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Dear Customer,

throughout this manual, the Baseband Signal Generator and Fading Simulator R&S® AMU 200A is
abbreviated as R&S AMU.

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co. KG.
Trade names are trademarks of the owners.
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ROHDE&SCHWARZ

EC Certificate of Conformity

Certificate No.: 2007-04
This is to certify that:

Equipment type Stock No. Designation

AMUZ200A 1402.4090.02 Baseband Signal Generator
AMU-B9 1402.8809.02 Baseband Generator
AMU-B10 1402.5300.02 Baseband Generator
AMU-B11 1402.5400.02 Baseband Generator
AMU-B13 1402.5500.02 Basisband Grundmodul
AMU-B14 1402.5600.02 Fading Simulator
AMU-B15 1402.5700.02 Fading Simulator Extension
AMU-B16 1402.5800.02 Differential 1/Q Outputs
AMU-B18 1402.6006.02 Digital 1/Q Output
AMU-B81 1402.6858.02 Rear Panel Connectors

complies with the provisions of the Directive of the Council of the European Union on the
approximation of the laws of the Member States

- relating to electrical equipment for use within defined voltage limits
(2006/95/EC)

- relating to electromagnetic compatibility
(89/336/EEC revised by 91/263/EEC, 92/31/EEC, 93/68/EEC)

Conformity is proven by compliance with the following standards:

EN 61010-1 : 2001

EN 61326 : 1997 + A1: 1998 + A2 : 2001 + A3 : 2003
EN 55011 : 1998 + A1 : 1999 + A2 : 2002, Klasse B
EN 61000-3-2 : 2000 + A2 : 2005

EN 61000-3-3 : 1995 + A1 : 2001

For the assessment of electromagnetic compatibility, the limits of radio interference for Class
B equipment as well as the immunity to interference for operation in industry have been used
as a basis.

Affixing the EC conformity mark as from 2007

ROHDE & SCHWARZ GmbH & Co. KG
Miihldorfstr. 15, D-81671 Miinchen

Munich, 2007-02-19 Central Quality Management MF-QZ / Radde
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R&S AMU 200A

User Documentation

Contents of User Documentation for the Baseband Signal
Generator and Fading Simulator R&S AMU 200A

The user documentation describes the Baseband Signal Generator and Fading Simulator R&S
AMU 200A and all options. It includes a printed Quick Start Guide and a CD-ROM with the complete
operating and service manual in printable pdf-format.

The R&S AMU is equipped with a context-sensitive online help that offers a help page for each instru-

ment function.

Quick Start Guide

Help System

The present quick start guide describes everything that is needed
to put the instrument into operation and to get familiar with the
generator. The quick start guide gives an introduction to remote
control and manual control via external monitor, mouse and key-
board.

The quick start guide is subdivided into the data sheet plus 3
chapters plus index:

The data sheet informs about specifications and characteristics
of the instrument.

Chapter 1 Describes the control elements and connectors
on the front and rear panel as well as all proce-
dures required for putting the instrument into
operation.

Chapter 2 Gives an introduction the operating concept and
typical applications of the R&S AMU.

Chapter 3 Describes key operating modes, the structure of
the graphical interface and the principles of
manual control.

Index Contains an index of the quick start guide.

2 50 ® 0|0

1402.5200.62

The help system is embedded in the instrument, offering quick,
context-sensitive reference to the information needed for opera-
tion and programming. The help contains the complete user
documentation for the Signal Generator including the contents of
the present quick start guide.

The help files (*.chm) are also available on the CD-ROM and can
be used as a standalone help.

0.1 E-1



User Documentation

R&S AMU 200A

Documentation CD-ROM

Ca

Optional Documentation

1402.5200.62

The CD-ROM provides the complete user documentation for the
Signal Generator:

- The online help system (*.chm).

- The complete operating manual and service manual in printable
form (*.pdf).

- The data sheet (brochure and specifications) in printable form.
Links to different useful sites in the R&S internet.

Note: Please use the ADOBE® Acrobat® Reader for PDF files
and the browser Internet Explorer® > 4.0 for the HTML
help.

The printed version of the operating and service manual provides
the contents of the quick start manual plus the complete reference
and the service information for the Signal Generator. This manual
can be ordered as an option (stock no. 1402.5222.32 (English -
A4 format) or 1402.5222.39 (English - letter format )); see ordering
information in the data sheet.

Note: The CD-ROM contains the *.pdf version of the manuals.

Operating Manual

The operating manual contains comprehensive information about
the instrument functions and remote control, in addition to the
chapters of the quick start guide. It includes information about
maintenance of the instrument and about error detection listing the
error messages which may be output by the instrument. It is sub-
divided into 10 chapters:

The data sheet informs about specifications and character-
istics of the instrument.

Chapter 1 Describes the control elements and con-
nectors on the front and rear panel as well
as all procedures required for putting the
instrument into operation.

Chapter 2 Gives an introduction to the operating con-
cept and typical applications of the R&S
AMU.

Chapter 3 Describes key operating modes, the struc-

ture of the graphical interface and the prin-
ciples of manual control.
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R&S AMU 200A

User Documentation

Chapter 4

Chapter 5

Chapter 6

Chapter 7
Chapter 8

Chapter 9

Chapter 10

Annex

Forms a reference for manual control of the
R&S AMU and contains a detailed descrip-
tion of all instrument functions and their ap-
plication. The chapter also lists the remote
control command corresponding to each in-
strument function.

Describes the basics for programming the
R&S AMU, command processing and the
status reporting system.

Lists all the remote-control commands de-
fined for the instrument.

Describes preventive maintenance and the
characteristics of the instrument’'s inter-
faces.

Gives the status messages and a list of er-
ror messages that the R&S AMU may gen-
erate.

Contains an index of the operating manual.

Describes all Digital Standards supported
by the R&S AMU. Contains the remote-
control commands and indices of each
standard.

Service Manual Instrument

The service manual - instrument informs on how to check
compliance with rated specifications, on instrument function,
repair, troubleshooting and fault elimination. It contains all in-
formation required for the maintenance of R&S AMU by ex-
changing modules. In addition it describes how to perform a
firmware update and how to install options.

Internet Site

The Rohde & Schwarz internet site: http://www.rohde-
schwarz.com/product/amu200A.html provides the most up to date

information on the R&S AMU. Additonally firmware updates in-
cluding the associated release notes, instrument drivers current
data sheets and application notes are provided for download on
the internet site.

The current operating manual at a time is available as printable

PDF file in the download area.

1402.5200.62 0.3
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R&S AMU 200A Contents

Contents - Chapter 1 "Putting into Operation™
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R&S AMU 200A Introduction - Putting into Operation

1 Putting into Operation

Introduction - Putting into Operation

Chapter 1, "Putting into Operation" explains the control elements and connectors of the R&S AMU 200A
Baseband Signal Generator and Fading Simulator with the aid of the front and rear views and describes
how to put the instrument into operation. It also describes the connection of peripherals such as
keyboard, mouse and monitor. A detailed description of the device interfaces is given in chapter,
"Maintenance and Remote Control Interfaces". Specifications of interfaces can be seen in the data
sheet.

Chapter 2, "Getting Started" gives an overview of generator functions and introduces the operating
concept. Detailed operating instructions and an overview of menus follow in chapter 3, "Manual
Operation".

The complete manual on the CD-ROM in printable pdf-format provides chapters 4 to 9: Menus and
instrument functions are described in detail in chapter 4, "Instrument Functions", basics of remote
control of the instrument in chapter 5, "Remote Control - Basics" and commands for remote control in
chapter 6 "Remote Control - Commands". Chapter, "Error Messages" contains a list of possible status
and error messages.

Legend for Front Panel View

This section gives an overview of the control elements and the connectors on the front panel of the
R&S AMU. Each element/connector is briefly described and a reference is given to the chapters
containing detailed information. Connectors designated for one of the two paths are labeled with the
accordant letter A or B (path A, path B). Not especially labeled connectors are affected to both paths.

1 2 3 4 5
I ® ROHDE&SCHWARZ | AMU 200A - BASEBAND SIGNAL GENERATOR AND FADING SIMULATOR 1402.4090.02
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Figure 1-1  Front panel view
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Legend for Front Panel View

R&S AMU 200A

1 Display

Analog I/Q Qut A

Analog 1/Q Out B
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Display

Status bar

1402.5200.62

The display shows all main settings and states of
the instrument.

The display is divided into three sections:
— the status bar with the main system
parameters, level settings and an info line,
— the block diagram with the current
configuration,

— the winbar with labeled soft keys.

The status bar
— gives a survey of the current state of the
system.

— coveres information on level settings containing

peak envelope power (PEP).

— enables the user to set the main parameters
directly.

— shows brief error messages in the info line.

Note:

Detailed information on a message can be called

with the key.

1.2

See chapter 3, section
"Display"

See chapter 3, section
"Display"
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R&S AMU 200A

Legend for Front Panel View

Block diagram

Winbar

1402.5200.62

The block diagram shows the current configuration
and the signal flow in the generator with the aid of
function blocks containing an on/off switch. Clicking
the function block opens a list of associated setting
menus. Active menus, info windows and graphs are
displayed on top of the block diagram.

Note:
Anytime the block diagram can be displayed in

the foreground with the key.

Open menus are indicated by a labelled button in
the winbar. The buttons determine the softkey
functions for front-panel control. When a button or
softkey is pressed, the associated menu is
displayed either in the foreground or minimized in
the winbar.

If required, the winbar is covered by a row of
buttons to which menu-specific functions of the
active menu are assigned.

Note:
By pressing the button, the winbar can
be displayed in the foreground again. This
allows the user to toggle between the button and
the softkey functions.

1.3

See chapter 3, section
"Display"

See chapter 3, section
"Display"
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Legend for Front Panel View

R&S AMU 200A

2 Keypad for data entry

0..9

+—

abc

1402.5200.62

Keys for data entry

Entry of numeric values
Entry of decimal point
Entry of sign

Entry of letters

Entry of a space

Entry of special characters

Switchover between uppercase
and lowercase letters

Keys for data entry
A,B,C,D,EF

Entry of hexadecimal values. The
letters assigned to the keys are
automatically active when an
entry field with a hexadecimal
value is active.

1.4

See chapter 3, section
"Setting Parameters"

See chapter 3, section
"Setting Parameters"
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R&S AMU 200A Legend for Front Panel View

2 Keypad for data entry

A Keys for data entry See chapter 3, section
"Selecting a Unit -

The unit keys can select a unit and thus Setting Parameters"

determine the absolute value or change the
unit, i.e. trigger a recalculation without
changing the absolute value.

B

)

i
m

frm)

I Their function depends on the time at which
@D they are pressed during parameter entry:

Selecting the unit

If a unit key is pressed immediately after a
numeric value has been entered, it
terminates the entry and determines the
multiplication factor for the respective basic
unit (e.g. the k/m mV key determines the unit
kHz after frequency entry). For level entries,
the unit indicated on the unit key is used (e.g.
the k/m mV key determines the unit mV after
level entry).

Changing the unit

If a numeric entry is terminated with
(e.g. by clicking on the rotary knob) and not
with a unit key, the unit displayed in the unit
field of the parameter in the menu is
assigned. If the unit key is pressed later, the
unit is changed but not the value. The value
is recalculated to suit the new unit (e.g. the
display changes from 1000 to 1 when Hz is
changed to kHz). The new unit then is
indicated in the value field of the menu.

1402.5200.62 1.5 E-1



Legend for Front Panel View R&S AMU 200A

2 Keypad for data entry

Keys for data entry See chapter 3, section
"Selecting a Unit -

Assignment Setting Parameters"

MGin G/n Giga/nano
e dBuv inactive
g M/u Mega/micro

- uv uV for levels
k/m kilo/milli

- Mv mV for levels
) x1 basic unit (x1
dB{m)

dB(m) V for levels

same function as ENTER key
for unit-free values

Note:
The unit key G/n selects the exponent
Giga or nano of the unit. The unit key x1
confirms the entries in the base unit and
values without a unit. The units dbuV and
dBm are inactive.

w m w Keys for data entry See chapter 3, section
INSERT Setting Parameters
Toggels between insert and
overwrite mode.

BACKSPACE
Deletes the character to the left of
the cursor.

ENTER

— Calls the next menu level.

— Activates the editing mode for highlighted
numeric and alphanumeric parameters.

— Terminates a data entry; the new value is
set.

In case of numeric parameters, the unit
indicated next to the value in the menu
applies.

— Switches highlighted status parameters
on and off (on/off state).

— Confirms (OK) and closes message
windows.

1402.5200.62 1.6 E-1



R&S AMU 200A Legend for Front Panel View

3 Keys for setting parameters

Keys for setting parameters See chapter 3, section
BASEBD "Setting Parameters"
LEVEL BASEBD LEVEL
e — Activates the baseband level
ONIOFF CULATE entry.

In the two-path mode, the
baseband level entry field that
was active last is activated.
Pressing the key again activates
the baseband level entry for the
second path.

FILE
Activates a menu for storing or
loading the settings of the
instrument. Pressing the key
again closes the dialog.

BASEBD ON/OFF
Switches the Baseband signal on
and off.
In the two-path mode, the
BASEBD ON/OFF key switches
all signals off. A second stroke
restores the status that was active
before the last switch-off.
I/Q OUT OFF is displayed in the
status bar.

