands =
B [ SOURce<hw=] BB:.EUTRa DUPLexing
(I TED [:S0URce<hw>]:BB:EUTRa:DUPLexing <Duplexing=
Test Models
General DL Settings @/ G... Sets the duplexing mode
. Parameters:
Frame Configuration€» <Duplexing= TOD|FOD
Filter / Clipping / ARB /TD...
e} Q Marker Settings RST FDD
Info Dialoy Example: SOURcel:BB: EUTRa: DUPLexing FDD

= Test

[Manual operation: See "Duplexing” |
- () General DL Settings / Ge...

Top

e Ej DL Frame Configuration ... .

5 Hide
Bl | = Qe @ | e
—

6. Follow the link under "Manual Operation:"

The help topic of the manual operation opens. The breadcrumb navigation on top
shows you where this parameter is located.

To convert and store SCPI lists

To convert an SCPI list to the desired format, you need to load the list into the "SCPI
Recording Export" dialog.

You can access this dialog only in the "SCPI Sequence" dialog by selecting the
"Export" button.

1.

To open the "SCPI Sequence" dialog, proceed as described in Chapter 11.3.2,
"SCPI Sequence Settings", on page 241.

In the "SCPI Sequence" dialog, select "Export".

Select the "Format" for the command syntax to which you want to convert and save
the list.

Select "Export".

Select "Select Code Template".
Note: The code template must be selected before exporting.
Depending on the selected format, proceed accordingly:

a) "Plain SCPI"

b) "Predefined Code Generator"
The "SCPI Recording Export - Select Predefined Code Template" dialog
opens.
Select the desired predefined code template.
Confirm with "Select".

c) "User Code Generator"
A file system ("SCPI Recording Export - Select User Code Template") dialog
opens.
Select your user-defined code template. The code template must have file
extension * .expcodetmpl.

"Select File..."
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The "SCPI Recording Export - Select Output File" dialog opens.

a) Select the directory.
b) Assign a file name for storing the recorded list.
c) Confirm with "Save".

7. "Export data to file"
Stores the recorded data either in ASCII format (plain SCPI), or in the correspond-
ing format of the used code template, and activates the "Show File Content" button.

8. "Show file content”
Displays the source code in the corresponding syntax.
To check a recorded SCPI list
Some suggestions on how you can check and revise a list:
1. Export the list file as described in "To convert and store SCPI lists" on page 249.
2. Open the list file in a suitable editor.

3. Search and remove missing command entries, e.g. :SYST: INF: SCPI 'SCPI
command not available'.

4. Remove unnecessary content that has been written after a preset.

5. Rearrange the commands to a reasonable order. E.g. if you set a STATe command
to the last position of a list, you can avoid intermediate calculations of the signal.

6. Preview the list for completeness by comparing it with the modified settings in the
manual mode.

a) To retrace your settings in manual operation, open the context-sensitive menu.
b) Select "Mark all parameters changed from preset".
The function identifies all settings you have changed, both in the block dia-
gram, and in the dialogs. They appear orange.
c) Check whether there is a command in the list for all modified settings.
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12 Remote Control Commands

In the following, all remote-control commands will be presented in detail with their
parameters and the ranges of numerical values.

12.1 Conventions used in SCPl Command Descriptions

Note the following conventions used in the remote command descriptions:

e Command usage
If not specified otherwise, commands can be used both for setting and for querying
parameters.
If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

® Parameter usage
If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.
Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

® Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S WinIQSIM2 follow the SCPI syntax rules.

® Asynchronous commands
A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

® Default unit
This is the unit used for numeric values if no other unit is provided with the parame-
ter.

® Manual operation
If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.

12.2 Common Commands

Common commands are described in the IEEE 488.2 (IEC 625-2) standard. These
commands have the same effect and are employed in the same way on different devi-
ces. The headers of these commands consist of ™" followed by three letters. Many
common commands are related to the Status Reporting System.

HE
User Manual 1177.5533.02 — 01 251
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Available common commands:

O] PP PP 252
B ] OO PTPPRPI 252
B =T OO 252
10 PP PSPPSR 253
5 1 253
FOPC e 253
B L 1 253
B o TP 253
B OO PP 254
O PP 254
LS TP 254
ESAV et e 254
O RE i e 255
BT 1 = Pt 255
LI 5 PO PPPPRPRPN 255
SIS U U PP OPUPR P 255
LA PP 256
*CLS

Clear status

Sets the status byte (STB), the standard event register (ESR) and the EVENt part of
the QUEStionable and the OPERation registers to zero. The command does not
alter the mask and transition parts of the registers. It clears the output buffer.

Usage: Setting only

*ESE <Value>
Event status enable

Sets the event status enable register to the specified value. The query returns the con-
tents of the event status enable register in decimal form.

Parameters:
<Value> Range: 0 to 255

*ESR?
Event status read

Returns the contents of the event status register in decimal form and subsequently
sets the register to zero.

Return values:
<Contents> Range: 0 to 255

Usage: Query only



Common Commands

*IDN?
Identification
Returns the instrument identification.

Return values:

<ID> "Rohde&Schwarz,<device type>,<serial number>,<firmware ver-
sion>"

Example: Rohde&Schwarz,WinIQSIM2,1407.6004k02/000000,
3.1.17.1-03.01.158

Usage: Query only

*IST?

Individual status query

Returns the contents of the IST flag in decimal form. The IST flag is the status bit
which is sent during a parallel poll.

Return values:

<ISTflag> 0|1
Usage: Query only
*OPC

Operation complete

Sets bit 0 in the event status register when all preceding commands have been execu-
ted. This bit can be used to initiate a service request. The query form writes a "1" into
the output buffer as soon as all preceding commands have been executed. This is
used for command synchronization.

*OPT?
Option identification query

Queries the options included in the instrument. For a list of all available options and
their description refer to the data sheet.

Return values:

<Options> The query returns a list of options. The options are returned at
fixed positions in a comma-separated string. A zero is returned
for options that are not installed.

Usage: Query only

*PRE <Value>

Parallel poll register enable
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Sets parallel poll enable register to the indicated value. The query returns the contents
of the parallel poll enable register in decimal form.

Parameters:
<Value> Range: 0 to 255

*PSC <Action>
Power on status clear

Determines whether the contents of the ENAB1e registers are preserved or reset when
the instrument is switched on. Thus a service request can be triggered when the instru-
ment is switched on, if the status registers ESE and SRE are suitably configured. The
query reads out the contents of the "power-on-status-clear” flag.

Parameters:

<Action> 011
0
The contents of the status registers are preserved.
1

Resets the status registers.

*RCL <Number>
Recall

Loads the instrument settings from an intermediate memory identified by the specified
number. The instrument settings can be stored to this memory using the command
*sAv with the associated number.

It also activates the instrument settings which are stored in a file and loaded using the
MMEMory:LOAD <number>, <file name.extension>command.

*RST
Reset

Sets the instrument to a defined default status. The default settings are indicated in the
description of commands.

The command is equivalent to SYSTem: PRESet.

Usage: Setting only

*SAV <Number>
Save

Stores the current instrument settings under the specified number in an intermediate
memory. The settings can be recalled using the command *RC1., with the associated
number.
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To transfer the stored instrument settings in a file, use the command : MMEMory :
STORe: STATe.

*SRE <Contents>
Service request enable

Sets the service request enable register to the indicated value. This command deter-
mines under which conditions a service request is triggered.

Parameters:

<Contents> Contents of the service request enable register in decimal form.
Bit 6 (MSS mask bit) is always 0.
Range: 0 to 255

*STB?

Status byte query

Reads the contents of the status byte in decimal form.

Usage: Query only

*TRG

Trigger

Triggers all actions waiting for a trigger event. In particular, *“TRG generates a manual
trigger signal. This common command complements the commands of the TRIGger
subsystem.

Usage: Event

*TST?
Self-test query
Initiates self-tests of the instrument and returns an error code

Return values:

<ErrorCode> integer > 0 (in decimal format)
An error occurred.
(For details see the Service Manual supplied with the instru-
ment).

0
No errors occurred.

Usage: Query only
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*WAI
Wait to continue

Prevents servicing of the subsequent commands until all preceding commands have
been executed and all signals have settled (see also command synchronization and
*OPC).

Usage: Event

12.3 Waveform, Data and List Format

R&S WinlQSIM2 uses a simple tag-oriented format for externally or internally gener-
ated waveforms, data and control lists.

Tag general format

Tags are self-contained information units, enclosed in braces { }. Their general format

is {Name: Data} or {Name-Length: Data}. The colon separates the name part

and the data part. The colon can be followed by a space for the sake of legibility.

® The Name identifies the tag. It is always expressed in capital letters.

® The Data is tag-specific, and in most cases it is in ASCII plain text.

® The Length specifies the number of bytes in a WAVEFORM tag, DATA LIST tag or
EMPTYTAG

Length is an ASCII integer value, defining the number of bytes from the colon : to
the end brace }

Rules

Each waveform file must begin with the TYPE tag. The sequence of the remaining tags
is arbitrary. For each tag an indication shows whether it must be included in the file
concerned (mandatory) or may be included (optional).

Unknown tags are not analyzed by an instrument; they are left unchanged and saved
without an error message for a possible further read back.

In all examples of file contents listed in this section, the tags have been separated by
line breaks for better reading.

12.3.1 Tag Description
This section describe the mandatory TYPE tag followed by description of all other tags

in an alphabetical order. Most tags are valid for all three file types. If a tag is valid only
for a single file type, e.g. only for a waveform, this fact is indicated in the description.
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{TYPE: MAQJIC, XXXXXXXX}. -+ uaaasereeaaaaaeaaeeeaeeeaeaaaaeassssnsannanasaaaaaaaeaaaaaaaaasaeeeeeeemmmmmnsnnes 257
(I @ L7 A 1Y [T o o PR 258
{COMMENT SHINGY +.tueaeeaeeeee e e e e e e e e e e e e e e e e ettt eee e aeaeeeee e e e e e e aeeeeeeaaaaaaaaeeeeeeeeenenennnnnnnnnnn 258
{COPYRIGHT: StING . ttttuuuuiieeieieieeeeeeeeeieteieeeeeerastetr i aaaaeseseeeeaaaaasesereeeeeersssssrarasannnnnns 259
{DATA BITLENGTH: BitLeNGth}...ceuuiieeeiiieie et e e e e e 259
{DATA LIST-Length: #A0AT...dX...AN=T.. Fevrvreeeeerereeeerereeseseseseeeeseseseseseeeesesesesseseeeeseseseseens 259
{DATE: yyyy-mm-dd;hNImMmISS}....ccoi ittt e e e e e e e e e e e e e e e ee e e e e s 260
{EMPTYTAG-Length: ZEMPtYSEQUENCE}. ... . iieieie e e e e 260
{CONTROL LENGTH: ControlLength}.......c.. et 261
{LEVEL OFFS: RMSOffset_dB,PeakOMSEt_AB}........eveveereereeeeereereeseeereeseeeseseeseseseeseeesesnnes 262
{SAMPLES: SAMPIES .uuuiiiiiiiieiiieeeeeieieieeeeeeeeererter e teseeeeaeeasaaaassesereeeeerrssrsrrsrarasnnnnnn 263
{[TRACE] LIST [#]: Pos0:State0; Pos1:State1; ...PosN-1:StateN-1}..........cccccviirriereeeeeeeennn. 263
{WAVEFORM-Length: #10Q0I1Q1...IXQX...IN-TQN=T.. Ju..eeerreeeeereereseeeseeesessees e 264
{MWV_SEGMENT_COUNT: NUMOTSEQG}....ceuieuiiiieiiieeeei ettt et et e e e e e eeas 265
{MWV_SEGMENT_LENGTH: SamplesSeg0, SamplesSeg1, ..., SamplesSegN-1}............... 266
{MWV_SEGMENT_START:

SampleStartOffsetSeg0, SampleStartOffsetSeg1, ..., SampleStartOffsetSegN-1}....... 266
{MWV_SEGMENT_CLOCK_MODE: MOGEL. .. vveveeeereeeeseeeseseeesesseseesesessesessesesessesesensesens 266
{MWV_SEGMENT_CLOCK: ClockSeg0, ClockSeg1, ..., ClockSegN-1}.....ccceeeieiieieineeneeaenn, 267
{MWV_SEGMENT_LEVEL_OFFS:

RMSOffs_dBSg0,PeakOffs_dBSgO0, ..., RMSOffs_dBSgN-1, PeakOffs_dBSgN-1}...... 267
{MWV_SEGMENT _FILES:

“FileNameSeg0.wv”, “FileNameSeg1.wv”, ..., “FileNameSegN-1.wv'}......cccooviennnnenn. 267
{MWV_SEGMENTX_COMMENT: tEXE - vevreeveereeeeeeeseeeesseseeesseeeeessseeeessseeeessseeeessseeeesenenens 267
{CONTROL LIST WIDTH4-Length: #mOm1...mX...MM-1}...cccciiiiiiiiieeee e 268

{TYPE: magic, XxXxxxxxx}
(mandatory, must be the first tag in the file)

Identifies the file as a valid R&S WinIQSIM2 file. It must be present and must be the
first in the waveform. If a file of the same name exists on the target medium, it is over-
written.

Setting parameters:

magic Designates the file type and has the following values:
SMU-wWvV
A valid R&S WinlQSIM2 waveform.

SMU-MWV
A valid R&S WinlQSIM2 multi-segment waveform.

SMU-DL
A valid R&S WinlQSIM2 data list.

SMU-CL
A valid R&S WinlQSIM2 control list.
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XXXXXXXX Is an ASCII-coded checksum of the data part of the WAVEFORM
tag in the file. This value is always 0 for data lists and control
lists.

The checksum for waveforms is used for detecting transmission
errors. If the TYPE tag contains 0 or a non-numeric value for the
checksum, it is ignored.

It is calculated in accordance with the algorithm given bellow,
where 'start' is a pointer to the first byte after the '#' character in
the WAVEFORM tag and 'length' is the number of bytes between
'start' and the closing curly bracket (excluding the latter; 'length’
must be divisible by 4 without a remainder):

UINT32 checksum(void *start, UINT32 length)

{

UINT32 i, result = O0xAS50F74FF;

for (i=0; 1 < length/4; i++)

result = result ~ ((UINT32 *)start) [i];

return (result) ;

}

Example: {TYPE: SMU-WV,106656}
BB:ARB:WAV:TAG? 'TYPE'
Queries the content of the TYPE tag.
Response: 'SMU-WV,106656"
This is a valid waveform.

{CLOCK: frequency}
(mandatory for waveforms)

The tag specifies the clock frequency at which the waveform has to be output, in Hz
(on multi-segment waveforms this tag contains the maximal clock of all segments).

A query of ARB: CLOCk? after loading the waveform returns the value set using the
CLOCK tag. This value can later be altered with the command ARB: CLOCk?.

Example: {CLOCK: 54000000}
BB:ARB:WAV:TAG? 'CLOCK'
Queries the content of the CLOCK tag.
Response: 54000000
The clock frequency is set to 54 MHz.

Usage: Setting only

{COMMENT: string}

The tag contains a plain text ASCII string of arbitrary length. The string is not analyzed
in R&S WinlQSIM2. It is used to describe the file. The string is allowed to contain all
printable ASCII characters except the closing curly bracket.
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Example: {COMMENT: File with data for 3GPP enhanced
channels}
BB:ARB:WAV:TAG? 'COMMENT'
queries the content of the COMMENT tag of the selected wave-
form file.
Response: 'File with data for 3GPP enhanced
channels'
the comment on the waveform reads "File with data for 3GPP
enhanced channels".

Usage: Setting only

{COPYRIGHT: string}

The tag contains an ASCII string of arbitrary length. The string is not analyzed in
R&S WinlQSIM2. It is used to store copyright information about the file content.

Example: {COPYRIGHT: Rohde&Schwarz}
BB:ARB:WAV:TAG? 'COPYRIGHT'
queries the content of the COPYRIGHT tag of the selected wave-

form file.
Response: 'Rohde&Schwarz'

copyright resides with Rohde&Schwarz.
Usage: Setting only

{DATA BITLENGTH: BitLength}
(mandatory for data lists)

The tag contains the length of the data held in the DATA LIST tag in bits in ASCII for-

mat.
Example: {DATA BITLENGTH: 444}
BB:DM:DLIS:SEL "D:\user\dl"
BB:DM:DLIS:TAG? "dl1","DATA BITLENGTH"
queries the content of the DATA BITLENGTH tag of the selected
data list file.
Response: '444"
the data list is 444 bits long.
Usage: Setting only

{DATA LIST-Length: #d0d1...dx...dN-1...}
(mandatory for data lists)

The tag contains the actual bit sequence of the data list in binary format.
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Setting parameters:

Length Defines the number of bytes in the DATA LIST tagin ASCII
Format (see {WAVEFORM-Length:
#I000I101...Ix0x...IN-1QN-1..} for detailes).

dx Data bits in binary format (8-bit unsigned characters, MSB first).
Example: {DATA LIST-17: #d0dl...dx...d127}
16 bytes containing 128 data bits, first bit is the MS bit of the first
byte.
Usage: Setting only

{DATE: yyyy-mm-dd;hh:mm:ss}
(optional)

The tag contains the date and time at which the file was created. The year must be
expressed as four digits. The instrument does not analyze this tag.

Example: {DATE: 2009-04-02;14:32:12}
BB:ARB:WAV:TAG? 'DATE'
queries the content of the DATE tag of the selected waveform
file.
Response: '2009-04-02;14:32:12"
the waveform was created on April 2, 2009 at 14 hrs 32 min

Usage: Setting only

{EMPTYTAG-Length: #EmptySequence}
(mandatory in automatically generated one and multi-segment waveforms)
This tag is empty, i.e. contains no data, and is used as placeholder.

Setting parameters:

Length An ASCII integer value that specifies the number of bytes in the

EMPTYTAG, i.e. defines the number of bytes from the colon : to
the end brace }
Note: If you change the content of a waveform file, change also
the {EMPTYTAG-Length} value. For example, if you add a tag
or add bytes to a tag, reduce the length by the number of newly
introduced bytes.

EmptySequence An empty sequence containing blanks only. The number of used
blanks is calculated as the difference between the hex
addresses of the {WAVEFORM} tag and the hash sign # in the
{EMPTYTAG}.

The {WAVEFORM]} tag always starts at hex address #4000.
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Example: {TYPE:SMU-WV, 837236424}
{COPYRIGHT:2003 Rohde&Schwarz SMU}
{DATE:2012-07-11;14:38:01}
{SAMPLES:80000}
{CLOCK:8666666.666666666}

{VECTOR MAX:1.000000038569158}
{LEVEL OFFS:3.333553817875577e-07,0}
{MARKER LIST 1:0:1;1:0;1249:0}
{MARKER LIST 2:0:1;1:0;1249:0}
{MARKER LIST 3:0:1;1:0;1249:0}
{MARKER LIST 4:0:1;1:0;1249:0}
{EMPTYTAG-15947:# ...}
{WAVEFORM-320017:#IQIQIQ...}

The example waveform file contains 436 (0x1b4) bytes before
the # sign in the EMPTYTAG; the hex address of the # sign is
0x1b5. The {WAVEFORM} starts at 0x4000. The EMPTYTAG con-
tains 15946 blanks and has a length of (15946+1) bytes.

Usage: Setting only

{CONTROL LENGTH: ControlLength}
(optional / recommended for marker and control lists)
The tag specifies the length of all control or marker list in ASCII format.

The control length influences the way the marker and control lists are processed, in

particular the way traces are repeated; see Figure 12-1.

MARKER LIST 1: 0:0; 10:1; 20:0

70 20 Last {Pos:State} 00 110 121 500 |
Samples
{CONTROL LENGTH:100}— -44— {CONTROL LENGTH:100}— 4 an
Rep#1 Rep#2

Figure 12-1: Example: Processing of MARKER TRACE if CONTROL LENGHT is specified

If the CONTROIL, LENGTH tag is not used, the marker and control list length are deter-
mined by the last position, that is the last {Pos:State} couple, defined in the particular
[TRACE] LIST tag; see Figure 12-2.

MARKER LIST 1: 0:0; 10:1; 20:0

| Q

| 10 21
Rep#1 Rep#2 Samples

>

Figure 12-2: Example: Processing of MARKER TRACE if CONTROL LENGHT is not used
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To maintain marker signals and waveform data synchronized, set the CONTROL
LENGTH to be equal to the number of samples specified with the tag SAMPLES.

See also Chapter 12.3.2, "How to Define Periodically Repeating Traces",

on page 269.

Example:

Manual operation:

{CONTROL LENGTH: 500}
SOURce:BB:ARBitary:CLISt:TAG? 'CONTROL LENGTH'

Queries the length of the control list.
Response: 500

See "Total List Length" on page 83

{LEVEL OFFS: RMSOffset_dB,PeakOffset_dB}

(recommended for waveforms)

The tag determines the level of the ARB signal in the waveform file. The offset levels
define the offset of RMS and peak value relative to the 16-bit full scale modulation

(-32767 to + 32767) =

Setting parameters:
RMSOffset_dB

PeakOffset_dB

Example:

0 dB.

Defines the RMS level offset of the signal relative to full scale
ARB signal in the WAVEFORM tag. The offset is defined in ASCII
float format. The value is always positive.

A 3 dB value indicates that the RMS level of the signal is 3 dBs
below the full scale.

full scale = max. amplitude of vector of I/Q samples = |S,g|max =

sqrt(12+Q2)max = 0 dB

Defines the peak level offset of the signal relative to full scale for
the ARB signal in the WAVEFORM tag. The offset is defined in
ASCII float format.

The value usually equals 0 dB as usually the I/Q samples
(signed 16-bit integer values) are modulated to full scale: Full
scale = 0 dB = max. amplitude of vector of I/Q samples = |Sq|
max = sqrt(I>+Q?)max = (2'5)-1 = 32767.

A positive PeakOffset dB value indicates that a headroom to
full scale is provided when generating the waveform. A negative
PeakOffset_dB value indicates that overrange is likely for some
samples, i.e. clipping might occur.

The crest factor can be calculated from the two values as fol-
lows:

Crest Factor = |PeakOffset dB - RMSOffset dB|

{LEVEL OFFS: 3.45,2}

BB:ARB:WAV:TAG? 'LEVEL OFFS'

Queries the content of the LEVEL OFFS tag of the selected
waveform file.

Response: 3.45,2

The level of the waveform is below full scale, clipping does not
occur.
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Usage: Setting only

{SAMPLES: Samples}

(recommended for waveforms)

The tag contains the number of I/Q samples in the waveform in ASCII format.

On multi-segment waveforms, this tag contains the total I/Q samples of all segments.

Example: {SAMPLES: 1000}
BB:ARB:WAV:TAG? 'SAMPLES'
Queries the content of the SAMPLES tag of the selected wave-

form file.
Response: 1000

The waveform contains 1000 1/Q samples.
Usage: Setting only

See also Chapter 12.3.2, "How to Define Periodically Repeating Traces",
on page 269.

{[TRACE] LIST [#]: Pos0:State0; Pos1:State1; ...PosN-1:StateN-1}
(mandatory for control lists / optional for waveforms)

The tag contains the data for the marker and control signals in the control list or the
marker signals of ARB waveforms.

Traces are processed different, depending on the selected CONTROL LENGTH.

See also Chapter 12.3.2, "How to Define Periodically Repeating Traces",
on page 269.

Setting parameters:
[TRACE] MARKER | BURST | LEVATT | CW MODE | HOP | MAP

Name of the marker or control signal.

For ARB waveforms, it is only meaningful to define marker sig-
nals; in the ARB multi-segment waveforms these tags are
ignored!

[#] 1 .. four

Sets the marker or control trace number; supported is only
LEVATT LIST 1.

Pos Specifies in ASCII format the position (i.e. sample number or
data value), with effect from which the binary state of the
marker or of the control signal changes.

State 011

Specifies the binary state of the marker or of the control signal
from Pos, to Pos,., exclusive in ASCII format.



Example:

Example:

Usage:

Manual operation:

Waveform, Data and List Format

{MARKER LIST 1: 0:0;10:1;20:0;30:1}
BB:DM:CLIS:TAG? 'MARKER LIST 1°'

Queries the content of the MARKER LIST 1 tag of the selected
control list file.

Response: '0:0;10:1;20:0;30:1"

The marker setting for samples 0 to 9 = 0 (low), for 10 to 19 = 1
(high) and for 20 to 29 = 0. From sample 30 onward the marker
setting = 1.

{LEVATT LIST 1: 0:0;10:1;20:0;30:1}
BB:DM:CLIS:TAG? 'LEVATT LIST 1°'

Queries the content of the LEVATT LIST 1 tag of the selected
control list file.

Response: '0:0;10:1;20:0;30:1"

Level attenuation applies to data values 10 to 19 (high) and from
data value 30 onward.

Setting only
See "Select Ramp to Edit" on page 82

{WAVEFORM-Length: #10Q0I1Q1...IxQx...IN-1QN-1...}

(mandatory for waveforms)

The tag contains the actual waveform data or multi-segment waveform data (1/Q

stream).

Use the TYPE tag to define whether the waveform file contains a normal waveform or
a multi-segment waveform.

The following figure shows the principle of multi-segment work mode.

Input Waveforms

Waveform#1

Waveform#2

Waveform#3

Resulting Multi Segment Waveform (“.inf_mswv)

Segment#1 Segment#2 Segment#3

Segment switching
{e.g. “.wvs)
Cutput signal (“wv)



Setting parameters:
Length

IxQx

Example:

Example:

Usage:

Waveform, Data and List Format

Specifies the number of bytes in a WAVEFORM tag and is calcula-
ted as follows:

Length = Number of I/Q pairs * 4 (2 bytes perland2
bytes per Q value) + 1 byte (the length of the #)

IxQx... represents binary data (16-bit signed integer in 2's com-
plement notation) containing the | and Q component alternately
and starting with the | component. Each component consists of 2
bytes in Little endian format representation, i.e least significant
byte (LSB) first.

The values of the 2 bytes in an | component and a Q component
are in the range 0x0 to OXFFFF (-32767 to +32767). This value
is transferred to the D/A converter.

This tag is also used to store multi-segment waveforms. The 1/Q
streams of the individual waveforms are directly concatenated to
one collectively waveform 1/Q stream.

The number of segments and the start offset and length of the
individual segments inside the total waveform I/Q stream is
determined by the additional tags M\WV_SEGMENT_COUNT,
MWV_SEGMENT_START, and MWV_SEGMENT_LENGTH.
Further MWwv_SEGMENT ... tags are also available, for example
for level and clock information.

One segment waveform

{WAVEFORM-401 :#Io,Qo,|1,Q1,|2,Q2,...|991099}

100 1/Q pairs with 4 bytes each are transmitted - none multi-seg-
ment

Multi-segment waveform

{WAVEFORM-1201:
#IO,SegOvQO,SeQOs|1,SegOvQ1,SegOs---|99,SeQOsQ99,SeQOsIO,Seg1vQO,Seg1s|1,Seg1v
C‘)1,Seg1a--- |199,Seg1=Q199,Seg1}

2 segments: segment 0 with 100 1/Q pairs; segment 1 with 200
I/Q pairs. Each 1/Q pair consists of 216 bit = 4 bytes

Setting only

{MWV_SEGMENT_COUNT: NumOfSeg}

(mandatory for multi-segment waveforms)

The tag contains the number of segments in the multi-segment waveform in ASCII inte-

ger format.

Example:

Usage:

{MWV_SEGMENT COUNT: 2}
Multi-segment waveform with 2 segments

Setting only
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{MWV_SEGMENT_LENGTH: SamplesSeg0, SamplesSeg1, ..., SamplesSegN-1}
(mandatory for multi-segment waveforms)

The tag contains a list of I/Q sample lengths for every segment in the multi-segment
waveform in ASCII integer format.

Example: {MWV_SEGMENT LENGTH: 100,200}
2 segments: 100 samples in segment 0 and 200 samples in seg-
ment 1.

Usage: Setting only

{MWV_SEGMENT_START:
SampleStartOffsetSeg0, SampleStartOffsetSeg1, ..., SampleStartOffsetSegN-1}

(mandatory for multi-segment waveforms)

The tag contains a list of I/Q sample start offsets for every segment in the multi-seg-
ment waveform in ASCII integer format.

Example: {MWV_SEGMENT START: 0,100}
2 segments with 100 samples in segment 0 and 200 samples in
segment 1.

The start offset of first segment is 0 samples, start offset of next
segment 1 is the sample length of segment 0 = 100 samples.

Usage: Setting only

{MWV_SEGMENT_CLOCK_MODE: Mode}
(mandatory for multi segment waveforms)

The tag contains a string in ASCII format which supplies the clock rate mode, that was
used for calculation of the multi segment output waveform (see also "Clock"
on page 132).

The tag CLOCK contains always the highest clock rate of all segments. The tag
MWV _SEGMENT CLOCK contains the clock rates of the individual segments.

Setting parameters:

Mode UNCHANGED
The segments may have different clock rates; each segment is
output with the clock rate defined in its waveform file.

HIGHEST
All segments are output at the highest available clock rate.

USER
All segments are output at the clock rate defined by the the user.
Note: Only upsampling is allowed, no downsampling!

Example: {MWV_SEGMENT CLOCK MODE: UNCHANGED}

Usage: Setting only

HE
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{MWV_SEGMENT_CLOCK: ClockSeg0, ClockSeg1, ..., ClockSegN-1}
(mandatory for multi segment waveforms)

The tag contains a list of clock frequencies for every segment in the multi segment
waveform in ASCII floating point format.

Example: {MWV_SEGMENT CLOCK: 100e6,80e6}
2 segments: clock of segment 0 is 100 MHz, clock of segment 1
is 80 MHz.

Note: If the segments have different clock frequencies, there are
some restrictions on signal output, i.e. seamless switching
between segments is only possible, if all segments have the
same clock frequency. Software resampling (upsampling) can
be used to bring all segments to the same clock.

Usage: Setting only

{MWV_SEGMENT_LEVEL_OFFS:
RMSOffs_dBSg0,PeakOffs_dBSg0, ..., RMSOffs_dBSgN-1, PeakOffs_dBSgN-1}

(mandatory for multi segment waveforms)

The tag contains a list of level pairs in ASCII floating point format, one pair for every
segment in the multi segment waveform. The first value of a level pair defines the rms
offset and the second value the peak offset relative to the 16-bit full scale modulation
(-32767; + 32767) = 0 dB. The meaning of one level value pair is the same as in the
LEVEL OFFS tag for normal waveforms.

Example: {MWV_SEGMENT LEVEL OFFS: 3.0,0.0,6.0,0.0}
2 segments: RMS level of segment 0 is 3dB below full scale;
RMS level of segment 1 ist 6dB below full scale.
Peak level of both segments is 0 dB full scale.

Usage: Setting only

{MWV_SEGMENT_FILES:
“FileNameSeg0.wv”, “FileNameSeg1.wv”, ..., “FileNameSegN-1.wv’’}

(optional for multi segment waveforms)

The tag contains a list of file names for every segment in the multi segment waveform
in ASCII format.

Example: {MWV_SEGMENT FILES: “d:\waveforms\sine.wv”, “d:
\waveforms\rect.wv”}

Usage: Setting only

{MWV_SEGMENTx_COMMENT: text}

(optional for multi segment waveforms)

HE
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The tag contains a user comment for a specific segment x = [0...NumOfSeg-1] in the
multi segment waveform in ASCII format.

Example: {MWV_SEGMENT1 FILES: segment 1 contains a QPSK
signal.}
Usage: Setting only

{CONTROL LIST WIDTH4-Length: #m0m1...mx...mM-1}
(optional for waveforms and multi segment waveforms)

The tag contains a binary marker element stream, which will be given out synchro-
nously to the 1/Q sample sequence. One marker element mx consists of 4 bit, which
are assigned to the 4 possible marker lines of the instrument (one bit per marker line).
One 4 bit marker elements is required for every I/Q sample in the WAVEFORM tag.
Hence, the number of marker elements m should be equal to the number of 1/Q sam-
ples. The CONTROL LENGTH tag has to contain the number of all marker elements m.

MSE 7 Byte LSE 1

Marker element my, Marker element M.
{synchronous to I/Q Sample x) (synchronous to I/Q Sample x+1)

Marker &4 | Marker 3 | Marker 2 | Marker 1 | Marker 4 | Marker 3 | Marker 2 | Marker 1

Figure 12-3: Marker element in 4-bit binary format bit order

For standard waveforms the MARKER LIST x tags are a more compact way to define
markers, but in prinziple this CONTROL LIST WIDTH4 format can also be used
instead of the MARKER LIST x tags.

For multi segment waveforms this CONTROL LIST WIDTH4 format is required for
marker definition. The binary marker streams of the individual segments are directly
concatenated (without any gap) to one collectively marker stream.

Setting parameters:

Length Defines the number of bytes in the CONTROL LIST WIDTH4 tag
in ASCIl Format and is calculated as follow:
Length = Size of "#" (1 byte) + Number of marker elements m, *
(4 bit) / (8 bits/byte)
The value is rounded up for byte alignment.

mx Marker element in 4-bit binary format.

Example: {CONTROL LIST WIDTH4-51: #mgmj...m,...Mgg}
100 marker elements, each marker element with 4 bits

Usage: Setting only



12.3.2

Waveform, Data and List Format

How to Define Periodically Repeating Traces

If a marker trace is required that marks for example each frame start, it is sufficient to
define the trace ones and repeat it over the length of a waveform. This is useful if you
describe a long waveform and a periodical marker is required.

The following examples use marker traces; control lists are processed in the same
way.

To define periodical marker trace

The waveform in the example on Figure 12-4 consists of 3 frames, each frame is 100-
samples long. The waveform is processed continuously ("Trigger Mode > Auto").

Frame#1 (100 Samples) | Frame#2 (100 Samples) | Frame#3 (100 Samples) JFrame#_{
i

A

IT_VIARKEF\’ LIST 1: 0:1; 10:0; 299:0 i

I[\/I/-\RKER LIST 2: 0:1; 10:0; 99:0 i

| | L

Figure 12-4: Example: Defining marker traces (CONTROL LENGTH tag is not used)

To define a restart marker and a frame start marker, use the following tags:

1.
2.

The waveform is 300 samples long, i.e. set {SAMPLES: 3003}.

Set two [TRACE] LIST tags:

e For Marker 1 that acts as a restart marker:
{MARKER LIST 1: 0:1; 10:0; 299:0}

e For Marker 2 that marks each frame start:
{MARKER LIST 2: 0:1; 10:0; 99:0}

Do not use the CONTROL LENGTH tag.

The length of the repeated patterns is determined by the last sample number in the
[TRACE] LIST, thatis the last {Pos:State} .
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Example: How the CONTROL LENGTH tag influences the processing of the
traces

For the example on Figure 12-4, use the same marker traces and set the CONTROL
LENGTH tag, e.g. {CONTROL LENGTH: 150}.

Frame#1 (100 Samples) | Frame#2 (100 Samples) | Frame#3 (100 Samples) ‘Frame;:l
A A
|
MARKER LIST 1: 0:1; 10:0; 299:0 : !
| | 'J
MARKER LIST 2: 0:1; 10:0; 99:0 | [
1 |_ B
i-t — — — {CONTROL LENGTH:150}— — — — l-'r-r — — — {CONTROL LENGTH:150}— — — — =

Figure 12-5: Example: Processing of control signals if the CONTROL LENGTH tag is used

The length of all control signals is determined by the CONTROL LENGTH. Observe how
the marker traces are processed. In this example, both marker traces are repeated
each 150 samples.

How to Manually Create a Waveform Using Tag File Format

The provided example uses a sine function in the | channel and a cosine function in the
Q channel, each with 20 points. The example uses a short program written in the pro-
gramming language C to calculate the sine and cosine values (see Example "C-pro-
gram for creating a waveform file" on page 273). They are stored in the file

SICO.txt. The decimal values in SICO. txt are normalized such that they are
between —1.0 and +1.0. The data is converted into binary format. The appropriate man-
datory tags are added and the data is packed into the WAVEFORM tag. As result, the
waveform file STCO.wv is generated.

This example follows the general principle of creating of a waveform manually, using
the tag file format. The Figure 12-6 illustrates this general workflow.
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Figure 12-6: Principle of creating a waveform manually

The following steps outline how to create the waveform file STCO.wv:

1. Calculate the sine and cosine values, e.g. use the STICO. cpp program.

The result is stored in the file SICO. txt.