RECALCULATE
Starts the recalculation of the
instrument settings. If time-
consuming calculations are
required, the active signal
generation is automatically
switched off and the calculation is
interrupted to allow the user to
make further settings. Calculation
is restarted by a keystroke and
the signal generation is switched
on again after the calculation is
completed.

1402.5200.62 1.7 E-1



Legend for Front Panel View R&S AMU 200A

4 Keys for settings and navigation in the display

Keys for settings in the display See chapter 3, section
DIAGRAM Setting Parameters

Brings the block diagram to the
foreground. Active menus are
minimized. Active menus are
indicated by the buttons in the
menu bar.

C

=
AL
30
E@

MENU
Calls the menu tree.

ESC

— Calls the next higher selection level. This
opens up the following functions:

— Closes the active menu if the cursor is in
the top-level menu (parameter selection).

If settings in this menu require
acknowledgement by means of an Accept
button, a query is displayed asking whether
the changes made should be cancelled.

— Switches between different entry fields of
a menu.

— Quits the editing mode and restores the
previous value. This function is only available
in the editing mode, i.e. only before an entry
is confirmed or selected with Enter.

— Cancels queries in message windows.

— Shifts the entry cursor from the frequency
or level display to the previously active menu
or to the previously highlighted block in the
block diagram if no menu is active.

ON/OFF

TOGGLE

— Switches highlighted elements or a
function block on and off.

— Switches between two or more settings,
e.g. items of selection lists. At the end of a
list, the cursor is set on the first entry again.

Keys for settings and navigation in the See chapter 3, section
display "Setting Parameters"
Rotary knob

— Varies the value at a cursor position.

— Moves the entry cursor in the block
diagram or menu.

— Moves the cursor in tables and selection
lists.

— Clicking on the rotary knob (= Enter)
terminates entries. In this case the entry
mode is terminated and the value set.

1402.5200.62 1.8 E-1



R&S AMU 200A Legend for Front Panel View

@ Keys for settings and navigation in the See chapter 3, section

display "Setting Parameters"
@ @ @ Arrow keys

— Vary the entry value

— Highlight a selected list item in the editing
mode

— Highlight parameters in menus and
tables (up/down)

L] (&)

— Move the cursor in the entry fields
(editing mode)

— Highlight parameters in menus and
tables (left/right)

5 1/Q IN - Input path A and path B

1/Q IN See data sheet

Input for external analog and chaoter 4
! ﬁ Q ﬁ baseband signal (option sectionsp“Data; and
R&S AMU-B17, Baseband Input).

Signal Sources in
—nN-— Baseband”

|ﬁ Q @ B and "Baseband Input
R Settings Menu"

1402.5200.62 1.9 E-1



Legend for Front Panel View

R&S AMU 200A

6 1/Q OUT - Output path A and B

©- @

©-@

1/Q OUT
Direct output or differential (non-
inverting) output of the analog I/Q
signal (option R&S AMU-B16 for
differential output).

7 CLOCK - Clock input and output

CLOCK (=

CLOCK

— Input for external clock signal (bit or
symbol clock, multiple of symbol clock) for
synchronizing the external data signal in case
of multivalent modulation. The active edge
can be set (path A only).

—  Output for clock signal (bit or symbol
clock) in the internal mode (path A only).

8 DATA — Data input and output

DATA (3

1402.5200.62

DATA

— Input for external serial data signal in
case of digital modulation (path A only)

—  Output for serial data signal in case of
digital modulation (path A only)

See data sheet

and chapter 4,
sections "Data and
Signal Sources in
Baseband”

and "Baseband Input
Settings Menu"

See data sheet

and chapter 4,
sections "Data and
Signal Sources in
Baseband”

and "Baseband Input
Settings Menu"

See data sheet

and chapter 4,
sections "Data and
Signal Sources in
Baseband”

and "Baseband Input
Settings Menu"
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R&S AMU 200A Legend for Front Panel View

9 TRIGGER1 — Trigger input

TRIGGER 1-&) TRIGGER 1Input for external triggering of

digital modulations, standards and
'@ ARB. (switchable to path A or/and
& path B).

10 USB - Female USB connectors Type A

UsSB USB

E| — USB (universal serial bus) interfaces of
type A (host)
— Connection of peripherals such as
mouse, keyboard and printer
— Connection of memory stick for file
transmission
— Firmware update

Note:
Further USB interfaces are available:
2 USB interfaces type A (USB1.1 and
USB 2.0) on the rear panel and
1 USB interface of type B (device USB for
transmission and remote control) on the
rear panel.

1402.5200.62 1.1

See data sheet

and chapter 4, section
"Global
Trigger/Clock/Input
Settings — Setup —
Environment”

See chapter 1, section
"Connecting a Mouse"

and chapter 8, section
"USB Connection
(USB and USB IN)"
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Legend for Front Panel View

R&S AMU 200A

11 MARKER 1A and MARKER 2A - Trigger inputs and outputs

—— MARKER (3> — MARKER 1A/2A

Output 1 and 2 for triggering and
3 @ S @ control of external devices with
i K user-definable marker signals.

Marker signals 1 to 3 are permanently
assigned to the outputs; marker signal 4 can
be routed to one of the four USER outputs.

Path A

Marker 1, 2:
BNC connectors MARKER 1A/2A
on the front panel or on the rear
panel.
Marker 3:
MARKER 3A pin of the AUX I/O
connector on the rear panel.
Marker 4:
BNC connector USER 1 or
USER 2/3/4 pins of the AUX I/O
connector on the rear panel.

Path B

Marker 1, 2:
BNC connectors MARKER 1B/2B
on the rear panel.

Marker 3:
MARKER 3B pin of the AUX I/O
connector on the rear panel.

Marker 4:
BNC connector USER 1 or
USER 2/3/4 pins of the AUX I/O
connector on the rear panel.

1402.5200.62 1.12

See data sheet

and chapter 4, section
"Global
Trigger/Clock/Input
Settings — Setup —
Environment”
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R&S AMU 200A

Legend for Front Panel View

12 Keys for setting the display

X
CLOSE

HIDE

WINBAR

1402.5200.62

Keys for menu operation

CLOSE

— Closes the currently active menu.

— If the entry mode is active, changes are
cancelled.

If settings in this menu require
acknowledgement by means of an Accept
button, a query is displayed asking whether
the changes made should be cancelled.

HIDE

Minimizes the active open menu.

The associated button in the
winbar remains visible.

REARR
Automatic rearrangement of open
menus.

WINBAR
Toggles between display and
blanking of the winbar.

Note:

The winbar is the bar at the bottom of the
display. The winbar indicates open menus

by a labeled button. When a button is
clicked using the rotary knob, the

associated menu is displayed either in the

foreground or minimized in the winbar.
The winbar can be called with the

WINBAR)] key.

See chapter 3, section
"Menu Operation"
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Legend for Front Panel View

R&S AMU 200A

13 Switch

- The ON/STANDBY switch switches the

z instrument from the standby mode to the
“ (D] operating mode, provided that the Power
switch at the instruments’ rear panel is
switched on.

The yellow LED at the top right of the switch
indicates the STANDBY mode;

the green LED at the top left indicates that
the instrument is ready for operation (ON).

CAUTION Danger of shock hazard!

See chapter 1, section
"Switching On"

The instrument is still power-supplied while it is in standby mode.

14  Keys for general instrument settings

PRESET
Sets the instrument to a defined
state.

LOCAL
Switches from REMOTE control to
LOCAL (manual) control.

SETUP
Opens the setup menu for
configuring presetting.

HCOPY
Opens the print menu for
configuring and starting printing.

INFO
Activates the display of status
messages, error messages and
warnings.

HELP
Activates the context-sensitive
help display.

1402.5200.62 1.14

See chapter 4, section
"General Instrument
Settings"
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R&S AMU 200A Legend for Rear Panel View

Legend for Rear Panel View

This section gives an overview of connectors on the rear panel of the R&S AMU. Each connector is
briefly described and a reference is given to the chapters containing detailed information. For technical
data of the connectors refer to the data sheet.

100...240VAC/4.0...1.6A

.. 60Hz
F1/F2:IEC 127-T5.0HI 250V

UsER1(3>  RESERVE

.| 6

BERT ALkl MONITOR cLock ouO—) REF w REFOU

=
USB20 USBIN f
= P - e © -

Fig. 1-2 Rear panel view

1 LAN interface

LAN Ethernet interface for See data sheet
' — Integrating the R&S AMU in a network and chapter 1, section
E — Remote control of the R&S AMU "Connecting the R&S
- Input of external asynchronous data AMU to a Network
— Manual remote control of the R&S AMU (LAN)", _
—  Firmware update chapter 8, section
"LAN Connector"
and chapter 5, section
"Remote Control via
LAN Interface"

1402.5200.62 1.15 E-1



Legend for Rear Panel View

R&S AMU 200A

2 AC supply

Power
switch

Power
connector

100...240VAC/4.0...16A
50...60Hz
F1/F2:IEC127-T5.0H/250V

3 I/Q IN - Signal input

1402.5200.62

Power switch

After pressing the power switch at
the rear of the instrument to
position I, the instrument is either
in operating (ON) mode or ready
for operation (STANDBY). The
current mode depends on the
position of the ON/STANDBY
switch at the instruments” front
panel.

AC power connector

I/QIN

When the R&S AMU is connected
to the AC supply, it automatically
sets itself to the correct range for
the applied voltage (range: see
type label). There is no need to
set the voltage manually.

Input for external analog
baseband signal (option
R&S AMU-B17, Baseband Input).

Rear panel connectors for path A
and path B (option R&S AMU-
B81). This option is recommended
for use of the instrument in a

19" rack. Installing the instrument
in a 19" rack requires a rack
adapter or an adapter for
telescopic sliders (refer to data
sheet for Order No.).

See data sheet

and chapter 1, section
"Connecting the R&S
AMU to the AC

Supply”
and "Switching On"

See data sheet

and chapter 4,
sections "Data and
Signal Sources in
Baseband”

and "Baseband Input
Settings Menu"
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Legend for Rear Panel View

4 1/Q OUT- Signal output

/Q OUT

Direct output or differential (non-
inverting) output of the analog I/Q
signal (option R&S AMU-B16 for
differential output).

Rear panel connectors for path A
and path B (option R&S AMU-
B81) . This option is
recommended for use of the
instrument in a 19" rack. Installing
the instrument in a 19" rack
requires a rack adapter or an
adapter for telescopic sliders
(refer to data sheet for Order No.).

5 INSTR TRIG - Instrument triggering

6 RESERVE

1402.5200.62

RESERVE

INSTR TRIG A/B

BNC connectors reserved for
future extensions.

BNC connectors reserved for
future extensions.

See data sheet

and chapter 4, section
"Impairment of Digital
1/Q Signal”
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R&S AMU 200A

7 USER1 - USER connector

USER 1
Input/output for configurable

signals for triggering and control.

The following signals can be applied to the
connector:

— Marker 4 (path A/B)

—  Clock Out (path B, bit or symbol)

— CW mode Out (path A/B)

— No signal (blank) marker

(path A/B)

8 IEEE 488 - IEC/IEEE bus connector

IEEE 488

1402.5200.62

IEC 625/IEEE 488
IEC bus (IEEE 488) interface for
remote control of the R&S AMU.

See data sheet

and chapter 4, section
"Global
Trigger/Clock/Input
Settings — Setup —
Environment"

See data sheet

and chapter 8, section
"IEC/IEEE Bus
Interface"

E-1



R&S AMU 200A Legend for Rear Panel View

9 Marker 1A/2A, 1B/2B — Marker Outputs

MARKER 1A/2A, 1B/2B See data sheet
Output 1 and 2 for triggering and

control of external devices with and chapter 4, section

user-definable marker signals "Global
' Trigger/Clock/Input
Rear panel connectors for path A Settings — Se'tup -
Environment'

and path B (option R&S AMU-
B81). This option is recommended
for use of the instrument in a

19" rack. Installing the instrument
in a 19" rack requires a rack
adapter or an adapter for
telescopic sliders (refer to data
sheet for Order No.).

Marker signals 1 to 3 are permanently
assigned to the outputs; marker signal 4 can
be routed to one of the four USER outputs.

Path A

Marker 1, 2:
BNC connectors MARKER 1A/2A
on the front panel or on the rear
panel.

Marker 3:
MARKER 3A pin of the AUX I/O
connector on the rear panel.

Marker 4:
BNC connector USER 1 or
USER 2/3/4 pins of the AUX I/O
connector on the rear panel.

Path B

Marker 1, 2:
BNC connectors MARKER 1B/2B
on the rear panel.

Marker 3:

MARKER 3B pin of the AUX I/O
connector on the rear panel.

Marker 4:
BNC connector USER 1 or
USER 2/3/4 pins of the AUX I/O
connector on the rear panel.

MARKER 1A and 2A outputs are
intended for future upgrades
(option R&S AMU-B81).
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R&S AMU 200A

10 REF OUT - Reference signal output

REF OUT
Output of the internal analog
reference signal.

11  REF IN — Reference signal input

REF IN
Input for an external analog
reference signal
(the external reference is used for
both paths).

12 DATA - Data input and output

DATA

— Input for external serial data signal in
case of digital modulation (path A only)

—  Output for serial data signal in case of
digital modulation (path A only)

Rear panel connector for path A and path B
(option R&S AMU-B81). This option is
recommended for use of the instrument in a
19" rack. Installing the instrument in a 19"
rack requires a rack adapter or an adapter for
telescopic sliders (refer to data sheet for
Order No.)

13 CLOCK OUT - Clock signal output

cLock ou1 3>

1402.5200.62

CLOCK OUT
Output for the internal clock signal
(bit or symbol) of path A, the
internal clock signal of path B can
be output at one of the USER
interfaces.

1.20

See data sheet

and chapter 4, section
"Setup Reference
Oscillator"

See data sheet

and chapter 4, section
"Setup menu”

See data sheet

and chapter 1, section
"Setting up the
Instrument or Installing
itina 19" Rack"

See data sheet

and chapter 4, section
"Data and Signal
Sources in Baseband"
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Legend for Rear Panel View

14 CLOCK - Clock signal input and output

15 Monitor

MONITOR

CLOCK

— Input for external clock signal (bit or
symbol clock, multiple of symbol clock) for
synchronizing the external data signal in case
of multivalent modulation. The active edge
can be set (path A only).

—  Output for clock signal (bit or symbol
clock) in the internal mode (path A only).

Rear panel connectors for path A and path B
(option R&S AMU-B81). This option is
recommended for use of the instrument in a
19" rack. Installing the instrument in a 19"
rack requires a rack adapter or an adapter for
telescopic sliders (refer to data sheet for
Order No.)

MONITOR
Connector for external monitor

16 TRIGGER - Trigger input

1402.5200.62

TRIGGER 1/2

— Input for external triggering of digital
modulations, standards and ARB (switchable
to path A and/or path B).

1.21

See data sheet

and chapter 4, section
"Data and Signal
Sources in Baseband"

and "Baseband Input
Settings Menu"

See data sheet

and chapter 1, section
"Connecting an
External Monitor"

and chapter 8, section
"Monitor Connector
(MONITOR)"

See data sheet

and chapter 4, section
"Global
Trigger/Clock/Input
Settings — Setup —
Environment"
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R&S AMU 200A

17 AUX /O - Data interface

AUX /O
Parallel input/output for data
signals as well as settable
trigger and control signals of the
baseband.

Note:

The assignment of the AUX I/O interface,
the USER pins and the arbitrary
assignment of pins to path A or to path B
can be configured in the menu
under:

Environment - USER Marker / AUX I/O
Settings.

An adapter of the AUX I/O interface to
coaxial BNC connectors is available as an
accessory (R&S SMU-Z5, see data
sheet).

18 BERT — Bit error rate tester

BERT (Bit Error Rate Tester) input
Input for data, clock and control
signals for bit and block error rate
measurements, level
0.0128..1.998V. See chapter 8 for
pin assignment.

19 USB IN - USB interface type B

USB
(universal serial bus) interface of
type B (device USB). This port is
reserved for future extensions.
Note:

Further USB interfaces are available:

2 USB interfaces type A (master USB) on
the front panel and

2 USB interfaces type A (USB1.1 and
USB 2.0) on the rear panel.

1402.5200.62 1.22

See data sheet

and chapter 4, section
"Global
Trigger/Clock/Input
Settings — Setup —
Environment"

See data sheet

and chapter 4, section
"Bit and Block Error
Rate Measurements -
BERT Block"

and chapter 8, section
"BERT Connector"

See chapter 8, section
"USB Connection
(USB and USB IN)"
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20 USB 1.1/2.0 - USB interfaces Type A

USB 1.1 USB 2.0 See chapter 1, section
(universal serial bus) interfaces of | "Connecting a Mouse"
t2yp())? A (host USB 1.1 and USB and chapter 8, section
— Connection of peripherals such as (Zgg g;grzjescgcylv\l)“
mouse, keyboard, printer

— Connection of memory stick for file
transmission

— Firmware update

Note:
Further USB interfaces are available:
2 USB interfaces type A (master USB) on
the front panel and
1 USB interface of type B (device USB) on
the rear panel.

21 Baseband Digital IN/OUT - Digital interface

BASEBAND DIGITAL IN/OUT
- Input for external
digital 1/Q signal (BBIN) in
case of digital modulation
(option R&S AMU-B17,
Baseband Input
(digital/analog)).
- Output of the digital
I/Q signal (BBOUT) (option
R&S AMU-B18 Digital 1/Q
Out).

Note:

A further digital I/Q signal input
requires a second option

R&S AMU-B17, Baseband Input
(digital/analog). Respectively,
two-path instruments require a
second option for digital I/Q
output (option R&S AMU-B18,
Digital I/Q Out).

A cable for the connection to the
digital interface BBIN/BBOUT is
available.

The associated cable has the
order number
14526-EZHB-xxx-0QC.

xxx stands for the length in
meters. For example, a cable of
this type having a length of two
meters is available under R&S
part number 1402.4990.00.
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Putting into Operation

The following section describes the procedure for putting the instrument into operation. It contains
general safety instructions for instrument operation.

The installation of options and the firmware update are described in chapter 4 of the Service Manual
(supplied with the instrument on the CD-ROM).

CAUTION Instrument damage caused by disregarding the precautions!

Make sure to follow the instructions of the following sections in order not to endanger
to people or to avoid damage to the instrument. This is of particular importance when
you use the instrument for the first time. Also observe the general "Safety
Instructions" of this manual.

Unpacking the Instrument

«/. '\» — Remove the instrument from its packaging and check the
equipment for completeness using the delivery note and the accessory
lists for the separate items.

— Remove the two protective covers from the front and rear panel of
the R&S AMU and carefully check the instrument for damage.

Remove protective covers If there is damage, immediately contact the carrier who delivered

the instrument. In this case, make sure not to discard the box and
packing material.

— Keep the box and packing material until you have verified that the
contents are complete and until the R&S AMU has been tested
electrically and mechanically.

— The original packaging is also useful for transporting or shipping the
R&S AMU later on. Keep at least the two protective covers to prevent
control elements and connectors from being damaged.

Setting up the Instrument or Installing it in a 19" Rack

The instrument is designed for indoors use. It can either be set up independently or mounted in a
19" rack.

Installing the instrument in a 19" rack requires a rack adapter or an adapter for telescopic sliders (refer
to data sheet for Order No.). The mounting instructions are supplied with the adapter. With the option
R&S AMU-B81 (Rear panel connectors, factory-fitted) the front panel inputs and outputs are relocated
to the rear panel.
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CAUTION Risk of overheating!
To less airflow for cooling may cause overheating of the instrument.

Prior to putting the instrument into operation always check for space between the
ventilation holes and the rack casing to get sufficient air supply in the rack.

Safety Instructions

General Precautions

CAUTION Instrument damage caused by disregarding the following precautions!
Any non-compliance with the following precautions may cause damage to the
instrument. Prior to putting the instrument into operation, check the following:

— The covers of the housing are in place and screwed on.

— Vents are not obstructed. Make sure that the air can escape freely through the
vents at the rear and at the sides. The minimum distance to the wall should
therefore be at least 10 cm.

The signal levels at the inputs do not exceed permissible limits.
The outputs of the instrument are not overloaded or incorrectly connected.

— The instrument should only be operated in horizontal position on an even
surface.

— The ambient temperature must not exceed the range specified in the data sheet.

Please also observe the instructions in the following sections and the general
safety instructions at the beginning of this manual.

Protection against Electrostatics

To avoid damaging the electronic components of the EUT due to electrostatic
discharge produced by contact, the use of appropriate protective measures is
recommended.
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Setting up the Instrument

WARNING Safe operation with support feet!

e Stacked instruments may slip off.
Secure stacked instruments against slipping (e.g. by locking the feet to the
top of the front-panel frame).
The feet must be fully folded in or folded out. Only then a stable position of the
instrument and reliable operation can be ensured. The uniform pressure on the
folded-out feet must not exceed 500 N (weight of instrument and of equipment
stacked on top).

e When the instrument with expanded feet, the feet might collapse and fold in.
Do not shift the instrument with the feet out.

|
<500N

Cleaning the Outside and Storing

What is necessary is essentially the cleaning of the instrument.

ATTENTION Instrument damage caused by cleaning agents!
Cleaning agents contain substances that may damage the instrument, e.g. solvent-
containing cleaning agents may damage the front panel labeling or plastic parts.
Never use cleaning agents such as solvents (thinners, acetone, etc), acids, bases, or

other substances.
The outside of the instrument is suitably cleaned using a soft, line-free dust cloth.

EMC Safety Precautions

To avoid electromagnetic interference (EMI) only suitable, double shielded signal and control cables
must be used. Lines have to be terminated with 50 Q. Outputs like REF IN/OUT , CLOCK IN/OUT
TRIG/NEXT and MARKER connectors, as well as USB devices must be used to keep within
permissible EMI limits.
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Connecting the R&S AMU to the AC Supply

The AC supply connector is at the rear panel of the unit. When the R&S AMU is connected to the AC
supply, it automatically sets itself to the correct range for the applied voltage (range: see type label on
the rear panel). There is no need to set the voltage manually or change fuses for connecting.

Power Fuses

The R&S AMU is fully fused by two fuses IEC127-T5H/250 V. The fuses
are accommodated in the pull out fuse holder next to the power

connector.
Fuse Before replacing the fuses, disconnect the power cord from the
holder R&S AMU. The fuse box is locked mechanically as long as a power

connector is plugged in.

DANGER Shock hazard!

For Fuse replacement, ensure that the instrument is switched off and disconnected
from the power supply by removing the plug from the AC and DC Power connector.

Fuse replacement
Replace fuses only with type and rating specified on the rear panel.
Use two screwdrivers simultaneously to lift the fuse holder below the power connector and pull it out.
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Switching On

— Connect the R&S AMU to the AC supply by means of the supplied
Power power cable.
switch

Since the instrument is in compliance with the safety class EN61010-1, it

only should be connected to a socket with a protective earthing contact.

— Press the Power switch at the rear of the instrument to position I.
Power
connector After power-up, the instrument is either in operating (ON) mode or ready
for operation (STANDBY). The current mode depends on the position of
the ON/STANDBY switch at the instruments” front panel (see description
below).

Note:
The power switch may remain on for any period of time. Switching off
is required only if the instrument ought to be isolated from the AC
supply completely.

— Press the ON/STANDBY switch on the front panel.

ON STANDBY b ) .
| \ The green LED at the top left of the switch indicates that the instrument is

& O ready for operation (ON).

The instrument is ready for operation.

All modules inside the instrument are supplied with power.

Note:
The yellow LED at the top right of the switch indicates the STANDBY
mode.

Start Display and Booting the R&S AMU

After the instrument is switched-on, the installed BIOS version and the processor characteristics are
indicated for a few seconds in the start display.

The booting of the Windows XP operating system and the firmware of the instrument are executed in
rotation. During the booting of the instrument firmware, a selftest is performed. After booting is
completed, the block diagram of the R&S AMU is displayed and the instrument is ready to be operated.
The settings that were active before the last switch-off are established unless another start setting has
explicitly been selected in the File menu.

Note:

If the software stops unexpectedly, the instrument can be shut down by pressing the STANDBY key
for approx. 5 s.
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Switching Off

ON STANDBY — Press the ON/STANDBY switch on the front panel.
(‘__) :‘> The R&S AMU stores the current settings on the hard disk before it shuts
down the Windows operating system. Then the AC supply is switched to

the STANDBY mode.

The yellow LED must be on.
Only the AC supply is powered and the oven-controlled crystal oscillator
is kept at operating temperature.

CAUTION Danger of shock hazard!

The instrument is still power-supplied while it is in standby mode.
It is recommended:
— first to switch the instrument to STANDBY mode

— before completely disconnecting it from the AC supply.

If the power is disconnected before the instrument is switched to the standby
mode, all current settings will be lost.

Do the following steps only if the instrument is completely disconnected from the AC supply:

— Press the main power switch at the rear of the instrument to
POY:e; position O.
swite None of the front-panel LEDs should be on.

Note:
Make sure that the instrument is set to STANDBY mode before
switching off the power. If the power switch is set to O before the
instrument is switched to the standby mode, all current settings will be
lost.

Power
connector
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Function Check

The R&S AMU automatically monitors the main functions when the instrument is switched on and
continuously during operation.

If a fault is detected, ERROR is displayed in the info line together with a brief error description.

For in-depth identification of the error, press the key. In response, a description of the error(s) is
displayed (see chapter 9, "Error Messages").

In addition to the automatic monitoring of the instrument functions, the following features ensure the
successful operation of the R&S AMU.

- Internal Adjustments
Adjustments can be performed in the Setup-System-Internal Adjustments menu. Thus a
maximum level accuracy can be obtained, for instance.

- Test points
Internal test points can be queried by the user and the results can be displayed. See chapter 4,
section "Test Point... - Setup-Test".

Default Settings

The instrument is set to a defined state with the key.

Reference frequency internal, adjustment off
Offsets 0
Digital modulations switched off

IEC/IEEE bus address not changed

With PRESET, all parameters and switch states are preset, including those of deactivated operating
modes.

Presettings beyond those in the above list can be seen from the *RST values of the associated
IEC/IEEE bus commands.
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Windows XP

CAUTION Functions of the instrument may be impaired!
Using not specifically authorized software may impair instrument functions.

Drivers and programs used in the instrument under Windows XP have been adapted
to the R&S AMU. Existing software must only be modified with update software
released by Rohde & Schwarz. Likewise, only programs authorized by Rohde &
Schwarz for use on the instrument must be executed.

The following program packages have been successfully tested for compatibility with
the measurement instrument software:

— Windows XP Remote Desktop
— Symantec Norton AntiVirus — Virus-protection software

The R&S AMU is equipped with the Windows XP operating system. The configuration of the operating
system is optimally adapted to the R&S AMU functions in the factory. Changes in the system setup are
required if peripherals like keyboard and printer are connected or if the network configuration does not
comply with the default settings (see section "Connecting the R&S AMU to a Network (LAN)").