000000 1.000000
308017 0.851057
.587785 0.809017
.808017 O0.587785
.351057 0.308017

000000 -0.000000
.351057 -0.308017
.808017 -0.587785
.587785 -0.809017
.308017 -0.5951057
-0.000000 -1.000000
-0.308017 -0.551056
-0.587785 -0.808017
-0.808017 -0.587785
-0.351056 -0.3089017

L O e R e I I S e O e Y e Y I o |

-1.000000 O.000000
-0.351056 0.308017
-0.808017 0.587785
-0.587785 0.808017
-0.308017 0.851057

Figure 12-7: Contents of SICO.txt: first column Sine (I), second column Cosine (Q)

2. Convert the values from the file STCO. txt into binary format consisting of 16-bit
signed integer numbers. The numeric range between —1.0 and +1.0 corresponds to
the modulation range of the waveform 16-bit D/A converter of -32767 to +32767.

+1.0-> 32767 -> =Ox7FFF
0.0 -> 0-> = 0x0000

-1.0 > -32767 -> = 0x8001
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The Figure 12-8 shows the calculation and conversion steps. The highlighted col-
umns contain the resulting | and Q values represented in Little endian format.

Sample  deg ‘gt e (Litlmman Qe (Li(tlt(lzu::(?an

n =360%20 ~n| = SNdeg) _=J ’ F:S e S ctomm il || <°=(°0) _=*| ) F? .

=1t@) representation) =12 representation)

0 0 0.000000 0 0000 0000 Ig 1.000000 32767 TFFF FFTF Qg
1 18 0.309017 10126 2T8E BE2T7 0.951057 31163 T79BB BETY
2 36 0.587785 19260 4B3C 3C4B 0.809017 26509 678D 8067
3 54 0.809017 26509 678D 8067 0.587785 19260 4B3C 3C4B
4 72 0.951057 31163 79BB BET9 0.309017 10126 278E BE27
) 90 1.000000 32767 TFFF FFTF 0.000000 0 0000 0000
6 108 0.951057 31163 79BB BETY -0.308017 -10126 D&72 7208
7 126 0.809017 26509 678D 8067 -0.587785 -19260 B4C4 C4B4
g 144 0.587785 19260 4B3C 3C4B -0.808017 -26509 9873 7398
9 162 0.309017 10126 27T8E BE2T7 -0.951057 -31163 8645 4586
10 180 0.000000 0 0000 0000 -1.000000 -32767 8001 0180
11 198 -0.309017 |~ -10126 D72 72D8 -0.951057 -31163 8645 4586
12 216 -0.587785 -19260 B4C4 C4B4 -0.808017 -26509 9873 7398
13 234 -0.809017 = -26509 9873 7398 -0.5877385 -19260 B4C4 C4B4
14 252 -0.951057 = -31163 8645 4586 -0.308017 -10126 D&T2 7208
15 270 -1.000000 -32767 8001 0180 0.000000 0 0000 0000
16 288 -0.951057 @ -31163 8645 4586 0.309017 10126 278E BE27
17 306 -0.809017 |~ -26509 9873 7398 0.587785 19260 4B3C 3C4B
18 324 -0.587785 -19260 B4C4 C4B4 0.809017 26509 678D 8067
19 342 -0.309017 = -10126 Dav2 72D8 0.951057 31163 T9BB BETY

Figure 12-8: I and Q values calculation and conversion

3. Use an ASCII editor which is able to handle binary data. Create and add the follow-
ing mandatory tags before this binary data set can be further processed:
e CLOCK
e LEVEL OFFS

An example of the S1C0O.wv file contents could be:

{TYPE: SMU-WV, 0}{CLOCK: 10e6}{LEVEL OFFS: 3.010300,0.000000}
0000FF7F8E27BB79 ... 72D8BB79

To simplify the example, the checksum is set to 0, i.e. the instrument does not eval-
uate a checksum.

Tip: The tags TYPE, CLOCK, LEVEL OFFS and WAVEFORM are mandatory for each
waveform. All other tags are optional and can be inserted after the TYPE tag in
arbitrary order.

4. Pack the binary data into a WAVEFORM tag with the described structure.

{WAVEFORM-Length: #I0Q0I1Q1I2Q2 ... InQn}
e Calculate the Length
Length = Number of I/Q pairs * 4 + 1 = 20*4 + 1 = 81 bytes
e Place the string {WAVEFORM-81 : # at the beginning of the data set
e Place the symbol } at the end of the data set

The contents of the waveform file STCO.wv for 20 1/Q pairs is now ready for opera-
tion and reads:

{TYPE: SMU-WV,O0}

{CLOCK: 10e6}

{LEVEL OFFS: 3.010300,0.000000}

{WAVEFORM-81:#T10Q0I1Q1...InQOn}

User Manual 1177.5533.02 — 01 272
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Note: There is no readable representation for binary values in this document. This
is why we use the sequence T0Q0T10Q1...InQn to characterize the binary code in

the present example.
The following figure shows this waveform in a data editor.

- SIC0WY X
]

00000000k: 7B 54 59 50 45 34 20 53 4D 55 2D 57 56 2C 30 7D ; {TYPE: 3MU-WV,O0} —
00000010k: 7B 43 4C 4F 43 4B 34 20 31 30 65 36 7D 7B 53 41 ; {CLOCK: 10=6}{Sl
00000020h: 4D 50 4C 45 53 34 20 32 30 7D 7B 4C 45 56 45 4C ; MPLES: 20} {LEVEL
00000030h: 20 4F 46 46 53 34 20 33 2E 30 31 30 33 30 30 2¢ ; OFF3: 3.010300,
00000040h: 30 2E 30 30 30 30 30 307D TBOS7 41 S6 45 46 4F ; 0.000000} { WAVEFO
00000050h: 52 8E 27 BB 79 3C ; RM-81:#..y0Z'»y<
00000060k: 4B 8D 67 8D 67 3C 4B BE 79 SE 27 FF 7F 00 00 BE ; KOgOg<K»yi'§0..»
00000070k: 79 72 D8 8D 67 C4 B4 3C 4B 73 98 SE 27 45 86 00 ; yre@Ogh <Ks"I'Et.
00000080k: 00 O1 50 72 DS 45 86 €4 B4 73 98 73 98 C4 B4 45 ; ..€r@Eth's"s"Ai'E
00000090h: 86 72 DS D1 50 OO0 OO0 45 86 SE 27 73 98 3C 4B C4 ; tro.€..EtZ's"<Ki
000000a0h: B4 8D 67 72 D8 BB 79 7D : "OgE@s»v)

«| | _'lll

Example: C-program for creating a waveform file

C-program SI1CO. cpp for creating the file STCO. txt containing 20 sine and cosine
pairs, converting them into binary data and creating the waveform file ST1CO.wv.

// SICO.cpp

// Defines the entry point for the console application

#include "stdafx.h"
#include <stdlib.h>
#include <stdio.h>
#include <math.h>

int tmain(int argc, TCHAR* argv([])
{
const unsigned int samples = 20;
const float pi = 3.141592654f;

int i;

// SICO.txt
// Creating the file SICO.txt containing 20 sine and cosine pairs
float grad, rad;
FILE *fp;
fp = fopen("SICO.txt", "w");
if (fp == 0)
return;
for (i=0; i<samples; i++)
{
grad = (360.0f / (float)samples) * (float)i;
rad = grad * (pi / 180.0f);
fprintf (fp, "%f %$£f\n", sin(rad), cos(rad));
}
fclose (fp);
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// SICO.wv

// Generating a binary data set from the I/Q pairs in the file SICO.txt

// and storing the result to file SICO.wv
FILE *fp sour, *fp dest;
float i float, g float;
unsigned short i usint, g usint;
fp sour = fopen ("SICO.TXT", "rt");
if (fp_sour == 0)
return -1;
fp dest = fopen ("SICO.WV", "wb");
if (fp dest == 0)
{
fclose (fp_sour) ;
return -1;
}
// Write required tags to waveform file
fprintf (fp dest, "{TYPE: SMU-WV,0}");
fprintf (fp dest, "{CLOCK: 10e6}");
fprintf (fp_dest, "{SAMPLES: %d}", samples);
// RMS, Peak

fprintf (fp _dest, "{LEVEL OFFS: %f,%f}", -1.0f * 20.0f * loglO(1.0f/sqrt(2.0f)),

fprintf (fp dest, "{WAVEFORM-%d:#", (samples * 4) + 1);

for (i=0; i<samples; i++)

{

// Read I1/Q pair from ASCII file
if (fscanf(fp _sour, "%f %f", &i float, &g float) == EOF)
break;

// Convert I/Q pair to unsigned short
i usint = (unsigned short)floor((i float * 32767.0) + 0.5);
g _usint = (unsigned short) floor((g float * 32767.0) + 0.5);
// Write converted I/Q pair to waveform file
fwrite(&i usint, 2, 1, fp dest);
fwrite (&g usint, 2, 1, fp dest);

}

fprintf (fp dest, "}");

fclose (fp dest);

fclose (fp_sour) ;

return 0;

}

12.3.4 How to Create a Control List Using Tag File Format

R&S WinlQSIM2 provides the following ways to create a file containing control signals:

® to use the dedicated "Control Data Editor" and create a file in ASCII format and

with extension * .dm_iqgc, see "To create a control list in ASCII format manually”
on page 86

0.0f);
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® to use the tag-oriented format and create a control list file, see "To create a control
list using tag file format" on page 275

® to use SCPI commands and create a file in binary format, see "To create a control
list in binary format" on page 275

To create a control list using tag file format
To create an ASCII control list file directly, use the provided tag commands.

1. Use a hex data editor and create the mandatory tags:
e TYPE
e [TRACE]LIST

The [TRACE] LIST tag defines the individual markers or control traces in a com-
bined {Pos:State} way within the control list period (CONTROL LENGTH).

2. Use a hex data editor and create the recommended tag CONTROL LENGTH.
This tag defines the periodicity of the total control list

3. Add the required optional tags.
They can be inserted after the TYPE tag in arbitrary order.

An example of the control list file contents could be:
{TYPE:SMU-CL} {COPYRIGHT :Rohde&Schwarz}
{DATE:2012-06-11;15:00:09} {HOP LIST:0:0;498:1;506:0}

{CW MODE LIST:0:0;380:1}{LEVATT LIST 3:0:0;464:1}

{BURST LIST:0:0;122:1;270:0;582:1;924:0}

{MARKER LIST 4:0:0;706:1;764:0}

{MARKER LIST 3:0:0;530:1;633:0}

{MARKER LIST 2:0:0;350:1;457:0}

{MARKER LIST 1:0:0;108:1;160:0}

{CONTROL LENGTH:1000}

The Figure 4-6 shows the representation of the created control list in the "Control
Data Editor".

Compare the displayed ramp values of "Marker 1" and the "Total List Length" with
the values in the corresponding tags.

Note: In the provided example, the tags have been separated by line breaks for
better reading.

See also Example "How to assign and activate control signals from a control list"
on page 276.

To create a control list in binary format

Generation of a control list in binary format is not necessary but possible.

» Use the commands BB:DM:CLISt: ... to generate a control list in binary format
(see Chapter 12.9.2, "DM Lists", on page 340 and the example in [ :
SOURce<hw>] :BB:DM:CLISt : DATA on page 343).

See also Example "How to assign and activate control signals from a control list"
on page 276.
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Example: How to assign and activate control signals from a control list

Note: Irrespective of the way they are created, generated control lists are not automati-
cally used.

We assume, that a control list c1ist.dm igc containing information on marker 2,
burst gate and level attenuation control signals is created and stored in the directory
D:\user\temp\.

The following example shows how to enable R&S WinlQSIM2 to:

® use the control list for a particular marker output, e.g. the "Custom Digital Modula-
tion > Marker 2".

® use the Burst Gate and Level Attenuation control signals as defined in a control list.

MMEM:CDIRectory "/var/user/temp"

SOURcel:BB:DM:CLISt:CATalog?

// Response: clist

SOURcel:BB:DM:CLISt:SELect "clist"

SOURcel:BB:DM:TRIGger:OUTPut2:MODE CLISt

SOURcel :BB:DM: PRAMp: SOURce INTernal

How to Create a Data List Using Tag File Format

R&S WinlQSIM2 provides the following ways to create a data list file:

® to use the dedicated "Data List Editor" and create a file with extension *.dm iqd,
see "To create a data list manually" on page 88.

® t{o use the tag-oriented format and create a data list file, see "To create a data list
using tag file format" on page 276.

® to use SCPI commands and create a file in binary format, see "To create a data list
in binary format" on page 277.

To create a data list using tag file format
To create a data list file directly, use the provided tag commands.

» Use a hex data editor and create the mandatory tags, the TYPE, the {DATA
BITLENGTH} and {DATA LIST-Length}.
Consider the rules of the required tags.

An example of the data list file contents could be:
{TYPE:SMU-DL} {COPYRIGHT :Rohde&Schwarz}
{DATE:201-06-11;15:00:09}

{DATA BITLENGTH: 8}

{DATA LIST-2: #01110101}

Note: In the provided example, the tags have been separated by line breaks for
better reading.

See Figure 4-7 for representation of the created data list in the "Data List Editor".
See also Example "How to assign and activate a data list" on page 277.
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To create a data list in binary format

» Use the commands BB:DM:DLISt: ..., see Chapter 12.9.2, "DM Lists",
on page 340.

MMEM:CDIRectory "/var/user"

// create a new data list file
SOURcel:BB:DM:DLISt:SELect "dl new"

// append data to the data list and query the content
:FORMat ASCii

SOURcel:BB:DM:DLISt:DATA:APPend 0,1,1,1,0,1,0,1
SOURcel:BB:DM:DLISt:DATA?

// Response: 0,1,1,1,0,1,0,1

See also Example "How to assign and activate a data list" on page 277.

Example: How to assign and activate a data list

Note: Irrespectively on the way they are created, generated data lists are not automati-
cally used.

We assume, that a data list d1.dm iqd is created and stored in the directory
D:\user\.

The following example shows how to enable R&S WinlQSIM2 to use this data list as
data source for the custom digital modulation.

MMEM:CDIRectory "/var/user"

SOURcel:BB:DM:DLISt:CATalog?

// Response: dl
SOURcel:BB:DM:DLISt:SELect "dl1"

12.3.6 Editing Waveform Files, Data and Control Lists

You can edit the internally and externally crated waveform files, data and control lists.
The waveform, data and control lists files contain binary and ASCII data.

Consider the following rules while editing files with binary data.

Rules for editing binary data (waveforms, data and control lists)

® Use hex data editor
Always use a hex data editor to edit files containing binary data.
Editing of binary data file with a text editor, even if you only change the ASCII part
of the file, corrupts the file.

® Adapt the length information in the {EMPTYTAG}
If you change the content of a waveform file, change also the
{EMPTYTAG-Length} value.
For example, if you add a tag or add bytes to an existing tag, reduce the length
information by the number of newly introduced bytes.
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12.4 MMEMory Subsystem

The MMEMory subsystem (Mass Memory) contains the commands for managing files
and directories as well as for loading and storing complete instrument settings in files.

The various drives can be selected using the "mass storage unit specifier " <msus>.
The internal hard disk is selected with D: \, and a memory stick which is inserted at the
USB interface is selected with £: \. The resources of a network can also be selected
with <msus> in the syntax of the respective network, for example using the UNC for-
mat (Universal Naming Convention): \\server\share.

The default drive is determined using the command MMEMory :MSTS <msus>.

The C: drive is a protected system drive. This drive should not be accessed. Recon-
struction of the system partition will not be possible without loss of data.

Use the command : SYSTem:MMEMory: PATH: USER? to query the path of the direc-
tory for user-defined data.

O @

12.4.1 File Naming Conventions

To enable files in different file systems to be used, the following file naming conven-
tions should be observed.

The file name can be of any length and no distinction is made between uppercase and
lowercase letters.

The file and the optional file extension are separated by a dot. All letters and numbers
are permitted (numbers are, however, not permitted at the beginning of the file name).
If possible, special characters should not be used. The use of the slashes "\" and "/"
should be avoided since they are used in file paths. A number of names are reserved
for the operating system, e.g. CLOCKS, CON, AUX, COM1...COM4, LPT1...LPT3, NUL
and PRN.

In the R&S WinlQSIM2 all files in which lists and settings are stored are given a char-
acteristic extension. The extension is separated from the actual file name by a dot (see
Chapter A.2, "Extensions for User Files", on page 419 for an overview of the file
types).

The two characters "*" and "?" function as "wildcards", meaning they are used for
selecting several files. The "?" character represents exactly one character, while the "*"
character represents all characters up to the end of the file name. "*.*" therefore stands
for all files in a directory.

nin

When used in conjunction with the commands, the parameter <file name> is speci-
fied as a string parameter with quotation marks. It can contain either the complete path
including the drive, only the path and the file name, or only the file name. The file name
must include the file extension. The same applies for the parameters

<directory name>and <path>.
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Depending on how much information is provided, either the values specified in the
parameter or the values specified with the commands MMEM: MSIS (default drive) and
MMEM: CDIR (default directory) are used for the path and the drive settings in the com-
mands.

Before the instrument settings can be stored in a file, they have to be stored in an inter-
mediate memory using common command *SAV <number>. The specified number is
subsequently used in the : MMEMory: STORe : STATe on page 286 command. Also,
subsequently to loading a file with instrument settings with command : MMEMory :
LOAD:STATe on page 284, these settings have to be activated with the common com-
mand *RCL <number>.

Examples

In these examples, the current instrument setting is stored in the file test1.savrcl in
the directory D: \user\.

Storing and Loading Current Settings

1. Store the current setting in an intermediate memory with the number 4. This setting
can be called using command *RCL and the associated number of the memory, for
example *RCL 4.

*SAV 4

2. To store the settings in a file in a specific directory, specify the complete path.
MMEM:STOR:STAT 4, "D:\user\test.savrcl"

3. To store the settings in a file in the default drive, set the default drive and specify
only the file name.
MMEM:MSIS 'D:\user\'*SAV 4
MMEM:STOR:STAT 4, "test.savrcl"

4. Load the file test.savrcl in the user directory.
MMEM:LOAD:STAT 4, 'D:\user\test.savrcl'

5. Activate the instrument setting of the file test.savrcl.
*RCL 4

Working with Files and Directories

1. Read out all files in the specified directory.
MMEM:CAT? 'E:\user'

Response: 127145265,175325184, "test, DIR,0", "temp, DIR, 0",
"readme.txt,ASC,1324","state.savrcl, STAT,5327",
"waveform.wv,BIN, 2342"

the directory E: \user contains the subdirectories test and temp as well as the
files readme. txt, state.savrcl and waveform.wv which have different file
types.

Tip: To query only the subdirectories of the current or specified directory, perform:
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MMEM:DCAT? 'E:\user'
Response: "test', 'temp'

To query only the number of subdirectories in the current or specified directory,
perform:

MMEM:DCAT:LENG? 'E:\user'
Response: 2

2. To query the number of files in the current or specified directory, perform:
MMEM:CAT:LENG? 'E:\user'

Response: 3

3. Create a new subdirectory for mass memory storage in the specified directory.
MMEM:MDIR 'E:\new'

4. Copy the file state to a new file.
MMEM:COPY 'D:\user\state.savrcl', 'E:\new'

5. Rename the file state.
MMEM:MOVE 'state.savrcl', 'state new.savrcl'

6. Remove the test directory.
MMEM:RDIR 'E:\test'

12.4.3 Remote Control Commands
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:MMEMory:CATalog? <path>

Returns the content of a particular directory.



Query parameters:
<path>

Return values:
<UsedDiskSpace>

<FreeDiskSpace>

<Filelnfo>

Example:
Usage:

Manual operation:

MMEMory Subsystem

string

String parameter to specify the directory.

If you leave out the path, the command returns the contents of
the directory selected with : MMEMory :CDIRectory.

The path may be relative or absolute.

Byte size of all files in the directory.
Remaining disk space in bytes.

<NameFileN>,<SuffixFileN> <SizeFileN>
List of files, separated by commas

<NameFileN>
Name of the file.

<SuffixFileN>
Type of the file. Possible suffixes are: ASCii, BINary, DIRectory

<SizeFileN>
Size of the file in bytes.

See "Working with Files and Directories" on page 279.
Query only

See "Directory, File List and File Name" on page 211

:MMEMory:CATalog:LENGth? <Path>

Returns the number of files in the current or in the specified directory.

Query parameters:
<Path>

Return values:
<FileCount>

Example:

Usage:

string

String parameter to specify the directory. If the directory is omit-
ted, the command queries the content of the current directory,
queried with :MMEMory: CDIRectory command.

integer
Number of files.

See "Working with Files and Directories" on page 279.

Query only

:MMEMory:CDIRectory <Directory>

Changes the default directory for mass memory storage. The directory is used for all
subsequent MMEM commands if no path is specified with them.
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Parameters:

<Directory> <directory_name>
String containing the path to another directory. The path can be
relative or absolute.
To change to a higher directory, use two dots ".." .

Example: See "Working with Files and Directories" on page 279.

Usage: SCPI confirmed

Manual operation: See "Directory, File List and File Name" on page 211

:MMEMory:COPY <SourceFile>[,<DestinationFile>]

Copies an existing file to a new file. Instead of just a file, this command can also be
used to copy a complete directory together with all its files.

Setting parameters:
<SourceFile> string

String containing the path and file name of the source file

<DestinationFile> string
String containing the path and name of the target file. The path
can be relative or absolute.
If <DestinationFile> is not specified, the <SourceFile> is
copied to the current directory, queried with the : MMEMory :
CDIRectory command.
Note: Existing files with the same name in the destination direc-
tory are overwritten without an error message.

Example: See "Working with Files and Directories" on page 279.

Usage: Setting only
SCPI confirmed

Manual operation: See "Cut, Copy&Paste and Delete" on page 219

:MMEMory:DATA <Filename>, <BinaryBlock>
:MMEMory:DATA? <Filename>

The setting command writes the block data <BinaryBlock> to the file identified by
<Filename>.

Set the GPIB-bus terminator to EOT to ensure correct data transfer.

The query command transfers the specified file from the instrument to the GPIB-bus
and then on to the controller. It is important to ensure that the intermediate memory on
the controller is large enough to take the file. The setting for the GPIB-bus terminator is
irrelevant.

Tip: Use this command to read/transfer stored instrument settings or waveforms
directly from/to the instrument.
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Parameters:

<BinaryBlock> #<number><length_entry><data>
#: Hash sign; always comes first in the binary block
<number>: the first digit indicates how many digits the subse-
quent length entry has
<length entry>:indicates the number of subsequent bytes
<data>: binary block data for the specified length.
For files with a size with more than nine digits (gigabytes), the
instrument allows the syntax # (<Length>), where <Length>
is the file size in decimal format.

Parameters for setting and query:
<Filename> string

String parameter to specify the name of the file.

Example: MMEMory:DATA 'D:\user\test.txt',#15hallo
Writes the block data to the file test. txt.
The digit 1 indicates a length entry of one digit; the digit 5 indi-
cate a length of the binary data (hallo) in bytes.
MMEMory:DATA? 'D:\user\test.txt'
Sends the data of the file test. txt from the instrument to the

controller in the form of a binary block.
Response: #15hallo

Usage: SCPI confirmed

:MMEMory:DCATalog? <path>
Returns the subdirectories of a particular directory.

Query parameters:

<path> String parameter to specify the directory. If the directory is omit-
ted, the command queries the content of the current directory,
queried with :MMEMory : CDIRectory command.

Return values:
<Catalog> <file_entry>

Names of the subdirectories separated by colons. The first two
strings are related to the parent directory.

Example: See "Working with Files and Directories" on page 279.

Usage: Query only

:MMEMory:DCATalog:LENGth? [<Path>]
Returns the number of subdirectories in the current or specified directory.

Query parameters:

<Path> String parameter to specify the directory. If the directory is omit-
ted, the command queries the contents of the current directory,
to be queried with : MMEMory : CDIRectory command.
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Return values:
<DirectoryCount> integer

Number of parent and subdirectories.
Example: See "Working with Files and Directories" on page 279.

Usage: Query only

:MMEMory:DELete <Filename>
Removes a file from the specified directory.

Setting parameters:

<Filename> string
String parameter to specify the name and directory of the file to
be removed.

Example: See "Working with Files and Directories" on page 279.

Usage: Event

SCPI confirmed

Manual operation: See "Cut, Copy&Paste and Delete" on page 219

:MEMory:HFRee?
Returns the used and available memory in Kb.

Return values:
<TotalPhysMemKb> integer

Total physical memory.

<ApplicMemKb> integer
Application memory.

<HeapUsedKb> integer
Used heap memory.

<HeapAuvailableKb> integer
Available heap memory.

Usage: Query only

:MMEMory:LOAD:STATe <SavRcIStateNumb>, <file_name>
Loads the specified file stored under the specified name in an internal memory.

After the file has been loaded, the instrument setting must be activated using an *RCL
command.

Setting parameters:
<SavRclIStateNumb> Determines to the specific <number> to be used with the *RCL
command, e.g. *RCL 4.
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<file_name> String parameter to specify the file name with extension
*.savrcl.

Example: See "Storing and Loading Current Settings" on page 279.
Usage: Setting only

Manual operation: See "Recall" on page 212

:MMEMory:MDIRectory <Directory>

Creates a subdirectory for mass memory storage in the specified directory. If no direc-
tory is specified, a subdirectory is created in the default directory. This command can
also be used to create a directory tree.

Setting parameters:
<Directory> string

String parameter to specify the new directory.
Example: See "Working with Files and Directories" on page 279.
Usage: Event

Manual operation: See "Create New Directory" on page 219

:MMEMory:MOVE <SourceFile>, <DestinationFile>

Moves an existing file to a new location or, if no path is specified, renames an existing
file.

Setting parameters:
<SourceFile> string

String parameter to specify the name of the file to be moved.

<DestinationFile> string
String parameters to specify the name of the new file.

Example: See "Working with Files and Directories" on page 279.

Usage: Event
SCPI confirmed

Manual operation: See "Rename " on page 219

:MMEMory:MSIS <Msis>

Defines the drive or network resource (in the case of networks) for instruments with
windows operating system, using msis (MSIS = Mass Storage Identification String).

This setting applies to all MMEMory commands that do not explicitly specify the drive.

Parameters:
<Msis> string

*RST: D:\
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Example: See "Storing and Loading Current Settings" on page 279.
Usage: SCPI confirmed

:MMEMory:RDIRectory <Directory>

Removes an existing directory from the mass memory storage system. If no directory
is specified, the subdirectory with the specified name is deleted in the default directory.

Setting parameters:
<Directory> string

String parameter to specify the directory to be deleted.
Example: See "Working with Files and Directories" on page 279.

Usage: Event

:MMEMory:STORe:STATe <savrcl_state_nr>, <file_name>
Stores the current instrument setting in the specified file.

The instrument setting must first be stored in an internal memory with the same num-
ber using the common command *sSAv.

Setting parameters:
<savrcl_state nr> Corresponds to the specific <number> defined with the *sav
command, e.g. *SAV 4.

<file_name> String parameter to specify the file name with extension
*.savrcl.

Example: See "Storing and Loading Current Settings" on page 279.

Usage: Event

Manual operation: See "Save" on page 212

:SYSTem:MMEMory:PATH:USER?
Queries the user directory, that means the directory the instrument stores user files on.

Return values:
<PathUser> string

Example: SYSTem:MMEMory: PATH: USER?
Response: "D:\user\

Usage: Query only
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12.5 Transmission Commands

This chapter contains the remote control commands to set waveform generation,
instrument configuration and transmission of the file containing the waveform.

:GENerate:WAVEeform:DURALON?.......ceu e et e et e et e et e e etee e e e e e e e e e e eeaneaes 287
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:GENerate:WAVETOIM:ISAMPIES?......cvvvviiriiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeessrstab e aeeeeeaaens 288
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AINSTrUMENTS:GPIB:ADDRESS. .....ueiiiieeieie e et e et e e e et e e et e e et e e e e e e e etaeeeesnneeeannaaeees 288
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B I R AN Y0 T oS AN IR 293

:GENerate:WAVeform:DURation?

Queries the signal duration in seconds of the available samples within the generated
waveform file. The value of this parameter is evaluated by parameter
GENerate:WAVeform:SAMPles.

Return values:
<Duration> float

Example: GEN:WAV:DUR?
queries the signal duration in seconds.

Usage: Query only

Manual operation: See "Total Signal Duration" on page 173

:GENerate:WAVeform:0SAMpling?

Queries the baseband oversampling factor. The value is determined by the content of
the generated waveform file. To adjust the oversampling rate, the corresponding
parameters defined within the standards must be used, e.g.
SOUR:BB:WLAN:FILT:OSAM.
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Return values:
<Osampling> float

Example: GEN:WAV:0SAM?
queries the oversampling factor.

Usage: Query only

Manual operation: See "Oversampling Factor" on page 173

:GENerate:WAVeform:SAMPles?

Queries the number of available samples within the generated waveform file. It equals
to the | and respectively Q sample sequence length and is calculated as follow:

Number of Samples = Number of symbols * Oversampling factor

Return values:
<Samples> float

Example: GEN:WAV:SAMP?
queries the number of available samples.

Usage: Query only

Manual operation: See "Sample Rate (fc)" on page 173

:GENerate:WAVeform:SRATe?
Queries the sample rate in [Hz], where
Sampling Rate = Number of symbols * Oversampling factor.

Return values:
<Srate> float

Example: GEN:WAV:SRAT?
queries the sample rate.

Usage: Query only

Manual operation: See "Sample Rate (fc)" on page 173

:INSTruments:GPIB:ADDRess <Address>

Defines the GPIB addresses of the instruments in the device list.

Parameters:

<Address> <Address#1>,<Address#2>,...
Range: 1 to 30

Example: INST:GPIB:ADDR 8,9,10

sets the GPIB addresses of the first three devices in the list.
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:INSTruments:NAME <Name>

Defines the symbolic name of the instruments in the device list.

Parameters:
<Name> <SymbName#1>,<SymbName#2>,...
Example: INST:NAME 'MYAFQ', '"MYOTHERAFQ', 'MYSMU'

Defines the symbolic name of the instruments in the device list.

:INSTruments:REMote:CHANnNel <Channel>

Defines the remote channels of the instruments in the device list.

Parameters:

<Channel> <Channel#1> ,<Channel#2>,...
List of the remote channel (LAN | GPIB | USB) used by the indi-
vidual instruments

Example: INST:REM:CHAN USB, LAN, GPIB, LAN

Sets the hardware channels of the first four devices in the list.

:INSTruments:REMote:NAME <Name>

Defines the instrument (device) names of the instruments in the device list. The instru-
ment name of an instrument is used to access the instrument over the network.

Parameters:
<Name> <InstrName#1> <InstrName#2>, ...
Example: INST:REM:NAME 'RSAFQ100A1000001"',

'RSAFQ100A1000002", "RSSMU200A1000025"
defines the network names of the three devices in the list.

:INSTruments:SCAN <Scan>

Triggers a scan function to search for instruments connected via one of the possible
interfaces, LAN, GPIB or USB.

Parameters:

<Scan> 0]1|OFF|ON

Example: INST:SCAN ON
starts a scan.
INST:SCAN?

Response: 1

the scan process is still running

Response: 0

the scan process is completed and the list of available instru-
ments can be queried (INST: NAME?)

Manual operation: See "Scan" on page 189
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:INSTruments:SELect:ARB <Arb>

Selects one of the instruments available in the network as an ARB instrument

Parameters:
<Arb>

Example:

float

Range: 0 (=undefined) to Number of defined devices
Increment: 1

*RST: 0

INST:SCAN ON

starts a scan of the network

INST:SCAN?

Queries whether the scan process is still running
Response: 0

the scan process is completed, i.e. the list of available instru-
ments can be queried

INST:NAME?

Queries the list of the available instruments

Response: "AFQ100AB10","SMUB10O"

INST:SEL:ARB 2

Selects the second instrument in the list (in this case the instru-
ment with name SMUB10) as an ARB instrument.
INST:SEL:ARB 0

Selects an “Undefined” instrument

:INSTruments:SELect:VECTor <Vector>

Selects one of the instruments available in the network as a vector signal generator.

Parameters:
<Vector>

float

Range: 0 (=undefined) to Number of defined devices
Increment: 1

*RST: 0
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Example: INST:SCAN ON
starts a scan of the network
INST:SCAN?
Queries whether the scan process is still running
Response: 0
the scan process is completed, i.e. the list of available instru-
ments can be queried
INST : NAME?
Queries the list of the available instruments
Response: "SMW200A"™,"SMBV100A",AFQ100AB1O0",
"SMUB10"
INST:SEL:VECT 2
Selects the second instrument in the list (in this case the instru-
ment with name SMUB10) as an ARB instrument.
INST:SEL:VECT O
Selects an “Undefined” instrument

!INSTruments:TYPE <Type>

Defines the instrument type in the device list, e.g., R&S AFQ, R&S SMU, R&S AMU,
etc.

Parameters:

<Type> AFQB10 | AFQB11 | SMUB9 | SMUB10 | SMUB11 | SMJB9 |
SMJB10 | SMJB11 | SMJB50 | SMJB51 | SMATEB9 |
SMATEB10 | SMATEB11 | AMUB9 | AMUB10 | AMUB11 |
CMW | AFQ100BB12 | AFQ100BB11 | SMBVB10 | SMBVB50 |
SMBVB51 | SMBVB10B55 | SMBVB50B55 | SMBVB51B55

Example: INST:TYPE AFQB10,AMUB11,SMUB10
defines the device type of one of the three devices in the list.

:INSTruments:USB:SERial <Serial>

Defines the serial numbers of the instruments in the device list. The serial number of
an instrument is required to access it over USB.

Parameters:
<Serial> <SerialNumb#1>,<SerialNumb#2>, ...
Example: INST:USB:Serial 100001,100002,100025

defines the USB serial number of the three devices in the list.

:TRANsmit:AUTO:PATH <Path>

Defines on which path of the instrument the signal is to be generated, if a transmitted
waveform file shall be automatically loaded and started on the instrument.

Parameters:
<Path> AlB
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Example: TRAN:AUTO:PATH A
defines the generation path of the signal.

:TRANsmit:AUTO[:STATe] <State>

Defines whether the transmitted waveform file should be automatically loaded and star-
ted on the instrument after the waveform file has been transmitted.

Parameters:
<State> 0]1|OFF|ON
Example: TRAN:AUTO:STATe On

defines the automatically loading of the waveform.

:TRANsmit: COMMent <Comment>

Specifies a comment which will be written into the header of generated waveform file.

Parameters:
<Comment> string
Example: TRAN:COMM 'This is a comment'

sets a comment.

:TRANsmit:DESTination <Destination>

Defines the transmission destination of the waveform file. There are two options: The
Instrument (arbitrary signal generator) or a file on a local drive.

Parameters:
<Destination> INSTrument | FILE
Example: TRAN:DEST INST

sets the transmission destination to the instrument.

:TRANsmit:DESTination:IFILe <lIfile>

Defines the name of the waveform destination file on the instrument, if INSTrument is
selected as the transmit destination.

Parameters:
<lIfile> string
Example: TRAN:DEST INST

sets the transmission destination to the instrument.
TRAN:DEST:IFIL 'D:\3GPP.WV'
sets the name of the destination file on the instrument.
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:TRANsmit:DESTination:LFILe <Lfile>

Defines the name of the waveform destination file on a local hard disc (file copy), if
FILE is the selected transmit destination.

Parameters:
<Lfile> string
Example: TRAN:DEST FILE

sets the transmission destination to file.
TRAN:DEST:LFIL 'c:\temp\3gpp.wv'

sets the destination of the waveform file to the local PC hard
disc.

:TRANsmit:SOURce <Source>

Defines the source of the waveform to be transmitted. The waveform file can be gener-
ated internally or generated internally and stored locally.

Parameters:
<Source> INTernal | FILE
Example: TRAN:SOUR INT

Sets the generation of the waveform file to internal. The wave-
form is not stored.

:TRANsmit:SOURce:LFILe <Lfile>

Defines the name of a source file, that is stored locally and is to be transmitted

Parameters:
<Lfile> string
Example: TRAN:SOUR:LFIL 'c:\temp\3gpp.wv'

sets the name of a source file.

:TRANsmit:STATe <State>

Starts/stops a transmission. The query informs about the current state of a transmis-
sion.

Parameters:
<State> 0]1|OFF|ON
Example: TRAN:STAT ON

starts a transmission.

SOURce:AWGN Subsystem

The SOURce : AWGN subsystem contains the commands for setting the noise generator.
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These commands require option R&S WinlQSIM2-K262 (Additive White Gaussian

Noise).