After power-up of the R&S AMU, the operating system boots and the instrument firmware is started
automatically without a password query (auto login).

Note:
Auto login is performed with the user name and the password "instrument”. The standard user has
administrator rights so that printer and network installations are possible.

The operating system only can be accessed if an external keyboard and/or a mouse is connected.
Windows XP provides an on-screen keyboard that can be operated using a mouse, thus enabling
operation by mouse only. An external keyboard is recommened for extensive entries.

System settings under Windows XP can be made in the Start - Control Panel menu (for required
settings refer to the Windows XP manual and to the hardware description).

The Windows XP start menu opens by pressing the Windows key, which is located next to the
or by pressing the [CTRLIH{ESC] keys in combination, which are located on the external/on-screen
keyboard. In this menu the Windows XP programs can be called. Additionally some of the programs are
placed as symbols in the windows task bar and can be directly called by double-clicking the associated
symbol. The Windows XP desktop including the task bar is displayed by moving the mouse to the
bottom of the display.

Il'i."ﬁ'il"ﬂ (2 e e ™ = i 4

The instrument display containing the block diagram, the status bar (header) and the winbar is
displayed in the foreground by double-clicking the Block Diagram, Status Bar and Task Bar buttons in
the Windows task bar.
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The R&S AMU does not contain a disk drive. Data is exchanged using a memory stick connected to a
USB interface. An unused disk drive letter is automatically assigned to the memory stick. Data can be
transferred in the Windows Explorer.

Energy saving mode:

An energy saving mode is a default setting in the R&S AMU. The hard disk switches to power-save
mode if it is not accessed for 30 minutes. The energy-saving mode is exited by accessing the hard disk
anew.

Connecting an External Keyboard

A commercial, external keyboard with an USB interface can be connected to the R&S AMU. A keyboard
simplifies the entry of list items, comments, file names, etc. and is the prerequisite for a convenient
operation of Windows XP.

USB interfaces Connection
UsSE — Plug in the keyboard to one of the USB interfaces of type A, either on

m the front panel or on the rear panel of the instrument.
= =

(front panel) The keyboard is detected automatically shortly after connection.
US keyboard assignment is the default setting.

Note:
The keyboard assignment and special settings such as the refresh
rate or language can be changed in the Start - Control Panel —
(rear panel) Keyboard and the Regional and Language Options menu of
Windows XP. The menu can be accessed by pressing the Windows
key on the external keyboard.

A keyboard emulation menu can be executed in the Window XP
operating system START - Programs - Accessories - Accessibility -
On-Screen Keyboard. With the On-Screen Keyboard it is possible to
manually operate the instrument using the mouse only.
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Connecting a Mouse

A commercial, external mouse with an USB port can be connected to the R&S AMU. A mouse simplifies
the control of the block diagram and of associated menus. Using the on-screen keyboard (keyboard
emulation) a mouse is required for operating in Windows XP.

USB interfaces Connection
USB — Plug in the mouse to one of the USB interfaces of type A, either on

the front panel or on the rear panel of the instrument.
3] 3]

(front panel) The mouse is detected automatically shortly after connection.

Note:
Special settings like mouse cursor, speed, etc., can be done done in
the Start - Control Panel — Mouse menu of Windows XP.
The menu can be accessed by pressing the Windows key on the
external keyboard.

(rear panel)
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Connecting an External Monitor

CAUTION

Overvoltage hazard!

Connecting a monitor while the instrument is switched on the monitor and
instrument may be impaired.

A monitor must not be connected until the instrument is switched off (standby).

Do not modify the screen driver (Display type) and the display configuration
since this will impair instrument operation.

An external monitor with an analog interface can be connected to the R&S AMU.

MONITOR

(rear panel)

1402.5200.62

Connection
—  Switch off the instrument (STANDBY mode) before connecting an
external monitor (see also section "Switching Off")

The yellow LED must be on.

—  Plug in the monitor connector to the MONITOR connector” on the
rear panel of the instrument.

— Switch on the instrument (ON mode) to start the R&S AMU.

The external monitor is detected automatically.

The entire display of the R&S AMU, containing the status bar, the block
diagram and the winbar is displayed on the monitor additionally.

Further settings are not required.

Note:
The MONITOR interface is described in chapter 8, section
"Maintenance and Interfaces"
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Connecting the R&S AMU to a Network (LAN)

The R&S AMU is equipped with a network interface and can be connected to an Ethernet LAN (local
area network).

Provided that the appropriate rights have been assigned by the network administrator and the Windows
XP firewall configuration is adapted accordingly, files can be transmitted by using the network. Also
network recources, e.g. network folders can be used. Additionally the instrument can be remote-
controlled and manually controlled in the network.

Manual network control means that the user can operate the R&S AMU from any remote PC in the
network via the Remote Desktop connection which is provided for Windows PCs or via the
Ultr@VNC connection which is provided for Linux/Unix and Windows PCs. For instance, the user can
control one or more R&S AMU instruments from a desk that is part of a test assembly located in
another section of the building.

Remote control of the instrument via the LAN interface is described in chapter 5, section "Remote
Control via LAN Interface". A firmware update via the LAN interface is described in chapter 2 of the
Service Manual (on CD-ROM).

Connection to the Network

CAUTION Risk of network errors!
Connecting errors may affect the entire network.
We recommend coordinating the connection of the instrument to the network with the
network administrator.
Do not connect or disconnect the network cable until the instrument is switched

off (standby). Only then the network connection can be reliably detected and
impairments to instrument operation can be avoided.

LAN interface Connection

The instrument is connected to the LAN with the aid of a commercial
cross-over RJ-45 cable suitable for a 10/100Mbps connection.

— Connect the instrument to the LAN interface on the rear panel of the
instrument.

(rear panel)

Note:
The LAN interface is described in chapter 8, "Maintenance and
Interfaces".
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Configuring the R&S AMU for Network Operation

The network interface functions with 10/100Mbps Ethernet IEEE 802.3u. The TCP/IP network protocol
and the associated network services are preconfigured.

For data exchange in a LAN, each connected PC or instrument must be accessible via an IP address or
via an unambiguous computer name. In addition, network access of the different users is organized by
the assignment of access rights.

Access rights determine which of the available network resources, e.g. data logging systems, are
available to the R&S AMU.

The Window XP operating system is protected by an activated firewall per default. The configuration of
the firewall has to be adapted according to the required network communication needs.

Networks using DHCP

The R&S AMU is preconfigured for networks using DHCP (dynamic host configuration protocol). In
these networks, an available IP address is automatically assigned to the R&S AMU. The generator is
identified by an unambiguous computer name in the factory. This computer name can be queried and
changed in the Start - My Computer menu of Windows XP (see "Query Computer Name").

Networks using fixed IP addresses

In networks using fixed IP addresses, the addresses are mostly assigned by the network administrator.
A fixed IP address must be entered in the Start - Control Panel menu of Windows XP (see "Entering
the IP Address").

Point-to-Point Connection

To build a simple network — just an LAN connection between the R&S AMU and a controller without
integration into a larger network — an IP address has to be assigned to the R&S AMU and the controller.
For such purposes, the IP addresses 192.168.xxx.yyy are available .The value range for xxx and yyy is
1...254, the value for the subnet mask is always 255.255.255.0.

For this type of connection, a commercial cross-over RJ-45 cable is used.

User name and pass word

The user "instrument" is assigned to the R&S AMU. The user name is used for auto-login when the
instrument is started and for manual remote control. The password is "instrument". By assigning the
respective rights, the network administrator decides which directories and resources in the network can
be accessed by the R&S AMU.

Preparations

The configuration of the R&S AMU for networking is performed in the Windows XP menus. The
operating system can be accessed only if an external keyboard and/or a mouse are connected.
Operating by mouse without using an external keyboard is possible only by using on-screen keyboard.
To ensure all devices will be recognizied Switch off the instrument (STANDBY mode) before
connecting the external devices (see also "Switching Off").

1. Switch off the the instrument
2. Connect the external keyboard and/or the mouse to the USB interface.

3. Switch on the instrument
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Entering the IP Address

1. Open the start menu (either by pressing the Windows key (on the keyboard next to the key)
or by moving the mouse to the bottom of the display and subsequent clicking on Start).

/\
I
[=]
a
=
Es
=3
-
'}
a
il

All Programs D

2. Click on Control Panel

The Control Panel window is displayed.

File Edit Yiew Favorikes Tools  Help H

@Back - e % @ |,GjSearch %Folders -
address |3 Control Panel m Go

E’ Control Panel (2] P | C k d Categ O ry

E- Switch bo Classic Yiew
-
@' Appearance and Themes

L

Printers and Other Hardware

See Also

Help and Support VL
@) Hebp A T Metwork and Internet

° Other Control Panel | Connections
Options -

User Accounts

Add or Remove Programs - Dat'_:' e L_anguage, and
Regional Options

T Sounds, Speech, and Audio

P / Devices Accessibility Options

Performance and Maintenance ., Security Center
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3. Click on Network and Internet Connections.

The Network and Internet Connections window is displayed.

File Edit Miew Favorites Tools  Help H
eBack - @ & E% ﬁSearch E—;Folders v

Address ﬁNetworkand Internet Connections E rd Go

@ 24y  Network and Internet Connections

See Also
Q Iy Mebwork, Places

Print d Oth 1
& Prinkers and Other Pick a task...
@ Remote Deskiop S .
|—)| Set up or change your Internet connection
.' Phone and Modem Options o
|§| Create a connection to the network at your workplace

Troubleshooters @ |§| Set up or change your home or small office network

@ Home or Small Office
Metworking

@ Internet Explorer
@ Mekwork Diagnostics

|E| Set up a wireless network for a home or small office

[+] Change Windows Firewall settings

or pick a Control Panel icon

n
Internet Options e MNetwork Connections

T

Windows Firewall

4. Click on Network Connections in the menu of “pick a Control Panel icon”.

The Network Connections window is displayed

File Edit W¥ew Favorites Tools Adva & H

eBack v e - E% pSearch i

Address | @ Metwork Connections El €l

LAN or High-Speed Internet

Local Area Conneckian
Connecked, Firewalled

il a IntelR) PROS100 Mebwork Co...
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5. Click on LAN Area Connection in the Network Connections menu.

The Local Area Connection Properties window is displayed

-L, Local Area Connection Properties 3|

dvanced

Connect uzing:

BE IntellR) PROA100 Metwork Connectio

This connection uzes the following items:

1 9 NwLink NetBI0S ~

[ 5= bt PSRl etBI 05 Compatible Transpart Prat

T Internet Pratocal [TCRAP) [
-

2 (2]

[ Irstall... ] [ Uninztall l ©

Dezcription

Enables thiz computer ta log an ta Metware servers and
access therr resources.

[ Show icon in notification area when connected
[¥]Matify me when this connection has imited or no connectiviby

[ 0K ][ Cancel ]

6. On the General tab, select Internet Protocol (TCP/IP) in the field ,,This connection uses the
following items:”

7. Click on the Properties button.
The Internet Protocol TCP/IP) Properties window is displayed

Default setting is “Obtain an IP address automatically (DHCP = dynamic host configuration
protocol)”.

Internet Protocol (TCPAP) Properties Z&)

General

You can get 1P zettings assigned automatically if wour nebwork supports
thiz capability. Otherwize, you need to ask your nebwork. administrator for
the appropriate 1P settings.

(0) Obtain an P address autamatically
(&) Use the following IF address:

IP address: 192 168 . 1 . 1
Subnet mask: 285 0285 285 . 0

Lefault gateray:

(&) Use the following DNS server addresses:
Breferred DMS server:

Alternate DMS server:

I 0K H Cancel ]
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8. Enter the IP address in the field “Use the following IP address:”
(the IP address can be queried from the network administrator).

9. Confirm the entry in all following menus with OK.

Query Computer Name

1. Open the start menu (either by pressing the Windows key (on the keyboard next to the key)
or by moving the mouse to the bottom of the display and subsequent clicking on Start).

2. Select My Computer

3. Open the context menu by pressing the right mouse key.

nstiiitnent

:J)g My Computer Open

Explore
Bﬂ Contral Panel Search...
Manage
I') Search Map Metwork Drive, ..

Disconnect Metwork Drive. ..

all Programs D
Show on Deskiop

E Rename

(TS MCAE R A=l aE

4. Click on Properties

The System Properties window is displayed

System Properties E]

System Restore futomatic Updates Remote
General Computer Mame Hardware Advanced

:"g Windows uzes the following information to identify your computer
-’

o the network.,

Computer description:

For example: "Kitchen Computer” or "Many's

Commputer,
Full computer name: Mame123456.

Whark group: IMSTRUMENT

Ta uze the Metwark [dentification ‘wizard ta join a -
domain atd create 3 local uzer account, click Metwark Hetwark 1D
0.

T rename this computer or join a domain, click Change.

& Changes will take effect after you reztart thiz computer.

(1] 4 ] [ Cancel
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5. Select the Computer Name tab.
The computer name is displayed under “Full Computer Name:”.
The name can be changed in the submenu “Change”.

Configuring Internet Connection Firewall

The Windows XP Firewall suppresses all network communication which is not initialized by the
controller itself or which is defined as unwanted. It protects the controller from an attack of hostile users
and programs. On the R&S AMU, the Internet Connection Firewall (ICF) is activated for all network
connections per default to enhance protection of the instrument.