[:SOURCE<hW>]:AWGN:BRAT €. ..ttt ettt e e e e e e e e e 294
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[:SOURCE<hWS:AWGN:ICNRALO. .. .cceveriieeeieeiieeeeeeeeetie e e e e eeetee e e e e eeae e e e e eeebaaeeeeeersrannns 296
[:SOURCE<hW>]:AWGN:ENRALIO...cctuueieeieiiieiieeeeeieee s e e e ettt e e e e e eaaee e e e e e eea e e e e eeeennneeeaeees 296
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[:SOURCce<hw>]:AWGN:POWErNOISE:TOTaI?....cciieeeerieieeeeeiiiie e eeseeeieaeeeeeeanne s e e e eeeannanes 299
[:SOURCe<hW>]:AWGN:POWEISUM?... .ottt ettt et e e e e e e 299
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[:SOURce<hw>]:AWGN:BRATe <BRate>

Sets the bit rate which is used for calculation of bit energy to noise power ratio from
carrier/noise ratio for Digital Standard signals.

Valid units are bps, kbps and mabps as well as b/s, kb/s and mab/s.

Parameters:

<BRate> float
Range: 400 bps to 250E6 bps
Increment: 0.001
*RST: 100000

Example: SOURcel : AWGN : BRATe?

queries the bit rate which is used for calculation of the Eb/NO
value from the C/N value.

Manual operation: See "Bit Rate" on page 157

[:SOURce<hw>]:AWGN:BWIDth <BWidth>

Sets the system bandwidth. The noise signal at the level which corresponds to the
specified carrier/noise ratio is generated in the bandwidth specified here.

This command is available for modes Additive Noise and Noise Only (SOUR: AWGN :
MODE ADD]|ONLY).
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Parameters:

<BWidth> float
Range: 1.0E3 to 100.0E6
Increment: 0.1E3
*RST: 3.84E6

Example: SOURce : AWGN : MODE ADD

SOURce:AWGN:BWIDth 10 MHz
sets a system bandwidth of 10 MHz.

Manual operation: See "System Bandwidth" on page 154

[:SOURce<hw>]:AWGN:BWIDth:NOISe?

This command is available for modes In Additive Noise and Noise Only (SOUR : AWGN :
MODE ADD|ONLY) modes, queries the real noise bandwidth.

Return values:
<Noise> float
Range: 0 to 200E6
Increment: 100
*RST: 0
Example: AWGN:BWID:NOIS?
queries the noise bandwidth.

Usage: Query only

Manual operation: See "Noise Bandwidth" on page 155

[:SOURce<hw>]:AWGN:BWIDth:RATio <Ratio>

In Additive Noise and Noise Only (SOUR: AWGN :MODE ADD|ONLY) modes, sets the
ratio of minimum real noise bandwidth to system bandwidth.

The overall bandwidth is calculated as follows and may not exceed the total bandwidth
specified in the data sheet:

The value range of this parameter is automatically adjusted depending on the selected
instrument. The maximum ratio minimum noise bandwidth to system bandwidth is
determinate by the max sample clock of the selected instrument and is calculated so
that the overall bandwidth, i.e. "System BW" x "Minimum Noise"/"System BW Ratio"
has to be less or equal to the sampling rate of the selected instrument.

Parameters:

<Ratio> float
Range: 1 to Max
Increment: 0.1
*RST: 1

Example: AWGN:BWID:RAT 2

sets a minimum noise/system bandwidth ratio of 2.

Manual operation: See "Min. Noise/System Bandwidth Ratio" on page 155
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[:SOURce<hw>]:AWGN:CNRatio <CnRatio>

In Additive Noise and CW Interferer (SOUR: AWGN : MODE ADD | CW) mode, sets the car-
rier/interferer ratio. The value range depends on the selected AWGN mode.

Parameters:
<CnRatio> float
Range: -50 to 40
Increment: 0.01
*RST: 0
Default unit: dB
Example: AWGN:CNR 10

sets a carrier/noise ratio of 10 dB.

Manual operation: See "Carrier/Noise Ratio, Carrier/Interferer Ratio" on page 157

[:SOURce<hw>]:AWGN:ENRatio <EnRatio>
In Additive Noise mode, sets the ratio of bit energy to noise power density.

For Digital Standard signals, the bit rate used for calculation of E,/N, value from C/N
value is defined with command SOUR : AWGN : BRAT .

Parameters:
<EnRatio> float
Range: -50 to depends on hardware
Increment: 0.01
*RST: 15.84
Default unit: dB
Example: AWGN:ENR 10

sets a ratio of bit energy to noise power density of 10 dB

Manual operation: See "E,/N," on page 157

[:SOURce<hw>]:AWGN:FREQuency:RESult?
In CW inerferer mode, queries the actual frequency of the sine.

The resulting "CW Frequency Offset" is the correction of the desired value based on
generating an integer multiple of periods out of the output sequence length.

Return values:

<Result> float
Range: -40E6 to 40E6
Increment: 0.01
*RST: 0

Example: AWGN:FREQ:RES?

queries the actual frequency of the interfering sine

Usage: Query only
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Manual operation: See "Resulting CW Frequency Offset" on page 155

[:SOURce<hw>]:AWGN:FREQuency:TARGet <Target>
Sets the desired frequency of the sine in AWGN : MODE CW mode.

The range of this parameter is limited to + (Symbol Rate + Sample Rate)/4

Parameters:

<Target> float
Range: -40E6 to 40E6
Increment: 0.01
*RST: 0

Example: AWGN:FREQ:TARG 2kHz

sets a frequency of 2 kHz for the interfering sine.

Manual operation: See "Target CW Frequency Offset" on page 155

[:SOURce<hw>]:AWGN:MODE <Mode>

Selects the mode for generating the interfering signal.

Parameters:

<Mode> ONLY | ADD | CW
ADD
The AWGN noise signal is added to the baseband signal.
ONLY
The pure AWGN noise signal is modulated to the carrier. The
connection to the baseband is interrupted.
Cw
The sine interfering signal is added to the baseband signal.
*RST: ADD

Example: SOURce : AWGN :MODE ONLY

SOURce:AWGN: STATe ON
selects the generation of a pure noise and activates it

Manual operation: See "Mode" on page 154

[:SOURce<hw>]:AWGN:POWer:CARRier <Carrier>
available for Additive Noise and CW Interferer (SOUR : AWGN : MODE ADD | CW) modes

Parameters:
<Carrier> float

Increment: 0.01
*RST: 0
Default unit: dBm
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Example: AWGN: POW: CARR?
queries the carrier power

Manual operation: See "Carrier Power" on page 157

[:SOURce<hw>]:AWGN:POWer:MODE <Mode>

In Additive Noise (SOUR: AWGN : MODE ADD) mode, selects the mode for setting the
noise power.

Parameters:
<Mode> CN|SN|EN
CN|SN
The noise power is set on the basis of the value entered for the
carrier/noise or signal/noise ratio
(SOURce : AWGN : CNRatio | SNRatio).

EN
The noise power is set on the basis of the value entered for the
ratio of bit energy to noise power density (AWGN : ENR).

*RST: CNJSN
Example: SOUR : AWGN : POW: MODE CN

the noise power is set on the basis of the value entered for the
carrier/noise ratio (AWGN : CNR).

Manual operation: See "Set Noise Power Via" on page 156

[:SOURce<hw>]:AWGN:POWer:NOISe <Noise>

Sets or queries the noise power in the system bandwidth depending on the selected
mode:
® SOUR:AWGN:MODE ADD|CW

Queries the noise/interferer power which is derived from the entered S/N value.

® "Noise Only" mode
The command sets the noise power.

Parameters:
<Noise> float
Increment: 0.01
Default unit: dBm
Example: SOURce : AWGN: POWer :NOISe?

queries the noise power in the system bandwidth.
Response: 10
the noise power in the system bandwidth is 10 dBm.

Manual operation: See "Noise Power (System Bandwidth) / Interferer Power"
on page 157
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[:SOURce<hw>]:AWGN:POWer:NOISe:TOTal?

In Additive Noise and CW Interferer (SOUR: AWGN : MODE ADD | CW) modes, queries the
noise power in the total bandwidth.

Return values:

<Total> float
Range: -145 to 20
Increment: 0.01
*RST: -30
Example: SOURce : AWGN: POWer :NOISe:TOTal?

queries the noise power in the total bandwidth.
Response: 15
the noise power in the total bandwidth is 15 dBm.

Usage: Query only

Manual operation: See "Noise Power (Total Bandwidth)" on page 158

[:SOURce<hw>]:AWGN:POWer:SUM?

In Additive Noise and CW Interferer (SOUR : AWGN : MODE ADD | CW) modes, queries the
overall power of the noise signal plus useful signal.

Return values:

<Sum> float
Range: -145 to 20
Increment: 0.01
*RST: 0

Example: SOURce : AWGN : POWer : SUM?

queries the overall power of the noise signal plus useful signal.
Usage: Query only

Manual operation: See "Carrier + Noise Power, Carrier + Interferer Power"
on page 158

[:SOURce<hw>]:AWGN:POWer:SUM:PEP?

In Additive Noise and CW Interferer (SOUR : AWGN : MODE ADD | CW) modes, queries the
peak envelope power of the overall signal comprised of noise signal plus useful signal.

Return values:

<Pep> float
Range: -145 to 20
Increment: 0.01
*RST: 0

Example: SOURce : AWGN : POWer : SUM: PEP?

queries the peak envelope power of the overall signal.
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Usage: Query only

Manual operation: See "Carrier+Noise PEP, Carrier + Interferer PEP" on page 158

[:SOURce<hw>]:AWGN:SLENgth <SLength>

In mode Noise Only (SOUR: AWGN : MODE ONLY), sets the sequence length of the signal
in samples.

The sequence length depends on the configured instrument. If the configured instru-
ment is changed, the value range of this parameter is changed as well.

Parameters:

<SLength> integer
Range: 128 to 1073741824
*RST: 20480

Example: AWGN:MODE ONLY

activates the generation of a pure noise.
AWGN:STAT ON

switches on the generation of a pure noise.
AWGN:SLEN 1024

sets the sequence legth.

Manual operation: See "Sequence Length" on page 154

[:SOURce<hw>]:AWGN:SRATe <SRate>

This command sets the bit rate which is used for calculation of bit energy to noise
power ratio from carrier/noise ratio for Digital Standard signals. For Custom Digital Mod
signals, the bit rate which is used for calculation can be queried with this command.

Parameters:
<SRate> float

Range: 400 to 250E6 bps

Increment: 0.001

*RST: 40E6

Default unit: Valid units are bps, kbps and Mbps.
Example: AWGN:BRAT?

queries the bit rate which is used for calculation of the Eb/NO
value from the C/N value.

Manual operation: See "Sample Rate" on page 154

[:SOURce<hw>]:AWGN:STATe <State>
Activates or deactivates the white noise (AWGN = Averaged White Gaussian Noise).

Use the command [ : SOURce<hw>] : AWGN : MODE to define the mode the AWGN gen-
erator is working in.
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Parameters:
<State> 0]1|OFF|ON
*RST: 0
Example: SOURce : AWGN: STATe ON

Manual operation: See "State" on page 154

SOURce:BB:ARB:MCAR Subsystem

The MCARrrier subsystem contains the commands for setting the Multi Carrier Wave-
form Generator.

CARRier<ch>

The numerical suffix under CARRier distinguish between the carriers. The value range
is0..31.

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier:COUNL..........ccoiiiiiiiiiee e, 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIer:MODE..........c.cccittiiiiiiiiieiieeeeeeeeeees 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIEr:SPACING. .. .uueeeiereeeeeeeieeceenieneeeeeeaaeeeeens 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIier<ch>:CONFICt?.......ccceeeiereeeerereeneeeieeeens 303
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIer<ch>:DELaY.........c.ccceeeeeeeeeerereeeeeeeeennnns 303
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIer<ch>:FILE............ccccuvrueiieereeriiieeeeeennnnnn. 304
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:FREQUENCY.............cceeeeerrerrreennnns 304
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIer<ch>:PHASE.......ccccceieieeeeiiaiaaaeieieeeeeeees 304
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:POWer.........c.ccccceeiiieiiiiiiiinieenns 305
[:SOURce<hw>]:BB:ARBitrary:MCARrier:POWer:REFErence. .........cccccveeeeeeeesieecnnvenneeenenns 305
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIer<ch>:STATE...........ceevrrrereerrrrrrnrnrnnnnns 305
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CFACIONMODE..........uceeiieieieieeeeeeeeeeeeeeeeeeeeeeenens 305
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPPING:CFACOr.......uceiieieeeieieeeeeeeeice e e eeeinnnns 306
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPPIng:CUTOff.........uuuueiiiaieae e 306
[:SOURce<hw>]:BB:ARBitrary:MCARTrier:CLIPPING[:STATE].....iieeuiiieeiie e e 307
[:SOURce<hw>]:BB:ARBItrary:MCARIEr:CLOAM. ......uuuueueuaaaaaaaeeeeeeeeeaeeeeeeeeeeeeeeeeeeenennannnns 307
[:SOURce<hw>]:BB:ARBItrary:MCARHEr:CLOCK?........cccceeeeeeeeeeeeeerernrnrnnieseneeeseseeeeaaeens 308
[:SOURce<hw>]:BB:ARBitrary:MCARIIEr:CREGLE. .........cc.uvreeiiieeeeeeiieccinnieneeeeeeeeeeeseesennnnes 308
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIier:DELay:STEP.........ccccvvvvvvvnrnnnnnnnnn. 308
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIier:DELay[:STARL].........ceeverrerrrninnanns 309
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:EXECute.........ccceoiiiiiiiiiiniiiieanee. 309
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIer:FILE.......cccccoiiuiiiiiiiiiiiiiiee e, 310
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIier:PHASE:STEP..........cooevvcevrrreeenenn. 310
[:SOURce<hw>]:BB:ARBitrary:MCARYrier:EDIT:CARRIier:PHASE[:STAR].........ceeeeeeeerereeees 310
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIier:POWer:STEP........c.cccccevvvvvvevnnnnnnn. 311
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:POWer[:STAR]......cccvvvueirrriernnnnnn. 311
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIErNSTARL....ccceveerieie e eeeeeeenn 311
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIer:STOP........c.ciieiiiiiiiiiieieeeeeeeee, 311
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRI€r:STATE...ccuiiiiiieeeiieeeeeee e 312
[:SOURce<hw>]:BB:ARBItrary:MCARIMErHOFILE. .....uuuuuucieeeieieeeeeeeeeeeeeeeeeeeeeeeeeereresresanannna 312
[:SOURce<hw>]:BB:ARBItrary:MCARIErHPRESE.........cccvvvriririiiieieieieeeeeeeeeeeeeeeeeeeeeeennenns 312
[:SOURce<hw>]:BB:ARBItrary:MCARIEr:SAMPIES?........cccoveeieeeeeieeininrnieress e e e e e e e eaaaaaes 312
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[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTING:CATAIOg?. .. ceieieeeeeeeeeeeieeeeeeeeeeeeeeeaiaaenas 313
[:SOURce<hw>]:BB:ARBitrary:MCARTrier:SETTING:LOAD ...t 313
[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTING:STORE........ceeeeeeeeeeieeeeeeeeeeeeeeenes 314
[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTINg:STORE:FAST.....cceeeieviccerieieeeeee e e e 314
[:SOURCce<hw>]:BB:ARBItrary:MCARME S TAT . ccceiieieeeeieeeeeeieeeeeeeeeeeeerre e 314
[:SOURce<hw>]:BB:ARBItrary:MCARIETIME. ....cccieieieieeeeeeeeeeeeeeeeeeeeeee e 314
[:SOURce<hw>]:BB:ARBitrary:MCARIerTIME:MODE.........ccccettuueiieeeeeinieeeeeeeeieeeaeeeeennns 315

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier:COUNt <Count>

Sets the number of carriers in the ARB multi carrier waveform.

Parameters:
<Count> integer
Range: 1 to 512
*RST: 1
Example: BB:ARB:MCAR:CARR:COUN 10

sets 10 carriers for the multi carrier waveform.

Manual operation: See "Number of Carriers" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier:MODE <Mode>
The command sets the carrier frequency mode.

Parameters:
<Mode> EQUidistant | ARBitrary

EQUidistant
Sets an equidistant carrrier spacing. The carrier frequency in the
carrier table is not configurable.

ARBitrary
Enables you to specify the carrier frequency in the carrier table.
Carrier spacing is irrelevant.

*RST: EQUidistant

Example: BB:ARB:MCAR:CARR:MODE EQU
sets an equidistant carrier spacing. The carrier frequency can
not be set.

Manual operation: See "Mode" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier:SPACing <Spacing>

The command sets the frequency spacing between adjacent carriers of the multi car-
rier waveform. The carriers are generated symmetrically around the RF carrier. The
maximum carrier spacing is limited to Carrier spacing = Total baseband bandwidth /
(Number of carriers - 1).

The total baseband bandwidth is 80 MHz.
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Note:In order to avoid wrap-around problems, the effective "Carrier Spacing" might be
slightly modified. The "Carrier Spacing" is rounded in that way that the carrier closest
to the center RF frequency shows no phase jump assuming that the carrier is unmodu-
lated.
® For odd number of carriers:
RoundedCarrierSpacing=1/OutputSignalDuration* round(CarrierSpacing * Output-
SignalDuration);
® For even number of carriers:
RoundedCarrierSpacing=2/OutputSignalDuration*round(0.5 *CarrierSpacing * Out-
putSignalDuration);

Parameters:
<Spacing> float

Range: 0.0 to 120E6
Increment: 0.01

*RST: 0

Default unit: Hz

Example: BB:ARB:MCAR:CARR:SPAC 10 MHz
sets a carrier spacing of 10 MHz.

Manual operation: See "Carrier Spacing” on page 113

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:CONFlict?
Queries carrier conflicts. A conflict arises when the carriers overlap.

Return values:

<Conflict> 0]1]OFF|ON
*RST: 0
Example: BB:ARB:MCAR:CARR2:CONFE?

queries the multi carrier conflict state.
Response: 0 no conflict has occurred.

Usage: Query only

Manual operation: See "!!l" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:DELay <Delay>

Sets the start delay of the selected carrier.

Parameters:
<Delay> float
Range: 0 to 1
Increment: 1E-9
*RST: 0
Default unit: s
Example: BB:ARB:MCAR:CARR15:DEL 5us

sets a start delay of 50 us for carrier 15.



SOURCce:BB:ARB:MCAR Subsystem
Manual operation: See "Delay" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:FILE <File>

Selects the file with |/Q data to be modulated onto the selected carrier.

Parameters:

<File> <file name>

Example: BB:ARB:MCAR:CARR15:FILE "D:\user\IQ wcdma"
selects file 10 wcdma. The data of the file is modulated onto
carrier 15.

Manual operation: See "File" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:FREQuency <Frequency>

Sets or indicates the carrier frequency, depending on the selected carrier frequency
mode.

The carrier frequnecy can be set in "Arbitrary Carrier frequency" mode. For "Equidis-
tant Carrier Spacing", the carrier spacing is determined automatically.

Parameters:

<Frequency> integer
Vvalue range depends on the max bandwidth, see data sheet
Range: -40E6 to 40E6
*RST: 0

Example: BB:ARB:MCAR:CARR:MODE ARB

activates ARB multi carrier mode.
BB:ARB:MCAR:CARR:FREQ 5.0
sets 5.0 MHz carrier frequency.

Manual operation: See "Carrier Freq [MHz]" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:PHASe <Phase>
The command sets the start phase of the selected carrier.

The phase settings are only valid if optimization of the crest factor is disabled
(: SOURce:BB:ARB:MCARrier:CFACtor :MODE OFF).

Parameters:
<Phase> float
Range: 0 to 359.99
Increment: 0.01
*RST: 0
Default unit: DEG
Example: BB:ARB:MCAR:CARR15:PHAS 90 DEG

sets a start phase of 90° for carrier 15.
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Manual operation: See "Phase" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:POWer <Power>

The command sets the gain of the selected carrier.

Parameters:
<Power> float
Range: -80 to O
Increment: 0.01
*RST: 0
Default unit: dB
Example: BB:ARB:MCAR:CARR15:POW -50 dB

sets the power of carrier 15 to -50 dB.

Manual operation: See "Gain" on page 119

[:SOURce<hw>]:BB:ARBitrary:MCARrier:POWer:REFerence <Reference>
Defines the way the individual carriers in a composed multi carrier signal are leveled.

Parameters:
<Reference> RMS | PEAK

*RST: RMS

Manual operation: See "Power Reference" on page 115

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:STATe <State>

Enables/disables the selected carrier.

Parameters:

<State> 0[1]|OFF|ON
*RST: 0

Example: SOURcel:BB:ARBitrary:MCARrier:CARRierl15:STATe
ON

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CFACtor:MODE <Mode>

The command sets the mode for optimizing the crest factor by calculating the carrier
phases.



Parameters:
<Mode>

Example:

Manual operation:

SOURCce:BB:ARB:MCAR Subsystem

OFF | MIN | MAX

OFF

There is no automatic setting for minimizing or maximizing the
crest factor. The Phase setting (command
BB:ARB:MCAR:CARR: PHAS) s in use.

MIN

The crest factor is minimized by internally calculating optimized
carrier phases. The Phase setting (command
BB:ARB:MCAR:CARR: PHAS) is invalid.

MAX

The crest factor is maximized by internally calculating optimized
carrier phases. The Phase setting (command
BB:ARB:MCAR:CARR: PHAS) is invalid.

*RST: OFF

BB:ARB:MCAR:CFAC:MODE OFF
switches off automatic crest factor optimization. The setting
SOUR:BB:ARB:MCAR:CARR: PHAS has an effect.

See "Crest Factor Mode" on page 113

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPping:CFACtor <CFactor>

Sets the value of the desired crest factor, if baseband clipping is enabled
(BB:ARB:MCAR:CLIP:STAT ON).

A Target Crest Factor above the crest factor of the unclipped multicarrier signal has no

effect.

Parameters:
<CFactor>

Example:

Manual operation:

float

Range: -50 to 50
Increment: 0.01
*RST: 50

Default unit: dB

BB:ARB:MCAR:CLIP:STAT ON

enables clipping.
BB:ARB:MCAR:CLIP:CFAC 37 dB

sets the target crest factor.

See "Target Crest Factor" on page 113

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPping:CUToff <Cutoff>

Sets the cut off frequency of the final lowpass filter, if baseband clipping is enabled
(BB:ARB:MCAR:CLIP:STAT ON).
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When the cut off frequency is set as half of the output sample rate, a final lowpass filter
improves the spectrum of the clipped multicarrier signal, but may also increase the
resulting crest factor.

Parameters:
<Cutoff> float
Range: 0 to 50E6
Increment: 0.01
*RST: 50E6
Default unit: MHz
Example: BB:ARB:MCAR:CLIP:STAT ON

enables clipping
BB:ARB:MCAR:CLIP:CUT 50 MHz

sets the cut off frequency of the filter.

Manual operation: See "Filter Cut Off Frequency" on page 114

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPping[:STATe] <State>
Switches baseband clipping on and off.

Clipping reduces the peak power of the resulting multi carrier signal according to the
value set with the command BB: ARB:MCAR:CLIP:CFAC.

The resulting clipped peak power is defined by sum of the the RMS level of the unclip-
ped multi carrier signal and the input parameter Target Crest Factor. Note that clipping
reduces also the RMS level. Hence the resulting crest factor of the clipped signal is
slightly above the Target Crest Factor. In order to get the unclipped parts of the clipped
multicarrier signal matched with the unclipped multicarrier signal, the RF output power
should be reduced by the difference between resulting crest factor and Target Crest

Factor.
Parameters:
<State> 0]1]OFF|ON
*RST: 0
Example: BB:ARB:MCAR:CLIP:STAT ON

enables clipping
BB:ARB:MCAR:CLIP:CFAC 37 dB

sets the target crest factor.

Manual operation: See "Clipping" on page 113

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLOad
Creates a multi carrier waveform using the current entries of the carrier table.

This multi carrier waveform is saved with the file name specified with command
SOUR:BB:ARB:MCAR:OFIL. The file extension is *.wv. Digital standard "ARB" is acti-
vated, the new multi carrier waveform is loaded and is output in accordance to the trig-
ger settings.
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Example: MMEM:CDIR 'D:\user\waveform'
sets the default directory.
BB:ARB:MCAR:OFIL 'mcarl 2'
defines the file name mcarl 2.wv for the multi carrier wave-
form.
BB:ARB:MCAR:CLO
creates multi carrier waveform mcarl 2.wv.
The new multi carrier waveform is loaded and digital standard
"ARB" is activated.

Usage: Event

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLOCk?

The command queries the resulting sample rate at which the multi carrier waveform is
output by the arbitrary waveform generator. The output clock rate depends on the num-
ber of carriers, carrier spacing and input sample rate of the leftmost or rightmost carri-
ers.

Return values:

<Clock> float
Range: 400 to Max
Increment: 1E-3

Example: BB:ARB:MCAR:CLOC?
queries the ARB multi carrier output clock rate.

Usage: Query only

Manual operation: See "Clock Rate" on page 117

[:SOURce<hw>]:BB:ARBitrary:MCARrier:CREate

Creates a multi carrier waveform using the current settings of the carrier table. The
multi carrier waveform is saved into the file defined with command
SOUR:BB:ARB:MCAR:OFIL. The file extension is * .wv.

Example: MMEM:CDIR 'D:\user\waveform'

sets the default directory.
BB:ARB:MCAR:OFIL 'multi wvl'

defines the file name multi wvl.wv for the multi carrier wave-

form.
BB:ARB:MCAR:CRE

creates multi carrier waveform multi wvl.wv.

Usage: Event

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:DELay:STEP <Step>

The command sets the step width by which the start delays of the carriers in the
defined carrier range will be incremented.
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Parameters:
<Step> float
Range: -1 to 1
Increment: 1E-9
*RST: 0
Default unit: s
Example: BB:ARB:MCAR:EDIT:CARR:DEL 5 us

sets a start delay of 5 us for the carriers in the carrier range.
BB:ARB:MCAR:EDIT:CARR:DEL:STEP 1 us

the start delay is incremented by 1us for each carrier, i.e. the
first carrier has a start delay of 5us, the second a start delay of 6
us, etc.

Manual operation: See "Delay Step" on page 122

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:DELay[:STARt] <Start>

The command sets the start delay for the individual carriers in the defined carrier
range. If the command :BB:ARB:MCAR:EDIT:CARR:DEL:STEP is used to define a
step width, the delay entered here applies only to the starting carrier. The delays of the
remaining carriers are stepped up or down by the delay value specified in

the :BB:ARB:MCAR:EDIT:CARR:DEL: STEP command.

Parameters:
<Start> float
Range: 0 to 1
Increment: 1E-9
*RST: 0
Default unit: s
Example: BB:ARB:MCAR:EDIT:CARR:DEL 5us

sets a start delay of 5 us for the carriers in the carrier range.

Manual operation: See "Delay Start" on page 121

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:EXECute

The command adopts the settings for the carrier range which has been defined using
the :BB:ARB:MCAR:EDIT:CARR: ... commands.

Example: BB:ARB:MCAR:EDIT:CARR:STAR 4

the carrier range starts at carrier 2.
BB:ARB:MCAR:EDIT:CARR:STOP 20

the carrier range stops at carrier 20.
BB:ARB:MCAR:EDIT:CARR:STAT ON

sets all the carriers in the carrier range (2 to 20) to ON.
BB:ARB:MCAR:EDIT:CARR:EXEC

transfers the assistant settings for carrier 2 to 20 into the carrier
table.

Usage: Event
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Manual operation: See "Apply Assistant Settings" on page 122

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRIier:FILE <File>

Selects input file

Parameters:
<File> string
Example: BB:ARB:MCAR:EDIT:CARR:FILE "D:\user\IQ wcdma'

Manual operation:  See "Input Waveform File" on page 122

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:PHASe:STEP <Step>

The command sets the step width by which the start phases of the carriers in the
defined carrier range will be incremented.

The phase settings are only valid if optimization of the crest factor is disabled
(: SOURce:BB:ARB:MCARrier:CFACtor :MODE OFF).

Parameters:
<Step> float
Range: -359.99 to 359.99
Increment: 0.01
*RST: 0
Default unit: DEG
Example: BB:ARB:MCAR:EDIT:CARR:PHAS 90 DEG

sets a start phase of 90° for the carriers in the carrier range.
BB:ARB:MCAR:EDIT:CARR:PHAS:STEP 1 DEG

the start phase is incremented by 1° for each carrier, i.e. the first
carrier has a start phase of 90°, the second a start phase of 91°,
etc.

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:PHASe[:STARt] <Start>

The command sets the start phase for the individual carriers in the defined carrier
range. If the command :BB:ARB:MCAR:EDIT:CARR:PHAS:STEP is used to define a
step width, the phase entered here applies only to the starting carrier. The phases of
the remaining carriers are stepped up or down by the phase value specified in

the :BB:ARB:MCAR:EDIT:CARR: PHAS: STEP command.

The phase settings are only valid if optimization of the crest factor is disabled
(: SOURce:BB:ARB:MCARrier:CFACtor :MODE OFF).

Parameters:
<Start> float

Range: 0 to 359.99
Increment: 0.01

*RST: 0

Default unit: DEG
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Example: BB:ARB:MCAR:EDIT:CARR:PHAS 90 DEG
sets a start phase of 90° for the carriers in the carrier range.

Manual operation: See "Phase Start" on page 121

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:POWer:STEP <Step>

The command sets the step width by which the starting power of the carriers in the
defined carrier range will be incremented.

Parameters:
<Step> float
Range: -80 to 80
Increment: 0.01
*RST: 0
Default unit: dB
Example: BB:ARB:MCAR:EDIT:CARR:POW -80dB

sets a power of -80 dB for the carriers in the carrier range.
BB:ARB:MCAR:EDIT:CARR:POW:STEP 1 dB

the power is incremented by 1dB for each carrier, i.e. the first
carrier has -80dB, the second -79dB, etc.

Manual operation: See "Gain Step" on page 121

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:POWer[:STARt] <Start>

The command sets the power for the individual carriers in the defined carrier range. If
the command :BB:ARB:MCAR:EDIT:CARR:POW: STEP is used to define a step width,
the power entered here applies only to the starting carrier. The power of the remaining
carriers is stepped up or down by the power specified in

the :BB:ARB:MCAR:EDIT:CARR: POW: STEP command.

Parameters:
<Start> float
Range: -80 to O
Increment: 0.01
*RST: 0
Default unit: dB
Example: BB:ARB:MCAR:EDIT:CARR:POW -50 dB

sets the power of the carriers in the carrier range to -50 dB.

Manual operation: See "Gain Start" on page 121

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:STARt <Start>
[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:STOP <Stop>

The command selects the last carrier in the carrier range to which the settings with
the :BB:ARB:MCAR:EDIT:CARR: .. commands shall apply.
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Parameters:
<Stop> integer
Range: 0 to 511
*RST: 0
Example: BB:ARB:MCAR:EDIT:CARR:STOP 4

the carrier range stops at carrier 4.

Manual operation: See "Carrier Start/Stop" on page 121

[:SOURce<hw>]:BB:ARBitrary:MCARrier:EDIT:CARRier:STATe <State>

The command switches all the carriers in the selected carrier range on or off.

Parameters:
<State> 0]1]OFF|ON
*RST: 1
Example: BB:ARB:MCAR:EDIT:CARR:STAT ON

sets all the carriers in the carrier range to ON.

Manual operation: See "State" on page 118

[:SOURce<hw>]:BB:ARBitrary:MCARrier:OFILe <OFile>

This command defines the output file name for the multi carrier waveform. This file
name is used when a waveform is calculated (command SOUR:BB: ARB:MCAR:CLOad
or SOUR:BB:ARB:MCAR:CREate). The file extension is * . wv.

Parameters:
<OFile> string
Example: MMEM:CDIR "D:\user\waveform"

sets the default directory.
BB:ARB:MCAR:OFIL 'mcarl 2'

defines the file name mcarl 2.wv for the multi carrier wave-
form file

Manual operation: See "Output File" on page 117

[:SOURce<hw>]:BB:ARBitrary:MCARrier:PRESet

Sets all ARB multi carrier parameters to their default values.
Example: SOURcel :BB:ARB:MCARrier:PRESet
Usage: Event

Manual operation: See "Set to Default" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:SAMPles?

The command queries the resulting file size. The file size is returned in samples.
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Return values:

<Samples> integer
Range: 0 to INT_MAX
*RST: 0
Example: BB:ARB:MCAR:SAMP?
queries the file size of the currently calculated multi carrier
waveform.
Usage: Query only

Manual operation: See "File Size" on page 117

[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTing:CATalog?

Queries the available settings files in the specified default directory. The settings files
are used to set the ARB multi carrier submenu. Only files with the file extension
*.arb multcarr will be listed.

Return values:
<Catalog> string

Example: MMEM:CDIR 'D:\user\waveform'
sets the default directory
BB:ARB:MCAR:SETT:CAT?

reads out all the settings files in the default directory.
Response: mcarl, mcar?

the directory contains the configuration files
mcarl.arb multcarr and mcar2.arb multcarr.

Usage: Query only

Manual operation: See "Save/Recall Frame" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTing:LOAD <Filename>

Loads the settings file. If a settings file with the specified name does not yet exist, it is
created. The file extension may be omitted. Only files with the file extension
*.arb _multcarr will be loaded or created.

Setting parameters:
<Filename> string

Example: BB:ARB:MCAR:SETT:LOAD 'D:\user\new'
creates settings file new.arb multcarr.

Usage: Setting only

Manual operation: See "Save/Recall Frame" on page 112
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[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTing:STORe <Filename>

The command stores the current settings of submenu "Multi Carrier" in a file in the
specified directory. The file extension may be omitted, the files are stored with the file
extension * .arb multcarr.

Setting parameters:

<Filename> string

Example: BB:ARB:MCAR:SETT:STOR 'D:\user\mcarr2'
stores settings file mcarr2.arb multcarr in the default direc-
tory.

Usage: Setting only

Manual operation: See "Save/Recall Frame" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:SETTing:STORe:FAST <Fast>

Determines whether the instrument performs an absolute or a differential storing of the
settings.

Enable this function to accelerate the saving process by saving only the settings with
values different to the default ones.

Note: This function is not affected by the "Preset" function.

Parameters:
<Fast> 0]1|OFF|ON

*RST: 1

Manual operation: See "Save/Recall Frame" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:STATe <State>

Activates multi carrier generation and deactivates all the other digital standards and
digital modulation modes in the same path.

Parameters:
<State> 0]1]OFF|ON
*RST: 0
Example: SOURcel:BB:ARBitrary:MCARrier:STATe ON

Manual operation:  See "State Multi Carrier" on page 112

[:SOURce<hw>]:BB:ARBitrary:MCARrier:-TIME <Time>

Sets the user-defined signal period. This setting is only possible for Signal Period
Mode User (BB:ARB:MCAR: TIME : MODE USER).
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Parameters:
<Time> float
Range: 0 to 1E9
Increment: 1E-9
*RST: 0
Default unit: s
Example: BB:ARB:MCAR:TIME:MODE USER

selects Signal Period Mode User.
BB:ARB:MCAR:TIME 10 s

sets a signal period of 10 seconds

Manual operation: See "Signal Period" on page 114

[:SOURce<hw>]:BB:ARBitrary:MCARrier:TIME:MODE <Mode>

Selects the mode for calculating the resulting signal period of the multi carrier wave-
form. The resulting period is always calculated for all carriers in the carrier table irre-
spective of their state (ON/OFF).

Parameters:

<Mode> LONG | SHORt | LCM
LONG
The resulting signal period is defined by the longest 1/Q file in
the carrier table. Shorter 1/Q files are periodically repeated.
SHORt
The resulting signal period is defined by the shortest 1/Q file in
the carrier table. Only the first part of longer 1/Q files is used.
LCM
The output file duration is the least common multiple of all input
file durations.
*RST: LONG

Example: SPOURcel:BB:ARBitrary:MCARrier:TIME:MODE LONG

selects signal period mode long

Manual operation: See "Signal Period Mode" on page 114

SOURce:BB:ARB:WSEG Subsystem

The WSEGment subsystem contains the commands for setting the Multi Segment
Waveform Generator.