To enable data transfer with other controllers in a local network, file and printer sharing must be
specifically permitted.

1. Open the start menu (either by pressing the Windows key (on the keyboard next to the key)
or by moving the mouse to the bottom of the display and subsequent clicking on Start).

[ RStEiment

v« My Computer

all Programs D

@ Shut Down

Bk O TO IOV

2. Select Control Panel and open the context menu by pressing the right mouse key.

3. Click on Switch to Classic View

4. Select the Windows Firewall
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The Windows Firewall window is displayed.

(& Windows Firewall &)

Generadvanced

ing b prol

Windows Firewall helps protect your computer by preventing unauthorized users
from gaining access to your computer through the Intermet or a network.

@ oo

This zetting blocks all outside sources from connecting to this
computer, with the exception of thoze selected on the Exceptions tab,

[] Don't allow exceptions
Select this when you connect to public nebworks in less secure
locations, such az airports. ¥ou will nat be notified when Windows

Firewall blocks programs. Selections on the Exceptions tab will be
ignored.

@ ) Off [not recommended)

Aowaid using thiz setting. Turning off Windows Firewall may make this
computer more vulherable bo viuges and intruders.

Wihat else should | khow about wWindows Firswall?

Ok ] [ Cancel

5. Select tab Exceptions.

ﬁ'i Windows Firewall

General | Exceptions | Advanced

Windows Firewall is turned off, Your computer is at risk of attacks and intrusions
from autzside sources such az the Internet. \We recommend that pou click the
General tab and select On.

Programs and Services:

M ame

Companent of Software Platform: ComponentE nvironmentS erver
iIe and Printer Sharing

[ Meszage Queuing

[ Remate Assistance

[0 Remate Desktap

[ Run Uitr@MEC SERVER

[ UPhP Framewark

| 4ddFogam.. | [ addPat. |[  Edi.

Dizplay & notification when Windows Firewall blocks a program

m Cancel |

Wihat are the risks of allowing exceptions?

6. Activate the check box “File and Printer Sharing”.

7. Confirm the entry in all following menus with OK.

1402.5200.62 1.42



R&S AMU 200A Connecting the R&S AMU to a Network (LAN)

Accessing Directories in the Network

The access to network drives depends on the access rights and whether the drives in question have
been enabled. The complete integration of the R&S AMU into a large network with the necessary
allocation of rights is highly complex and normally performed by a network administrator.

However, the hard disk of a computer also connected to the network can be accessed from the R&S
AMU relatively easily. The only precondition for this is that the desired directory the R&S AMU should
have access is enabled on the remote computer. Subsequently, this directory is accessed from the R&S
AMU using a Windows XP® search function.

This procedure is also of importance for a point-to-point connection, for instance in order to start a
firmware update for which the files have been stored on the hard disk of the remote computer.

Note:
The computer and the R&S AMU must both be equipped with a computer name and an IP address
(see section "Configuring the R&S AMU for Network Operation”)

Enabling the desired directory on the remote computer

Note:
The menu name may deviate from the name specified in the operating sequence, depending on the
language and on the operating system used on the computer.

Open the Windows explorer on the remote computer.
Select the directory to be enabled.

Open the context menu by pressing the right mouse key.
Click on Properties.

In the Sharing tab, activate the checkbox “Share this folder”.

o gk 0w N =

Write down the name of the computer (see section "Query Computer Name").

Accessing the enabled directory on the R&S AMU
. Open the Start menu.
. In the Search menu, select Computers or People

. Select A Computer on the Network.

Start the search by pressing the enter key.

1
2
3
4. Enter the computer name in the input window of the query Which Computer you are looking for?
5.
The computer and its name appears in the results list.

6. Click on the computer's name to display the enabled directory.
The files in this directory can be used in the R&S AMU.

Note:

If a user name and a password are requested when you click on the computer, the login name and
password used on the computer must be entered.
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Manual Remote Control via an External Controller

The R&S AMU can be manually controlled from an external PC via a network link. This allows a
convenient operation of the R&S AMU from the desktop although the instrument is integrated in a rack
somewhere else.

Manual remote control in contrast to remote control does not use remote-control commands but a

separate software which is installed on the external PC. After its start, the software simulates the user
interface of the R&S AMU. The instrument can thus be manually operated from the PC as on the unit
itself.

A precondition for manual remote control is a connection between R&S AMU and PC via a LAN network
and the installation of the software on the PC and on the R&S AMU.

Two free-of-charge programs are available for setting up the connection for manual remote control:

The Windows program Remote Desktop Connection for PCs with Window operating system and the
program Ultr@VNC for PCs with Linux/Unix or Windows operating system.

After the connection is established, the R&S AMU screen with the block diagram is displayed on the
external PC and the R&S AMU can be manually remote-controlled from the external PC. The individual
functions are operated using the mouse and keyboard. Specific instrument functions can be executed
using specific key combinations on the keyboard or a front panel key emulation that can be operated
with the mouse (see chapter 3, section "Legend of Front-Panel Controls").

Installation of the remote-control software and establishing the connection between external PC and
R&S AMU is described in the following.

Configuration for Manual Remote Control via Windows Remote
Desktop Connection

The instrument is operated with the aid of the Windows program Remote Desktop Connection which
is provided by Microsoft in the download area of the Internet (http://www.microsoft.com). Manual remote
control is described in chapter 3, "Manual Operation".

Manual remote control of the R&S AMU is possible under the following conditions:

- The Windows 95 operating system or higher and the Remote Desktop Connection program are
installed on the external PC and
a LAN interface is configured for the network.

- The R&S AMU and PC are linked via a LAN.
- The Remote Desktop Connection is enabled on the R&S AMU

- R&S AMU data (IP address or computer name of R&S AMU in the network) is entered in the
Remote Desktop Connection program of the external PC.

- Login on the external computer for the R&S AMU was carried out with the correct user name
(remote) and the correct password (remote).
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Manual Remote Control via an External Controller

CAUTION Risk of unauthorized access!

After activation of the remote desktop, any user on the network who knows the

computer name and login data can access this R&S AMU. Even after cutting it, the

connection is still enabled and the R&S AMU can be accessed any time.
To disable the connection, the remote desktop must be deactivated on the

R&S AMU.

Enable Remote Desktop Connection on R&S AMU

The configuration is performed in the Windows XP menus. The operating system can be accessed only

if an external keyboard and/or mouse are connected. Operating by mouse without using an external

keyboard is possible only by using the on-screen keyboard.

To ensure all devices will be recognizied Switch off the instrument (STANDBY mode) before

connecting the external devices (see also "Switching Off").

rpON~

5.

Switch off the instrument

Connect the external keyboard and /or the mouse to the USB interface.

Switch on the instrument

Open the start menu with the Windows key, select My Computer and open the context menu by

pressing the right mouse key.

[RStEmERt

‘o, J My Computer ) open

Explore
G) Control Panel Search...
Manage
j—) Search Map Metwork Drive, .,

Discannect Metwark Drive. ..

All Programs D
Show an Desktop

E Rename

€ Properties >

M’ (2 e vl = Rl

Click on Properties.
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The System Properties window is displayed

System Properties 2] =|

General Carnputer Mame Hardware

Syztem Restore Automatic Updates

L= Select the ways that this computer can be uzed from another
5 location.
Remote Assistance

[] Allows Remate Assistance invitations to be sent from this computer

wihat is Hemote Assistance?

O Femaote Desktop
Allove uzers to connect remotely to thiz computer

Full computer name:
Marnel 23456
wihat is Remaote Desktop?

Select Remote Users...

For uzers to connect remately to this computer, the uger account must
have a pasaword.

windows Fireveall will be configured to allow Femote Deskiop
connechions to this computer.

[ [0].8 l [ Cancel

6. Select the Remote tab.
7. Activate check box: “Allow users to connect remotely to this computer”

The computer name is displayed under “Full Computer Name:”.
The name can be changed in the submenu “Change”.

Note:
When activating/locking the Remote Desktop, the associated firewall settings are automatically
enabled/disabled.

Install Remote Desktop and Establish Connection on the Windows PC

The Remote Desktop Connection program of Microsoft is available on the Internet for the
Windows 95™ operating system and its successors as a free-of-charge download. Following the
instructions on the Internet, it can be loaded onto any external PC. For the Windows XP operating
system, the program is available on the installation CD-ROM.

1. Install Remote Desktop Connection program if required

Note:
Prior to the first use, the instrument and user ID of the R&S AMU must be entered on the external
PC. The instrument ID, i.e. the computer name of the R&S AMU, identifies the R&S AMU in the
network. A computer name is assigned to each R&S AMU in the factory, which can be used for
manual remote control. The query for the computer name is described in section "Query Computer
Name”".
The user ID is required for accessing the R&S AMU. On the R&S AMU "instrument” the user name
and password are preset. No entry need to be made in the Domain field.
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2. Start the program in the Start - All Programs - Accessories - Communications window.

The Remote Desktop Connection window is displayed

'-:B Remote Desktop Connection E] [

LComputer: @e'l 234581) M

[ Connect H Cancel ” Help d:’ Options »» ] D

3. Enter the computer name

4. Click on Options for entering the instruments 1D

The Remote Desktop Connection window (General tab) is displayed

%4 Remaote Desktop Connection [=lm

L) Jesktop
G tion

General |Displa5.l Local Resources | Programs | Experience

Logon zettings
E Type the name of the computer, or chooze a computer fram
— the drop-down lizt.

Computer: | Mamel123456 M

Uszer name: | instrument

Pazsword: | eesseneses

D amain:

[ Save my password

Connection zettings
D Save cument settings, or open saved connection,

( Save As.. )[ Oper... ]

[ Connect H Cancel ” Help ] ’ Options << ]

5. On the General tab, insert the User name and Password of the R&S AMU.
6. The Login data can be stored with the Save As button, e.g. as default.rdp file.

Note:
If the connection settings are are stored as a default.rdp file, the login data are offered as default

value by starting the program. In case the connection settings are stored in another file, the
R&S AMU link is available in a selection list, opened with the 3 button of the Computer: entry field

7. Select Display tab.
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The Remote Desktop Connection window (Display tab) is displayed

‘:Q Remote Desktop Connection

PE*]
H =
I\_\ III
g DN

Generocalﬂesources Programs | Experience

Femote desktop zize

D Choose the size of your remate desktop. Drag the slider all the
= to the right to ge-fllesreen :

eox J bior
200 by 600 pixels

High Color [16 bit) v

Mate: Settings on the remate computer might override thiz setting.

Calors

Display the connection bar when in full screen mode

[ Connect H Cancel ” Help ] ’ Options << ]

8. Select 800 x 600 by using the slide “Remote desktop size”.
9. Confirm the connection with Connect.
The connection for desktop remoting is established.
After the connection is established, the screen with the block diagram is displayed and the R&S AMU
can be manually remote-controlled from the external PC.
The individual functions are operated using the mouse and keyboard. Specific instrument functions can

be executed using specific key combinations on the keyboard or the front panel key emulation that can
be operated with the mouse (see table in chapter 3, section "Legend of Front-Panel Controls").

The device firmware of the R&S AMU is disabled when the connection is set up. Direct control on the
R&S AMU is not possible while manual remote control is active. The access of an external PC is
indicated by the logon screen of Windows XP which identifies the accessing user.

If several R&S AMU instruments are to be manually remote-controlled from one PC, a separate

Remote Desktop Control window must be opened for each R&S AMU. This is possible by starting the
program on the external PC several times.

Cut Manual Remote Control Connection via Remote Desktop

The connection can be cut either on the R&S AMU or on the external PC. Cutting the connection does
not disable it. It can be established again any time.

Cutting the connection on the R&S AMU (requires an external keyboard and a mouse):
1. Click on Disconnect in the remote-control message menu of the R&S AMU

The connection is cut, a message on the external PC informs about the disconnection.
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Cutting the connection on the external PC:
1. Open the start menu.

2. Click on Disconnect in the lower right-hand corner of menu

REMBiE

remoke on
RS-INSTRUMENT

@9 Control Panel
é:) Search

Windows Security

) T w e WY

all Programs D

Disable Manual Remote Control Connection via Remote Desktop

The connection can be disabled by deactivating the Remote Desktop on the R&S AMU .

1. Open the start menu, select My Computer and open the context menu by pressing the right mouse
key.

2. Click on Properties and select the Remote tab in the menu.

3. Deactivate the check box Allow users to connect remotely to this computer and close the
window with the OK button.

The connection is disabled, it is no longer possible to access the R&S AMU for manual remote
control via Remote Desktop.

Configuration for Manual Remote Control via Ultr@VNC

The instrument is operated with the aid of the program Ultr@VNC. The program is included in operating
system Linux/Unix. It is available as a free-of-charge download on the internet for operating system
Window XP (http://ultravnc.sourceforge.net/download.htm)

Manual remote control of the R&S AMU is possible under the following conditions:

- The external PC with Linux/Unix or Windows operating system (Windows 95 or higher) is equipped
with a LAN interface which is configured for the network.

- The R&S AMU and PC are linked via a LAN.

- The Ultr@VNC program is installed and enabled on the R&S AMU, and an user-specific password
for the VNC connection is defined. Communication on the network via Ultr@VNC program is
enabled in the firewall.

- PC with Linux/Unix operating system
R&S AMU IP address is entered in the address line of the internet browser of the external PC and
the user-specific password for the VNC connection is entered in the request panel.
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PC with Windows operating system

The Ultr@VNC Viewer program component is installed on the external PC

R&S AMU IP address and the user-specific password for the VNC connection are entered in the
VNC Viewer panel.