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:BLANK:APPend...........cceueueuruunnnnnnn. 316
[:SOURce<hw>]:BB:ARBitrary:WWSEGment:CONFigure:CATalog?. .. . cccaaeeeeeeeeeeeaaaeaeeeeeeeeees 316
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:CLOCK. ..........ccceevvrrerrrrrreeeeeessennnnns 317
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:CLOCK:MODE...........coeeeeeeeeeeerennnn. 317
[:SOURce<hw>]:BB:ARBitrary:WSEGment: CONFigure:COMMeNt............ccoevrerrerrverrnrnnnnnns 318
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:DELete............ccovevrevrrerrnrnvnnnnnnnnn. 318
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[:SOURce<hw>]:BB:ARBitrary:WWSEGment:CONFigure:LEVel[:MODE].......c..cccceeererrrucierannns 318
[:SOURce<hw>]:BB:ARBitrary:WSEGment: CONFigure:MARKer:-ESEGment....................... 319
[:SOURce<hw>]:BB:ARBitrary:WSEGment: CONFigure:MARKer:FSEGment............cccceeunnnn. 319
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:MARKer:MODE..........ccccceeeeeiereennnns 320
[:SOURce<hw>]:BB:ARBitrary:WWSEGmMent:CONFigure:OF ILE.......uvuvureeeeieieieeeeeeeeeeeeeeeeeeens 320
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SEGMent:APPend...........ccccccvvveenee. 320
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SEGMent:CATalog?...........ccceeeeeeees 321
[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SELECt........ccceieeeeiiiiiiaieeeeieeeeeeeees 321
[:SOURce<hw>]:BB:ARBitrary:WSEGMENt:CREAE. ........cuuuuueiiaaiaeie e e e eeeee e eeeeeeeeeeeaees 322
[:SOURce<hw>]:BB:ARBitrary:WSEGMENt:NEXT .....ccoviiiiieii e 322
[:SOURce<hw>]:BB:ARBitrary:WWSEGmMent:NEXT:EXECULE..........cceevverererermnnnriineeeeeeneennn 323
[:SOURce<hw>]:BB:ARBitrary:WSEGment:SEQuence:APPend............cccceeveveeeeevevvvennnnnnnnn. 323
[:SOURce<hw>]:BB:ARBitrary:WWSEGment:SEQuence:SELECt........ccuvueieiiiiiiiiieiirieeeiiieees 324
[:SOURce<hw>]:BB:ARBitrary:WWSEGMENt:STAT . cuuueiieeieeiiieieeeeeeeieeeaereeieeeeeeeeennaeeeaaeees 324

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:BLANk:APPend
<SampCount>, <Frequency>

Adds a blank segment to the multi segment file.

Setting parameters:

<SampCount> float
Specifies the number of samples.
Range: 512 to 1E7
Increment: 1
*RST: 1000

<Frequency> float
Determines the clock rate.

Range: 400 Hz to Max (depends on instrument type)
Increment: 0.001
*RST: 1E8

Example: SOUR:BB:ARB:WSEG:CONF:SEL "MSegFile"
selects a multi segment file.
SOUR:BB:ARB:WSEG:CONF:BLAN:APP 1000,100000000

adds a blank segment with 1000 samples and 100 MHz clock
rate to the selected multi segment file

Usage: Setting only

Manual operation: See "Blank Segment" on page 131

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:CATalog?

Queries the available configuration files in the specified default directory. The configu-
ration files are used to create multi segment waveform files.

Return values:
<Catalog> string



Example:

Usage:

Manual operation:

SOURCce:BB:ARB:WSEG Subsystem

MMEM:CDIR 'D:\user\waveform'

sets the default directory.

BB:ARB:WSEG:CONF:CAT?

reads out all the configuration files in the default directory.
Response: mulitl, multi2

the directory contains the configuration files multil.inf mswv
andmulti2.inf mswv.

Query only
See "Load List" on page 129

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:CLOCk <Clock>

This command defines the clock rate used for multi segment waveform output in case
of Clock Mode "User" (:BB: ARB: WSEG: CONF: CLOCk : MODE USER).

Parameters:
<Clock>

Example:

Manual operation:

float
Increment: 1E-3
*RST: max SampleRate

BB:ARB:WSEG:CONF:CLOC:MODE USER

selects Clock Mode User.
BB:ARB:WSEG:CONF:CLOC 50MHz

defines a clock rate of 50 MHz.

See "User Clock Rate" on page 133

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:CLOCk:MODE <Mode>

Selects the clock rate mode for the multi segment waveform.

Parameters:
<Mode>

Example:

Manual operation:

UNCHanged | HIGHest | USER

UNCHanged

The segments are output with the clock rate defined in the wave-
form file.

HIGHest

The segments are output at the highest available clock rate.

USER

The segments are output with the clock rate defined with com-
mand [ : SOURce<hw>] :BB:ARBitrary:WSEGment:
CONFigure:CLOCk

*RST: UNCHanged

BB:ARB:WSEG:CONF:CLOC:MODE UNCH
selects clock mode unchanged. The segments are output with
the clock rate defined in the waveform file.

See "Clock" on page 132
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[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:COMMent <Comment>

This command enters a comment for the configuration file. The configuration file must
be specified with command :BB:ARB:WSEG:CONF: SEL.

Parameters:
<Comment> string
Example: BB:ARB:WSEG:CONF:COMM <3gpp up>

enters comment "3gpp_up".

Manual operation: See "Comment" on page 129

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:DELete <Filename>

Deletes the configuration file. The configuration files are used to create multi segment
waveform files.

Setting parameters:
<Filename> string

Example: MMEM:CDIR 'D:\user\waveform'

sets the default directory.
BB:ARB:WSEG:CONF:DEL 'multil'

deletes configuration file multil.inf mswv.
Usage: Setting only

Manual operation: See "Multi Segment Table, Append/Delete/Shift Seg."
on page 130

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:LEVel[:MODE] <Mode>
This command selects the level mode for the multi segment waveform.

Parameters:
<Mode> UNCHanged | ERMS

UNCHanged
The segments are output exactly as defined in the files.

ERMS
The segments are output so that all segments have the same
rms value.

*RST: UNCHanged

Example: BB:ARB:WSEG:CONF:LEV:MODE UNCH
selects level mode unchanged. The segments are output as
defined in the waveform file.

Manual operation: See "Level" on page 132
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[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:MARKer:ESEGment
<Mode>

Enables/disables the generation of an additional marker restart signal in the output
waveform file.

If additional marker generation is enabled, the existing marker signals in the individual
segment waveform files are not considered.

Parameters:
<Mode> OFF | MRK1 | MRK2 | MRK3 | MRK4

OFF
No additional marker is generated.

MRK1|MRK2|MRK3|MRK4

Generates a restart marker signal at the beginning of each seg-
ment for the corresponding marker.

The segment begin is defined by the low-high slope of the
marker. This applies for switching between two segments as
well as in case of segment replay.

*RST: OFF

Example: BB:ARB:WSEG:CONF:SEL 'ConfComm'
BB:ARB:WSEG:CONF:MARK:ESEG MRK3

Manual operation: See "Segment Restart" on page 133

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:MARKer:FSEGment
<Mode>

Enables/disables the generation of an additional marker restart signal in the output
waveform file.

If additional marker generation is enabled, the existing marker signals in the individual
segment waveform files are not considered.

Parameters:
<Mode> OFF | MRK1 | MRK2 | MRK3 | MRK4

OFF
No additional marker is generated.

MRK1|MRK2|MRK3|MRK4

Generates a restart marker signal at the beginning of the first
segment for the corresponding marker.

Use this setting to generate a restart marker for the complete
sequence.

*RST: OFF

Example: BB:ARB:WSEG:CONF:SEL 'ConfComm'
BB:ARB:WSEG:CONF:MARK: FSEG MRK3

Manual operation: See "Sequence Restart" on page 133
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[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:MARKer:MODE <Mode>

Defines the way the marker information within the separate segments is processed.

Parameters:
<Mode> IGNore | TAKE
IGNore
The marker information carried in the individual segment wave-
form files is not considered.
TAKE
The output waveform file contains the marker information as
configured in the individual waveform files.
*RST: TAKE
Example: BB:ARB:WSEG:CONF:SEL 'ConfComm'

BB:ARB:WSEG:CONF:MARK:MODE TAKE

Manual operation: See "Segment Marker" on page 133

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:OFILe <OFile>

Defines the file name for the multi segment waveform. The file extension is * . wv.

Parameters:
<OFile> string
Example: MMEM:CDIR 'D:\user\waveform'

sets the default directory.

BB:ARB:WSEG:CONF:SEL 'multil'

creates the configuration file multil.inf mswv in default
directory.

BB:ARB:WSEG:CONF:OFIL 'msegl 2'

defines the file name msegl 2.wv for the multi segment wave-
form file created using configuration file multil.inf mswv.

Manual operation: See "Save List/Save List As..." on page 129

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SEGMent:APPend
<Waveform>

Appends the specified waveform to the configuration file.

Setting parameters:
<Waveform> string



Example:

Usage:

Manual operation:

SOURCce:BB:ARB:WSEG Subsystem

MMEM:CDIR 'D:\user\waveform'

sets the default directory

BB:ARB:WSEG:CONF:SEL 'new'

creates the configuration file new.inf mswv in the default
directory.

BB:ARB:WSEG:CONF:SEGM:APP 'arbl'

appends waveform arb1l .wv to configuration file new. Wave-
form arb1 will be the first segment of a multi segment waveform
created with configuration file new.

Setting only

See "Multi Segment Table, Append/Delete/Shift Seg."
on page 130

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SEGMent:CATalog?

Queries the segments of the currently selected configuration file.

Return values:
<Catalog>

Example:

Usage:

Manual operation:

string

MMEM:CDIR 'D:\user\waveform'

sets the default directory.

BB:ARB:WSEG:CONF:SEL 'multi sin'

selects the configuration file multi sin.inf mswv.
BB:ARB:WSEG:CONF:SEGM:CAT?

queries the segments of the selected configuration file.
Response: arb4, arb2

The configuration file includes the segments arb4.wv and
arb2.wv.

Query only

See "Multi Segment Table, Append/Delete/Shift Seg."
on page 130

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CONFigure:SELect <Filename>

Selects the configuration file in the default directory.

A path can also be specified, in which case the files in the specified directory are
selected. If a configuration file with the specified name does not yet exist, it is created.
The file extension may be omitted. Only files with the file extension * . inf mswv will
be selected or created.

Parameters:
<Filename>

Example:

string

MMEM:CDIR 'D:\user\waveform'

sets the default directory.
BB:ARB:WSEG:CONF:SEL 'new'

create configuration file new.inf mswv in the default directory.
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SOURCce:BB:ARB:WSEG Subsystem

See "New List" on page 129

[:SOURce<hw>]:BB:ARBitrary:WSEGment:CREate <Filenamelnput>

Creates a multi segment waveform using the current settings of the specified configu-
ration file. The multi segment waveform is saved into the file defined in the configura-
tion file. The file extension is * . wv.

Setting parameters:
<Filenamelnput>

Example:

Usage:

string

MMEM:CDIR 'D:\user\'

sets the default directory
BB:ARB:WSEG:CONF:SEL 'new'

creates the configuration file new.inf mswv in the default

directory.
BB:ARB:WSEG:CONF:SEGM:APP 'arbl.wv'

'includes waveform arb1l.wv as segment 1 in the configuration
file. The waveform must be available in the default directory.
BB:ARB:WSEG:CONF:OFIL 'multi wvl'

defines the file name multi wvl.wv for the multi segment
waveform.

BB:ARB:WSEG:CRE 'D:\user\new.inf mswv'

creates multi segment waveform multi wvl.wv using the set-
tings of the configuration file new.inf mswv.

Setting only

[:SOURce<hw>]:BB:ARBitrary:WSEGment:NEXT <Next>

Selects the segment to be output.

Parameters:
<Next>

Example:

float
Range: 0 to 1023
*RST: 0

MMEM:CDIR 'D:\user\waveform'

sets the default directory.
BB:ARB:WSEG:NEXT 2

selects segment 2 to be output.

BB:ARB:TRIG:SMOD NEXT

selects extended trigger mode next, i.e. the segment specified
with command :BB:ARB:WSEG: NEXT will be output.
BB:ARB:SEQ AUTO

selects trigger mode Auto.

BB:ARB:WAV:SEL 'multi wvl'

loads multi segment waveform multi wvl.wv. Generation of

segment 2 starts.
BB:ARB:WSEG:NEXT 3

switched at once to output of segment 3.
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[:SOURce<hw>]:BB:ARBitrary:WSEGment:NEXT:EXECute

Triggers manually switchover to the subsequent segment in the mutli segment file. A
manual trigger can be executed only when an internal next segment source
(BB:ARB:WSEG:NEXT:SOUR INT) has been selected.

To perform a switchover to any segment within the multi segment file, select the next
segment with the command BB : ARB: WSEG : NEXT.

This command is disabled, if a sequencing play list is enabled.

Example: BB:ARB:WSEG:NEXT:SOUR INT
selects internal next segment source.
BB:ARB:WSEG:NEXT 2

selects segment 2 to be output.
BB:ARB:WSEG:NEXT:EXEC

executes a switchover to the next segment.

Usage: Event

[:SOURce<hw>]:BB:ARBitrary:WSEGment:SEQuence:APPend <State>,
<Segment>, <Count>, <Next>

Appends a new segment to the selected sequencing play list.

Setting parameters:

<State> ON | OFF
activates/deactivates the appended segment
*RST: ON

<Segment> integer

indicates the number of the segment as in the multi segment
waveform file

Range: 0 to SegmentCount - 1

<Count> integer
defines how many times this segment is repeated
Range: 1 to 65535

<Next> NEXT | BLANk | ENDLess | SEGO | SEG1 | ... | SEG31 |
0...maxSegment
determines the action after completing the current segment, like
for instance which segment is processed after the processing of
the current one is finished.

Example: BB:ARB:WSEG:SEQ:SEL 'D:\user\play list 1’
selects the sequencing list play list 1.wvs.
BB:ARB:WSEG:SEQ:APP ON, 3,15, BLANK
appends the segment number 3 as a new segment to the
sequencing list; this segment is activated and will be repeated
15 times and followed by a blank segment.

Usage: Setting only
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SOURCce:BB:DM Subsystem

[:SOURce<hw>]:BB:ARBitrary:WSEGment:SEQuence:SELect <Filename>

Selects the sequencing list (files with extension * . wvs)

Parameters:
<Filename> string
Example: BB:ARB:WSEG:SEQ:SEL 'D:\user\play list 1’

selects the sequencing list play list 1.wvs.

[:SOURce<hw>]:BB:ARBitrary:WSEGment:STATe <State>

Enables/disables multi segment generation.

Parameters:
<State> 0]1|OFF|ON
*RST: 0
Example: SOURcel :BB:ARBitrary:WSEGment:STATe ON

Manual operation: See "State" on page 129

SOURce:BB:DM Subsystem

The commands in the SOURce : BB : DM subsystem are described in two sections, sepa-
rated into configuring digital modulation and lists for digital modulation.
DM General Remote-Control Commands

The following section contains the commands for generating the digital modulation sig-
nal.

L I O70) o [0 (o] g TS T=Y 4] T - SR 324
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o ModUulation SEHINGS. ....ceiiiiiieiiie it 335
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Common Settings
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[:SOURCE<hW>]:BB:DM:PRBS[:LENG]........eeveeeeeeereeeeeseseeseseseeseeeseseeneseseeneseseseenesesesees 325
[:SOURCE<hW>]:BB:DM:PRESE!.....cceuiiiiiiiiiee ettt ee e e e 325
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[:SOURce<hw>]:BB:DM:PATTern <Pattern>

The command selects the data pattern for the internal data when PATTern is selected
as the data source. The maximum length is 64 bits.

Parameters:

<Pattern> string
Range: #B0,1 to #B111...1,64
*RST: #B0,1

Example: BB:DM:SOUR PATT

selects Pattern as the data source for digital modulation.
BB:DM:PATT #B01110111010101010,17

generates the user-defined sequence of 0/1 data.

[:SOURce<hw>]:BB:DM:PRBS[:LENGth] <Length>

The command defines the length of the pseudo-random sequence in accordance with
the following equation:

Length = (2*Length) -1

Parameters:

<Length> 9111]15]16]120]121|23 | PN9|PN11|PN15| PN16 |
PN20 | PN21 | PN23
*RST: 9

Example: BB:DM:SOUR PRBS
The internal pseudo-random generator is used as the data
source.

BB:DM:PRBS 9
An internal pseudo-random sequence of 511 bits will be gener-
ated.

Manual operation: See "Data Source" on page 71

[:SOURce<hw>]:BB:DM:PRESet

Sets the default settings for digital modulation (*RST values specified for the com-
mands).

Not affected is the state set with the command SOURce<hw>:BB:DM: STATe
Example: SOURcel:BB:DM: PRESet
Usage: Event

Manual operation: See "Set To Default" on page 68

[:SOURce<hw>]:BB:DM:SOURce <Source>

The command selects the data source.



Parameters:
<Source>

Example:

Manual operation:

SOURCce:BB:DM Subsystem

ZERO | ONE | PRBS | PATTern | DLISt

ZERO
An internally generated 0 data sequence is used.

ONE

An internally generated 1 data sequence is used.

PRBS

The pseudo-random sequence generator is used as the data
source.The length of the random sequence is defined with the
aid of command SOURce : BB: DM: PRBS.

PATTern
Internally generated data with a fixed pattern is used. The data
pattern is dafined using command SOURce : BB:DM: PATTern.

DLISt
Data from the selected data list is used.
*RST: PRBS

BB:DM:SOUR DLIS

the internal data generator is used.
BB:DM:DLIS:SEL 'test'

the data list test.dm_ iqgd is used.

See "Data Source" on page 71

[:SOURce<hw>]:BB:DM:SRATe <SRate>

Sets the symbol rate. The value range is dependent on the selected modulation type.
On changing to an FSK modulation type, excessively high values are automatically
limited to the maximum value that can be set for FSK (see data sheet). The symbol
rate can be entered in Hz/kHz/MHz or Symb/s / kSymb/s and MSymb/s.

When a standard is selected (DM: STANdard), the symbol rate is automatically set to
the appropriate default value.

The value range is dependent on the selected modulation type (:BB: DM: FORM). When
a standard is selected (: BB: DM: STAN), the symbol rate is set to the default value.

Parameters:
<SRate>

Example:

Manual operation:

float

Range: 400 to depends on hardware
Increment:  0.001

*RST: 270833.333

Default unit: Hz

BB:DM:SRAT 10 MHz
sets a symbol rate of 10 MHz.

See "Symbol Rate" on page 69
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[:SOURce<hw>]:BB:DM:STANdard <Standard>
Selects the standard.

After selection, modulation parameters "Modulation Type" (: BB: DM: FORMat), "Symbol
Rate" (:BB:DM: SRATe), "Filter" (:BB:DM: FILTer: TYPE

and :BB:DM:FILTer:PARameter:...)and "Coding" (:BB:DM:CODing) are auto-
matically set in accordance with the standard.

The USER parameter cannot be set. A query returns this value if a user-defined Cus-
tom Dig Mod setting was loaded or if one of the associated settings was changed sub-
sequent to the selection of a standard. The user defined settings are stored and loaded
with commands :BB:DM: STAN:ULIS: ... (see Chapter 12.9.2, "DM Lists",

on page 340).

Parameters:

<Standard> USER | BLUetooth | DECT | ETC | GSM | GSMEdge | NADC |
PDC | PHS | TETRa | W3GPp | TDSCdma | CFORward |
CREVerse | WORLdspace | TFTS | APCOPH1C4fm |
APCOPH1CQpsk | APCOPH2HCpm | APCOPH2HDQpsk |
APCOPH2HD8PSKW | APCOPH2HD8PSKN | APCOPH1Lsm |
APCOPH1Wcqgpsk

*RST: GSM

Example: BB:DM:STAN DECT
Selects digital modulation according to the DECT standard.

Manual operation: See "Set acc. Standard" on page 69

[:SOURce<hw>]:BB:DM:STATe <State>

Enables/disables digital modulation. Switching on digital modulation turns off all the
other digital standards in the same signal path.

Parameters:
<State> 0]1]OFF|ON
*RST: 0
Example: SOURcel:BB:DM:STATe ON

Manual operation: See "State" on page 68

[:SOURce<hw>]:BB:DM:SLENgth <Slength>

Sets the sequence length of the signal in symbols. The signal is calculated in advance,
saved as waveform file, and output in the selected arbitrary waveform generator.

Note: Sequence Length * Oversampling must not exceed the maximum number of
samples in the arbitrary waveform generator.
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Parameters:
<Slength> integer
Range: 1 to max
*RST: 10000
Example: BB:DM:SLEN 500

sets the sequence length to 500 symbols.

Manual operation: See "Sequence Length" on page 68

[:SOURce<hw>]:BB:DM:WAVeform:CREate <Filename>

This command creates a waveform using the current settings of the "Digital Modula-
tion" menu. The file name is entered with the command. The file is stored with the pre-
defined file extension * . wv. The file name and the directory it is stored in are user-
definable.

Setting parameters:
<Filename> string

Example: MMEM:CDIR 'd:/user/waveform'
sets the default directory to d: /user/waveform.
BB:DM:WAV:CRE 'dm 1
creates the waveform file dm_1.wv in the default directory.

Usage: Setting only

Manual operation: See "Generate Waveform File" on page 68

Marker Settings

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:MODE..........cctttiiiiiiiiieeii e 328
[:SOURce<hw>]:BB:DM:TRIGger:OUTPUt<Ch>:OF FTiME.....uuuvuruiiieieieieeeeeeeeeeeeeeeeeeeeeeeenns 329
[:SOURce<hw>]:BB:DM:TRIGger:OUTPUt<Ch>:ONTIME.........cceccrrrriririeeeeeeeeeeennnrenneeeeeens 329
[:SOURce<hw>]:BB:DM:TRIGQer:OUTPUIKCh>:PATTEM.....cccvtriririninriciieieieeeeeeeeeaeaeaeeeeens 330
[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:PULSe:DIViIder.......ccccvvveiirieriiniieieeeeenrnn 330
[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:PULSe:FREQUENCY?.......uceaaaaaaaaaeeaeeaaaane. 331

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:MODE <Mode>

Defines the signal for the selected marker output.



Parameters:
<Mode>

Example:

Manual operation:

SOURCce:BB:DM Subsystem

CLISt | PULSe | PATTern | RATio

CLISt

A marker signal that is defined in the selected control list is gen-
erated.

PULSe

A pulsed marker signal is generated. The pulse frequency (=
symbol rate/divider) is defined with the
SOUR:BB:DM:TRIG:0UTP: PULSe:DIVider command and
can be queried with the
SOUR:BB:DM:TRIG:0OUTP: PULSe: FREQuency? command.

PATTern

A marker signal is generated with the aid of a user-definable bit
pattern. The bit pattern is entered with the aid of command
SOURce:BB:DM: TRIGger: OUTPut : PATTern. The bit pattern
is a maximum of 32 bits long.

RATio

A regular marker signal corresponding to the Time Off / Time On
specifications in the commands

SOURce:BB:DM: TRIGger : OUTPut : OFFT and
SOURce:BB:DM: TRIGger:OUTPut : ONT is generated.

*RST: RATio

BB:DM:TRIG:0UTP2:MODE PULS
selects the pulsed marker signal on output MARKER 2.

See "Marker Mode" on page 70

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:0OFFTime <OffTime>

Sets the number of symbols in a period (ON time + OFF time) during which the marker
signal in setting SOURce :BB: DM: TRIGger : OUTPut : MODE RATio on the marker out-

puts is OFF.

Parameters:
<OffTime>

Example:

Manual operation:

integer
Range: 1 to 16777215
*RST: 1

Default unit: symbol

BB:DM:TRIG:0UTP2:0FFT 20
sets an OFF time of 20 symbols for marker signal 2.

See "Marker Mode" on page 70

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:ONTime <OnTime>

Sets the number of symbols in a period (ON time + OFF time) during which the marker
signal in setting SOURce :BB:DM: TRIGger :OUTPut : MODE RATio on the marker out-

puts is ON.



SOURCce:BB:DM Subsystem

Parameters:

<OnTime> integer
Range: 1 to 16777215
*RST: 1
Default unit: symbol

Example: BB:DM:TRIG:OUTP2:0ONT 20

sets an ON time of 20 symbols for marker 2

Manual operation: See "Marker Mode" on page 70

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:PATTern <Pattern>

Sets the bit pattern used to generate the marker signal in the setting
SOURce:BB:DM: TRIGger:OUTPut :MODE PATTern. 0 is marker off, 1 is marker on.

Parameters:
<Pattern> integer
Range: #B0,1 to #B111...1,32
*RST: #B,1
Example: BB:DM:TRIG:OUTP2:PATT #B000000011111111,15

sets a bit pattern.
BB:DM:TRIG:0UTP2:MODE PATT

activates the marker signal according to a bit pattern on output
MARKER 2.

Manual operation: See "Marker Mode" on page 70

[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:PULSe:DIVider <Divider>

Sets the divider for Pulse marker mode (SOUR:BB:DM: TRIGr: OUTP:MODE PULSe).
The resulting pulse frequency is derived by dividing the symbol rate by the divider.

Parameters:
<Divider> integer
Range: 2 to 1024
*RST: 2
Example: BB:DM:TRIG:0UTP2:PULS:DIV 2

sets the divider to 2 for the marker signal on output MARKER 2.
BB:DM:TRIG:OUTP2:FREQ?

queries the resulting pulse frequency of the marker signal.
Response: 66 000
the resulting pulse frequency is 66 kHz.

Manual operation: See "Marker Mode" on page 70
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[:SOURce<hw>]:BB:DM:TRIGger:OUTPut<ch>:PULSe:FREQuency?

Queries the pulse frequency of the pulsed marker signal in the setting
SOURce:BB:DM: TRIGger: OUTPut :MODE PULSe. The pulse frequency is derived by
dividing the symbol rate by the divider.

Return values:

<Frequency> float

Example: BB:DM:TRIG:0UTP2:PULS:DIV 2
sets the divider marker signal on output MARKER 2 to the value
2.

BB:DM:TRIG:OUTP2:MODE PULS

enables the pulsed marker signal.
BB:DM:TRIG:0UTP2:PULS:FREQ?

queries the pulse frequency of the marker signal.
Response: 33 000
the resulting pulse frequency is

Usage: Query only

Manual operation: See "Marker Mode" on page 70

12.9.1.3 Filter Settings

[:SOURCce<hw>]:BB:DM:FILTErILENGtN....ccctutiiiiieiiiiiie et e et e e e e e e e eeane e e eees 331
[:SOURce<hw>]:BB:DM:FILTerILENGth:AUTO . ....ccciiiiiieeeeieee e 332
[:SOURCE<hW>]:BB:DM:FILTErROSAMPING. ....vveeeereseeseeeseeseseseseeseseseesseseseeseeeeeseesesesees 332
[:SOURce<hw>]:BB:DM:FILTEr:OSAMPINGAUTO. .....cvveeeeeeeseeeeeeeeseesseseseeseeseeneeeseenen, 332
[:SOURce<hw>]:BB:DM:FILTer:PARameter:COSINe[:ROLLOM......ccceerereeeeeieieieeeeeeeeerrirenann, 332
[:SOURce<hw>]:BB:DM:FILTer:PARAMEEr:GAUSS. .....uureeeeieieieeeeeeeeeieeeeeeeeeeevesrerarasnnns 332
[:SOURce<hw>]:BB:DM:FILTer:PARAMELEr:LPASS. ......ccvvueieeeeeetieeeeeeeeetiee e e e e e eeeanns 332
[:SOURce<hw>]:BB:DM:FILTer:PARameter:LPASSEVM........cociieiiiiiieiieeeeiicie e e eeeeeieneeeeens 332
[:SOURce<hw>]:BB:DM:FILTer:PARAMEErPGAUSS. ... .ccitieeeeeeeaeaaaeeeee e 333
[:SOURce<hw>]:BB:DM:FILTer:PARamMeter:RCOSINE. ...ccceiirreimenenieaaaae e e e e e eeeeeaeaeeeeeeeeens 333
[:SOURce<hw>]:BB:DM:FILTer:PARameter:SPHASE. ......c.ccceeeeeeeeeeeeeeeeeeeeeeeeeeevev e 333
[:SOURce<hw>]:BB:DM:FILTer:PARamMeter:APCO25........uceeeeieieieeeeeeeeeeeeeeeeeeeeeveessresannnnnns 333
[:SOURce<hw>]:BB:DM:FILTer:PARameter:COSine:BANDWiIdth............cceevvueeieeriiniiineeeens 334
[:SOURce<hw>]:BB:DM:FILTer:PARameter:APCO25LsmM:GAUSS......cccuvuieiiereeireieeeeeeinnanns 334
[:SOURce<hw>]:BB:DM:FILTer:PARameter:APCO25LsmM:LOWPAESS......cceveeerirreeeeereeinnannn. 334
[:SOURCe<hw>]:BB:DM:FILTErTYPE. ... ettt e e e 334
[:SOURCe<hw>]:DM:FILTEr:PARAMELEI . ...ceetiiiiietieaaaaaeae e e e e e e e e e e e e e e e 335

[:SOURce<hw>]:BB:DM:FILTer:ILENgth <ILength>

The command sets the impulse length (number of filter tabs).

Parameters:

<ILength> integer
Range: 1 to 128
*RST: 10
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Example: BB:DM:FILT:ILEN 10
sets the number of filter tabs to 10.

Manual operation: See "Impulse Length" on page 75

[:SOURce<hw>]:BB:DM:FILTer:ILENgth:AUTO <Auto>

The command activates/deactivates the impulse length state. If activated, the most
sensible parameter values are selected. The value depends on the coherence check.

Parameters:
<Auto> 0]1|OFF|ON
*RST: 1
Example: BB:DM:FILT:ILEN:AUTO ON

The most sensible parameters are selected automatically.

Manual operation: See "Impulse Length" on page 75

[:SOURce<hw>]:BB:DM:FILTer:OSAMpling <OSampling>

The command sets the upsampling factor.

Parameters:
<OSampling> integer
Range: 1 to 32
*RST: 32
Example: BB:DM:FILT:0SAM 32

sets the upsampling factor to 32.

Manual operation: See "Oversampling” on page 75

[:SOURce<hw>]:BB:DM:FILTer:OSAMpling:AUTO <Auto>

The command activates/deactivates the upsampling factor state. If activated, the most
sensible parameter values are selected. The value depends on the coherence check. If
deactivated, the values can be changed manually.

Parameters:
<Auto> 0]1]|OFF|ON
*RST: 1
Example: BB:DM:FILT:0SAM:AUTO ON

The most sensible parameters are selected automatically.

Manual operation: See "Oversampling” on page 75

[:SOURce<hw>]:BB:DM:FILTer:PARameter:COSine[:ROLLoff] <Cosine>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:GAUSs <Gauss>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:LPASs <LPass>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:LPASSEVM <LPassEvm>
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[:SOURce<hw>]:BB:DM:FILTer:PARameter:PGAuss <PGauss>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:RCOSine <RCosine>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:SPHase <SPhase>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:APC0O25 <Apco25>

The command sets the roll-off factor for filter type APCO25.

On selecting filter APCO25, the filter parameter is set to the default value.

Parameters:
<Apco25> float

Range: 0.05 to 0.99

Increment: 0.01

*RST: 0.2
<Cosine> float

Range: 0.05 to 1.00

Increment: 0.01

*RST: 0.35
<Gauss> float

Range: 0.15 to 100000

Increment: 0.01

*RST: 0.3
<LPass> float

Range: 0.05 to 2

Increment: 0.01

*RST: 0.5
<LPassEvm> float

Range: 0.05 to 2

Increment: 0.01

*RST: 0.5
<PGauss> float

Range: 0.15 to 2.5

Increment: 0.01

*RST: 0.3
<RCosine> float

Range: 0.05 to 1.00

Increment: 0.01

*RST: 0.35
<SPhase> float

Range: 0.15 to 2.5

Increment: 0.01

*RST: 2
Example: BB:DM:FILT:PAR:APCO25 0.2

sets the roll-off factor to 0.2 for filter type APCO25.

Manual operation: See "Filter Parameter" on page 75
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[:SOURce<hw>]:BB:DM:FILTer:PARameter:COSine:BANDwidth <FiltParm>

Sets the bandwidth of the cosine filter.

Parameters:
<FiltParm> float
Range: 400 to 25E6
Increment: 1E-3
*RST: 270833.333
Example: :BB:DM:FILT:TYPE COS

:BB:DM:FILT:PAR:COS:BAND 7200

Manual operation: See "Bandwidth" on page 75

[:SOURce<hw>]:BB:DM:FILTer:PARameter:APCO25Lsm:GAUSs <FiltParm>
[:SOURce<hw>]:BB:DM:FILTer:PARameter:APCO25Lsm:LOWPass <FiltParm>

Sets the cut off frequency for the lowpass/ gauss filter.

Parameters:
<FiltParm> float
Range: 400 to 25E6
Increment: 1E-3
*RST: 270833.333
Example: :BB:DM:FILT:TYPE APCO25Lsm

:BB:DM:FILT:PAR:APCO25L:LOWP 5166.667
:BB:DM:FILT:PAR:APCO25L:GAUS 1700

Manual operation: See "Cut Off Frequency Factor" on page 75

[:SOURce<hw>]:BB:DM:FILTer:TYPE <Type>
The command selects the filter type.

When a standard is selected (: BB: DM: STAN), the filter type and filter parameter are
set to the default value.

Parameters:

<Type> RCOSine | COSine | GAUSs | LGAuss | CONE | COF705 |
COEQualizer | COFequalizer | C2K3x | APCO25 | SPHase |
RECTangle | USER | PGAuss | LPASs | DIRac | ENPShape |
EWPShape | LTEFilter | LPASSEVM | APCO25Hcpm |
APCO25Lsm
*RST: GAUSs

Example: BB:DM:FILT:TYPE COS

selects the Cosine filter type.

Manual operation: See "Filter" on page 74
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[:SOURce<hw>]:DM:FILTer:PARameter <Parameter>
Sets the filter parameter of the currently selected filter type.

To set the filter type, use command [ : SOURce<hw>] :BB:DM: FILTer: TYPE
on page 334.

Parameters:
<Parameter> float
Range: 0.05 to 2.5
Increment: 0.01
*RST: 0.35
Example: BB:DM:FILT:TYPE COS

DM:FILT:PAR 0.5
sets 0.5 roll-off factor for the cosine filter.

Modulation Settings

[:SOURCce<hw>]:BB:DM:AQPSK:ANGLE.....ccuuuieiieiiiiiiiieeeietinae e e e e reeis e e s eeeanaesaereesnseaaeees 335
[:SOURCce<hw>]:BB:DM:ASKIDEPTR.....cciiiiiiiiiiiiiieieieietre e e e e e e e e e e e e e e e e eeeeeeeeneannnas 335
[:SOURCe<hw>]:BB:DM:CODING.....ccuuituiiniieeete et e et e et e e e e e e e e e e ee e e e aeaaaeannns 336
[:SOURCe<hw>]:BB:DM:FORMAL.......uittiiitieeieiiiieie ettt e e e e e e e e e e e s e ean e 336
[:SOURce<hw>]:BB:DM:FSK:DEVIAtioN.....ceeeiereeeeieiieeieiiireeeeresaeessssssssnnseseeeeeesaessessnsnnnnns 337
[:SOURce<hw>]:BB:DM:FSK:VARIiable:SYMBol<ch0>:DEViation........c.cccccevvieeiiiinneinnennnnn. 337
[:SOURCce<hw>]:BB:DM:FSK:VARIGDIE:TYPE.....cii ittt 338

[:SOURce<hw>]:BB:DM:AQPSk:ANGLe <Angle>
For AQPSK modulation, sets the angle alpha between the point (0,0) and the | axis.

Parameters:

<Angle> float
Range: 0 to 180
Increment: 0.01
*RST: 0
Default unit: Deg

Example: BB:DM:FORM AQPS

selects modulation type AQPSK.
BB:DM:AQPS:ANGL 45

Manual operation: See "Angle Alpha" on page 73

[:SOURce<hw>]:BB:DM:ASK:DEPTh <Depth>

The command sets the ASK modulation depth when modulation type ASK is selected.
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Parameters:

<Depth> float
Range: 0 to 100
Increment: 0.1
*RST: 100
Default unit: PCT

Example: BB:DM:FORM ASK

selects the ASK modulation type.
BB:DM:ASK:DEPT 50 PCT
sets a modulation depth of 50 percent.

Manual operation: See "ASK Depth" on page 73

[:SOURce<hw>]:BB:DM:CODing <Coding>
The command selects the modulation coding.

If the modulation type selected (: BB: DM: FORM) is not possible with the coding that has
been set, it is automatically set to OFF (:BB:DM:COD OFF).

When a standard is selected (: BB: DM: STAN), the coding is set to the default value.

Parameters:

<Coding> OFF | DIFF | DPHS | DGRay | GRAY | GSM | NADC | PDC |
PHS | TETRa | APCO25 | PWT | TFTS | INMarsat | VDL |
EDGE | APCO25FSK | ICO | CDMA2000 | WCDMA |
APCO258PSK

DPHS
Phase Difference

DGRay
Difference + Gray

*RST: INTernal

Example: BB:DM:COD GRAY
selects GRAY coding. This coding is valid for all modulation
types.

Manual operation: See "Coding" on page 69

[:SOURce<hw>]:BB:DM:FORMat <Format>
Selects the modulation type.

If the coding that is set (: BB: DM: COD) is not possible with the modulation type
selected, it is automatically set to OFF (:BB:DM:COD OFF).

When a standard is selected (: DM: STAN), the modulation type is set to the default
value.
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Parameters:

<Format> ASK | BPSK | P2DBpsk | QPSK | QPSK45 | OQPSk | P4AQPsk |
P4DQpsk | PSK8 | P8D8psk | PBEDge | QAM16 | QAM32 |
QAM64 | QAM256 | QAM1024 | MSK | FSK2 | FSK4 | USER |
FSKVar | QAM128 | QEDGe | QAM16EDge | QAM32EDge |
AQPSk | QAM4096
*RST: MSK

Example: BB:DM:FORM QPSK

selects modulation type QPSK.

Manual operation: See "Modulation Type" on page 72

[:SOURce<hw>]:BB:DM:FSK:DEViation <Deviation>

Sets the frequency deviation when FSK modulation is selected. The range of values
depends on the symbol rate that is set (see data sheet) and the maximum deviation is
10 MHz.

If the symbol rate that is set exceeds the maximum possible value for the chosen fre-
quency deviation, it is suitably adapted (: BB:DM: SRAT).

Parameters:

<Deviation> float
Range: 1 to 40E6
Increment: 0.5
*RST: 135416.5

Example: BB:DM:FORM FSK

selects FSK modulation.
BB:DM:FSK:DEV 10 MHz

sets the frequency deviation to 10 MHz.

Manual operation: See "FSK Deviation" on page 73

[:SOURce<hw>]:BB:DM:FSK:VARiable:SYMBol<ch0>:DEViation <Deviation>

The command sets the deviation of the selected symbol for variable FSK modulation

mode.

Suffix:

<ch> 0..16
The number of symbols (and therefore the suffix range) depends
on the selected FSK modulation type.

Parameters:

<Deviation> float

The range of values depends on the symbol rate that is set (see
data sheet) and the maximum deviation is 10 MHz.

Range: -40E6 to 40E6
Increment: 0.5
Default unit: Hz
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Example: BB:DM:FORM FSKV

selects Variable FSK modulation.
BB:DM:FSK:VAR: TYPE FSK16

selects 16FSK modulation.
BB:DM:FSK:VAR:SYMBO:DEV 135000

sets the frequency deviation of the least significant symbol to
135 kHz.

Manual operation: See "Deviation xxxx" on page 74

[:SOURce<hw>]:BB:DM:FSK:VARiable:TYPE <Type>

The command selects the modulation type for Variable FSK.

Parameters:

<Type> FSK4 | FSK8 | FSK16
*RST: FSK4

Example: BB:DM:FORM FSKV

selects Variable FSK modulation.
BB:DM:FSK:VAR: TYPE FSK16

selects 16FSK modulation.

Manual operation: See "FSK Type" on page 74

Power Ramp

[:SOURce<hw>]:BB:DM:PRAMP: AT TENUAON. .....etneeaaaaaeae e e e e eeeeeeeeeeeeeeeeeeeeeaneeneneees 338
[:SOURCce<hw>]:BB:DM:PRAMP:FDELAY........ccceeeeeieieieieeeeeeerintireeeaeee e e e e eeeeaeaeeeeeeeeeeens 339
[:SOURCce<hw>]:BB:DM:PRAMP:RDELAY..........cceeteeiieeeeeeereiririraniaieieieseeeeeeeaeseseeserereeeens 339
[:SOURCe<hw>]:BB:DM:PRAMP:ISHAPE.......ccevtteieeeieeiiee e ettt e e e eetee e e e e e e e e e eeeaaaens 339
[:SOURCe<hw>]:BB:DM:PRAMP:TIME.....c.ccttetieeieeieeiiiieeeeeeeetteeeeeeeeeae e e e e e eetae e e e e e enbaeas 339
[:SOURCe<hw>]:BB:DM:PRAMPL:STATE] cuuuuieieeeeeruieeeeieetuiaaeseereennasesseresnnaesaeseennnseeeeeesnns 340

[:SOURce<hw>]:BB:DM:PRAMp:ATTenuation <Attenuation>

Sets the level attenuation for signal ranges that are flagged with level attribute attenu-
ated by the LEV_ATT control signal.

Parameters:
<Attenuation> float
Range: 0 to 50
Increment: 0.1
*RST: 15
Default unit: dB
Example: BB:DM:PRAM:ATT 15 dB

sets a level attenuation of 15 dB.

Manual operation: See "Attenuation" on page 77
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[:SOURce<hw>]:BB:DM:PRAMp:FDELay <FDelay>

Sets the delay in the falling edge. A positive value gives rise to a delay and a negative
value causes an advance.

Parameters:
<FDelay> float
Range: 0 to 4
Increment: 0.01
*RST: 0
Default unit: symbol
Example: BB:DM:PRAM:FDEL 1

The falling edge starts 1 symbol later.

Manual operation: See "Fall Delay" on page 77

[:SOURce<hw>]:BB:DM:PRAMp:RDELay <RDelay>

Sets the delay in the rising edge. A positive value gives rise to a delay and a negative
value causes an advance.

Parameters:
<RDelay> float
Range: 0 to 4
Increment: 0.01
*RST: 0
Default unit: symbol
Example: BB:DM:PRAM:RDEL 1

The rising edge starts 1 symbol later.

Manual operation: See "Rise Delay" on page 77

[:SOURce<hw>]:BB:DM:PRAMp:SHAPe <Shape>

The command sets the edge shape of the ramp envelope.

Parameters:

<Shape> LINear | COSine
*RST: COSine

Example: BB:DM:PRAM: SHAP COS
selects a cosine-shaped rise and fall for the transmitted power
edge.

Manual operation: See "Ramp Function" on page 77

[:SOURce<hw>]:BB:DM:PRAMp:TIME <Time>

Sets the power ramping rise time and fall time for a burst.
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Parameters:
<Time> float
Range: 0.25 to 16
Increment: 0.01
*RST: 1
Default unit: symbol
Example: BB:DM:PRAM:TIME 2

sets a time of 2 symbols for the edges to rise and fall.

Manual operation: See "Ramp Time" on page 77

[:SOURce<hw>]:BB:DM:PRAMp[:STATe] <State>

The command enables or disables power ramping.

Parameters:
<State> 0]1]OFF|ON

*RST: 0
Example: BB:DM:PRAM: STAT ON

switches power ramping on.

Manual operation: See "State" on page 76

12.9.2 DM Lists

The following section brings together the commands for defining and managing the
data lists and control lists for digital modulation.

Lists are stored as files with specific file extensions in a user-definable directory (see
Table 12-1). To specify the default directory, use the command : MMEMory :
CDIRectory. To access files in this directory, enter their file name; the path and
extension are optional.

Table 12-1: Overview of the used list types

List type Content File extension
Data List Digital modulation data *.dm_iqgd
Control List Digital modulation control data *.dm_igc
User Standards User settings of digital modulation *.dm stu
Usr Filter Usr filter settings *.vaf

User Mapping User mapping settings * . vam

It is not possible to use other file extensions with the commands. Attempting to do so
will cause an error message. If the file extension is changed in any other way (e.g. by
directly accessing the file system) the lists are no longer recognized and therefore
invalid.
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The CLISt commands always create a binary control list, even if ASCII format is
specified.
Therefore, to create a * . wv file with R&S WinlQSIM2 using a control list, use the input

control list in ASCII format. Refer to the example in "To create a control list in binary
format" on page 275 for more information.

List of Commands

[:SOURCce<hw>]:BB:DM:CLISt:CATAIOG?. .. ettt et e e e e e e e eeas 341
[:SOURCe<hw>]:BB:DM:DLISt:CATAIOG?. .. ettt e e e e e e e e ea e eeas 341
[:SOURCEe<hW>]:BB:DM:FLISt:CATAIOP?. 1.t uuuieeieieieeeeeeeeeeeeeeeeeeeeeeeererab b ee e e e e e e e e aeaaaans 342
[:SOURCe<hw>]:BB:DM:MLISt:CATAlOG?. . .uuurrrrreeeieeeeeeieeieiiinrrrneeeeeeeeeeessssnnsesseeeeeesaeasaes 342
[:SOURCE<hW>]:BB:DM:CLISEFREE?.....ciiiiietiiiieeeeeettee e eeeeeeteeeeeeeeebe e e e e s eesnbeeeeesesrannnns 342
[:SOURCe<hw>]:BB:DM:DLISt:FREE?.....cccctitiiiieeeeeeiiiee e eeeeeiee e e e e eeetes e e e e eeanne e e e e eenana s 342
[:SOURce<hw>]:BB:DM:FLISEFREE?.....c. ettt 342
[:SOURce<hw>]:BB:DM:MLISt:FREE?. .. .. e 342
[:SOURCe<hw>]:BB:DM:CLISE:COPY .....cccceeieieeeeeeeeeteiettceeese e e e s e e e e e e e e e e e e e e e eeeeeeeesessarasananas 342
[:SOURCe<hw>]:BB:DM:DLISE:COPY ......ccceieeeeeeeeeeererettiieeseeee s e s e e eeeeeeeseseeeeeeeeesesssrerananas 342
[:SOURCE<hWS]:BB:DM:CLISETAG . et e e eeeeeetieeee e eettie e e e ettt s e e e e et te e e e e e e eabe e e e e e eeannaeaas 343
[:SOURCE<hW>]:BB:DM:DLISETAG . ctuu e eeeeeeeteeeee e eeteee e e ettt e e e e e e rte e e e e e e eebe e e e e s eernaaeas 343
[:SOURCe<hw>]:BB:DM:CLISEDATA. ..cettt ettt ettt ie e e ettt e e e e e e e e e e e e e e e e ee e e e e eeannanns 343
[:SOURce<hw>]:BB:DM:CLIStDELELE. ..ccuiiiieeieie et 344
[:SOURCe<hw>]:BB:DM:CLISE:POINIS?.....cuieeiiiiieiiei et e e e e e e e e e 344
[:SOURCE<hW>]:BB:DM:CLISt:SELECE.....ccceeeeeeeeieieieeeeeeeeetitt e ee e e e e e e e e e e e e e e e e e e eeeeeeeeeens 345
[:SOURCe<hW>]:BB:DM:DLISEDATA. ...ccttie ittt eee e ettt e e e et e e e e e e et e e e e e ee e e e e eeenaanns 345
[:SOURCce<hw>]:BB:DM:DLISt:DATA:APPEN.....cieeeiiiiieeeeeeetiee e e eeete e e e et e e eeaaanes 346
[:SOURCe<hw>]:BB:DM:DLISt:DELELE. ....ccccereriieiieieeiiiie e eeeeeice e e e e e e e e een s 346
[:SOURCce<hw>]:BB:DM:DLISt:POINES.....cceeiieiiiiieieeeiiiie e eeeeeeiie e e e e eeerer e e e e e e e e e e e ennn s 346
[:SOURCce<hw>]:BB:DM:DLISt:SELECE. ...c.uiiieeiieiie ettt 347
[:SOURCe<hw>]:BB:DM:FLISt:DELELE. ...cuuiiiieeeie e 347
[:SOURCEe<hW>]:BB:DM:FLISE:POINIS?....ccceeiiieieriiiiiiieieeeieieeeeeeeeeeeeeeeeeeeeeeeressararnnannanannns 348
[:SOURCE<ShW>]:BB:DM:FLISESELECE. .uuiiieeieieieieeeeeieieeeeeeeeerereetar s se s e e e e e eeeeeeeeseeeeees 348
[:SOURCe<hW>]:BB:DM:MLISEDELELE. .....ccevvueieeeeeieiriieeeeeeeeiiee e e e e et eeeeeeeanaeseeeeeebaneeaas 348
[:SOURCce<hw>]:BB:DM:MLISt:POINES?.....uuieieieeiereeeeeieeiieee e e e ettt e e s eeeaane e e eeeenn s e eeeeeenns 349
[:SOURce<hw>]:BB:DM:MLISt:SELECK. ...cunieniieiei et e 349
[:SOURCE<hW>]:BB:DM:SETTING:CATAIO?. ...eeeeeeeeeeseeeeeeeseseeseeeeseeeseesseeneseeneseeseseeeens 349
[:SOURCE<hW>]:BB:DM:SETTING:DELEE....eeeevereesereseseseeeeeeeeseseseeesseesesesesesesseseseseseenens 350
[:SOURCce<hw>]:BB:DM:SETTING:LOAD.....uuuutuieiieieieieeeeeeeeeeeeeeeeeeeeeeesrsrarann e eeaeeeens 350
[:SOURce<hw>]:BB:DM:SETTING:STORE...ciiiiieeeeeiecciitiiieeet e e e e e e e seeetnrreree e e e e e e e e e eeeannrnnes 350
[:SOURce<hw>]:BB:DM:SETTING:STOREIFAST .....cciiieeeeeeeeeetetetneree s e e e s e e e e e e e e e e e e e eeeeeens 351
[:SOURce<hw>]:BB:DM:STANdard:ULISt:CATAIOg?....cuuiieeieeiriieeeeeeeiieeeeeeeeene e eeeeeennaes 351
[:SOURce<hw>]:BB:DM:STANdard:ULISt:DELEte.....c.cieuiieiiii et 351
[:SOURce<hw>]:BB:DM:STANdard:ULISt:LOAD......cciiiiiieieii et 352
[:SOURce<hw>]:BB:DM:STANdard:ULISt:STORE....cciiiuiieiiiiii et 352

[:SOURce<hw>]:BB:DM:CLISt:CATalog?
[:SOURce<hw>]:BB:DM:DLISt:CATalog?
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[:SOURce<hw>]:BB:DM:FLISt:CATalog?
[:SOURce<hw>]:BB:DM:MLISt:CATalog?

Queries the user mapping lists present in the default directory. The default directory is
set using command MMEM: CDIRectory. When the names of the files are returned
they are separated by commas.

The command only reads out files with the * . vam extension (see also Table 12-1).

Return values:
<Catalog> string

Example: BB:DM:FORM USER
selects the User modulation type.
MMEM:CDIR 'D:\user\mapping List'
sets the default directory for the user mapping lists.
BB:DM:MLIS:CAT?
queries the user mapping lists in the directory.

Usage: Query only

Manual operation: See "Load User Mapping" on page 73

[:SOURce<hw>]:BB:DM:CLISt:FREE?
[:SOURce<hw>]:BB:DM:DLISt:FREE?
[:SOURce<hw>]:BB:DM:FLISt:FREE?
[:SOURce<hw>]:BB:DM:MLISt:FREE?

Queries the user modulation mapping list free memory.

Return values:

<Free> integer
Range: 0 to INT_MAX
*RST: 0

Example: BB:DM:FORM USER

selects the User modulation type.
BB:DM:FLIS:FREE?

queries the free memory.

Usage: Query only

[:SOURce<hw>]:BB:DM:CLISt:COPY <Filename>
[:SOURce<hw>]:BB:DM:DLISt:COPY <Filename>

The command copies the selected data list into the data list specified by <list name>. If
a data list with the specified name already exists, it is overwritten. If it does not yet
exist, it is created.

The source file has to be available in the default directory. The default directory is set
using command MMEM: CDIRectory. A path can be specified, in which case the
source file is copied into the file <list name> in the specified directory. The file exten-
sion may be omitted.

Only files with the file extension *.dm igc will be copied (see also Table 12-1).



Setting parameters:
<Filename>

Example:

Usage:

Manual operation:

SOURCce:BB:DM Subsystem

string

BB:DM:DLIS 'd listl'

selects data listd 1ist1l.

BB:DM:DLIS:COPY 'd list2'

copies the content of data listd 1istl into datalistd 1ist2.
Any existing content in data list d_1ist2 is overwritten.

Setting only
See "Select Data List" on page 71

[:SOURce<hw>]:BB:DM:CLISt:TAG?
[:SOURce<hw>]:BB:DM:DLISt:TAG?

The command queries the content of the specified tag in the selected file.

Return values:
<Tag>

Example:

Usage:

<control list>,<tag name>

BB:DM:DLIS:TAG 'D listl', 'date’
queries the Date tag in control list D _1ist1.
Response:10.10.2008

the data list was created on 10.10.2008.

Query only

[:SOURce<hw>]:BB:DM:CLISt:DATA <Data>

Sends the data to the currently selected control list. If the list already contains data, it is
overwritten. This command only writes data into the data section of the file.

The values for the control signals are sent, arranged in an 8-bit value as follows:

Signal Order Decimal value of bits
Marker 1 LSBit 1

Marker 2 2

Burst = LSBit 16

LevAtt1 LSBit 32

CWMod LSBit 64

Hop MSBit 128

You can also send the data as a binary block. Each binary block is a 2-byte value in
which the 16 bits represent the binary values (16-bit unsigned integer, 2 bytes, LSB

first).

For query purposes, the command : FORMat ASCii |

PACKed can be used to

switch between the formats. The byte sequence is defined in the IEC bus standard as
'most significant byte first'



SOURCce:BB:DM Subsystem

*RST has no effect on data lists. This command is without query.

Setting parameters:
<Data> string

Example: BB:DM:CLIS:SEL 'c listl'
Selects the control list.
BB:DM:CLIS:DATA 0,0,0,0,8,8,8,0,0,0,0...
Enters the control values in list c_list1. In the example, only
ramps for marker 4 are set.

Usage: Setting only

Manual operation: See "Select Ramp to Edit" on page 82

[:SOURce<hw>]:BB:DM:CLISt:DELete <Filename>

The command deletes the specified control list from the default directory. The default
directory is set using command MMEM: CDIRectory. A path can also be specified, in
which case the files in the specified directory are deleted. The file extension may be
omitted. Only files with the file extension * .dm_igc will be deleted.

Setting parameters:
<Filename> <list name>

Example: BB:DM:CLIS:DEL 'c 1list3'
deletes control list c_list3.

Usage: Setting only

Manual operation: See "Select Control List" on page 71

[:SOURce<hw>]:BB:DM:CLISt:POINts?
The command queries the number of lines (2 bytes) in the currently selected list.

Return values:

<Points> integer
Range: 0 to INT_MAX
*RST: 0

Example: BB:DM:CLIS:SEL "c listl"

selects control list c_list1.
BB:DM:CLIS:POIN?

queries the number of lines in the control list.
Response: 20
the control list consists of 20 lines.

Usage: Query only
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[:SOURce<hw>]:BB:DM:CLISt:SELect <Filename>

The command selects the control list in the default directory. The default directory is
set using command MMEM: CDIRectory. A path can also be specified, in which case
the files in the specified directory are selected. If a control list with the specified name
does not yet exist, it is created. The file extension may be omitted. Only files with the
file extension *.dm_igc will be selected or created.

Parameters:
<Filename> <list name>
Example: BB:DM:CLIS:SEL 'c listl'

selects control list c_ 1istl.

Manual operation: See "Select Control List" on page 71

[:SOURce<hw>]:BB:DM:DLISt:DATA <Data>
[:SOURce<hw>]:BB:DM:DLISt:DATA? [<Start>[, <Count>]]

The Setting command sends the bit data to the data list selected with the com-
mand :BB:DM:DLISt:SELect. Any existing content in the data list is overwritten.
This command only writes data into the data section of the file.

This command sends the bit data to the selected data list, which is overwritten.

The query reads out the data part of the data list. If the query is expanded by using the
two parameters <start> and <length>, the list is read out in smaller sections. Start and
Length are expressed in bits. Without the parameters, the total length is always read
out starting from address 1. The command : FORMat ASCii | PACKed can be used
to select the data format. The byte sequence is defined in the IEC bus standard (read/
write most significant byte first). *RST has no effect on data lists.

Parameters:
<Data> integer

Query parameters:
<Start> integer

Range: 1 to 2147483647

<Count> integer
Range: 1 to 2147483647

Example: BB:DM:DLIS:SEL 'dlistl'
Selects data list dlist1. If the file does not yet exist, it is created.
BB:DM:DLIS:DATA 1,1,1,0,0,0,1,1,0,1...
Sends the specified data to file dlist1. Any data already present
is overwritten.

Example: BB:DM:DLIS:SEL 'dlistl'
Selects data list dlist1.
FORM ASCI

Selects ASCII data transmission format.
BB:DM:DLIS:DATA? 2048,1024
Queries the data starting at bit 2048 for 1024 bits.
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[:SOURce<hw>]:BB:DM:DLISt:DATA:APPend <Bits>

The command appends the bit data onto the end of the existing data in the selected
data list. This means that existing content in the data list is not overwritten. By this
means very long data lists can be built up piecemeal. The data format is as specified in
command SOURce : BB:DM:DLISt : DATA.

The command cannot be used with an empty data list, such as one that has just been
created, for example. In this case the command SOURce :BB: DM: DLISt : DATA must
first be used to enter modulation data in the list.

*RST has no effect on data lists.

Setting parameters:

<Bits> 0]14{0]1}|block data
Example: BB:DM:DLIS:SEL ' d list2'
selects data list d_1ist2.
FORM ASC

selects ASCII data transmission format.
BB:DM:DLIS:DATA:APP 1,1,1,0,0,0,1,1,0,1...
adds the specified numeric data to the existing data in data list
d list2.

Usage: Setting only

[:SOURce<hw>]:BB:DM:DLISt:DELete <Filename>

The command deletes the specified data list. from the default directory. The default
directory is set using command MMEM: CDIRectory. A path can also be specified, in
which case the files in the specified directory are deleted. The file extension may be
omitted. Only files with the file extension *.dm_iqgd will be deleted.

Setting parameters:
<Filename> string

Example: BB:DM:DLIS:DEL ' d list2'
deletes data list d_list2.

Usage: Setting only

Manual operation: See "Select Data List" on page 71

[:SOURce<hw>]:BB:DM:DLISt:POINts <Points>

The command defines the number of bits in the selected data list to be utilized. When a
list is being filled with block data, this data is only ever sent in multiples of 8 bits. How-
ever the exact number of bits to be exploited can be set to a different figure. The
superfluous bits in the list are then ignored.
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Parameters:

<Points> integer
Range: 0 to INT_MAX
*RST: 0

Example: BB:DM:DLIS:POIN 234

defines the number of bits in the data list to be utilized as 234
bits. If the list was filled with block data, at least the last 6 bits
will be ignored.

[:SOURce<hw>]:BB:DM:DLISt:SELect <Select>

The command selects the data list in the default directory. The default directory is set
using command MMEM: CDIRectory. A path can also be specified, in which case the
files in the specified directory are selected. If a data list with the specified name does
not yet exist, it is created. The file extension may be omitted. Only files with the file
extension *.dm_iqgd will be selected or created.

The modulation data in this data list is used when the data source is selected using the
command SOURce :BB:DM: SOURce DLISt

Parameters:
<Select> <list name>
Example: BB:DM:DLIS:SEL 'd list2'

selects data listd_1ist2.

Manual operation: See "Data Source" on page 71

[:SOURce<hw>]:BB:DM:FLISt:DELete <Filename>

Deletes the secified user filter file. The default directory is set using command
MMEM:CDIRectory. A path can also be specified, in which case the files in the speci-
fied directory are read. The file extension may be omitted. Only files with the file exten-
sion * . vaf*.vaf will be deleted.

Setting parameters:
<Filename> string

Example: BB:DM:FILT:TYPE USER
selects the User filter type.
MMEM:CDIR 'D:\user\Filter List'
sets the default directory for the user-defined filters.
BB:DM:FLIS:DEL user filter3

deletes the user-defined filter.
Usage: Setting only

Manual operation: See "Load User Filter" on page 76
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[:SOURce<hw>]:BB:DM:FLISt:POINts?
Queries the user filter list length.

Return values:

<Points> integer
Range: 0 to INT_MAX
*RST: 0

Example: BB:DM:FILT:TYPE USER

selects the User filter type.
BB:DM:FLIS:POIN?

queries the list length.

Usage: Query only

[:SOURce<hw>]:BB:DM:FLISt:SELect <Filename>
Selects the user-defined filter (* . vaf).

The directory applicable to the following command is defined with the command
MMEM:CDIRectory. To access the files in this directory, only the file name is required,
without the path and the file extension.

Parameters:
<Filename> string
Example: BB:DM:FILT:TYPE USER

selects the User filter type.
MMEM:CDIR 'D:\user\Filter List'

sets the default directory for the user-defined filters.
BB:DM:FLIS:SEL user filter3

selects the user-defined filter.

Manual operation: See "Load User Filter" on page 76

[:SOURce<hw>]:BB:DM:MLISt:DELete <Filename>

Deletes the secified user mapping file. The default directory is set using command
MMEM:CDIRectory. A path can also be specified, in which case the files in the speci-
fied directory are read. The file extension may be omitted. Only files with the file exten-
sion * . vam will be deleted.

Setting parameters:
<Filename> string

Example: BB:DM:FORM USER
selects the User modulation type.
MMEM:CDIR 'D:\user\mapping List'
sets the default directory for the user mapping lists.
BB:DM:MLIS:DEL user mapping3
deletes the user mapping list.

Usage: Setting only
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Manual operation: See "Load User Mapping" on page 73

[:SOURce<hw>]:BB:DM:MLISt:POINts?
Queries the user modulation mapping list length.

Return values:

<Points> integer
Range: 0 to INT_MAX
*RST: 0

Example: BB:DM:FORM USER

selects the User modulation type.
BB:DM:MLIS:POIN?

queries the list length.

Usage: Query only

[:SOURce<hw>]:BB:DM:MLISt:SELect <Filename>

Selects the user mapping list in the default directory. The default directory is set using
command MMEM: CDIRectory. A path can also be specified, in which case the files in
the specified directory are selected. If a user mapping list with the specified name does
not yet exist, it is created. The file extension may be omitted. Only files with the file
extension * . vam will be selected or created.

Parameters:
<Filename> string
Example: BB:DM:MLIS:SEL 'c listl'

selects the user mapping listc 1ist1.

Manual operation: See "Load User Mapping" on page 73

[:SOURce<hw>]:BB:DM:SETTing:CATalog?

Reads out the files with Custom Digital Modulation settings in the default directory. The
default directory is set using command MMEM: CDIRectory. Only files with the file
extension * . dm will be listed.

Return values:
<Catalog> string

Example: MMEM:CDIR 'D:\user\dig mod'
sets the default directory.
BB:DM:SETT:CAT?
reads out all the files with Custom Digital Modulation settings in
the default directory.
Response: 'DM 1
the file DM 1 with Custom Digital Modulation settings is availa-
ble.



SOURCce:BB:DM Subsystem

Usage: Query only

Manual operation: See "Save/Recall" on page 68

[:SOURce<hw>]:BB:DM:SETTing:DELete <Filename>

This command deletes the selected file with Custom Digital Modulation settings. The
directory is set using command MMEM: CDIRectory. A path can also be specified, in
which case the files in the specified directory are read. The file extension may be omit-
ted. Only files with the file extension * . dm will be deleted.

Setting parameters:
<Filename> string

Example: BB:DM:STAN:ULIS:DEL 'DM 1'
deletes file DM 1.

Usage: Setting only

Manual operation: See "Save/Recall" on page 68

[:SOURce<hw>]:BB:DM:SETTing:LOAD <Filename>

This command loads the selected file with Custom Digital Modulation settings. The
directory is set using command MMEM: CDIRectory. A path can also be specified, in
which case the files in the specified directory are read. The file extension may be omit-
ted. Only files with the file extension * . dm will be loaded.

Setting parameters:
<Filename> string

Example: BB:DM:STAN:ULIS:LOAD 'DM 1'
loads file bM_1.

Usage: Setting only

Manual operation: See "Save/Recall" on page 68

[:SOURce<hw>]:BB:DM:SETTing:STORe <Filename>

This command stores the current Custom Digital Modulation settings into the selected
file. The directory is set using command MMEM: CDIRectory. A path can also be
specified, in which case the files in the specified directory are read. Only the file name
has to be entered. User Standards are stored as files with the specific file extensions
* . dm.

Setting parameters:

<Filename> string

Example: BB:DM:STAN:ULIS:STOR 'DM QAM'
stores the current Custom Digital Modulation settings into file
DM QAM.

Usage: Setting only
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Manual operation: See "Save/Recall" on page 68

[:SOURce<hw>]:BB:DM:SETTing:STORe:FAST <Fast>

Determines whether the instrument performs an absolute or a differential storing of the
settings.

Enable this function to accelerate the saving process by saving only the settings with
values different to the default ones.

Note: This function is not affected by the "Preset" function.

Parameters:
<Fast> 0]1]OFF|ON

*RST: 1

[:SOURce<hw>]:BB:DM:STANdard:ULISt:CATalog?

Reads out the files with Digital Standard settings in the default directory. The default
directory is set using command MMEM: CDIRectory. Only files with the file extension
*.dm_stu will be listed.

Return values:
<Catalog> string

Example: MMEM:CDIR 'D:\user\dig mod'
sets the default directory.
BB:DM:STAN:ULIS:CAT?
reads out all the files with Digital Standard settings in the default
directory.
Response: 'DM QAM'
the file DM QAM with Digital Standard settings is available.

Usage: Query only

[:SOURce<hw>]:BB:DM:STANdard:ULISt:DELete <Filename>

Deletes the selected file with Digital Standard settings. The directory is set using com-
mand MMEM: CDIRectory. A path can also be specified, in which case the files in the
specified directory are read. The file extension may be omitted. Only files with the file
extension *.dm_stu will be deleted.

Setting parameters:
<Filename> string

Example: BB:DM:STAN:ULIS:DEL 'DM QAM'
deletes file 'DM_QAM'.

Usage: Setting only
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[:SOURce<hw>]:BB:DM:STANdard:ULISt:LOAD <Filename>

Loads the selected file with Digital Standard settings. The directory is set using com-
mand MMEM: CDIRectory. A path can also be specified, in which case the files in the
specified directory are read. The file extension may be omitted. Only files with the file
extension *.dm_stu will be loaded.

Setting parameters:
<Filename> string

Example: BB:DM:STAN:ULIS:LOAD 'DM QAM'
loads file 'DM_QAM'.

Usage: Setting only

[:SOURce<hw>]:BB:DM:STANdard:ULISt:STORe <Filename>

Stores the current Digital Standard settings into the selected file. The directory is set
using command MMEM: CDIRectory. A path can also be specified, in which case the
files in the specified directory are read. Only the file name has to be entered. User
Standards are stored as files with the specific file extensions *.dm stu.

Setting parameters:
<Filename> string

Example: BB:DM:STAN:ULIS:STOR 'DM QAM'
stores the current Digital Standard settings into file 'DM_QAM'.

Usage: Setting only

SOURCce:BB:IMPort Subsystem

The IMPort subsystem contains the commands for importing 1Q signal data files via
TCP/IP into R&S WinlQSIM2.

®  General COMMANAS. ... ... e e e e e e e e e e e e e e e e e e e e e nnneenneeeaaaeeeas 352
o  Filter/Clipping SettiNgS...ccoiuiiiie e 356
®  Marker SEHiNGS......cie i ————————— 361

General Commands

[:SOURGESNWST:BB:IMPOIEPRESEL. .....voeeveeeeeeeeeseeeeseeseseseseeseeeeseeeeeeeseesesseseseeeesseseseeeans 353
[:SOURCe<hw>]:BB:IMPOrt:SERVEIID?......cccceeeeieeeeeeeeeeeiettiteeeeeeie e e e e e eaeaeaeeeeeeeeeeeeeeseens 353
[:SOURce<hw>]:BB:IMPOrt:SERVer:LOCaI[:STATE]...cuuueiereeeerriieieeeeeetieieeeeeeraeeeeeeeerannns 353
[:SOURce<hw>]:BB:IMPOrt:SERVErNAME.........ccotttiiiiiiiiiiiiiaaeas e e e e e e e e e e e e eeeeeeeeeeeaeeeees 353
[:SOURce<hw>]:BB:IMPOrt:SERVENPORT ......uttiiiiiieeeeeiieeienrreer e e e e s e e e e e e 354
[:SOURce<hw>]:BB:IMPOrt:SERVEr:TTOUL. ...cuuiiiiiiee ettt 354
[:SOURce<hw>]:BB:IMPort:SETTING:CATAlOG?....ceuieiieiie e e et e e e e eeas 354
[:SOURce<hw>]:BB:IMPOrt:SETTING:DELELE......uvireiieieeeeee i it eee e e e e e e e e ssseniraeeeeeea e 355
[:SOURce<hw>]:BB:IMPOrt:SETTING:LOAD.......cceeteeeeeiereninniaaaaeieseeeesaaeaeeeereeeenensessnnnnnnes 355
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[:SOURce<hw>]:BB:IMPOrt:SETTING:STORE......ccctiiiiiiiiiiinininiaaaa e e e e e e e e e aaaaaaeaeeeeeeaeeeeens 355
[:SOURce<hw>]:BB:IMPort:SETTING:STORE:FAST ... et 356
[:SOURce<hw>]:BB:IMPort:SRATE:VARIGtON?.....ceiiieieeiiee et 356
[:SOURCESNW>]:BB:IMP O STAT . cuuutuiiiieieeeeaeeeeisaeernteeeeeeesaaeesssssassssreseeeeeaaasesessaanassnns 356

[:SOURce<hw>]:BB:IMPort:PRESet

Sets the default settings for IQ data import.

Example: SOURcel :BB:IMPort:PRESet
Usage: Event

Manual operation: See "Set to Default" on page 138

[:SOURce<hw>]:BB:IMPort:SERVer:ID?

Queries the connected import server. If no import server is connected, a message "not
connected" is displayed.

Return values:
<ld> string

Example: BB:IMP:SERV?
queries the connected import server.

Usage: Query only

Manual operation: See "Server ID" on page 139

[:SOURce<hw>]:BB:IMPort:SERVer:LOCal[:STATe] <State>

Acivates/deactivates the local host as the server from where the |Q data streams will
be dowloaded. If activated, the field for entering a remote host is filled with the entry
"localhost" automatically and cannot be edited.

Parameters:
<State> 0]1]OFF|ON
*RST: 1
Example: BB:IMP:SERV:LOC:STAT ON

sets the localhost as the connected server.

Manual operation: See "Use Local Server" on page 139

[:SOURce<hw>]:BB:IMPort:SERVer:NAME <Name>

The command enters the name (IP address) of the connected server. To enter the
name in this field, the check box "Use Local Server" has to be unchecked.

Parameters:
<Name> string
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Example: BB:IMP:SERV:NAME 12.34.45.78
enters the IP address of the connected server.

Manual operation: See "Server Name" on page 139

[:SOURce<hw>]:BB:IMPort:SERVer:PORT <Port>

Sets the port number for the server connection.

Parameters:
<Port> integer
Range: 0 to 65536
Increment: 1
*RST: 1000
Example: BB:IMP:SERV:PORT 1000

sets port 1000 for the server connection.

Manual operation: See "Port Number" on page 139

[:SOURce<hw>]:BB:IMPort:SERVer:TTOut <TTout>

Sets the duration after which the transmission is aborted in case of a server timeout.

Parameters:
<TTout> integer
Range: 10 to 10000
Increment: 1
*RST: 20
Example: BB:IMP:SERV:TTO 20

sets the transmission timeout to 20 seconds.

Manual operation: See "Transmission Timeout (s)" on page 139

[:SOURce<hw>]:BB:IMPort:SETTing:CATalog?

Reads out the files with import settings in the default directory. The default directory is
set using command MMEM: CDIRectory. Only files with the file extension * . import
will be listed.

Return values:
<Catalog> string

Example: MMEM:CDIR 'D:\user\/user/waveform'
sets the default directory to D:\user\/luser/waveform.
BB:IMP:SETT:CAT?
reads out all the files with import settings in the default directory.
Response: 'import_1', 'import_2'
the files import 1 and import 2 with import settings are
available.

Usage: Query only
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Manual operation: See "Save/Recall" on page 139

[:SOURce<hw>]:BB:IMPort:SETTing:DELete <Filename>

Deletes the selected file with import settings. The directory is set using command
MMEM:CDIRectory. A path can also be specified, in which case the files in the speci-
fied directory are read. The file extension may be omitted. Only files with the file exten-
sion *. import will be loaded.

Setting parameters:
<Filename> string

Example: BB:IMP:SETT:DEL 'import 1'
deletes file import 1.

Usage: Setting only

Manual operation: See "Save/Recall" on page 139

[:SOURce<hw>]:BB:IMPort:SETTing:LOAD <Filename>

Loads the selected file with import settings. The directory is set using command
MMEM:CDIRectory. A path can also be specified, in which case the files in the speci-
fied directory are read. The file extension may be omitted. Only files with the file exten-
sion * . import will be loaded.

Setting parameters:
<Filename> string

Example: BB:IMP:SETT:LOAD 'import 1'
loads file import 1.

Usage: Setting only

Manual operation: See "Save/Recall" on page 139

[:SOURce<hw>]:BB:IMPort:SETTing:STORe <Filename>

Stores the current import settings into the selected file. The directory is set using com-
mand MMEM: CDIRectory. A path can also be specified, in which case the files in the
specified directory are read. Only the file name has to be entered. Import settings are
stored as files with the specific file extensions * . import.