CAUTION Risk of unauthorized access!
After enabling the VNC connection, any user on the network who knows the
password and IP address of the I/Q modulation generator can access this R&S AMU.
Even after cutting it, the connection is still enabled and the R&S AMU can be
accessed any time. To disable the connection, the VNC program on the R&S AMU
must be uninstalled or the VNC server service disabled.

To enhance security, also communication on the network via Ultr@VNC program
should be disabled in the firewall.

Install and Enable VNC Connection on R&S AMU

The Ultr@VNC program is available on the Internet as a free-of-charge download. Following the
instructions on the Internet, it can be copied onto the R&S AMU.

o g k> 0N

Download the program from the internet and copy it to a directory that can be accessed by the
R&S AMU.

Switch off the instrument.

Connect a mouse and a keyboard.

Switch on the instrument.

Shut down the firmware using the ALT-F4 key combination.

Start the installation by double clicking on the setup file (Ultr@VNC_100_RC18_setup.exe / whereas
18 denotes the version number).

The setup wizard leads through the installation. In the following only those panels are described in
which defined settings are required for the R&S AMU.
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— Select installation of all components

15! Setup - Ur@VNC Release 1.0.0 RC 18

Select Components
Which components should be installed?

Select the components you want to install: clear the components you do not want to
inztall. Click Mest when pou are ready to continue.

Full ingtallation

W
¥ | Ultra erver .
UlravMC 5 1.8ME
¥ Ultra [ .
Ulray M Vi 1.0ME
willltra epeater .
UlraMC R 0.1 ME

Current selection requires at least 2.7 MB of digk space.

’ ¢ Back ” Mext » ]’ Cancel

— Select all entries in the Additional Task Panel

15! Setup - Ur@VNC Release 1.0.0 RC 18

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing Ut C
Release 1.0.0 AC 18, then click Mext.

Server configuration:

Reaister Li@YHNC Server as a system service
Start o restart Ulr@ENC service

Additional icore:

Create a U@ HE Yiewer deskiop icon
Create a Ulr@WMHC Server desktop icon
Create a Ulr@NC Bepeater desktop icon

File &zsociations:

[] Associate vne files with UIEWNE Wiewer

’ ¢ Back ” Mext » ]’ Cancel

— A successful installation is indicated by a message

WinWHC x|

i The WinVMC service was successfully registered
\‘JJ The setvice may be started From the Control Panel, and wil
automatically be run the next time this machine is reset

— At the same time a warning is displayed stating that a password must be set.

| VARVHC Error &)

] WARMING : This machine has no default password set, WinWNC will present the Default
® Properties dislog now to allow one to be entered.
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— After clicking on OK in the warning panel the Default Local System Properties panel opens. A
password with a length of at least five digits must be entered. This password is used on the
remote PC to access the R&S AMU. Other settings may be changed according to the user-
specific security requirements.

WinVHC: Default Local System Properties =)
Incoming Connections Connection Settings
lv Accept Socket Connections [ Force Yiew Only [disable Yiewers Inputs]
Password: |m [~ Disable Local Inputs [Keyboard & Mouse]

Display Number or Ports to use  Auto E GO D LR G

" Display N° Update Handling
" Ports Main: Http: lv¥ Poll Full Screen [ Fast] u Poll Console
% Poll F d Wind Windows Only
M5 Logon | ofl Faregroun LCE v Poll On Event

[ Poll ¥indow Under Cursor Received Only
¥ Enable Java Yiewer [Http Connection]

lv¥ Enable Xdmcp (%11 Connection] i emibookull

¥ ¥Yideo Hook Driver
When Last Client Disconnects [~ Low Accuracy [ Turbo Speed ]

+ Do Nothing

DSM Plugin
¢ Lock Workstation [WZK) [~ Use |Nu Plugin detected... j
" Logoff Workstation
Misc. Share only the Window Named :

[~ Share |

v Enable Blank Monitor on Yiewer Request

I+ Enable File Transfer Query on incoming connection

I Log debug infos to the Win¥YNC.log file I Display Query Window Timeout: 5
I~ Allow Loopback Connections

Default Server Screen 11 |1_ 0K | Apply ‘ Cancel ‘

7. After the installation the VNC connection must be enabled in the ICF firewall (see following section).

After the installation the program always is automatically started together with the operating system.

Anicon . is placed on the right side of the Windows XP task bar (notification area). On mouse over,
the IP address of the R&S AMU is indicated. This IP address and the user-defined password are the
prerequisites to enable manual remote control on the PC.

A cut connection is indicated by changed color of the icon. Cutting the connection does not disable it. It
can be established again any time.

Kikii) TG IE YT I

Configuring Internet Connection Firewall for VNC Connection

To enable manual remote control by other controllers in a local network via VNC connection, the
connection must be specifically permitted in the firewall.

1. Open the start menu, select Control Panel and open the context menu by pressing the right mouse
key.

2. Click on Switch to Classic View

3. Select the Windows Firewall
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The Windows Firewall window (General tab) is displayed.

[ Windows Firewall =]

Geneladvanced

Windows Firewall helps protect wour computer by preventing unautharized users
from gaining access to your computer through the Internet or a network.

XS

Thiz zetting blocks all outside sources from connecting to this
computer, with the exception of thoze selected on the Exceptions tab.

[]Don't allow exceptions
Select thiz when you connect to public networks in lezs secure
locations, such as airports. You will not be notified when Windows

Firewall blocks programs. Selections on the Excephions tab will be
igrioned.

@ ) Off [not recommended)

Awoid using thiz setting, Turning off *indows Firewall may make this
computer more vulherable to vinuses and intruders.

Wihat elze should | khow about Windows Firewall?

(1] 4 ] [ Cancel

Select tab Exceptions.

4. Call sub menu Add Program...

The Add a Program window is displayed.

| Add a Program -

Tao allow communications with a program by adding it to the Exceptions list,
zelect the program, or click Browse to zearch for one that iz not listed.

Prograrms:

=l Caleulator

E M5 logon test utility

_5 Motepad

) OnScreen Keyboard

1.;? Pairit

E Run Ultri?'MC R epeater
£+ Run Ulk@yNC SERVER
S Run U@ YIEWER
ﬁ Upgrade

|3 wWindows Explarer

A werdPad

Path: | C:AProgram FileshUlteatM Chwinvne. exe

-]

5. Select Run Ultr@VNC SERVER and click on OK.
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The Windows Firewall window (Exceptions tab) is displayed.

@E'I Windows Firewall

General | Exceptions | Advanced

Wwindows Firewall iz tumed off. Y'our computer iz at risk of attacks and intrugions
from outside sources such as the Intermet. "We recommend that you click the
General tab and select On.

Programs and Services:

Mame
Component of Software Platform: ComponentE rvironmentS erver
[ File and Printer Sharing
[ Message Queving
[ Remate Assistance
[ Remate Desktop
O| “iRun Ui@NE SERVER
O UPAF Framework.

| AddPogam.. | [ AddPet. ||  Edt. |  Delete

Dizplay a notification when Windows Firewall blocks a program

YWhat are the risks of allowing exceptions?

[ Ok l[ Cancel ]

6. Activate check box Run Ultr@VNC SERVER in the Exceptions tab.
7. Confirm the entry with OK.

Establish Manual Remote Control on the Linux/Unix PC

The VNC program is available per default for Linux/Unix operating systems. Only three steps are
necessary to establish the connection to the R&S AMU:

1. Start the internet browser on the PC.
2. Enter the following address:
vnc://["IP-address of R&S AMU", e.g. vnc://192.168.1.1

After Enter, the password for the remote VNC connection is requested

3. Enter the password defined in the Default Local System Properties panel of the Ultr@VNC
program of R&S AMU. The connection is established when the Log On button is pressed.

After the connection is established, the current screen with the block diagram is displayed and the
R&S AMU can be manually remote-controlled from the external PC. The individual functions are
operated using the mouse and keyboard. Specific instrument functions can be executed using
specific key combinations on the keyboard (see table in chapter 3, section "Legend of Front-Panel
Controls"). In contrast to Remote Control Desktop, direct control on the R&S AMU is possible
while manual remote control is established, it can be performed alternately with the manual
remote control.
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Install VNC Viewer and Establish VNC Connection on the Windows PC

The Ultr@VNC program is available on the Internet as a free-of-charge download.
Following the instructions on the Internet, the program can be copied onto the external Windows PC.
Only the program component VNC Viewer is required.

Note:
The VNC Viewer program is included in the download for the installation of the Ultr@VNC program
on the R&S AMU if Full installation was selected in the Select Component panel. In this case, the
program ultr@vncviewer.exe can be copied to the Windows PC.

1. Install VNC Viewer program component on the PC.

2. Start VNC Viewer program component on the PC.

Connection x|
R NCSever [152168.1.1 =
- [ hozt:dizplay or host:port |
r— Quick Options
& AUTO [Aabn zelect best settings) Connest
 ULTR& [»2Mbit/z) - Expernimental
Cancel
LAk [ Thbitds] - Max Colors _I

 MEDIUM (> 128Kkit’s] - Max Colors
" MODEM (19 - 128Khit/s) - 256 Colors
 SLOMW [« 19kKEit/s] - 256 Calars, Fuzzy

[ View Only [~ Auto Scaling Options... |

[~ Use DSMPlugin IND Flugin detected... j Config |

[ Prosy/Flepeater I

3. Enter IP address of R&S AMU in input line VNC Server.

4. Initialize the connection by pressing the Connect button.
A message requesting the password appears.

¥NC Authentication

Log On I Cancel |

5. Enter the VNC password defined in the Default Local System Properties panel of the Ultr@VNC
program of R&S AMU. The connection is established when the Log On button is pressed.

After the connection is established, the current screen with the block diagram is displayed and the R&S
AMU can be manually remote-controlled from the external PC. The individual functions are operated
using the mouse and keyboard. Specific instrument functions can be executed using specific key
combinations on the keyboard (see table in chapter 3, section "Legend of Front-Panel Controls”). In
contrast to Remote Control Desktop, direct control on the R&S AMU is possible while manual
remote control is established, it can be performed alternately with the manual remote control.
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Cut Manual Remote Control Connection via Ultr@VNC

The connection can be cut either on the R&S AMU or on the external PC. Cutting the connection does
not disable it. It can be established again any time.

Cutting the connection on the R&S AMU (requires an external keyboard and a mouse):
1. Open the start menu with the Windows key or the + key combination.

2. Right-click on the VNC icon on the task bar. The context menu opens.

3. Select Kill all clients.

The connection is cut, a message on the external PC informs the user about the disconnection. The

VNC icon . changes its color.

Cutting the connection on the external Linux/Unix PC:

1. Either close the internet browser or
close the R&S AMU window.

The connection is disabled, the VNC icon on the task bar o off the R&S AMU changes its color.

Cutting the connection on the external Windows PC:

1. Close the VNC Viewer program
The connection is cut, the VNC icon on the task bar o off the R&S AMU changes its color.

Disable Manual Remote Control Connection via Ultr@VNC

The connection can be disabled by removing the program on the R&S AMU or by deactivating the VNC
Server service in the Control Panel.

Removing the VNC program:

1. Open the start menu with the Windows key or the + key combination.
2. Open the Control Panel menu

3. Select Add or Remove Programs

4. Remove the VNC program.

The connection is disabled, the VNC icon on the task bar o of the R&S AMU disappears.

Deactivating the VNC Server service:

1. Open the start menu with the Windows key or the + key combination.
2. Open the Control Panel menu

3. Select Services

4. Deactivate the VNC Server service.

The connection is disabled, the VNC icon on the task bar o of the R&S AMU disappears.
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2 Getting Started

Introduction - Getting Started

The R&S AMU 200A Baseband Signal Generator and Fading Simulator uses internal and/or external
baseband signal sources and simulates various interfering signals in the baseband, e.g. fading, noise
and 1/Q impairment.

Digital signals can be generated internally in accordance with several digital standards or user defined
signal characteristics. Analog or digital baseband signals can be fed into the signal path. The signals
are generated in realtime or with the aid of the Arbitray Waveform Generator. The digital data streams
can be output directly and are converted to analog I/Q baseband output signals.

The R&S AMU may contain two paths, the first being called path A and the second path B. The signals
generated in different basebands blocks can be routed from path A to path B and vice versa and can be
added. Each baseband path enables independent output of the modulated signals (analog in/out, digital
in/out, analog differential out).

A graphical user interface ensures fast and easy operation. The architecture of the R&S AMU and the
signal flow are shown in a block diagram on the R&S AMU display. In the diagram, signal processing is
performed from left to right:

Baseband signal generation, including external I/Q signal application

Fading

1/Q Impairment and AWGN Generation

I/Q Signal output.

The block diagram in the figure below shows a fully equipped two-path R&S AMU

Analog Diff. 'Q Out A PEP A I 0.500 v Level A | 0.500 v -
Analog 1/Q Out B BUSY PEP B I 1.000 v Level B [ 1.000) Vv M
Info

I

g% 4

. . -g
i

Path A PathB

Marker 1: Frame
2 Frame
3: Frame
4: Frame

=
]

1: OniOTt Ratio
2 OnfOTt Ratio
3 OnfOTt Ratio

larker 4. OnJOff Ratio

Block diagram of a fully equipped R&S AMU
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For more detailed information on options, refer to the R&S AMU data sheet (available on the R&S AMU
Homepage on the Internet; http://www.rohde-schwarz.com/products/amu).

In the R&S AMU, a digitally modulated signal can be generated in several ways:

1. The 1/Q signal is generated internally in the R&S AMU. In this case the instrument must be
equipped with at least one baseband generator (option R&S AMU-B9/B10/B11) and at least one
baseband main module (option R&S AMU-B13). One or two baseband generators can be installed.
The signals produced by the two generators can be added (possibly with frequency offset). Fading
scenarios can be created with the aid of a fading module (option R&S AMU-B14, Fading Simulator
and option R&S AMU-B15, Fading Simulator Extension).
A digital/analog converter converts the internal digital baseband signals into analog I/Q output
signals. The output of the analog signal can be single ended or differential (option R&S AMU-B16 ;
Differential 1/Q Output). For the digital signal output a baseband digital 1/Q output (option R&S AMU-
B18, Baseband Digital 1/Q Output) is available.

Analog 1/Q Out PEP | 1.000 v Level | ]_[][][]l\.r vl

| Info

harker 1: Frame
2 Frame
3 Frame
4: Frame

Baseband Fading AWGN/IMP 1/Q Out

|
config... I config... I config... config...
) E———) I = I |:: i@
jv | On Jv| On [~ on Iv| On
GSMEDGE GSM TU3 IMP SINGLE —| DIG 1iG OUT
Graphics
config... I
[~ on
Graph A

Operation of the R&S AMU with 1/Q signals generated by the internal baseband generator

2. The I/Q signal is generated by an external instrument and coupled in via the baseband input
module (option R&S AMU-B17, Baseband I/Q Input (digital/analog)). With the baseband input
module analog or digital signals can be fed into the R&S AMU. The frequency of the signals can be
shifted, and if options are installed for internal baseband generation, the external and the internal
baseband signals can be added with variable level ratio. If the R&S AMU is equipped with a fading
simulator (option R&S AMU-B14, Fading Simulator and option R&S AMU-B15, Fading Simulator
Extension), the signals can be faded. The fading module can also process external 1/Q signals.
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Analog 1/Q Out PEP | 1.000 v Level | ]_[][][]lv vl

Info

Baseband AWGN/IMP :
config... nfig...
| coni-._| L2,
[~ on [~ on
GSM/EDGE IMP —] Di& 12 ouT

Graphics

config... I

[~ on
Graph A

Operation of the R&S AMU with external I/Q signals applied to the R&S AMU
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Modules of the R&S AMU

The R&S AMU is a fully digital two-path baseband signal generator. A completely equipped instrument
covers hardware modules for

e generating 1/Q signals,

e simulating interfering signals as noise and I/Q impairment,
e fading,

¢ the output of analog and digital 1/Q signals.

Baseband generator (option R&S AMU-B9/B10/B11):

In case an internally 1/Q signal has to be generated in the R&S AMU, the instrument must be equipped
with at least one baseband generator. A baseband generator contains modules for real time signal
generation and an arbitrary waveform generator (ARB). One or two baseband generators, like

R&S AMU-B9 Baseband Generator with ARB (128 Msample) and Digital Modulation (realtime)
R&S AMU-B10 Baseband Generator with ARB ( 64 Msample) and Digital Modulation (realtime)
R&S AMU-B11 Baseband Generator with ARB ( 16 Msample) and Digital Modulation (realtime)

can be fitted in an R&S AMU and operated separately. Signals from the baseband generators can be
routed from path A to path B and vice versa, and can be added (possibly with frequency offset).
Software options providing various digital standards are available. Option R&S AMU-K40, for instance,
generates signals to GSM/EDGE standard, option R&S AMU-K42 signals to 3GPP FDD standard. For
more detailed information on available options, refer to the R&S AMU data sheet and the R&S AMU
configuration guide (available at R&S AMU homepage on the internet).

Note:
If two baseband generators are fitted and two signals of the same standard (e.g. GSM/EDGE) are to
be output simultaneously, two appropriate software options must be installed (in this case option
R&S AMU-K40). If only one option R&S AMU-K40 is installed and GSM/EDGE is selected in the first
baseband generator, the second baseband generator is disabled for GSM/EDGE. A software option
is not tied to a specific baseband generator. In our example, either the first or the second baseband
generator can output a GSM/EDGE signal.

Baseband input module (option R&S AMU-B17):

With the aid of this module, externally generated analog or digital I/Q signals can be fed into the
R&S AMU.

For two-path instruments, the external signal can be connected to baseband path A or path B. For one-
path instruments, the baseband input module is permanently linked to path A.

Up to two baseband input modules can be applied. In two-path instruments the signal of the first
baseband module can be routed to path A, path B or to both paths. The signal of the second baseband
input module is firmly connected to path B.

External and internal baseband signals can be added with variable level ratio. The 1/Q signals can be
further processed: e.g. the frequency of the signals can be shifted, noise can be added and they can
also be faded.

Fading module (option R&S AMU-B14): This module enables fading effects to be produced on
baseband signals in real time. Up to 20 fading paths (40 fading paths with option R&S AMU-B15) can
be created simultaneously.

Software option R&S AMU-K71 comprises the 3GPP dynamic fading configurations moving propagation
and birth-death propagation as well as the fine delay fading configurations offering enhanced delay
resolution.
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Note:
At least one fading simulator, option R&S AMU-B14 must be installed.
If both options R&S AMU-B14 and the R&S AMU-B15 are installed (signal path A and B), dynamic
fading and enhanced resolution can be used either on signal path A or B with one option R&S
AMU-K71 option.
If dynamic fading and enhanced resolution is to be used on signal paths A and B simultaneously,
two options R&S AMU-K71 must be installed.

Baseband main module (option R&S AMU-B13): The module converts the digital signal to an analog
I/Q signal and routes it to the I/Q output.

The baseband main module also offers digital 1/Q impairment functions. The 1/Q signal can be
deliberately corrupted, e.g. for testing the performance of a receiver's baseband section.

This module can be installed twice (for path A and path B).

All frequency and time settings are coupled to the internal reference frequency.

Additional White Gaussian Noise (option R&S AMU-K62): Additive white noise, which may be
required for channel capacity measurements on almost every modern communication system, can be
produced with the AWGN software options R&S AMU-K62.

Note:
If the noise generator is used, a frequency offset cannot be added to the wanted signal.
If two options R&S AMU-B13 are installed (paths A and B), AWGN can be generated either on
path A or B with one R&S AMU-K62 option.
If AWGN is to be generated on paths A and B simultaneously, two options R&S AMU-K62 must be
installed.

Differential output module (option R&S AMU-B16):

The differential output module (option R&S AMU-B16) provides symmetrical signals for differential
inputs. The operating points of the inputs can be set and balanced by an offset between inverting and
non-inverting output.

One option R&S AMU-B16 can be installed, the I/Q output signals are available for path A and B.

Digital output module (option R&S AMU-B18): The R&S AMU can be equipped with a standardized
digital 1/Q interface (LVDS) for online transfer of digital I/Q data. The digital output module (option R&S
AMU-B18) enables the digital output of the 1/Q baseband signal. This module can be installed twice (for
path A and path B).

Applications of the R&S AMU

The modular design of the R&S AMU allows the instrument to be equipped with two paths. Up to four
baseband sources, two internal generators and two external inputs can be installed. This allows a
multitude of applications to be performed for which several baseband signal generators were previously
required. A few examples are given below.

Possible applications:
e Generation of a baseband signal of different standards (realtime) or via arbitrary waveforms

e Addition of real time signals of different standards, e.g. GSM/EDGE and 3GPP FDD
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e Baseband module tests with differential and digital signals

e BER Tests of baseband modules

e Design and tests of I/Q modulators

e Generation of a wanted signal and an interfering signal for tests on baseband sections of receivers
e Generation of multicarrier signals with real time components up to 80 MHz bandwidth

e Generation of fading and noise scenarios with external 1/Q signals

e Signal Source for early development stage hardware simulators

e Development of new communication systems (e.g. LTE)

e Test of diversity techniques and real time baseband fading

One-path Instrument

A one-path R&S AMU requires at least one Baseband Main Module (option R&S AMU B-13) and a
signal source. The signal source may be either the internal Baseband Generator (option R&S AMU-
B9/B10/B11) or the external Baseband 1/Q Input (option R&S AMU-B17).

Analog /Q Out PEP | 0.500 v Level | 0_500|V vl

| Info

Marker 1: Frame
2 Frame
3: Frame
4. Frame

AWGN/IMP
config...
[~ on
IMP
Graphics BERT
config... I config... I
[~ On [~ on
Graph A BERT

BERT

Operation of R&S AMU with one baseband main module and two baseband sources

Additionally the following options can be part of a one-path configuration:

e Further baseband sources (up to a configuration with two internal Baseband Generators (option
R&S AMU-B9/B10/B11) and one external Baseband 1/Q Input (option R&S AMU-B17))

e The Fading Simulator (option R&S AMU-B14) and the Fading Simulator Extension (option R&S
AMU-B15)

e Additive White Gaussian Noise AWGN (option R&S AMU-K62)

1402.5200.62 26 E-1



R&S AMU 200A Applications of the R&S AMU

e Bit and Block Error Rate Measurement BERT (option R&S AMU-K80)
e One Differential 1/Q Output (option R&S AMU-B16)
¢ One Digital 1/Q Output (option R&S AMU-B18)

Note:
One-path instruments cannot use a second external Baseband I/Q Input option.

Two-path Instrument

A two-path R&S AMU requires at least two Baseband Main Modules (option R&S AMU-B13) and two
signal sources. The signal sources may be the internal Baseband Generators (option R&S AMU-
B9/B10/B11) or the external Baseband 1/Q Inputs (option R&S AMU-B17).

Analog Diff. V'Q Out A PEP A | 0.500 v Level A | 0.500 v -
Analog 1/Q Out B BUSY PEP B I 1.000 v LevelB | 1.000 v -

[ Info |

Marker 1: Frame
2 Frame

3 Frame
4. Frame 0

conﬁg...

. i)
T

1 OniOft Ratio
2 OnfOft Ratio
3 OnfOff Ratio

arker & OniOff Ratio

Operation of R&S AMU as a fully equipped two-path instrument

Additionally the following devices can be part of a two-path configuration:

e Further baseband sources (up to a configuration with two internal Baseband Generators (option
R&S AMU-B9/B10/B11) and one external Baseband 1/Q Input (option R&S AMU-B17))

e The Fading Simulator (option R&S AMU-B14) and the Fading Simulator Extension (option R&S
AMU-B15)

e Additive White Gaussian Noise AWGN (option R&S AMU-K62)

e Bit and Block Error Rate Measurement BERT (option R&S AMU-K80)
e The Differential 1/Q Output (option R&S AMU-B16)

e The Digital 1/Q Outputs (option R&S AMU-B18)
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R&S AMU 200A

Description of Individual Diagram Blocks

Available Blocks

Block

Function of block

Status display in the block

Effect of | ON/OFF TOGGLE | key

Baseband A or B

Baseband source is configured
and activated

Selected modulation

Switches the selected modulation
(digital standard, dig modulation or
ARB) on or off.

Baseband Input A
orB

External baseband signal is
activated

Activated input

Switches the input of external
baseband signal on or off.

Fading simulator is configured

Selected test case or

Fading A or B Switches the fading simulation on or

and activated selected fading configuration | off (Note: under certain signal
routing conditions only one fader can
be activated)

AWGN/IMP A or B | Additive white Gaussian noise | Active functions of block Switches the active functions of the
production and digital block on or off. The functions
impairments are activated (AWGN, impairments or both) are

activated in the respective menus.

Graphics Graphical display is selected State of graphical display Opens or closes the graphics
and activated window.

BERT Bit and block error rate Selected measurement(s) Switches the active function(s) of the
measurement are configured block on or off. The functions (BERT
and activated and BLER) are activated in the

respective menus.

1/Q Output A or B 1/Q basebandsignal output is State of I/Q output analog

activated and configured.

(single ended or differential)
and digital.

The | ON/OFF TOGGLE | key

switches the 1/Q output signals of the
currently selected I/Q output block
on and off, e.g. path A. A second
stroke restores the status that was
active before the last switch off.

The toggle key
switches all baseband 1/Q output
signals of on and off (path A and
path B, if two-path mode). A second
stroke restores the status that was
active before the last switch off.

I/Q OUT OFF is displayed in the
status bar.
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Block Description

The block diagram shows the current configuration and the signal flow in the generator with the aid of
function blocks containing an on/off switch. Clicking the function block opens a list of associated setting
menus. Active menus, info windows and graphs are displayed on top of the block diagram. Input/Output
symbols in the block diagram show the currently used inputs and outputs of the R&S AMU. Unused
inputs and outputs are not shown. The lines indicate the signal flow.

The fully equipped R&S AMU comprises two signal paths (path A and path B). Up to two baseband
signals can be added to each signal path. The two baseband signals paths can be processed
independently of each other. Routing from path A to path B and vice versa is also possible, but not after
the IMP or AWGN/IMP block.

Note:
Each function block can be activated or deactivated with the check box (on/off toggling).
The [ON/OFF TOGGLE | key at the front panel switches the currently selected block on or off.

Baseband A block

Baseband A

config.._.

[~ On
DigMod

In this block, the (first) baseband source is configured and activated. The block is displayed only if one
baseband generator (option R&S AMU-B9/B10/B11, Universal Coder and ARB) is available in the
instrument. Depending on the installed software options, various digital standards, user-configured
digital real time modulation or the built-in waveform generator (ARB) can be selected. The selected
modulation is displayed in the block.