Setting parameters:
<Filename> string

Example: BB:IMP:SETT:STOR 'import 1'
stores the current import settings into file import 1.

Usage: Setting only

Manual operation: See "Save/Recall" on page 139
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[:SOURce<hw>]:BB:IMPort:SETTing:STORe:FAST <Fast>

Determines whether the instrument performs an absolute or a differential storing of the
settings.

Enable this function to accelerate the saving process by saving only the settings with
values different to the default ones.

Note: This function is not affected by the "Preset" function.

Parameters:
<Fast> 0]1]OFF|ON

*RST: 1

[:SOURce<hw>]:BB:IMPort:SRATe:VARiation?
Queries the sample rate variation.

Return values:
<Variation> float

Range: 400 to 40E6
Increment: 0.001

*RST: 20E6
Example: BB:IMPort:SRATe:VARiation?
Usage: Query only

Manual operation: See "Sample Rate Variation " on page 141

[:SOURce<hw>]:BB:IMPort:STATe <State>
Enables/disables the import of I1Q data.

Parameters:

<State> 0]1]OFF|ON
*RST: 0

Example: BB:IMP:STAT ON

enables the import of IQ data.

Manual operation: See "State" on page 138

Filter/Clipping Settings

[:SOURCE<hW>]:BB:IMPOrt:CLIPPING:LEVEL........eeeeseeeeseeeeseeeeseeeeeeeeeeeeseeseseseseeseseeseseaees 357
[:SOURGE<hW>]:BB:IMPOrt: CLIPPING:MODE.........eeoeeeeeeeeeeeeeeseeeeeteseeeeseeeeseeneseeseseeneseereeeas 357
[:SOURCce<hw>]:BB:IMPOrt:CLIPPING:STATE....cieiiieeeeeeeeeeeeiettceeeeeeee e e e e eeeeaeeeeeeeeeeeeeeeesenns 358
[:SOURce<hw>]:BB:IMPOrt:FILTEr:ILENGtN. ...cccceiiiiecciiiiieeeee e e e e e e e 358
[:SOURce<hw>]:BB:IMPort:FILTer:ILENGth:AUTO......cuuiuiiiiiiiciiiieieieeeeeeeeeeeeeeeeeeeeeeeeanenens 358
[:SOURce<hw>]:BB:IMPOrt:FILTEr:OSAMPIING...ccuuuieeeeeeieriieeeeeeinreseeeeeeiaaeeeeeeeninneeeeeeenes 359
[:SOURce<hw>]:BB:IMPort:FILTer:OSAMPING:AUTO.... .ot 359
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[:SOURCce<hw>]:BB:IMPOrt:FILTEITYPE. .. .ciiiiiiieieeeeeeeeeeeee ettt a e e e e e e e eeeeeees 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARamMEter:COSINE. ....ccuviiieereiiieiiierreeereeee e e e e 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARAMEtEr:GAUSS. ......cuutiiiieieeeeieiiiiiieeereee e e e 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARAmMEter:LPASS...........cccceriiiieeereee e e e e e e eeenveeeeeeee s 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARamMeter:LPASSEVM........cccevvvrermrermrnniiiineeeieneeeeenns 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARAMEter:PGAUSS........ccvueieeeeeiirrieieeeeeeree e e eeernn 359
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:RCOSINE. ......cccoeeeeeiiieieaeeeeieeeeeeeeeeeeeeee 360
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:SPHase.........cccccvvreeiieiieiiieieeeeeeeee e 360
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:APCO25........cccoveeeriiiiicirireeeereee e e 360
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:COSIN€:COFS........cccoceiieiiiniiiiiiieeeeeereeenn 361

[:SOURce<hw>]:BB:IMPort:CLIPping:LEVel <Level>

Sets the limit for level clipping. This value indicates at what point the signal is clipped.
It is specified as a percentage, relative to the highest level. 100% indicates that clip-
ping does not take place.

Level clipping is activated with the command SOUR:BB: IMP:CLIP:STAT ON.

Parameters:
<Level> integer
Range: 1 to 100
Increment: 1
*RST: 100
Default unit: PCT
Example: BB:IMP:CLIP:LEV 80PCT

sets the limit for level clipping to 80% of the maximum level.
BB:IMP:CLIP:STAT ON

activates level clipping.

Manual operation: See "Clipping Level " on page 143

[:SOURce<hw>]:BB:IMPort:CLIPping:MODE <Mode>

The command sets the method for level clipping (Clipping).

Parameters:
<Mode> VECTor | SCALar
VECTor
The reference level is the amplitude | i+jq |.
SCALar
The reference level is the absolute maximum of the | and Q val-
ues.
*RST: VECTor
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Example: BB:IMP:CLIP:MODE SCAL
selects the absolute maximum of all the | and Q values as the
reference level.
BB:IMP:CLIP:LEV 80PCT

sets the limit for level clipping to 80% of this maximum level.
BB:IMP:CLIP:STAT ON

activates level clipping.

Manual operation: See "Clipping Mode" on page 144

[:SOURce<hw>]:BB:IMPort:CLIPping:STATe <State>

Activates level clipping (Clipping). The value is defined with the command
[SOURce] :BB: IMPort:CLIPping:LEVel, the mode of calculation with the com-
mand [SOURce] :BB: IMPort:CLIPping:MODE.

Parameters:
<State> 0]1]|OFF|ON
*RST: 0
Example: BB:IMP:CLIP:STAT ON

activates level clipping.

Manual operation:  See "Clipping State" on page 143

[:SOURce<hw>]:BB:IMPort:FILTer:ILENgth <ILength>

Sets the impulse length (number of filter tabs).

Parameters:
<ILength> integer
Range: 1 to 128
Increment: 1
*RST: 40
Example: BB:IMP:FILT:ILEN 10

sets the number of filter tabs to 10.

Manual operation: See "Impulse Length" on page 142

[:SOURce<hw>]:BB:IMPort:FILTer:ILENgth:AUTO <Auto>

Acivates/deactivates the impulse length state. If activated, the most sensible parameter
values are selected. The value depends on the coherence check.

Parameters:
<Auto> 0]1]|OFF|ON
*RST: 1
Example: BB:IMP:FILT:ILEN:AUTO ON

the most sensible parameters are selected automatically.

Manual operation: See "Impulse Length" on page 142
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[:SOURce<hw>]:BB:IMPort:FILTer:0OSAMpling <OSampling>

Sets the upsampling factor.

Parameters:

<OSampling> integer
Range: 1 to 32
Increment: 1
*RST: 2

Example: BB:IMP:FILT:0SAM 32

sets the upsampling factor to 32.

Manual operation: See "Oversampling" on page 142

[:SOURce<hw>]:BB:IMPort:FILTer:OSAMpling:AUTO <Auto>

Acivates/deactivates the upsampling factor state. If activated, the most sensible
parameter values are selected. The value depends on the coherence check. If deacti-
vated, the values can be changed manually.

Parameters:
<Auto> 0]1]OFF|ON
*RST: 1
Example: BB:IMP:FILT:0SAM:AUTO ON

the most sensible parameters are selected automatically.

Manual operation: See "Oversampling" on page 142

[:SOURce<hw>]:BB:IMPort:FILTer:TYPE <Type>
Selects the filter type.

Parameters:

<Type> RCOSine | COSine | GAUSs | LGAuss | CONE | COF705 |
COEQualizer | COFequalizer | C2K3x | APCO25 | SPHase |
RECTangle | PGAuss | LPASs | DIRac | ENPShape |
EWPShape | LPASSEVM
*RST: GAUSs (if layer mode OFDM), COSine (if layer

mode CCK or PBCC)
Example: BB:IMP:FILT:TYPE COS

selects the Cosine filter type.

Manual operation: See "Filter" on page 141

[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:COSine <Cosine>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:GAUSs <Gauss>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:LPASs <LPass>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:LPASSEVM <LPassEvm>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:PGAuss <PGauss>
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[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:RCOSine <RCosine>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:SPHase <SPhase>
[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:APCO25 <Apco25>

Sets the corresponding filter parameter.

Parameters:
<Apco25> float

Range: 0.05 to 0.99

Increment: 0.01

*RST: 0.2
<Cosine> float

Range: 0 to 1.0

Increment: 0.01

*RST: 0.1
<Gauss> float

Range: 0.15 to 2.5

Increment: 0.01

*RST: 0.5
<LPass> float

Range: 0.05 to 2

Increment: 0.01

*RST: 0.5
<LPassEvm> float

Range: 0.05 to 2

Increment: 0.01

*RST: 0.5
<PGauss> float

Range: 0.15 to 2.5

Increment: 0.01

*RST: 0.5
<RCosine> float

Range: 0 to 1.0

Increment: 0.01

*RST: 0.22
<SPhase> float

Range: 0.15 to 2.5

Increment: 0.01

*RST: 2
Example: BB:IMP:FILT:PAR:APCO25 0.2

sets the roll-off factor to 0.2 for filter type APCO25.

Manual operation: See "Roll Off Factor or BxT" on page 141
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[:SOURce<hw>]:BB:IMPort:FILTer:PARameter:COSine:COFS <Cofs>

Sets the "cut of frequency shift" value for the Cosine filter type.

Parameters:
<Cofs> float
Range: -1 to 1
Increment: 0.01
*RST: -0.1
Example: BB:IMP:FILT:PAR:COS:COFS 0.04

the "cut of frequency shift” value is set to 0.04.

Manual operation: See "Cut Off Frequency Shift" on page 141

Marker Settings

[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPUt<Ch>:MODE............cccevrvrrrmrrrrrrnrieeeeeeeeeeeeenns 361
[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPUt<ch>:ONTIME.........ccrrrrrrrrrrrnrnnnniiineneeeeeeenns 362
[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPUt<ch>:OFFTiMe.........ceiieerieinieeeeeeeeieeeeeeeeennnn 362
[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPuUt<Ch>:PATTErN.......cceeeeieaeaaaieieieeeeeeeeeeeiineneees 362
[:SOURce<hw>]:BB:IMPort:TRIGger:OUTPut<ch>:PULSe:DIVider.........cccoeeiiriiiiiiieiiaannnnn 362
[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPut<ch>:PULSe:FREQUENCY?........ceerreerrmrmnnnnnnnnn 363

[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPut<ch>:MODE <Mode>

The command defines the signal for the selected marker output.

Parameters:

<Mode> RESTart | PULSe | PATTern | RATio
RESTart
A brief marker signal is generated at the start of the waveform.
PULSe

A pulsed marker signal is generated. The pulse frequency (=
symbol rate/divider) is defined with the
SOUR:IMP:TRIG:0UTP:PULSe:DIVider command and can
be queried with the

SOUR:BB:IMP:TRIG:0UTP:PULSe: FREQuency command.

PATTern

A marker signal is generated with the aid of a user-definable bit
pattern. The bit pattern is entered with the command
SOURce:BB:IMP:TRIGger:OUTPut: PATTern. The bit pattern
is a maximum of 32 bits long.

RATio

A regular marker signal corresponding to the Time Off / Time On
specifications in the commands
SOURce:BB:IMP:TRIGger:0UTPut : OFFT and
SOURce:BB:IMP:TRIGger:OUTPut :ONT is generated.

*RST: RESTart
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Example: BB:IMP:TRIG:0UTP2:MODE PULS
selects the pulsed marker signal on output MARKER 2.

Manual operation: See "Marker Mode" on page 144

[:SOURce<hw>]:BB:IMPort:TRIGger:OUTPut<ch>:ONTime <OnTime>
[:SOURce<hw>]:BB:IMPort:TRIGger:OUTPut<ch>:0FFTime <OffTime>

Sets the number of symbols in a period (ON time + OFF time) during which the marker
signal in setting SOURce :BB: IMPort: TRIGger : OUTPut :MODE RATio on the
marker outputs is OFF.

Parameters:

<OffTime> integer
Range: 1 to 16777215
Increment: 1
*RST: 1

Example: BB:IMP:TRIG:OUTP2:0FFT 20

sets an OFF time of 20 symbols for marker signal 2.

Manual operation: See "Marker Mode" on page 144

[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPut<ch>:PATTern <Pattern>

The command defines the bit pattern used to generate the marker signal in the setting
SOURce:BB:IMP:TRIGger:0UTPut :MODE PATTern. 0 is marker off, 1 is marker

on.
Parameters:
<Pattern> integer
Range: #B0,1 to #B111
*RST: #B0,1
Example: BB:IMP:TRIG:0UTP2:PATT #B000000011111111,15

sets a bit pattern.
BB:IMP:TRIG:0UTP2:MODE PATT

activates the marker signal according to a bit pattern on output
MARKER 2.

Manual operation: See "Marker Mode" on page 144

[:SOURce<hw>]:BB:IMPort:TRIGger:OUTPut<ch>:PULSe:DIVider <Divider>

Sets the divider for the Pulse marker mode (SOUR:BB: IMP: TRIG: OQUTP : MODE
PULSe). The resulting pulse frequency is derived by dividing the symbol rate by the
divider.
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Parameters:
<Divider> integer
Range: 2 to 1024
Increment: 1
*RST: 2
Example: BB:IMP:TRIG:0UTP2:PULS:DIV 2

sets the divider to 2 for the marker signal on output MARKER 2.
BB:IMP:TRIG:0UTP2:FREQ?

queries the resulting pulse frequency of the marker signal.
Response:

66 000

the resulting pulse frequency is 66 kHz.

Manual operation: See "Marker Mode" on page 144

[:SOURce<hw>]:BB:IMPort: TRIGger:OUTPut<ch>:PULSe:FREQuency?

Queries the pulse frequency of the pulsed marker signal in the setting
SOURce:BB:IMP: TRIGger:O0UTPut:MODE PULSe. The pulse frequency is derived
by dividing the symbol rate by the divider.

Return values:

<Frequency> float
Range: 0 to max
Increment: 0.001
*RST: 10E6
Example: BB:IMP:TRIG:0UTP2:PULS:DIV 2
sets the divider marker signal on output MARKER 2 to the value
2.

BB:IMP:TRIG:0UTP2:MODE PULS

enables the pulsed marker signal.
BB:IMP:TRIG:0OUTP2:PULS:FREQ?

queries the pulse frequency of the marker signal.

Response:
33 000

the resulting pulse frequency is 33 kHz.
Usage: Query only

Manual operation: See "Marker Mode" on page 144

12.11 SOURce:BB:MCCW Subsystem

This subsystem contains the commands for setting the Multi Carrier CW signals.
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Suffixes

SOURce<hw>
For one-path instruments, the keyword SOURCce is optional and can be omitted.

The numeric suffix to SOURce distinguishes between signal generation for path A and
path B in the case of two-path instruments:

® SOURce[1] =path A
The keyword SOURce is optional and can be omitted

® SOURce? =path B
The keyword SOURce is mandatory, i.e. the command must contain the keyword
with suffix 2.

OUTPut<ch>

The numeric suffix to oUTPut distinguishes between the available markers.

General Settings and Carrier Setup Settings

[[SOURCESNWS]:BBMC O ST AT . ieeieieeeeeeeeeeeeeeeeeeeeeeeeeerevab et aeaeseseeeeeaeaeaeseseereees 364
[:SOURCe<hW>]:BB:MCCW:PRESE!.......ccvtuiieieeiiiiiieieeeeeetiee e e e ettt e e e e e e etae e e e e e eebaaeeeeeeenes 365
[:SOURce<hw>]:BB:MCCW:CARRIEICOUNL......ccitiiieieeieeiiiieieeeeeeieseeeeeeenne s e eereeineeeeees 365
[:SOURce<hw>]:BB:MCCW:CARRIEr:LIST:PHASE......cuuiiiieiieieiee ettt 365
[:SOURce<hw>]:BB:MCCW:CARRIEr:LIST:POWET......cceuiiieiiiieeeeei et 366
[:SOURce<hw>]:BB:MCCW:CARRIEr LIST:STATE. .ceui ittt 367
[:SOURce<hw>]:BB:MCCW:CARRIEIHPHASE. ...ccccieieeeeeieeeeeeeeeeeeeeeee e 367
[:SOURCce<hw>]:BB:MCCW:CARRIEIHPOWET.....cccieieeeieeeeeeeeeeeeeeeeeeeevetee e e e e e e e 368
[:SOURce<hw>]:BB:MCCW:CARRIErHSPACING.....uuuuuuuuiiiiiiaieiereeeeeaeeeeeeeeeeereeseenenennnnnnnnann 368
[:SOURCe<hw>]:BB:MCCW:CARRIEISTATE. ..iiiiieieteieeeeetinaeeeeeeeeiesseeeeetasaaesaeeensnnseaaeees 369
[:SOURCE<hW>]:BB:MCCW:CFACTON . c..cttttteiteeaeaae e e e e e e e e e e e e e e e e e eeee et e e s 369
[:SOURce<hw>]:BB:MCCW:CFACIOrACTUAI?. ...ttt 369
[:SOURce<hw>]:BB:MCCW:CFACIOrMODE.......ccitiiiieei et ee e 370
[:SOURCE<hW>]:BB:MCCW:CLOCK?......cceeeeeeieieeeeeeererstrsiniiaaaaeseseeeeeseaesesereeeeressesssraranes 370
[:SOURce<hw>]:BB:MCCW:EDIT:CARRIEIEXECULE........ceeeeeeeeieeeeeeeeeererer e 371
[:SOURce<hw>]:BB:MCCW:EDIT:CARRIEr:PHASE:STEP.......ccevvvreeieeeieeriieeeeeeeeeee e 371
[:SOURce<hw>]:BB:MCCW:EDIT:CARRIer:PHASE[:STAR....itiieeeieieieeeeeeiee e e eeeeeieeee e 372
[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:POWEr:STEP........c.coiiiiiiiiiiiiiieeieeeeeeeeee 372
[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:POWEr[:STARI]. ..ottt 373
[:SOURce<hw>]:BB:MCCW:EDIT:CARRIErHSTARTL.....cittiiiiiieie ittt 373
[:SOURce<hw>]:BB:MCCW:EDIT:CARRIEINSTATE......ctveeererreriririiiieieieeeeeeeeeaeaeseesereeeeeens 373
[:SOURCce<hw>]:BB:MCCW:EDIT:CARRIEIHSTOP......uuiiiiiiiiiiieeeeeeeetiiieeeeeernee e e eeraae s 373

[:SOURce<hw>]:BB:MCCW:STATe <State>

Activates the multi carrier CW signal generation and deactivates all the other digital
standards and digital modulation modes in the same path.
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Parameters:
<State> 0]1|OFF|ON
*RST: 0
Example: SOURcel:BB:MCCW:STATe ON

Manual operation: See "State" on page 100

[:SOURce<hw>]:BB:MCCW:PRESet

Sets the multi carrier signal parameters to their default values (*RST values specified
for the commands).

Not affected is the state set with the command SOURce<hw>:BB:MCCW:STATe
Example: SOURcel :BB:MCCW:PRESet
Usage: Event

Manual operation: See "Set to Default" on page 101

[:SOURce<hw>]:BB:MCCW:CARRier:COUNt <Count>

Sets the number of carriers in the Multi Carrier CW signal. The total bandwidth is cal-
culated as (Number of carriers - 1) * Carrier spacing and must not exceed the system
bandwidth of the instrument (see data sheet).

The carrier spacing (: BB:MCCW:CARRier: SPACing) is reduced if the total bandwidth
is not respected when entering the number of carriers.

The number of carriers entered therefore defines the maximum carrier spacing
(:BB:MCCW:CARRier:SPACing).

Parameters:

<Count> integer
Range: 1 to 8192
*RST: 64

Example: BB:MCCW:CARR:COUN 10

sets 10 CW carriers for the multi carrier signal.

Manual operation: See "Number of Carriers" on page 101

[:SOURce<hw>]:BB:MCCW:CARRier:LIST:PHASe <Phas0[,Phas1..]>]
[:SOURce<hw>]:BB:MCCW:CARRIer:LIST:PHASe? [<Start>[, <Count>]]

Sets the start phase of the carrier with the aid of a value list. The first value in the list is
assigned to the carrier with index 0, the second value to the carrier with index 1, etc.
The maximum length corresponds to the maximum number of multi carriers. There is
no need to enter all the values every time. Values not set by the value list are set with
the default values provided they have already been explicitly set by a previous com-
mand. If this is the case, the values continue to apply until overwritten.
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Setting parameters:
<PhasO[,Phas1..]> float

Range: 0 to 360
Increment: 0.01
*RST: 0
Default unit: DEG

Query parameters:

<Start> integer

Range: 0 to lastCarrier
<Count> integer

Range: 1 to lastCarrier

Return values:
<Phas[,Phas..]> float

Example: BB:MCCW:CARR:LIST:PHAS 1,20,30,40,50,60
sets a start phase for carriers 0, 1, 2, 3 and 4.
BB:MCCW:CARR:LIST:PHAS? 2,3
queries the phase of carrier 1, 2 and 3.

Response: 20, 30, 40

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CARRier:LIST:POWer <Pow0[,Pow1..]>]
[:SOURce<hw>]:BB:MCCW:CARRIier:LIST:POWer? <Start>, <Count>

Sets the power of the carrier with the aid of a value list. The first value in the list is
assigned to the carrier with index 0, the second value to the carrier with index 1, etc.
The maximum length corresponds to the maximum number of multi carriers. There is
no need to enter all the values every time. Values not set by the value list are set with
the default values provided they have already been explicitly set by a previous com-
mand. If this is the case, the values continue to apply until overwritten.

Setting parameters:
<PowO[,Pow1..]> float

Increment: 0.01

Query parameters:

<Start> integer

Range: 0 to lastCarrier
<Count> integer

Range: 1 to lastCarrier

Return values:
<Powl[,Pow..]> float
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Example: BB:MCCW:CARR:LIST:POW -65 dB, -30 dB, -50
dB, ...
sets the power of carrier 0 to -65 dB, carrier 1 to -30 dB and so
on.

BB:MCCW:CARR:LIST:POW? 2,3
queries the power of carrier 1 and 2.
Response: -30, -50

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CARRIer:LIST:STATe <Stat0[,Stat1..]>]
[:SOURce<hw>]:BB:MCCW:CARRIier:LIST:STATe? <Start>, <Count>

Switches the carrier on or off with the aid of a value list. The first value in the list is
assigned to the carrier with index 0, the second value to the carrier with index 1, etc.
The maximum length corresponds to the maximum number of multi carriers. There is
no need to enter all the values every time. Values not set by the value list are set with
the default values provided they have already been explicitly set by a previous com-
mand. If this is the case, the values continue to apply until overwritten.

Setting parameters:
<StatO[,Stat1..]> ON | OFF[,ON | OFF,...]

Query parameters:

<Start> integer

Range: 0 to lastCarrier
<Count> integer

Range: 1 to lastCarrier

Return values:
<State[,State..]> select

Example: BB:MCCW:CARR:LIST:STAT 1,0,1,1,0,0....

switches carrier 0 on, carrier 1 off, etc.
BB:MCCW:CARR:LIST:STAT? 2,4

queries the states of carrier 2, 3, 4 and 5.
Response: 0,1,1,0

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CARRier:PHASe <Carrierindex>, <Phase>
Sets the start phase of the selected carrier.

The phase settings are only valid if optimization of the crest factor is disabled
(: SOURce:BB:MCCW:CFACtor :MODE OFF).

Parameters:
<Carrierindex> integer

Range: 0 to lastCarrier
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<Phase> float
Sets the start phase of the selected carrier.

Range: 0 to 359.99
Increment: 0.01

*RST: 0

Default unit: DEG

Example: BB:MCCW:CARR:PHAS 15,90
sets a start phase of 90 DEG for carrier 15.

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CARRier:POWer <Carrierindex>, <Power>

Sets the power of the selected carrier.

Parameters:
<Carrierlndex> integer
Range: 0 to lastCarrier
<Power> float
Sets the power of the selected carrier.
Range: -80 to O
Increment: 0.01
*RST: 0
Example: BB:MCCW:CARR:POW 15, -50 dB

sets the power of carrier 15 to -50 dB.

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CARRier:SPACing <Spacing>
The command sets the carrier spacing.

The carriers are generated symmetrically around the center carrier. The total band-
width is calculated as ("Number of carriers" - 1) * "Carrier spacing "and must not
exceed the system bandwidth of the instrument (see data sheet).

The maximum carrier spacing that can be set is dependent on the chosen number of
carriers

The maximum carrier spacing is automatically reduced so that the maximum total
bandwidth is not exceeded on entering the number of carriers
(:BB:MCCW:CARRier:COUNt).

Parameters:
<Spacing> float

Range: 0 to 120E6
Increment: 0.01
*RST: 10E3
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Example: BB:MCCW:CARR:SPAC 10 MHz
sets a carrier spacing of 10 MHz.

Manual operation: See "Carrier Spacing” on page 101

[:SOURce<hw>]:BB:MCCW:CARRier:STATe <CarrierIndex>, <State>
Switches the selected carrier on or off.

The counting in remote control differs from the numbers in the carrier table. Index 0
corresponds to number 1 (first line) in the table. Therefore, switching the state of the
channel via remote control always switches the state of <channel index> + 1 in the

table.
Parameters:
<Carrierlndex> integer
Range: 0 to lastCarrier
<State> select
*RST: 0
Example: BB:MCCW:CARR:STAT 15, ON

switches carrier 16 on.

Manual operation: See "Carrier Table" on page 104

[:SOURce<hw>]:BB:MCCW:CFACtor <CFactor>

Sets the desired crest factor for the multi carrier signal on selection of the command
SOUR:BB:MCCW:CFAC:MODE SLOW.

Parameters:

<CFactor> float
Range: 0 to 30
Increment: 0.01
*RST: 3

Example: BB:MCCW:CFAC:MODE SLOW

sets the Target Crest optimization mode.
BB:MCCW:CFAC 10 dB
sets the desired crest factor to 10 dB.

Manual operation: See "Desired Crest Factor" on page 102

[:SOURce<hw>]:BB:MCCW:CFACtor:ACTual?

Queries the actual Crest Factor for BB : MCCW: CFAC : MODE SLOW.



Return values:
<Actual>

Example:

Usage:

SOURCce:BB:MCCW Subsystem

float

Range: 0 to 100
Increment: 0.01
*RST: 3

SOUR:BB:MCCW:CFAC:MODE SLOW
BB:MCCW:CFAC:ACT?
Response: 3

Query only

[:SOURce<hw>]:BB:MCCW:CFACtor:MODE <Mode>

Sets the mode by which automatic settings will minimize the crest factor or hold it at a

chosen value.

Parameters:
<Mode>

Example:

Manual operation:

OFF | CHIRp | SLOW

OFF
Crest factor optimization is switched off. The carrier PHASE set-
ting has an effect.

CHIRp

The crest factor is very rapidly optimized to < 3 dB for multi car-
rier signals so that all carriers are switched on and have the
same amplitude. The computation time is independent of the
number of carriers. In other carrier configurations the achievable
crest factor is worse.

SLOW

The crest factor entered using SOURceBB:MCCW:CFACtor is
maintained for all carrier configurations by means of automatic
settings. The computation time depends on the number of carri-
ers and on the crest factor that has been set. Computation time
increases only when the number of carriers exceeds 256 and
the crest factor is above 4 dB.

*RST: CHIRp

BB:MCCW:CFAC:MODE OFF
switches off automatic crest factor optimization.
The setting SOURBB: MCCW: CARR: PHAS has an effect.

See "Optimize Crest Factor Mode" on page 101

[:SOURce<hw>]:BB:MCCW:CLOCKk?

Queries the output clock rate. The output clock rate depends on the number of carriers
an the selected carrier spacing.
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Return values:

<Clock> float
Range: 0 to Max
Increment: 1E-3
*RST: 0

Example: BB:MCCW:CLOC?
queries the output clock rate.
Response: 256 000 000
the output clock rate is 256 MHz.

Usage: Query only

Manual operation: See "Clock Frequency" on page 101

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:EXECute

Adopts the settings for the carrier range which has been defined using
the :BB:MCCW:EDIT:CARR: ... commands.

Example: BB:MCCW:EDIT:CARR:STAR 4

the carrier range starts at carrier 4.
BB:MCCW:EDIT:CARR:STOP 400

the carrier range stops at carrier 400.
BB:MCCW:EDIT:CARR:STAT ON

sets all the carriers in the carrier range to ON.
BB:MCCW:EDIT:CARR:EXEC

adopts the settings for all the carriers in the carrier range.
BB:MCCW:STAT

starts generation of the multi carrier signal. Carriers 4 to 400 are
in the ON state.

Usage: Event

Manual operation: See "Accept" on page 104

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:PHASe:STEP <Step>

Sets the step width by which the start phases of the carriers in the defined carrier
range will be incremented.

The phase settings are only valid if optimization of the crest factor is disabled
(: SOURce:BB:MCCW:CFACtor :MODE OFF).

Parameters:

<Step> float
Range: -359.99 to 359.99
Increment: 0.01
*RST: 0
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Example: BB:MCCW:EDIT:CARR:PHAS 90 DEG
sets a start phase of 90° for the carriers in the carrier range.
BB:MCCW:EDIT:CARR:PHAS:STEP 1 DEG
the start phase is incremented by 1° for each carrier, i.e. the first
carrier has a start phase of 90°, the second a start phase of 91°,
etc.

Manual operation: See "Phase Step" on page 103

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:PHASe[:STARt] <Start>

Sets the start phase for the individual carriers in the defined carrier range. If the com-
mand :BB:MCCW:EDIT:CARR: PHAS: STEP is used to define a step width, the phase
entered here applies only to the starting carrier. The phases of the remaining carriers
are stepped up or down by the phase value specified in

the :BB:MCCW:EDIT:CARR: PHAS: STEP command.

The phase settings are only valid if optimization of the crest factor is disabled
(SOURce:BB:MCCW:CFACtor :MODE OFF).

Parameters:
<Start> float
Range: 0 to 359.99
Increment: 0.01
*RST: 0
Example: BB:MCCW:EDIT:CARR:PHAS 90 DEG

sets a start phase of 90° for the carriers in the carrier range.

Manual operation: See "Phase Start" on page 103

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:POWer:STEP <Step>

Sets the step width by which the starting power of the carriers in the defined carrier
range will be incremented.

Parameters:
<Step> float
Range: -80 to 80
Increment: 0.01
*RST: 0
Example: BB:MCCW:EDIT:CARR:POW -80dB

sets a power of -80 dB for the carriers in the carrier range.
BB:MCCW:EDIT:CARR:POW:STEP 1 dB

the power phase is incremented by dB for each carrier, i.e. the
first carrier has -80 dB, the second -79 dB, etc.

Manual operation: See "Power Step" on page 103
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[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:POWer[:STARt] <Start>

Sets the power for the individual carriers in the defined carrier range. If the com-

mand :BB:MCCW:EDIT:CARR: POW: STEP is used to define a step width, the power
entered here applies only to the starting carrier. The power of the remaining carriers is
stepped up or down by the power specified in the : BB:MCCW:EDIT:CARR: POW: STEP

command.
Parameters:
<Start> float
Range: -80 to O
Increment: 0.01
*RST: 0
Example: BB:MCCW:EDIT:CARR:POW -50 dB

sets the power of the carrier to -50 dB.

Manual operation: See "Power Start" on page 103

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:STARt <Start>

Selects the first carrier in the carrier range to which the settings with

the :BB:MCCW:EDIT:CARR: ... commands shall apply.
Parameters:
<Start> integer
Range: 0 to 8191
*RST: 0
Example: BB:MCCW:EDIT:CARR:STAR 4

the carrier range starts at carrier 4.

Manual operation: See "Carrier Start/Stop" on page 103

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:STATe <State>

Switches all the carriers in the selected carrier range on or off.

Parameters:
<State> 0]1|OFF|ON
*RST: 1
Example: BB:MCCW:EDIT:CARR:STAT ON

sets all the carriers in the carrier range to ON.

Manual operation: See "Carrier State" on page 103

[:SOURce<hw>]:BB:MCCW:EDIT:CARRier:STOP <Stop>

Selects the last carrier in the carrier range to which the settings with
the :BB:MCCW:EDIT:CARR: ... commands shall apply.
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Parameters:
<Stop> integer
Range: 0 to 8191
*RST: 0
Example: BB:MCCW:EDIT:CARR:STOP 40

the carrier range stops at carrier 40.

Manual operation: See "Carrier Start/Stop" on page 103

Marker Settings

This section lists the remote control commands, necessary to configure the markers.

The marker delay settings are available for R&S SMx and R&S AMU instruments only.

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:MODE..............cceceverrrrrrrrrrrrnrnnnnnnnns 374
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPuUt<ch>:0OFFTiMe.......cceeeeeeeeeereeeeeeeeeeeeeeenennnnnnas 375
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPUt<ch>:ONTIME........ccvurierrirrirranieereeeieneeaeeeens 375
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPUt<Ch>:PATTErMN......ccciiiiiiiieieieei et 375
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:PULSe:DIVider......cc..ccoveuiiiiiiiiniiiiiannns 376
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:PULSe:FREQUENCY?......c.cvvvvrrnreenraennns 376

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:MODE <Mode>

Defines the signal for the selected marker output.



Parameters:
<Mode>

Example:

Manual operation:
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RESTart | PULSe | PATTern | RATio

RESTart

A brief marker signal is generated at the start of the waveform.
PULSe

A pulsed marker signal is generated. The pulse frequency (=
sample rate/divider) is defined with the
SOUR:BB:MCCW:TRIG:0OUTP: PULSe:DIVider command and
can be queried with the

SOUR:BB:MCCW: TRIG:OUTP:PULSe: FREQuency? command.
PATTern

A marker signal is generated with the aid of a user-definable bit
pattern. The bit pattern is entered with the aid of command
SOURce :BB:MCCW: TRIGger : OUTPut : PATTern. The bit pat-
tern is a maximum of 32 bits long.

RATio

A regular marker signal corresponding to the Time Off / Time On
specifications in the commands

SOURce :BB:MCCW: TRIGger :OUTPut:OFFT and

SOURce :BB:MCCW:TRIGger :OUTPut :ONT is generated.

*RST: RESTart

BB:MCCW:TRIG:0UTP2:MODE PULS
selects the pulsed marker signal on output MARKER 2.

See "Marker Mode" on page 106

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:0FFTime <OffTime>
[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:ONTime <OnTime>

Sets the number of samples in a period (ON time + OFF time) during which the marker
signal in setting SOURce : BB:MCCW: TRIGger : OUTPut :MODE RATio on the marker

outputs is ON.

Parameters:
<OnTime>

Example:

Manual operation:

integer
Range: 1 to 16777215
*RST: 1

BB:MCCW:TRIG:OUTP2:0ONT 20
sets an ON time of 20 samples for marker 2.

See "Marker Mode" on page 106

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:PATTern <Pattern>

Sets the bit pattern used to generate the marker signal in the setting
SOURce :BB:MCCW:TRIGger :QUTPut :MODE PATTern 0 is marker off, 1 is marker

on.
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Parameters:
<Pattern> <32 bit pattern>
*RST: 0
Example: BB:MCCW:TRIG:OUTP2:PATT #HEOF52,20

sets a bit pattern.
BB:MCCW:TRIG:0UTP2:MODE PATT

activates the marker signal according to a bit pattern on output
MARKER 2.

Manual operation: See "Marker Mode" on page 106

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:PULSe:DIVider <Divider>

Sets the divider for Pulse marker mode (SOUR:BB:MCCW: TRIG: OUTP:MODE PULSe).
The resulting pulse frequency is derived by dividing the symbol rate by the divider.

Parameters:
<Divider> integer
Range: 2 to 1024
*RST: 2
Example: BB:MCCW:TRIG:0OUTP2:PULS:DIV 2
sets the divider for the marker signal on output MARKER 2 to
the value 2.

BB:MCCW:TRIG:0UTP2:FREQ?
queries the resulting pulse frequency of the marker signal
Response: 66 000

the resulting pulse frequency is 66 kHz.

Manual operation: See "Marker Mode" on page 106

[:SOURce<hw>]:BB:MCCW:TRIGger:OUTPut<ch>:PULSe:FREQuency?

Queries the pulse frequency of the pulsed marker signal in the setting
SOUR:BB:MCCW:TRIG:OUTP:MODE PULS. The pulse frequency is derived by dividing
the symbol rate by the divider. The divider is defined with command
SOUR:BB:MCCW:TRIG:OUTP:PULS:DIV.

Return values:
<Frequency> float

Increment: 1E-3

Example: BB:MCCW:TRIG:0UTP2:PULS:DIV 4
sets the divider for the marker signal on output MARKER 2 to
the value 4.
BB:MCCW:TRIG:0UTP2:MODE PULS

enables the pulsed marker signal
BB:MCCW:TRIG:OUTP2:PULS:FREQ?

queries the pulse frequency for the marker signal.
Response: "33 000"

the resulting pulse frequency is 33 kHz.
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Usage: Query only

Manual operation: See "Marker Mode" on page 106

SOURce:BB:PROGress Subsystem General Com-
mands

In the R&S WinlQSIM2, some calculation processes may take longer time. While oper-
ating the instrument manually, you can observe the status of an initiated process by
the busy indicator. The following commands fulfill the same task in the remote control
operation.

Example: Querying the status of the Create Waveform file process

The following is an example on how to use these commands to retrieve information
about how many percent of the initiated process are completed.

:SOURcel:BB:EUTRa:SETTing:TMOD:DL "E-TM1_ 1 15MHz"
:SOURcel:BB:EUTRa:SLENgth 100

:SOURcel :BB:PROGress :MCODer?

// 100 (task compleated)
:SOURcel:BB:EUTRa:STATe ON
:BB:PROGress:MCODer?

// 67 (task in progress)
:SOURcel:BB:EUTRa:WAVeform:CREate
:SOURcel :BB:PROGress :MCODer?

// 25 (task in progress)

// :SOURcel:BB:PROGress:MCODer:DM:FILTer?

// 100

[:SOURCce<hw>]:BB:PROGIESS:MCODEI?......uciiieiieiuiieeeeeeeeiaieseeeeeataseasseesnnaseaesensnnaaaeees 377
[:SOURce<hw>]:BB:PROGress:MCODer:ARBitrary:MCARIIEI?.......cuuuurumuuaaaaaaaaaeeaeeeaaaaenn 377
[:SOURce<hw>]:BB:PROGress:MCODer:ARBitrary:WSEGmMent?............cocorrrmrrmrmrenrmnnnnnnnes 377
[:SOURce<hw>]:BB:PROGress:MCODEr:DM:FILTEI?....uuuueirieeeeeesieaeenirnreeereeaaaesessneannnnnns 378

[:SOURce<hw>]:BB:PROGress:MCODer?
[:SOURce<hw>]:BB:PROGress:MCODer:ARBitrary:MCARrier?
[:SOURce<hw>]:BB:PROGress:MCODer:ARBitrary: WSEGment?

Queries the status of an initiated process, like for example the calculation of a signal in
accordance to a digital standard, or the calculation of a multi carrier or multi segment
waveform file.

Return values:
<WSegment> integer
Indicates the task progress in percent

Range: 0 to 100
*RST: 100



12.13

STATus Subsystem

Example: see Example "Querying the status of the Create Waveform file
process" on page 377

Usage: Query only

[:SOURce<hw>]:BB:PROGress:MCODer:DM:FILTer?

Queries the status of an applied offline filtering, like for example during the calculation
of a waveform and a multi carrier waveform file.

Return values:

<Filter> integer
Indicates the task progress in percent
Range: 0 to 100

*RST: 100

Example: see Example "Querying the status of the Create Waveform file
process" on page 377

Usage: Query only

STATus Subsystem

This system contains the commands for the status reporting system. See also Chap-
ter A.1.1.5, "Status Reporting System", on page 410 for detailed information.

*RST on page 254 has no effect on the status registers.

Value ranges

® Queries return the current value of the respective register, which permits a check of
the device status.
Return values: A decimal value in the range 0 to 32767 (=2'5-1)

® The configuration commands set the respective register thus determining which
status changes of the R&S WinIQSIM2 cause the status registers to be changed.
Setting values: A decimal value in the range 0 to 32767 (=2"5-1)

:STATUS:OPERAtION:CONDItION. ... .iitiieiii e e e e e e et e e e e et e e e et e e e enaaeeeeas 379
:STATUS:OPERAON:ENABIE. ... ..ceiiiiieie ettt e et e e e e e et e e e et e e eennnnas 379
:STATUS:OPERAION[:EVENT]. .. ...ttt e e e e e e e e e 379
:STATUS:OPERAtION:NTRANSIION. ....cvueeieeeeee e e e e e et e et e e e e e e e eae e e e e e e e enneeeean 379
:STATUS:OPERAION:PTRANSIHION. ..cvvvtiiitiiieiieieieieeeeeeeeeeeeeeeeeeeeee e e e e e e eeeeaaeaas 380
ST ATUSIPRESE.....ceeeiiiiiiitiiiiiieeeieeeie s e e e e eeeeeeeeeee et eeeeeeesstababa b b aaeseseseeaasaasesereeserenes 380
:STATUs:QUEStIONable:CONDItION. ......cceiuieiiiieeeitiee e et e e eee e e e e e e e e e e e eaa e e eeneeeeen 380
:STATUS:QUESHONADIEIENABIE. ...ttt e et e eenanas 380
:STATuUS:QUESHONADIE[:EVENTL]. ...ttt e e e 381
:STATus:QUESLtIoNable:NTRANSIHION. ......ceueiiee e 381
:STATUS:QUESHONADIE: P TRANSIHION. ...vvtiititiieiiieieieieeeeeeeeeeeeeeeeeeeee e s e e e e e e 381
SSTATUS:QUEUEINEXT] 2. eeeeeeeieieietetteeaessesesesesaaaaeaeeeeeeeeeenensessnsnsannnnaaseeeeeesaaaaaaaaeeenes 381
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:STATus:OPERation:CONDition <Condition>

Sets the content of the CONDition part of the STATus:OPERation register. This part
contains information on the action currently being performed in the instrument. The
content is not deleted after being read out because it indicates the current hardware

status.

Parameters:

<Condition> string

Example: :STATus:0OPERation:CONDition?

queries the Status:Operation:Condition register.

:STATus:OPERation:ENABIle <Enable>

Sets the bits of the ENABIe part of the STATus:OPERation register. This setting deter-
mines which events of the Status-Event part are forwarded to the sum bit in the status
byte. These events can be used for a service request.

Parameters:
<Enable> string
Example: :STAT:0PER:ENAB 32767

all events are forwarded to the sum bit of the status byte.

:STATus:OPERation[:EVENt] <Event>

Queries the content of the EVENT part of the STATus:OPERation register. This part
contains information on the actions performed in the instrument since the last readout.
The content of the EVENTt part is deleted after being read out.

Parameters:
<Event> string
Example: :STAT:0OPER:EVEN?

queries the STATus:OPERation:EVENT register.

:STATus:OPERation:NTRansition <Ntransition>

Sets the bits of the NTRansition part of the STATus:OPERation register. If a bit is set,
a transition from 1 to 0 in the condition part causes an entry to be made in the EVENt
part of the register. The disappearance of an event in the hardware is thus registered,
for example the end of an adjustment.

Parameters:
<Ntransition> string
Example: :STAT:OPER:NTR 0

a transition from 1 to 0 in the condition part of the Status:Opera-
tion register does not cause an entry to be made in the EVENt
part.



STATus Subsystem

:STATus:OPERation:PTRansition <Ptransition>

Sets the bits of the PTRansition part of the STATus:OPERation register. If a bit is set,
a transition from 0 to 1 in the condition part causes an entry to be made in the EVENt
part of the register. A new event in the hardware is thus registered, for example the
start of an adjustment.

Parameters:
<Ptransition> string
Example: :STAT:OPER:PTR 32767

all transitions from 0 to 1 in the condition part of the Status:Oper-
ation register cause an entry to be made in the EVEN part.

:STATus:PRESet <Preset>

Resets the status registers. All PTRansition parts are set to FFFFh (32767), i.e. all
transitions from 0 to 1 are detected. All NTRansition parts are set to 0, i.e. a transition
from 1 to 0 in a CONDition bit is not detected. The ENABIe parts of STATus:OPERa-
tion and STATus:QUEStionable are set to 0, i.e. all events in these registers are not

passed on.

Parameters:

<Preset> string
Example: STAT : PRES

resets the status registers.

:STATus:QUEStionable:CONDition <Condition>

Queries the content of the CONDition part of the STATus:QUEStionable register. This
part contains information on the action currently being performed in the instrument.
The content is not deleted after being read out since it indicates the current hardware

status.

Parameters:

<Condition> string

Example: :STATus:QUEStionable:CONDition?

queries the Status:Questionable:Condition register.

:STATus:QUEStionable:ENABIle <Enable>

Sets the bits of the ENABIe part of the STATus:QUEStionable register. This setting
determines which events of the Status-Event part are enabled for the sum bit in the
status byte. These events can be used for a service request.

Parameters:
<Enable> string
Example: STAT:0PER:ENAB 1

problems when performing an adjustment cause an entry to be
made in the sum bit.
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:STATus:QUEStionable[:EVENt] <Event>

Queries the content of the EVENTt part of the STATus : QUEStionable register. This
part contains information on the actions performed in the instrument since the last
readout. The content of the EVEN! part is deleted after being read out.

Parameters:
<Event> string
Example: STAT:QUES:EVEN?

queries the Status:Questionable:Event register.

:STATus:QUEStionable:NTRansition <Ntransition>

Sets the bits of the NTRansition part of the STATus:QUEStionable register. If a bit is
set, a transition from 1 to 0 in the condition part causes an entry to be made in the
EVENT part of the register.

Parameters:
<Ntransition> string
Example: STAT:OPER:NTR O

a transition from 1 to 0 in the condition part of the Status:Ques-
tionable register does not cause an entry to be made in the
EVENTt part

:STATus:QUEStionable:PTRansition <PTransition>

Sets the bits of the NTRansition part of the STATus:QUEStionable register. If a bit is
set, a transition from 1 to 0 in the condition part causes an entry to be made in the
EVENT part of the register.

Parameters:
<PTransition> string
Example: :STAT:OPER:PTR 32767

all transitions from 0 to 1 in the condition part of the Sta-
tus:Questionable register cause an entry to be made in the
EVENt part

:STATus:QUEue[:NEXT]?

Queries the oldest entry in the error queue and then deletes it. Positive error numbers
denote device-specific errors, and negative error numbers denote error messages
defined by SCPI. If the error queue is empty, 0 ("No error") is returned.

The command is identical to : SYSTem:ERRor [ : NEXT] ? on page 384.

Return values:
<Next> string
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Example: :STATus : QUEue?

queries the oldest entry in the error queue.
Response: 0, 'no error'

no errors have occurred since the error queue was last read out

Usage: Query only

12.14 SYSTem Subsystem

The SYSTem subsystem contains a series of commands for general functions which do
not directly affect signal generation.
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:SYSTem:ERRor:ALL?

Queries the error/event queue for all unread items and removes them from the queue.
The response is a comma separated list of error number and a short description of the
error in FIFO order.

Positive error numbers are instrument-dependent. Negative error numbers are
reserved by the SCPI standard.

Return values:
<All> string

List of: Error/event_number,"Error/event_description>[;Device-
dependent info]"
If the queue is empty, the response is 0, "No error"

Example: SYST:ERR:ALL?

queries all entries in the error queue.
Response: 0, 'no error'

No errors have occurred since the error queue was last read out.
Usage: Query only

Manual operation: See "Clear History" on page 226

:SYSTem:ERRor:CODE:ALL?

Queries all entries in the error queue and then deletes them. Only the error numbers
are returned and not the entire error text.
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Return values:
<All> string
0
"No error", i.e. the error queue is empty
positive value
Positive error numbers denote device-specific errors
negative value

Negative error numbers denote error messages defined by
SCPI.

Example: SYST:ERR:CODE:ALL
queries all entries in the error queue.
Response: 0
no errors have occurred since the error queue was last read out.

Usage: Query only

:SYSTem:ERRor:CODE[:NEXT]?

Queries the oldest entry in the error queue and then deletes it. Only the error number
is returned and not the entire error text.

Return values:
<Next> string

0
"No error", i.e. the error queue is empty

positive value
Positive error numbers denote device-specific errors
negative value

Negative error numbers denote error messages defined by
SCPI.

Example: SYST:ERR:CODE
queries the oldest entry in the error queue.
Response: 0

No errors have occurred since the error queue was last read out.

Usage: Query only

:SYSTem:ERRor:COUNt?

Queries the number of entries in the error queue. If the error queue is empty, '0' is
returned.

Return values:
<Count> string

Example: SYST:ERR:COUN

queries the number of entries in the error queue.
Response: 1

One error has occurred since the error queue was last read out.
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Usage: Query only

:SYSTem:ERRor[:NEXT]?

Queries the error/event queue for the oldest item and removes it from the queue. The
response consists of an error number and a short description of the error.

Positive error numbers are instrument-dependent. Negative error numbers are
reserved by the SCPI standard.

Return values:

<Next> string
Error/event_number,"Error/event_description>[;Device-depend-
ent info]"
If the queue is empty, the response is 0, "No error"

Example: SYST:ERR?
queries the oldest entry in the error queue.
Response: 0, 'no error'

No errors have occurred since the error queue was last read out.

Usage: Query only

:SYSTem:SERRor?

This command returns a list of all errors existing at the time when the query is started.
This list corresponds to the display on the info page under manual control.

Return values:
<StaticErrors> string

Example: SYSTem:SERRor?
queries all errors existing in the error queue.
Response: -221, 'Settings conflict', 153,
'Input voltage out of range'
the two returned errors have occurred since the error queue was
last queried.

Usage: Query only

:SYSTem:VERSion?
Queries the SCPI version the instrument's command set complies with.

Return values:
<Version> string

Example: SYST:VERS
queries the SCPI version.
Response: "1996"
The instrument complies with the SCPI version from 1996.

Usage: Query only
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:SYSTem:WAIT <TimeMs>
Delays the execution of the subsequent remote command by the specified time.

This function is useful, for example to execute an SCPI sequence automatically but
with a defined time delay between some commands.

Setting parameters:
<TimeMs> integer
Wait time in ms
Range: 0 to 10000

*RST: 0

Example: :SYSTem:WAIT 10000
// waits 10s before resetting the instrument
*RST

Usage: Setting only

12.15 List of Commands
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13 Troubleshooting and Error Messages

13.1

13.1.1

R&S WinlQSIM2 distinguishes between a variety of different messages such as status
messages, error messages, warnings, or information that are displayed in the "Info"
line on the screen, and also entered in the error/event queue of the status reporting
system.

This section describes the types of error messages and warnings. The information and
status messages concerning the operating status of the application, see Chapter A.3.1,
"Status Information Displayed in the Info Line", on page 421. The status reporting sys-
tem is described in detail in Chapter A.1.1.5, "Status Reporting System", on page 410.

You can also access an "Info" window with detailed information on all messages in a
history list. For details, see Chapter 10.2, "Querying Error Messages & Info Key",
on page 224

Error Messages

Error messages indicate inconsistencies of a configuration or process. They are dis-
played in different colors depending on their importance and display duration. Errors
(e.g. Settings conflicts) are displayed in red, information (e.g. file not found) and warn-
ings in black. Warnings indicate less significant errors (e.g. if the settings exceed the
permissible range).

Some error messages require that the error must be corrected before further operation
can be performed properly. To access the "Info" dialog with a list of current messages
and a detailed description of each message, select the "Info" button.

In the remote control mode, error messages are entered in the error/event queue of the
status reporting system and can be queried with the command SYSTem: ERRor?. If the
error queue is empty, 0 ("No error") is returned.

Volatile Messages

Volatile messages report automatic settings (e.g. switching off of incompatible types of
modulation) or on illegal entries that are not accepted by the application (e.g. range
violations). They are displayed in the info line on a yellow background. They are dis-
played on top of status information or permanent messages.

Volatile messages do not normally demand user actions and disappear automatically
after a brief period of time. They are stored in the history, however.

SCPI command: : SYSTem:ERRor :ALL? Or : SYSTem:ERRor : CODE [ : NEXT] ?
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13.1.2 Permanent Messages

Permanent messages are displayed if an error occurs that impairs further operation.
The error signaled by a permanent message must be eliminated before correct opera-
tion can be continued.

The message is displayed until the error is eliminated. It covers the status display in
the info line. After error elimination, the message automatically disappears and is also
recorded in the history.

SCPI command: : SYSTem: SERRor?

13.2 SCPI-Error Messages

The SCPI error messages are the same in all SCPI applications. Detailed information
and an overview of all error messages as defined in SCPI standard can be found in the
corresponding documentation.

The errors are assigned negative numbers. The error text being entered into the error/
event queue or being displayed is printed in bold face on the left together with the error
code. Below the error text, there is an explanation as to the respective error.

13.3 Device-Specific Error Messages

The following table contains all error messages specific for the instrument in alphabeti-
cal order, as well as an explanation of the error situation. The positive error codes
mark the errors specific to the instrument.

The device-specific error messages set bit 3 in the ESR register.

@ The index provides a list of the error messages sorted according to their error codes.
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Error
Code

Error

Description

Remedy

140

This modulation forces
other modulations off

A modulation has been switched on
which cannot be used at the same
time as an already active modulation.
The previous modulation has been
switched off.

Example: Enabling modulation GSM/
EDGE switches any active digital
modulation off.

241

No current list

There is no list selected. To execute
the required operation, a list has to be
selected in the related menu. If no list
is available, a new list must be cre-
ated.

242

Unknown list type
specified

The list type selected is not valid for
the required operation.

For instance, the file extension for
waveform list files is *.wv. It is not
possible to enter another file exten-
sion when selecting a list.

Check the selected list type.

261

Waveform Protected

The selected waveform file cannot be
transferred to a controller. The wave-
form is produced with simulation soft-
ware R&S WinlQSIM2 and is protec-
ted.

460

Cannot open file

The selected file cannot be opened.

Check the path and file name.

461

Cannot write file

The file cannot be written.

Check if the file is read-only.

462

Cannot read file

The file cannot be read.

Check if the file contents are
compatible with the file type.

463

Filename missing

The required operation cannot be
executed because the file name is not
specified.

Enter a file name when creating
a new list.

464

Invalid filename exten-
sion

The file extension is not valid for the
required operation.

Check the file extension.

For instance, the file extension
for waveform list files is * . wv. It
is not possible to enter another
file extension when storing a list.

465

File contains invalid
data

The selected file contains data that is
not valid for the file type.

The file extension determines the
data that is valid for this file type. If
the file extension is changed, the lists
are no longer recognized and the data
is therefore invalid.

Example: the extension of a wave-
form file (= * . wv) was changed to
*otxt

Check the file extension.
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13.4 Resolving Network Connection Failures

Several issues can cause failures in the network connection. This section lists the most
likely reasons and the recommended solutions.

Common reasons for network connection failures

® Network connecting cables and cable connectors of poor quality

® Incompatibility between the network interface of the R&S WinlQSIM2 PC and cer-
tain switches or routers available on the market

® |nvalidity of the assigned IP address

Possible solutions

Risk of connection errors

Before configuring the network, changing IP addresses or exchanging hardware, con-
sult your network administrator.

Connection errors can affect the entire network.

® Check the network infrastructure. Exchange connecting cables if obvious damage
is visible.

® Observe the link status LED next to the LAN connector.
If a link failure is detected, connect the computer to a different network port or to a
different network device.

® Check whether the IP address of the computer is within the network's address
range.
IP addresses that are set manually can be invalid.

13.5 Obtaining Technical Support

If problems occur, R&S WinIQSIM2 generates error messages which usually are suffi-
cient for you to detect the cause of an error and find a remedy. Error message types
are described in Chapter 13.1, "Error Messages", on page 392.

In addition, our customer support centers are there to assist you in solving any prob-
lems that you may encounter with your R&S WinlQSIM2. We will find solutions more
quickly and efficiently if you provide us with the following information:

® Software options accessed via "File > Setup > Software/Option " provide informa-
tion on the status of R&S WinIQSIM2 software components installed on your com-
puter.

® System messages: displayed in the "Info" line provide information on any errors
that have occurred.
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Collect the error information and contact your Rohde & Schwarz Customer Support
Center for technical support, see http://www.customersupport@rohde-schwarz.com.


http://www.customersupport@rohde-schwarz.com
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Reference Information on Remote Control

Additional Basics on Remote Control

This section provides basic information using the remote control.

Messages

The messages transferred on the data lines are divided into the following categories:

® |nterface messages
Interface messages are transmitted to the instrument on the data lines, with the
attention line being active (LOW). They are used to communicate between the con-
troller and the instrument. Interface messages can only be sent by instruments that
have GPIB bus functionality. For details see the sections for the required interface.

® |nstrument messages
Instrument messages are employed in the same way for all interfaces, if not indica-
ted otherwise in the description. Structure and syntax of the instrument messages
are described in Chapter A.1.1.3, "SCP| Command Structure", on page 398. A
detailed description of all messages available for the instrument is provided in the
chapter "Remote Control Commands".
There are different types of instrument messages, depending on the direction they
are sent:

— Commands
— Instrument responses

Commands

Commands (program messages) are messages the controller sends to the instrument.
They operate the instrument functions and request information. The commands are
subdivided according to two criteria:
® According to the effect they have on the instrument:
— Setting commands cause instrument settings such as a reset of the instru-
ment or setting the frequency.
— Queries cause data to be provided for remote control, e.g. for identification of
the instrument or polling a parameter value. Queries are formed by directly
appending a question mark to the command header.

® According to their definition in standards:
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— Common commands: their function and syntax are precisely defined in stan-
dard IEEE 488.2. They are employed identically on all instruments (if imple-
mented). They refer to functions such as management of the standardized sta-
tus registers, reset and self-test.

— Instrument control commands refer to functions depending on the features of
the instrument such as frequency settings. Many of these commands have also
been standardized by the SCPI committee. These commands are marked as
"SCPI confirmed" in the command reference chapters. Commands without this
SCPI label are device-specific; however, their syntax follows SCPI rules as per-
mitted by the standard.

Instrument responses

Instrument responses (response messages and service requests) are messages the
instrument sends to the controller after a query. They can contain measurement
results, instrument settings and information on the instrument status.

A.1.1.2 LAN Interface Messages

In the LAN connection, the interface messages are called low—level control messages.
These messages can be used to emulate interface messages of the GPIB bus.

Command Long term Effect on the instrument
&ABO Abort Aborts processing of the commands just received.
&DCL Device Clear Aborts processing of the commands just received and

sets the command processing software to a defined initial
state. Does not change the instrument setting.

&GTL Go to Local Transition to the "local" state (manual control). (The
instrument automatically returns to remote state when a
remote command is sent UNLESS &NREN was sent

before.)

&GTR Go to Remote Enables automatic transition from local state to remote
state by a subsequent remote command (after sNREN
was sent).

&GET Group Execute Trigger Triggers a previously active instrument function (e.g. a

sweep). The effect of the command is the same as with
that of a pulse at the external trigger signal input.

&LLO Local Lockout Disables transition from remote control to manual control
by means of the front panel keys.

&NREN Not Remote Enable Disables automatic transition from local state to remote
state by a subsequent remote command. (To re-activate
automatic transition use &«GTR.)

&POL Serial Poll Starts a serial poll.

A.1.1.3 SCPI Command Structure

SCPI commands consist of a so-called header and, in most cases, one or more param-
eters. The header and the parameters are separated by a "white space" (ASCII code 0
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to 9, 11 to 32 decimal, e.g. blank). The headers may consist of several mnemonics
(keywords). Queries are formed by appending a question mark directly to the header.

The commands can be either device-specific or device-independent (common com-
mands). Common and device-specific commands differ in their syntax.
Syntax for Common Commands

Common (=device-independent) commands consist of a header preceded by an aster-
isk (*) and possibly one or more parameters.

Examples:

*RST RESET Resets the instrument.

*ESE EVENT STATUS ENABLE Sets the bits of the event status enable
registers.

*ESR? EVENT STATUS QUERY Queries the contents of the event status
register.

*IDN? IDENTIFICATION QUERY Queries the instrument identification
string.

Syntax for Device-Specific Commands

Not all commands used in the following examples are necessarily implemented in the
instrument.

For demonstration purposes only, assume the existence of the following commands for
this section:

® DISPlay[:WINDow<l...4>]:MAXimize <Boolean>

® FORMat:READings:DATA <type>[,<length>]

® HCOPy:DEVice:COLor <Boolean>

® HCOPy:DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
® HCOPy|[:IMMediate]

® HCOPy:ITEM:ALL

® HCOPy:ITEM:LABel <string>

® HCOPy:PAGE:DIMensions:QUADrant [<N>]

® HCOPy:PAGE:ORIentation LANDscape | PORTrait

® HCOPy:PAGE:SCALe <numeric value>

® MMEMory:COPY <file source>,<file destination>

® SENSE:BANDwidth|BWIDth[:RESolution] <numeric value>
® SENSe:FREQuency:STOP <numeric value>

® SENSe:LIST:FREQuency <numeric value>{,<numeric_ value>}
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Long and short form

The mnemonics feature a long form and a short form. The short form is marked by
upper case letters, the long form corresponds to the complete word. Either the short
form or the long form can be entered; other abbreviations are not permitted.

Example:
HCOPy:DEVice:COLor ON is equivalent to HCOP:DEV:COL ON.

Case-insensitivity
Upper case and lower case notation only serves to distinguish the two forms in the
manual, the instrument itself is case-insensitive.

Numeric suffixes

If a command can be applied to multiple instances of an object, e.g. specific channels
or sources, the required instances can be specified by a suffix added to the command.
Numeric suffixes are indicated by angular brackets (<1...4>, <n>, <i>) and are replaced
by a single value in the command. Entries without a suffix are interpreted as having the
suffix 1.

Example:

Definition: HCOPy : PAGE : DIMensions : QUADrant [<N>]
Command: HCOP : PAGE : DIM: QUAD2

This command refers to the quadrant 2.

6 Different numbering in remote control

For remote control, the suffix may differ from the number of the corresponding selec-
tion used in manual operation. SCPI prescribes that suffix counting starts with 1. Suffix
1 is the default state and used when no specific suffix is specified.

Some standards define a fixed numbering, starting with 0. If the numbering differs in
manual operation and remote control, it is indicated for the corresponding command.

Optional mnemonics

Some command systems permit certain mnemonics to be inserted into the header or
omitted. These mnemonics are marked by square brackets in the description. The
instrument must recognize the long command to comply with the SCPI standard. Some
commands are considerably shortened by these optional mnemonics.

Example:

Definition: HCOPy [ : IMMediate]
Command: HCOP: IMM is equivalent to HCOP
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Do not omit an optional mnemonic if it includes a numeric suffix that is relevant for the
effect of the command.

6 Optional mnemonics with numeric suffixes

Example:
Definition:DISPlay [ :WINDow<1l...4>] :MAXimize <Boolean>
Command: DISP:MAX ON refers to window 1.

In order to refer to a window other than 1, you must include the optional WINDow
parameter with the suffix for the required window.

DISP:WIND2:MAX ON refers to window 2.

Parameters

Parameters must be separated from the header by a "white space”. If several parame-
ters are specified in a command, they are separated by a comma (,). For a description
of the parameter types, refer to "SCPI| Parameters" on page 402.

Example:
Definition:HCOPy : DEVice : CMAP: COLor :RGB <red>, <green>,<blue>
Command:HCOP: DEV:CMAP:COL:RGB 3,32, 44
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Special characters

| Parameters

A vertical stroke in parameter definitions indicates alternative possibilities in the sense of "or". The
effect of the command differs, depending on which parameter is used.

Example:

Definition:HCOPy : PAGE : ORIentation LANDscape | PORTrait
Command HCOP: PAGE : ORI LAND specifies landscape orientation
Command HCOP: PAGE: ORI PORT specifies portrait orientation
Mnemonics

A selection of mnemonics with an identical effect exists for several commands. These mnemonics are
indicated in the same line; they are separated by a vertical stroke. Only one of these mnemonics
needs to be included in the header of the command. The effect of the command is independent of
which of the mnemonics is used.

Example:

DefinitionSENSE : BANDwidth | BWIDth[:RESolution] <numeric value>
The two following commands with identical meaning can be created:
SENS:BAND:RES 1

SENS:BWID:RES 1

[1 | Mnemonics in square brackets are optional and may be inserted into the header or omitted.
Example: HCOPy [ : IMMediate]

HCOP:IMM is equivalent to HCOP

{} | Parameters in curly brackets are optional and can be inserted once or several times, or omitted.
Example: SENSe:LIST:FREQuency <numeric value>{,<numeric value>}

The following are valid commands:

SENS:LIST:FREQ 10

SENS:LIST:FREQ 10,20

SENS:LIST:FREQ 10,20,30,40

SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The
parameters must be separated from the header by a "white space" (ASCII code 0 to 9,
11 to 32 decimal, e.g. blank). Allowed parameters are:

® Numeric values

® Special numeric values

® Boolean parameters

® Text

® Character strings

® Block data

The parameters required for each command and the allowed range of values are
specified in the command description.
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Numeric values

Numeric values can be entered in any form, i.e. with sign, decimal point and exponent.
Values exceeding the resolution of the instrument are rounded up or down. The man-
tissa may comprise up to 255 characters, the exponent must lie inside the value range
-32000 to 32000. The exponent is introduced by an "E" or "e". Entry of the exponent
alone is not allowed. In the case of physical quantities, the unit can be entered.
Allowed unit prefixes are G (giga), MA (mega), MOHM and MHZ are also allowed), K
(kilo), M (milli), U (micro) and N (nano). If the unit is missing, the basic unit is used.

Example: SENS:FREQ:STOP 1.5GHz = SENS:FREQ:STOP 1.5E9

Units

For physical quantities, the unit can be entered. Allowed unit prefixes are:

* G (giga)

® MA (mega), MOHM, MHZ
® K (kilo)

o M (milli)

® U (micro)

® N (nano)

If the unit is missing, the basic unit is used.

Example:
SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Some settings allow relative values to be stated in percent. According to SCPI, this unit
is represented by the PCT string.

Example:
HCOP:PAGE:SCAL 90PCT

Special numeric values

The texts listed below are interpreted as special numeric values. In the case of a
query, the numeric value is provided.

e MIN/MAX
MINimum and MAXimum denote the minimum and maximum value.
e DEF

DEFault denotes a preset value which has been stored in the EPROM. This value
conforms to the default setting, as it is called by the *RST command.

e UP/DOWN
UP, DOWN increases or reduces the numeric value by one step. The step width
can be specified via an allocated step command for each parameter which can be
set via UP, DOWN.

® INF/NINF
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INFinity, Negative INFinity (NINF) represent the numeric values 9.9E37 or -9.9E37,
respectively. INF and NINF are only sent as instrument responses.

* NAN
Not A Number (NAN) represents the value 9.91E37. NAN is only sent as a instru-
ment response. This value is not defined. Possible causes are the division of zero
by zero, the subtraction of infinite from infinite and the representation of missing
values.

Example:
Setting command: SENSe:LIST: FREQ MAXimum
Query: SENS:LIST:FREQ?, Response: 3.5E9

Queries for special numeric values

6 The numeric values associated to MAXimum/MINimum/DEFault can be queried by
adding the corresponding mnemonics to the command. They must be entered follow-
ing the quotation mark.
Example: SENSe:LIST:FREQ? MAXimum

Returns the maximum numeric value as a result.

Boolean Parameters

Boolean parameters represent two states. The "ON" state (logically true) is represen-
ted by "ON" or a numeric value 1. The "OFF" state (logically untrue) is represented by
"OFF" or the numeric value 0. The numeric values are provided as the response for a

query.

Example:

Setting command: HCOPy : DEV: COL ON
Query: HCOPy : DEV:COL?

Response: 1

Text parameters

Text parameters observe the syntactic rules for mnemonics, i.e. they can be entered
using a short or long form. Like any parameter, they have to be separated from the
header by a white space. In the case of a query, the short form of the text is provided.

Example:
Setting command: HCOPy : PAGE: ORIentation LANDscape

Query: HCOP : PAGE : ORI ?
Response: LAND

Character strings

Strings must always be entered in quotation marks (' or ").
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Example:
HCOP:ITEM:LABel "Testl" or HCOP:ITEM:LABel 'Testl'

Block data

Block data is a format which is suitable for the transmission of large amounts of data. A
command using a block data parameter has the following structure:

Example:
FORMat :READings :DATA #45168XXXXXXXX

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 follow-
ing digits indicate the length to be 5168 bytes. The data bytes follow. During the trans-
mission of these data bytes all end or other control signs are ignored until all bytes are
transmitted.

#0 specifies a data block of indefinite length. The use of the indefinite format requires a
NL~END message to terminate the data block. This format is useful when the length of
the transmission is not known or if speed or other considerations prevent segmentation
of the data into blocks of definite length.

Overview of Syntax Elements

The following table provides an overview of the syntax elements:

The colon separates the mnemonics of a command. In a command line the separating semico-
lon marks the uppermost command level.

; The semicolon separates two commands of a command line. It does not alter the path.

s The comma separates several parameters of a command.

? The question mark forms a query.

* The asterisk marks a common command.

v Quotation marks introduce a string and terminate it (both single and double quotation marks are
" possible).

# The hash symbol introduces binary, octal, hexadecimal and block data.
®  Binary: #810110

Octal: #07612

Hexa: #HF3A7

Block: #21312

A "white space" (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the header from the
parameters.

Structure of a command line

A command line may consist of one or several commands. It is terminated by one of
the following:

® a<New Line>
® a <New Line> with EOI
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® an EOI together with the last data byte

Several commands in a command line must be separated by a semicolon ";". If the
next command belongs to a different command system, the semicolon is followed by a
colon.

Example:
MMEM:COPY "Testl", "MeasurementXY"; :HCOP:ITEM ALL

This command line contains two commands. The first command belongs to the MMEM
system, the second command belongs to the HCOP system.

If the successive commands belong to the same system, having one or several levels
in common, the command line can be abbreviated. To this end, the second command
after the semicolon starts with the level that lies below the common levels. The colon

following the semicolon must be omitted in this case.

Example:

HCOP:ITEM ALL; :HCOP:IMM

This command line contains two commands. Both commands are part of the HCOP
command system, i.e. they have one level in common.

When abbreviating the command line, the second command begins with the level
below HCOP. The colon after the semicolon is omitted. The abbreviated form of the
command line reads as follows:

HCOP:ITEM ALL; IMM
A new command line always begins with the complete path.

Example:
HCOP:ITEM ALL
HCOP:IMM

Responses to Queries

A query is defined for each setting command unless explicitly specified otherwise. It is
formed by adding a question mark to the associated setting command. According to
SCPI, the responses to queries are partly subject to stricter rules than in standard
IEEE 488.2.

® The requested parameter is transmitted without a header.
Example: HCOP: PAGE : ORI ?, Response: LAND

® Maximum values, minimum values and all other quantities that are requested via a
special text parameter are returned as numeric values.
Example: SENSe: FREQuency:STOP? MAX, Response: 3.5E9

® Numeric values are output without a unit. Physical quantities are referred to the
basic units or to the units set using the Unit command. The response 3.5E9 in
the previous example stands for 3.5 GHz.

® Truth values (Boolean values) are returned as 0 (for OFF) and 1 (for ON).
Example:
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Setting command: HCOPy : DEV: COL ON
Query: HCOPy : DEV: COL?
Response: 1

® Text (character data) is returned in a short form.
Example:
Setting command: HCOPy : PAGE:ORIentation LANDscape
Query: HCOP : PAGE : ORI ?
Response: LAND

A.1.1.4 Command Sequence and Synchronization

IEEE 488.2 defines a distinction between overlapped and sequential commands:

® A sequential command always completes executing before the next command
starts. Commands that are processed quickly are defined as sequential com-
mands. They are not implemented in the instrument. However, the execution time
of most of the commands is so short that they act as sequential commands, if they
are sent in separate command lines.

® An overlapping command is still running when the next command starts. Usually,
an overlapping command takes a certain time to process its task, and thus allows
the program to execute other tasks, while it is still running. If overlapping com-
mands have to follow a specific order, for example to avoid incorrect measurement
readings, they must be executed in sequence. This is called synchronization
between the controller and the instrument.

Several setting commands within a command line are not necessarily processed in the
order they are received. Even if they are implemented as sequential commands. To fol-
low a particular sequence, send each command in a separate line.

6 As a rule, send commands and queries in different program messages.

Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *OPC,
*OPC? or *WAI can be used. All three commands cause a certain action only to be
carried out after the hardware has been set. By suitable programming, the controller
can be forced to wait for the corresponding action to occur.
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Table A-1: Synchronization using *OPC, *OPC? and *WAI

Com- Action Programming the controller

mand

*OPC Sets the Operation Complete bit in the ESR ®  Setting bit 0 in the ESE
after all previous commands have been exe- | ®  Setting bit 5 in the SRE
cuted. ®  Waiting for service request (SRQ)

*OPC? Stops command processing until 1 is Sending *OPC? directly after the command
returned. This is only the case after the Oper- | whose processing should be terminated
ation Complete bit has been set in the ESR. before other commands can be executed.
This bit indicates that the previous setting has
been completed.

*WAI Stops further command processing until all Sending *WAI directly after the command
commands sent before *WAI have been exe- | whose processing should be terminated
cuted. before other commands are executed.

Command synchronization using *WAI or *OPC? is a good choice if the overlapped
command takes only little time to process. The two synchronization commands simply
block overlapped execution of the command. Append the synchronization command to
the overlapping command, for example:

SINGle; *OPC?

For time consuming overlapped commands you can allow the controller or the instru-
ment to do other useful work while waiting for command execution. Use one of the fol-
lowing methods:

*OPC with a service request

1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1

2. Setbit no. 5 in the SRE: *SRE 32 to enable ESB service request.
3. Send the overlapped command with *OPC

4. Wait for a service request

The service request indicates that the overlapped command has finished.

*OPC? with a service request

1. Set bit no. 4 in the SRE: *SRE 16 to enable MAV service request.
2. Send the overlapped command with *OPC?

3. Wait for a service request

The service request indicates that the overlapped command has finished.

Event Status Register (ESE)
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
2. Send the overlapped command without *OPC, *OPC? or *WAI
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3. Poll the operation complete state periodically (by means of a timer) using the
sequence: *OPC; *ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.

Examples to Command Sequence and Synchronization

See the following examples to command sequences and synchronization. Some exam-
ples given illustrate possible constellations for overlapping tasks.

Example: Commands and queries in one message

The response to a query combined in a program message with commands that affect
the queried value is not predictable.

The following commands always return the specified result:
:FREQ:STAR 1GHZ;SPAN 100 :FREQ:STAR?

Result:

1000000000 (1 GHz)

Whereas the result for the following commands is not specified by SCPI:

:FREQ:STAR 1GHz;STAR?;SPAN 1000000

The result could be the value of STARt before the command was sent since the instru-
ment might defer executing the individual commands until a program message termi-

nator is received. The result could also be 1 GHz if the instrument executes commands
as they are received.

Example: Overlapping command with *OPC

The instrument implements *RST as an overlapped command. Assuming that *RST
takes longer to execute than *Opc, sending the following command sequence results
in initiating a reset and, after some time, setting the opcC bit in the ESR:

*RST; *OPC

Sending the following commands still initiates a reset:
*RST; *OPC; *CLS

However, since the operation is still pending when the instrument executes *CLs, forc-
ing it into the "Operation Complete Command Idle" State (OCIS), *OpC is effectively
skipped. The oPC bit is not set until the instrument executes another *OPC command.

Example: Overlapped command followed by non-conflicting commands

Suppose that the instrument is switched on to provide a real time test signal that
requires some calculation time. At the same time, some settings for the configuration of
a different signal are made which do not interact with the generated signal (for example
the signal may be used later on). The signal generation and the signal configuration
are independent from each other, so there is no need to synchronize the following
overlapped commands:

SOUR:BB:3GPP:STAT ON
SOUR:BB:GSM:FORM FSK2

User Manual 1177.5533.02 — 01 409
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Example: Overlapped command followed by conflicting commands

Suppose that the generator is switched on to provide a real time test signal that
requires some calculation time. This signal is to be added to a waveform from the sec-
ond baseband generator. In this case, the application program has to make sure that
the real signal is available in the added signal before further action is started. This
involves an appropriate synchronization technique for the first command (the following
sequence assumes an appropriate routing):

SOUR:BB:3GPP:STAT ON
The instrument waits until command has finished.
SOURZ2 :BB:GSM:STAT ON

Depending on the selected synchronization techniques, non-conflicting commands can
be executed while waiting until the synchronized overlapped command has finished.

Example: Polling the progress of the zeroing process

Suppose that you start the zeroing for a connected power sensor via the remote con-
trol command SENS1 : ZERO. This process blocks the processing of further tasks during
execution. The query for completeness is performed with the *O0PC? command. It
returns a 1 in the output buffer when the process is completed.

SENS: ZERO; *OPC?
Instead of waiting via *OPC?, you can perform alternative tasks while the zeroing is
running, as for example updating the GUI or adjusting other instruments. Synchronize

the commands by querying the progress of the zeroing process periodically via the
event status register *ESR?:

*SRE 32

Sets the service request enable. The bit is set when an event in the event status regis-
ter occurs.

*ESE 1

Configures the mask of the event status register to "Operation Complete".
SENS : ZERO; *OPC

Sets the evaluation via the status byte query. It uses *OpPC? as the reference.
*CLS

Clears all status registers.

Even if the instrument is busy, you can perform this procedure, since the query is exe-
cuted in a subchannel.

A.1.1.5 Status Reporting System

The status reporting system stores all information on the current operating state of the
instrument, and on errors which have occurred. This information is stored in the status
registers and in the error queue.

You can query both with the commands of the STATus Subsystem.
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Hierarchy of the Status Registers

The Figure A-1 shows the hierarchical structure of information in the status registers
(ascending from left to right).
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Figure A-1: Graphical overview of the status registers hierarchy

OPER = Operation Status Summary Bit
RQS/MSS = Service Request Generation

ESB = Standard Event Status Summary Bit
MAV = Message Available in Output Queue
QUES = Questionable Status Summary Bit

2 = Error- /Event-Queue

1,0 = not used

Note: This legend explains the abbreviations to the Status Byte Register.

HE
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The R&S WinlQSIM2 uses the following status registers:

e Status Byte (STB) and Service Request Enable (SRE), see "Status Byte (STB)
and Service Request Enable Register (SRE)" on page 414.

e Standard Event Status, i.e. the Event status Register (ESR) and the Event Status
Enable (ESE), see "Event Status Register (ESR) and Event Status Enable Register
(ESE)" on page 415.

® Questionable Status and Operation Status, the (SCPI status registers, see
"Structure of a SCPI Status Register" on page 412, "Questionable Status Register
(STATus:QUEStionable)" on page 416 and "Operation Status Register (STA-
Tus:OPERation)" on page 416.

® OQutput-Queue
The output queue contains the messages the instrument returns to the controller. It
is not part of the status reporting system but determines the value of the MAV bit in
the STB and thus is represented in the overview.

® Error- /Event-Queue
The error-/event-queue contains all errors and events that have occurred in the
past. When reading the queue, the instrument starts with the first occurred error/
event.

All status registers have the same internal structure.

SRE, ESE

6 The service request enable register SRE can be used as ENAB1e part of the STB if the
STB is structured according to SCPI. By analogy, the ESE can be used as the ENABle
part of the ESR.

Structure of a SCPI Status Register

Each standard SCPI register consists of 5 parts. Each part has a width of 16 bits and
has different functions. The individual bits are independent of each other, i.e. each
hardware status is assigned a bit number which is valid for all five parts. Bit 15 (the
most significant bit) is set to zero for all parts. Thus the contents of the register parts
can be processed by the controller as positive integers.
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States, events or summary bits of other registers
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Figure A-2: The status-register model

Description of the five status register parts
The five parts of a SCPI register have different properties and functions:

e CONDition
The CONDition part is written into directly by the hardware or the sum bit of the
next lower register. Its contents reflect the current instrument status. This register
part can only be read, but not written into or cleared. Its contents are not affected
by reading.

® PTRansition / NTRansition
The two transition register parts define which state transition of the CONDition
part (none, 0 to 1, 1 to 0 or both) is stored in the EVENt part.
The Positive-TRansition part acts as a transition filter. When a bit of the
CONDition partis changed from 0 to 1, the associated PTR bit decides whether
the EVENt bit is set to 1.

— PTR bit =1: the EVENt bit is set.
— PTR bit =0: the EVENt bit is not set.

This part can be written into and read as required. Its contents are not affected by
reading.

The Negative-TRansition part also acts as a transition filter. When a bit of the
CONDition partis changed from 1 to 0, the associated NTR bit decides whether
the EVENt bit is set to 1.

— NTR bit =1: the EVENt bit is set.

— NTR bit =0: the EVENt bit is not set.

This part can be written into and read as required. Its contents are not affected by
reading.

® EVENt
The EVENt part indicates whether an event has occurred since the last reading, it
is the "memory" of the condition part. It only indicates events passed on by the
transition filters. It is permanently updated by the instrument. This part can only be
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read by the user. Reading the register clears it. This part is often equated with the
entire register.

e ENABIe
The ENABle part determines whether the associated EVENt bit contributes to the
sum bit (see below). Each bit of the EVENt part is "ANDed" with the associated
ENABle bit (symbol '&"). The results of all logical operations of this part are passed
on to the sum bit via an "OR" function (symbol '+').
ENABle bit = 0: the associated EVENt bit does not contribute to the sum bit
ENABle bit = 1: if the associated EVENt bit is "1", the sum bit is set to "1" as well.
This part can be written into and read by the user as required. Its contents are not
affected by reading.

Sum bit

The sum bit is obtained from the EVENt and ENAB1e part for each register. The result
is then entered into a bit of the COND1 tion part of the higher-order register.

The instrument automatically generates the sum bit for each register. Thus an event
can lead to a service request throughout all levels of the hierarchy.

Status Byte (STB) and Service Request Enable Register (SRE)

The STatus Byte (STB) is already defined in IEEE 488.2. It provides a rough over-
view of the instrument status by collecting the pieces of information of the lower regis-
ters. A special feature is that bit 6 acts as the sum bit of the remaining bits of the status
byte.

The STB is read using the command *STB? or a serial poll.

The sTatus Byte (STB)is linked to the Service Request Enable (SRE) register.
Each bit of the STB is assigned a bit in the SRE. Bit 6 of the SRE is ignored. If a bit is
set in the SRE and the associated bit in the STB changes from 0 to 1, a service
request (SRQ) is generated. The SRE can be set using the command *sRE and read
using the command *SRE?.

Table A-2: Meaning of the bits used in the status byte

Bit No. | Meaning

0...1 Not used

2 Error Queue not empty

The bit is set when an entry is made in the error queue. If this bit is enabled by the SRE, each
entry of the error queue generates a service request. Thus an error can be recognized and
specified in greater detail by polling the error queue. The poll provides an informative error mes-
sage. This procedure is to be recommended since it considerably reduces the problems
involved with remote control.

3 QUEStionable status register summary bit

The bit is set if an EVENt bit is set in the QUEStionable status register and the associated
ENABIle bit is set to 1. A set bit indicates a questionable instrument status, which can be speci-
fied in greater detail by querying the STATus: QUEStionable status register.

4 MAV bit (message available)

The bit is set if a message is available in the output queue which can be read. This bit can be
used to enable data to be automatically read from the instrument to the controller.
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Bit No. | Meaning

5 ESB bit

Sum bit of the event status register. It is set if one of the bits in the event status register is set
and enabled in the event status enable register. Setting of this bit indicates a serious error which
can be specified in greater detail by polling the event status register.

6 MSS bit (master status summary bit)

The bit is set if the instrument triggers a service request. This is the case if one of the other bits
of this registers is set together with its mask bit in the service request enable register SRE.

7 STATus:0OPERation status register summary bit

The bit is set if an EVENt bit is set in the OPERat ion status register and the associated
ENABle bitis set to 1. A set bit indicates that the instrument is just performing an action. The
type of action can be determined by querying the STATus : OPERation status register.

Event Status Register (ESR) and Event Status Enable Register (ESE)

The ESR is defined in IEEE 488.2. It can be compared with the EVENt part of a SCPI
register. The event status register can be read out using command *ESR?.

The ESE corresponds to the ENABR1e part of a SCPI register. If a bit is set in the ESE
and the associated bit in the ESR changes from 0 to 1, the ESB bit in the STB is set.
The ESE register can be set using the command *ESE and read using the command
*ESE?.

Table A-3: Meaning of the bits used in the event status register

Bit No. | Meaning

0 Operation Complete
This bit is set on receipt of the command *OPC exactly when all previous commands have been
executed.

1 Not used

2 Query Error

This bit is set if either the controller wants to read data from the instrument without having sent a
query, or if it does not fetch requested data and sends new instructions to the instrument
instead. The cause is often a query which is faulty and hence cannot be executed.

3 Device-dependent Error

This bit is set if a device-dependent error occurs. An error message with a number between
-300 and -399 or a positive error number, which denotes the error in greater detail, is entered
into the error queue.

4 Execution Error

This bit is set if a received command is syntactically correct but cannot be performed for other
reasons. An error message with a number between -200 and -300, which denotes the error in
greater detail, is entered into the error queue.

5 Command Error

This bit is set if a command is received, which is undefined or syntactically incorrect. An error
message with a number between -100 and -200, which denotes the error in greater detail, is
entered into the error queue.
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Bit No. | Meaning

6 User Request

This bit is set when the instrument is switched over to manual control.

7 Power On (supply voltage on)

This bit is set on switching on the instrument.

Questionable Status Register (STATus:QUEStionable)

This register contains information on questionable instrument states. Such states may
occur when the instrument is not operated in compliance with its specifications.

To read the register, use the query commands STAT:QUEST:COND? or
STAT:QUEST[:EVEN]?.

Table A-4: Meaning of the bits used in the questionable status register

Bit No. | Meaning

0-15 Not used

Operation Status Register (STATus:OPERation)

This condition part contains information on the actions currently being performed by
the instrument, while the event part contains information on the actions performed by
the instrument since the last readout of the register.

To read the register, use the query commands STAT:OPER:COND? or
STAT:OPER[:EVEN]?.

Table A-5: Meaning of the bits used in the operation status register

Bit No. | Meaning

0 Calibrating
The bit is set during the calibration phase.

1-2 Not used

3 Sweeping

This bit is set during a sweep in automatic or single mode.

4-15 Not used

Application of the Status Reporting System

The purpose of the status reporting system is to monitor the status of one or several
devices in a measuring system. To do this and react appropriately, the controller must
receive and evaluate the information of all devices. The following standard methods
are used:

® Service request (SRQ) initiated by the instrument

® Serial poll of all devices in the bus system, initiated by the controller to find out
who sent an SRQ and why

® Query of a specific instrument status by commands
® Query of the error queue
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Service Request

Under certain circumstances, the instrument can send a service request (SRQ) to the
controller. Usually this service request initiates an interrupt at the controller, to which
the control program can react appropriately. An SRQ is always initiated if one or sev-
eral of bits 2, 4 or 5 of the status byte are set and enabled in the SRE. Each of these
bits combines the information of the error queue or the output buffer. To use the possi-
bilities of the service request effectively, all bits should be set to "1" in the enable regis-
ters SRE and ESE.

Example:

Use command *OPC to generate an SRQ .
*ESE 1 - set bit 0 of ESE (Operation Complete)
*SRE 32 - set bit 5 of SRE (ESB).

After its settings have been completed, the instrument generates an SRQ.

The SRQ is the only possibility for the instrument to become active on its own. Each
controller program should set the instrument such that a service request is initiated in
the case of malfunction. The program should react appropriately to the service request.

Serial Poll

In a serial poll, just as with command *STB, the status byte of an instrument is queried.
However, the query is realized via interface messages and is thus clearly faster.

The serial poll method is defined in IEEE 488.1 and used to be the only standard pos-
sibility for different instruments to poll the status byte. The method also works for
instruments which do not adhere to SCPI or IEEE 488.2.

The serial poll is mainly used to obtain a fast overview of the state of several instru-
ments connected to the controller.

Query of an instrument status

Each part of any status register can be read using queries. There are two types of
commands:

® The common commands *ESR?, *IDN?, *IST?, *STB? query the higher-level
registers.

® The commands of the STATus system query the SCPI registers
(STATus:QUEStionable...)

The returned value is always a decimal number that represents the bit pattern of the
queried register. This number is evaluated by the controller program.

Queries are usually used after an SRQ in order to obtain more detailed information on
the cause of the SRQ.
Error Queue

Each error state in the instrument leads to an entry in the error queue. The entries of
the error queue are detailed plain text error messages that can be looked up in the
Error Log or queried via remote control using SYSTem: ERRor [ : NEXT] 2. Each call of
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SYSTem:ERRor [ :NEXT] ? provides one entry from the error queue. If no error mes-
sages are stored there any more, the instrument responds with 0, "No error".

The error queue should be queried after every SRQ in the controller program as the
entries describe the cause of an error more precisely than the status registers. Espe-
cially in the test phase of a controller program the error queue should be queried regu-
larly since faulty commands from the controller to the instrument are recorded there as
well.

Reset Values of the Status Reporting System

The following table contains the different commands and events causing the status
reporting system to be reset. None of the commands, except of *RST and

SYSTem: PRESet affect the functional instrument settings. In particular, DC1. does not
change the instrument settings.

Table A-6: Resetting the status reporting system

Event Switching on supply | DCL, *RST or STATus: | *CLS
voltage SDC SYSTem: | PRESet
Power-On-Status- (Device | PRESet
Clear Clear,
Selected
Device
Effect 0 1
¢ Clear)
Clear STB, ESR - Yes - - - Yes
Clear SRE, ESE - Yes - - - -
Clear PPE - Yes - - - -
Clear error queue Yes Yes - - - Yes
Clear output buffer Yes Yes Yes 1) 1) 1)
Clear command processing Yes Yes Yes - - -
and input buffer
1) The first command in a command line that immediately follows a <PROGRAM MESSAGE TERMINA-
TOR> clears the output buffer.

A.1.1.6 General Programming Recommendations

Initial instrument status before changing settings

Manual operation is designed for maximum possible operating convenience. In con-
trast, the priority of remote control is the "predictability" of the instrument status. Thus,
when a command attempts to define incompatible settings, the command is ignored
and the instrument status remains unchanged, i.e. other settings are not automatically
adapted. Therefore, control programs should always define an initial instrument status
(e.g. using the *RST command) and then implement the required settings.
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Extensions for User Files

Command sequence

As a general rule, send commands and queries in different program messages. Other-
wise, the result of the query may vary depending on which operation is performed first
(see also Preventing Overlapping Execution).

Reacting to malfunctions

The service request is the only possibility for the instrument to become active on its
own. Each controller program should instruct the instrument to initiate a service
request in case of malfunction. The program should react appropriately to the service
request.

Error queues

The error queue should be queried after every service request in the controller pro-
gram as the entries describe the cause of an error more precisely than the status regis-
ters. Especially in the test phase of a controller program the error queue should be
queried regularly since faulty commands from the controller to the instrument are
recorded there as well.

Extensions for User Files

The following table lists all available file extensions for user files.

Table A-7: List of the automatically assigned file extensions in the instrument

Function/Digital List type Contents File suffix
Standard
Instrument State Settings Instrument settings *.savrcl
Import Settings Settings Settings * . import
"Arbitrary Wave- Waveform ARB waveforms * WV
form Generator” ARB multi segment waveforms
Waveform ARB multi carrier settings *.arb multcary
Configuration | Configuration file for creation of multisegment *.inf mswv
data ARB waveforms
Play List ARB Sequencing List * . WVS
"DM" Data List Digital modulation data *.dm_iqgd
*.tdm
Control List Data to control digital modulation *.dm igc
Settings Digital modulation settings * . dm
User Standard | Digital modulation user standard *.dm stu
User Mapping | Digital modulation user mapping * _vam
User Filter Digital modulation user filter * . vaf
"GSM/EDGE" Settings GSM/EDGE settings *.gsm
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Function/Digital List type Contents File suffix
Standard
Slot User-defined slot data *.gsm_slu
Frame User-defined frame data *.gsm_fu
Slot Higher symbol rate slot *.gsm_hslu
Frame Higher symbol rate frame *.gsm_hfu
"Bluetooth" Bluetooth Set- | Complete setting of the Bluetooth menu *.bto
tings
"TETRA" TETRA Set- Complete setting of the TETRA menu * . tetra
tings
"3GPP FDD" Settings Complete setting of the 3GPP (FDD) menu *.3g
Settings Channel coding enhanced DPCH channels *.3g ccod dl g
(downlink)
Settings Channel coding enhanced DPDCH channels *.3g ccod ul
(uplink)
"CDMA2000" Settings Complete setting of the CDMA2000 menu * . cdma2k
"TD-SCDMA2000" | Settings Complete setting of the TD-SCDMA2000 menu | *.tdscdma
Settings Test Model for TD-SCDMA2000 * . tdtmd
1xEV-DO Settings Complete setting of the 1XEV-DO menu * . evdo
"IEEE 802.11 Settings Complete setting of the IEEE 802.11 WLAN *.wlan
WLAN" menu
"IEEE 802.11 n Settings Complete setting of the IEEE 802.11n WLAN *.wlann
WLAN" menu
Settings Beamforming data * . pmf
"IEEE 802.16 Settings Complete setting of the IEEE 802.16 WiMAX * . wimax
WiMAX" menu
"EUTRA/LTE" Settings Complete setting of the EUTRA/LTE menu *.eutra
Settings TDD Settings *.lte tdd
Settings User-defined IQ-File * . iqw
"GNSS" Settings Complete setting of the GNSS menu *.gps
*.galileo
*.glonas
Settings Almanac Settings * . txt
*.alm
*.al3
*.agl
Settings Waypoints File * . txt
Settings Generated Almanac File *rs_al

*.rs_yuma
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Function/Digital List type Contents File suffix
Standard
Settings lonospheric File *.rs_ion
Settings Navigation Data *.rs nav
Settings UTC File *.rs_utc
*.rs_acq
"DVB" Settings Complete setting of the DVB menu *.dvb
Settings DVB Transport Stream *.gts
*.ts
*.trp
"DAB/T-DMB" Settings Complete setting of the DAB/T-DMB menu *.dab
Settings DAB ETI Files * . eti
*.xeti
NFC Settings Complete setting of the NFC menu *.nfc

A.3 Elements and Controls of the Graphical User Inter-
face

To get familiar with the display of the instrument, you will find a summary description in
the guide Chapter 3.5.1, "Understanding the Display Information", on page 42.

These are in detail:

® "Menu Bar / Toolbar" on page 43

e "Status bar" on page 44

® "Info Line" on page 45

® "Block diagram" on page 45

® ‘"Taskbar" on page 46

e "Additional display characteristics" on page 46

This overview provides additional details on some of the topics.

e Status Information Displayed in the INfo Line........cccccvviiicciiii e, 421
e Elements Displayed for Interactions..............ooooeiiiiiiiiiiii e 422

A.3.1 Status Information Displayed in the Info Line
The info line shows system messages as e.g. status information on the operating sta-
tus of R&S WinlQSIM2, but also error messages and warnings. It appears when an

event message is generated. Some of the messages are permanently displayed, and
the less important only temporarily, as volatile information.
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The following section contains the distinctive messages concerning the operating sta-
tus of the application. For information on the error messages and warnings, refer to
Chapter 13, "Troubleshooting and Error Messages", on page 392.

You can also access an info window with detailed information about all messages in a
history list. For details, see Chapter 10.2, "Querying Error Messages & Info Key",
on page 224.

The following types of messages are distinguished:

® Error
An error indicates that a fault has occurred, e.g. in the current configuration or even
in the application.

Depending on the severity of the error, R&S WinlQSIM2 classifies an error as...

— Critical
Prevents R&S WinlQSIM2 from working, e.g. a DLL file version does not
match. Critical errors are displayed in red.

— System
Concerns the operating system, such as incorrect file path. System errors are
displayed in black.

® Information
Displays system messages, e.g. information ton the operating status.
Information messages are displayed in black.

® Warning
A warning indicates a less significant error and is displayed in black.

® Brief message
Brief messages report automatic settings in the program, e.g. switching off of
incompatible types of modulation, or on illegal entries that are not accepted by the
program, such as range violations. These messages are displayed in the info line
on a yellow background. They are displayed on top of status information or perma-
nent messages.
Brief messages usually do not demand user actions and disappear automatically
after a short period of time. They are stored in the history, however.

® Permanent messages
Permanent messages are displayed if an error occurs that impairs further opera-
tion. The error signaled by a permanent message must be corrected before you
can continue.
The message is displayed until the error is eliminated. It covers the status display
in the info line. If the error is corrected, the error message disappears, however, it
is recorded in the history.

A.3.2 Elements Displayed for Interactions
The signal generator is primarily configured by settings dialogs, but also by active ele-
ments in the block diagram and the status bar. Additional interactive elements such as

tooltips or on-screen keypads help you to conveniently perform the settings.

Dialogs
It is distinguished between settings dialogs and diagrams.
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Basically, a dialog has a parent name corresponding to its content.

"Settings dialog"

Sequence Lengtl 10 DOUISymboIs j
Set acc to standard SM ']
Symbol Rate 270.833 333|ksym/s q
Coding lGSM j
@ Power Ramp Control... l —0 Off / Cosine /  1.00sym

1 = Dialog name

2 = Status indicators

3 = Key parameter settings

4 = Parameters

5 = Parameter entry field

6 = Access keys for further settings dialogs

The name(1) of a settings dialog is displayed in the header. It is a
generic term that refers to the functionality covered in the dialog. Dia-
log names are for example a digital standard (EUTRA/LTE).

The header of a settings dialog contains the well known buttons to
minimize or close the dialog, and a parent name which is usually
composed of:

® Parent name

® Generic term of the function

A settings dialog is mostly divided into tabs with logically grouped
parameters. The tab name expresses the content and may contain
status indicators or the set value of a key parameter.
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"Diagram dialogs"
The graphical representation of a diagram dialog contains the graph
and functional keys.

% WinIQSIM2 Graphic 1 = @ =
Generated Waveform File:
}Tma\ Signal Duration: 320000 Samples (= 2.60417 ms) Sample Rate (fc): 122 88 MHz ‘
‘ iewport
6000 Max: 25999 Range 20000| Unit  |Samples 7 Sweep Step| 20|% v Sweep Rate OFF
L1 |
1Q Source Baseband *| Mode | Vector

45 12 1 08 06 04 02 0 0.2

66% 75% 83%

Tnphase i(t)
Scale X-Axi

i) Mode Auto = Min 2 Max 2 Range: 30 Unit  [None
Scale Y-Axi

a(t) Mode Auto  *| Min 1.5 Max 15 Range 3.0 Unt  |None

1 = Signal characteristics
2 = Setting parameters

3 = Viewport
4 = Graph
5 = Color Map

On/Off Switch
Indicates the current state of a function.

Q0

The icon is interactive and you can select it to turn on and off.

Tooltip

Min = 100.000 00 kHz
Max = 6.000 000 000 00 GHz

GHZJ

In edit mode, the tooltip indicates the possible value range of a parameter.

HE
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:GENerate:WAVEform:DURGION?..........oiiiiie ettt ettt e et e e et e e e ae e e e e naeeeeeneeeeannes 287
:GENerate:WAVEformiOSAMPIING?. ...ttt ettt et 287
IGENErate:WAVEOMMISAMPIES?........o ittt ettt et h e e bt et e et e et esaeeenaeas 288
IGENErate:WAVETOMM:ISRATE?. ...ttt et e et e e ettt e e ettt e e e st e e e aneeeeaneeeeanneaeaanseeeannes 288
INSTrUMENTS:GPIBIADDRESS. ...ttt et a ettt be et b e et teenenes 288
INSTIUMENESINAME . ...ttt h ettt e et e e bt e ehe e et e e e be e e bt e ebe e e bt e enbeebeeannes 289
AINSTruments:REMOEICHANRNEL. ...ttt e ettt e e et e e et e e e s e e e eneeeeenneeean 289
INSTrUmMENSIREMOLEINAME ... ettt ettt et 289
INSTIUMENESISCAN. .. ettt b e a e bt et e bt e e s bt e e Rt e e a bt e eab e e be e e R b e e bt e embeeabbeenbeesneeanneas 289
INSTruments:SELect:ARB.... ...290
INSTIUMENESISELECEVECTON ...ttt ettt et e et e e 290
INSTIUMENESI TYPE ...ttt h ettt e et e e bt e ehe e et e e e ne e e bt e ene e e bt e snteebeeannes 291
ANSTrUmMENTSIUSBISERIAL. ...ttt e et e e ettt e e et e e e anee e e ene e e e ensaeeeanneeas 291
IMEMOIYIHFREE? ...ttt ettt a ettt a e e bt e aa e e bt et et e et e e 284
IMMEMOTrY:CATAIOG:LENGEN? ...ttt et e et et e e esaeeeneeas 281
IMMEMOTY:CATAIOG?. .ttt ettt h ettt et e e et he e et e et e bt e s beeeae e s neeeee e 280
:MMEMory:CDIRectory....

IMMEMOTYICOPY ..ttt et b e a e bt o2 bt ekt e e e bt e Rt e e a bt e e bt e eab e e ene e e bt e ebeeenbeeenbeeteeannes
IMIMEMOTY:DATA . .ottt ettt e et e et e e ae e e et eeae e e beeesee e st e emse e seeesseesseeenseeeseeenseeesseenneeenseenseeanne
IMMEMOry:DCATAIOGILENGEN? ...ttt 283
IMMEMOTY:DCATAIOG?. ...tttk b e et e h e e e it e bt e e a bt e eheeemteeebeeebeeese e e bt e snbeenneeanne 283
IMMEMOTY:DELELE. ...ttt et a ettt ee e bt et eeae e s e et 284
IMMEMO Y LOAD ST AT €. ettt ettt b ettt ae et e bt e bt e e et et e et e eebeeenb e e naneentee e 284
:MMEMory:MDIRectory...

IMMEMOTYIMOVE ... ittt ettt ettt b e e st e e st e e mte e see e s s e e sseeenseeeseeebeeesseeneeenseenseeanne
IMMEMOTYIMSIS ...t b et h ettt ekt b et et e e et e bt e e et e bt e et e et e e e e naeeenneen
IMMEMOTY:RDIRECIONY ...ttt ettt e bt e ettt et e e e sttt e e bt e e e e et e e e nbe e e enbeeeannes
IMMIEM Oy ST ORE I ST AT €. ettt ettt ettt e e e bt et e e e st e e at e e seeeneeeeaeeenseeeneeenbeeaseeanneesneeenseeaneas
:STATUS:OPERAIONICONDITION. ...ttt ettt ettt ettt naeeenneas
ISTATUS:OPERGHONIENABIE. ...ttt ettt e bt e b e et eaneeteeannas
:STATUS:OPERAtIONINTRANSIHION. .....eiiiiiie ettt ettt e et e e e e e naeaeenaeaen
:STATUS:OPERAION:PTRANSIHION. ...ttt
ISTATUS:OPERGHON[EVENL].......eiiiieiie ettt et h ettt e e e sneeeneee s
ISTATUSIPRESEL. ...ttt ettt et e et e e st e e heeeaee e st e enteeeseeeneeeeneeenseeaneeanseeenneenneean
:STATus:QUEStionable:CONDition

:STATUS:QUESHONADIEIENABIE.......cutiiitii ittt ettt be e e e e b e e teenneeeas
:STATUS:QUESHONADIE:INTRANSIHION. ..ottt e e e e e e e enneeas 381
:STATUS:QUESHONADIEIPTRANSIION. ...ttt ettt 381
:STATUS:QUESHONADIE[IEVENL]......oiiiiiie e 381
ST ATUS QUEUE INEXT ] 2. ettt ettt ettt ettt e et e e bt e e s e e eateeteeeseeeeaeeenseenseeenbeeaseeenseeenseenseeans 381
ISYSTEMIERROIALL?. ...ttt ettt et h ettt e bt b e ebe e et et eteeennes 382
:SYSTem:ERRor:CODE:ALL?...... ...382
1SYSTEMERROICODE[INEXT]?. .ttt e e et e et e e eaeeeteeeseeesaeesnsaeaseeenseesseeanneas 383
ISYSTEMIERROICOUNL?. ...ttt bttt a ettt et e bttt et et e naeeaaeeens 383
ISY STEMIERROIINEXT ] 2. ettt et h e bt e e bttt eehb e e bt e e mb e e bt e enb e e bt e anbeesbeeaneeean 384
:SYSTEMMMEMOIY:PATHIUSER?. ...ttt ettt et e et e s e enteesteeenseesneeennaens 286
ISYSTEMISERROI?......c ettt h et e bt et a ettt e ae e e bt e ebe e ettt et e ennes 384



ISY STEMIVERSION?. ...ttt h e h e h etk e et e bt e et e e hb e e bt e ess e e bt e enbeeateeanne 384
:SYSTem:WAIT

TTRANSMIEAUTOIPATH. .ttt ettt bt e eat e et e et e e be e e aeesaeeenee e 291
TTRANSIMIE AU T O S T AT ] ettt ettt bttt h e et e bt e et e bt e et e e bt e et e e ebe e e bt e eneeenteeannas 292
TTRANSMIEICOMMENL. ...ttt ettt e ettt e b e e e he e e st e eabe e beeeseeeeseeenseeeneeenseeaneeaneeean 292
TTRANSMIEDESTINATON. ...ttt ra ettt see et e st e et teesenes 292
TTRANSMItDESTINGONIIFILE. ...ttt ettt et e e e 292
TTRANSMIt:DESTINGONILFILE. ...ttt et e et e ee e e nbeesaee e 293
TTRANSMIEISOURCE. ...ttt ettt h ettt e ettt e bt e bt et teeeenes 293
TTRANSMIEESOURCEILFILE. ...ttt et b ettt e et e enee e 293
TR AN S S T AT €.ttt ettt ettt ettt e e a bt e bt e e s et e ehe e e ase e st e e as e e eaeeemseeeneeenbeeeneaenneesnneenseeannas 293
[:SOURCEShWST:AWGNIBRATE. ...ttt ettt ettt et e nae e e s 294
[:SOURCEShWST:AWGNIBWIDN. ...ttt ettt e 294
[:SOURCe<hw>]:AWGN:BWIDLh:NOISE?..... ..ottt ettt et et et eeeneeeneeeanee s 295
[:SOURCE<hW>]:AWGN:BWIDh:RATIO ....uteitiiiiiie ittt 295
[:SOURCESNW>]:AWGN:ICNRALIO. ......veiiiiiiie ettt e e et e et e e st e e e esre e e enseeeesnneeas 296
[:SOURCEShW>T:AWGNIENRALIO. ...ttt ettt et et et e et eebeesnee e 296
[:SOURce<hw>]:AWGN:FREQUENCY:RESUIT?........oiiiiiiiiiiieie e 296
[:SOURce<hw>]:AWGN:FREQUENCY: TARGEL......c.uiiitiiiiiiiiie ittt 297

[:SOURce<hw>]:AWGN:MODE
[:SOURce<hw>]:AWGN:POWer:CARRier

[:SOURCE<hW>]:AWGN:POWETIMODE...........ooiiiiiieciee ettt e e e etae e e et e e e ae e e snseeeeneee s 298
[:SOURCE<hW>]:AWGN:POWEINOISE. ...ttt ettt et et saeeenea e 298
[:SOURce<hw>]:AWGN:POWErNOISE: TOTaI?.......oiiiiiiiiiie et 299
[:SOURCe<hw>]:AWGN:POWESUMPEP? ..ot eaaa e 299
[:SOURCE<hW>]:AWGNIPOWETSUM? ...ttt ettt ettt e et e e bt e seeeeneeeneeaneaeas 299
[:SOURce<hw>]:AWGN:SLENgth....

[:SOURCESNWS:AWGN:ISRATE. ..ottt e e e e et e e e e e e etae e e esa e e e ssseeeenseeeesnseens
[1SOURCESNWS AWV GIN S T AT €.ttt et ettt ae et e et e et e e e ae e e bt e enbeeseeenbeeeneeenseeeneeanseaanneas
[:SOURce<hw>]:BB:ARBitrary:MCARTrier:CARRIEHICOUNT.........ccoiiiieiiiiie e 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier: CARRIEIMODE............coouiiiiiiiieie e 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIENISPACING......cviiiiieiieiie ettt 302
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:CONFIICt?...........ccccoeeiiieeiiee e 303
[:SOURce<hw>]:BB:ARBitrary:MCARrier: CARRIer<ch>:DELaY...........cccccoieiiiiiiiiiiiiiecie e 303
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRIEr<ch>:FILE...........c.ccoiiiiiiiiiieie e 304
[:SOURce<hw>]:BB:ARBitrary:MCARrier: CARRIier<ch>:FREQUENCY..........ccceeriiiirieiiiiiiiiiiesee e 304
[:SOURce<hw>]:BB:ARBitrary:MCARrier: CARRIEr<ch>:PHASE...........cooiiiiiiiiiii e
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CARRier<ch>:POWer...
[:SOURce<hw>]:BB:ARBitrary:MCARTrier:CARRIEr<Ch>:STATE......cociiiiiiiie et
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CFACIONMODE...........ccoiiiiiiiii it
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPPINg:CFACHON..........cooiiiiiiii e
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPPINg:CUTOf.........cociiiiiiieicee e
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLIPPING[:STATE]....cciuitiiieiiiiiieeiiie ettt
[:SOURce<hw>]:BB:ARBitrary:MCARIer:CLOAM. ...........c.cociiiiiii e
[:SOURce<hw>]:BB:ARBitrary:MCARrier:CLOCK?....

[:SOURce<hw>]:BB:ARBitrary:MCARFEr:CREGLE. .........ccoiiiiiiiiiiiie e
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