External Baseband In block A

BB Input A

config... I
[~ On

This block controls the baseband input module for external 1/Q signals. The block is displayed only if
one baseband input module (option R&S AMU-B17) is installed. External 1/Q signals can be applied
either to the analog or the digital I/Q input. The output of the baseband input module can be connected
to baseband path A or to path B (if available), provided at least one baseband main module is installed.

Baseband B block

Baseband B

config. ..

[~ On
DigMod

Configures the second baseband source (if installed). The block is displayed only if the instrument
contains two baseband generators (option R&S AMU-B9/B10/B11). Depending on the installed software
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option, various digital standards, user-configured digital real time modulation or the built-in waveform
generator (ARB) can be selected.

Note:
If two baseband generators are installed and two signals of the same standard (e.g. GSM/EDGE)
should be output simultaneously, the two associated software options must also be installed (in this
case option R&S AMU-K40). If only one option R&S AMU-K40 is installed and GSM/EDGE is
selected in the first baseband generator, the second baseband generator is disabled for
GSM/EDGE. However, a software option is not tied to a specific baseband generator. In our
example, either the first or the second baseband generator can output a GSM/EDGE signal.

External Baseband In block B

BB Input B

config... I

[T On

This block controls the second baseband input module for external 1/Q signals. The block is displayed
only if a second baseband input module (option R&S AMU-B17) is installed. External 1/Q signals can be
applied either to the analog or the digital 1/Q input.

If one baseband path is configured (path A), the external baseband signal BB Input B is connected to
this path. If two baseband paths are configured the external baseband signal BB Input B is permanently
routed to path B.

Fading block A

Fading A

confiy... |

™ On
Std Del

This block controls the fading module of path A. It is displayed only if a fading simulator (option R&S
AMU-B14) is installed. Signal routing at the output of the fading module is configured also in this block.
For instance, two-channel fading can be selected if the instrument contains two baseband paths and
two faders (option R&S AMU-B15, Fading Simulator Extension).

Fading block B

Fading B

config... I

[~ on
Std Del

This block controls the fading module of path B. It is displayed only if a fading simulator (option R&S
AMU-B14) is installed. Signal routing at the output of the fading module is configured also in this block.
For instance, two-channel fading can be selected if the instrument contains two baseband paths and
two faders (option R&S AMU-B15, Fading Simulator Extension).
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AWGN/IMP A block

AWGNJIMP A

config...
[ On

This block is displayed only if a baseband main module is installed. In this block (digital) 1/Q
impairments for baseband path A can be set. With the aid of the software for AWGN generation (option
R&S AMU-K62), an (additive) noise signal can be produced in path A.

AWGN and impairments can be activated independently of each other in the appropriate menus. The
settings are displayed in the block.

Note:
If the block is deactivated, the signal passes through the block unchanged.

AWGN/IMP B block

AWGNJ/IMF B

config._.
[~ On

This block is displayed only if two baseband main modules (option R&S AMU-B13) are installed. In this
block (digital) 1/Q impairments for baseband path B can be set. With the aid of the software for AWGN
generation (option R&S AMU-K62), an (additive) noise signal can be produced in path B.

AWGN and impairments can be activated independently of each other in the appropriate menus. The
settings are displayed in the block.

Note:
If the block is deactivated, the signal passes through the block unchanged.
If a noise signal should be applied to path A and B simultaneously, two software options R&S AMU-
K62 are required.

Graphics block

Graphics

config. ..
[~ On

With this block, the baseband signal (of path A or B) can be graphically displayed in real time. The block
is displayed only if at least one baseband main module is installed.
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BERT block

BERT

config... I

[~ On

In this block an integrated bit and block error rate tester can be set. The bit error tester makes it
possible to evaluate a signal demodulated and decoded by a DUT by measuring the bit error rate. The
data used to drive the DUT can be generated by the R&S AMU or an user-defined external source. In
addition, the block error rate measurement can be used to verify CRC checksums.

1/Q Out A block

I/ Out A

config... I

[~ on
DIFF DIGI

This block is used to configure the digital and analog I/Q outputs of path A. Configurations like level
display, output type, analog settings and digital settings can be performed in the corresponding menus.
I and Q components can also be swapped (I/Q Swap).

The status line in the block displays the currently active output types, e.g. DIFF DIGI denotes that the
I/Q baseband signal is provided by the analog (in differential mode) and by the digital I/Q output .

1/Q Out B block

I/ Out B

config... I

[~ on
SINGLE

This block is used to configure the digital and analog I/Q outputs of path B. Configurations like level
display, output type, analog settings and digital settings can be performed in the corresponding menus.
| and Q components can also be swapped (I/Q Swap).

The status line in the block displays the currently active output types, e.g. SINGLE denotes that the 1/Q
baseband signal is provided by the analog output (in single ended mode).

Example of Setup

A central element of the R&S AMU display is the block diagram that illustrates the signal flow. Each
block represents an important section of signal generation. Thus the user always knows the position at
which a parameter has an effect in the signal flow. The main settings of a block are indicated in the
block. The interconnection of employed inputs and outputs is shown. Thus the user always is informed
about the connection of inputs and outputs in the signal flow and where they can be configured.

A window is opened for each menu where parameters can be set. When the window is opened, an

entry is made in the winbar below the display. All open menus have equal priority (not modal) and can
be accessed any time.
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The R&S AMU can be operated from the front panel entirely. Peripherals such as mouse or keyboard
can be connected but are not essential.

Using the rotary knob, the user can navigate in the block diagram and the dialogs. The cursor is moved
line by line through the block diagram or dialog. Turning the button clockwise advances the cursor.

The selected block can be activated or deactivated with the key. Active blocks are
highlighted by a colored background.

In the example, a fading signal in accordance with the standard GSM TU 3 (12Path) with a carrier
frequency of 904,5 MHz (virtual RF) is configured.

Proceed as described below:

1. Activate default (preset) state.
Select and activate the GSM/EDGE signal generation.
Configure and activate the fading standard GSM TU 3 (12Path)
Select and activate the 1/Q signal output
Select graphics display of 1/Q signal.

A

Step 1: Activate default (preset) state

Analog I/Q Out mog;” PEP 1.000 mv Level I 1000/ mv -

Sav/Rcl Handler Info -Preset in Progress Info
Set a defined instrument
state by pressing the
PRESET] key.
Basehand Fading AWGN/IMP 1/Q Out
CONIg... I config... I config... I CONig... I —] vz our
I” on L= [~ on > I~ On = I” on
MSK Std Del IMP SINGLE —| DIt i QUT
BB Input Graphics
config... I config... I
I~ on [~ on
Graph A
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Step 2: Select and activate the GSM/EDGE signal generation

-

Analog I/Q Out ra et PEP | 1.000 v Level ]_[][][]lv ~

Info
Select the Baseband
block by turning the Baseband Fading AWGN/IMP 1/Q Out
I’Ota ry knob. config... I =’ config... I > config... I E‘.> config... I —| 1@ oUT
[~ on [~ on [~ on [~ On
MSK Std Del IMP SINGLE —] bz ke out
BB Input Graphics
config... I config... I
[~ on I~ on
Graph A

Analog 1/Q Out v PEP | 1.000 v Level | 1.000|v -I

Info

Press the rotary knob to
open the menu where

|—— TDMA standards
the GSM/EDGE I CDMA standards Fading AWGN/IMP 1/Q Qut
mOdU|at|0n can be 3GPP FDD... config... I config... I config... I —] v our
selected (different CDMA2000... = on | Fon || T on
modulation modes are L cronwian sandarss | Lo e =i J e
available depending on IEEE 802.11 WLAN...
. . IEEE 802.16 WiMAX...
the options installed). misc
Custom Digital Mod... Graphics
ARB... config... I
Multicarrier CW... I~ On
— Satellite Navigation — Graph A
GPS..
Frequency Offset
0.00 Hz
Phase Offset
0.0 deg
Path Gain
0.0dB
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v . O

Highlight GSM/EDGE..
by turning the rotary
knob.

I—T[rm standards —l

—— CDMA standards

JGPP FDD...

COMAZ000...

TD-SCDMA...

— COFDMANVLAN standards —

IEEE 802.11 WLAN...

IEEE 802.16 WIMAX...
misc

Custom Digital Modl...

ARB...

Mublticarrier CW...

g out

Analog I/Q Out o

PEP I 1.000 v

Level ]_OOOIV -

Info
&= GSM/EDGE EEx
IStale off Ii
Set To Defautt | SaveRecall... |
Press the rotary knob to || mode [ Framed (Single) B
open the GSM/EDGE Modulation... | MSK /| 8 PSK EDGE (3P1/8 8PSK) AWGNIMP Laloyt
menu. COMNig... | — CONfig... | —] i@ out
Power Ramping... | Cosine / 2.0 sym [~ on I~ on
- MP SINGLE —] pi5 k@ ouT
Define All Siot Attenuations... |
Trigger Marker... | Auto
Graphics
Clock... | Internal m
I~ on
Data List Management... | Graph A
saveRecall Frame... |
Frame: Select Slot To Configure =
< / k4|
2 N I Y I B I
Switch on GSM
modulation with default
settings by selecting
State On.
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B GSM/EDGE

Set To Default | SaveRecall... |
Mode I Framed (Single) j
Modulation... MSK | 8 PSKEDGE (3Pl/g 8PSK)

Power Ramping... Cosine / 2.0 sym

|
|
Define All Slot Attenuations... |
|

Trigger Marker... Auto
Clock... | Internal
Data List Management... |

Save/Recall Frame... |

Frame: Select Slot To Configure o

& .

DIA- 110 ouT I— l—
GRAM Analog 1/Q Out e per | 1.000 v Level | 1.000| v vl

Press the key

to display the complete Marker 1: Frams
block diagram. 1o
4: Fratme
Fading AWGN/IMP 1/Q Out
e CONfig... I N config... | — config... |—|u@om
[~ on [~ on I~ on
Std Del IMP SINGLE —' DI ig oUT
BB Input Graphics
config... I config... I
[~ on I~ on
Graph A

To indicate the active state, the Baseband block is displayed in blue and the check box On is ticked.
The Fading, AWGN/IMP and I/Q OUT blocks are not yet active. The entry in the Winbar indicates that
the GSM/EDGE menu is still open in the background.

1402.5200.62 2.16 E-1



R&S AMU 200A

Example of Setup

GSMEDGE I

C

The menu can be
displayed in the
foreground by clicking
the softkey in the
Winbar or by pressing
the key below the
Winbar.

Press the key to

minimize the menu
again.

Analog I/Q Out

lia out

OFF

PEP I 1.000 v

Level ]_OOOIV -

EZ GSM/EDGE

SIS

Set To Default | SaveRecall... |
Mode I Framed (Single) j
Modulation... | MSK |/ 8 PSK EDGE (3P1/8 8PSK)
Power Ramping... | Cosine / 2.0 sym
Define ANl Siot Atenuations... |
TriggerMarker... | Auto
Clock... | Internal
Data List Management... |
SaveRecall Frame... |
Frame: Select Slot To Configure =
< / =

AWGN/IMP
config...

1/Q Out
config... I

[~ On
IMP

[~ On
SINGLE

GSMEDGE |

Graphics

config... I

[ on
Graph A

Info

— 1@ our

—] iz ke out

Step 3: Configure and activate the fading standard GSM TU 3 (12Path)

-

Analog I/Q Out

g out

OFF

Per | 1.000 v

Level ]_UOOIV -

| Info
Marker 1: Frame
2 Frame
3 Frame
Select the Fading block # frame
by turning the rotary Fading AWGN/IMP 1/Q Out
m CONfig... | config... | CONfig... I —] 1@ out
knob. Iv| L= I~ on [~ on =1 I~ on
Std Del MP SINGLE —' DI 13 oUT
BB Input Graphics
config... I config... I
I~ On I~ on
Graph A
== | | | | | | | |
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Analog I/Q Out bl PEP I 1.000 v Level | 1.000(v -

| Info

Marker 1: Frame

Press the rotary knob to S hae
open the menu where % R
the fading settings can Fading AWGN/IMP 17Q Out
be configured. config.. ||, | config.. || —waour
g A - [~ On = [~ on = [~ on
SeleCt Fadlng Settlngs Std Del IMP SINGLE —] iz g out
BB Input Graphics
config... I config... I
I~ On [~ On
Graph A

= Fading

Set To Default | Save/Recall... | Standard I User j
General Settings
Configuration I Standard Delay j
Signal Dedicated To | Baseband Output ~|  virtual RF | 1.000 000 000 00| GHz -]
PreSS the rOtary knOb to Common Speed For All Paths = Speed Unit I km/'h j
open the Fading menu.
Restart Event | Auto j Restart |
Ignore RF Changes < 5% [~ on
Path Settings
Path Table... | Path Delay Wizard... | Coupled Parameters... Insertion Loss Configuration... |
m
T o
g 20
3 30+
= :
Tﬁ’ 50| WM Dopp WM Rice

o | ] ; ] ] ; ] ] ] ]

" d
0.00 010 0.20 030 0.40 050 060 070 080 0.0 1.00 110 Delay | ps
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v . O

Select the Standard
field by turning the

= Fading

Set To Default |

SaveRecall...

State

| IStandard I User

General Settings

Configuration IStandard Delay

=

Signal Dedicated To I Baseband Qutp

Common Speed For All Paths

Virtual RF

ut -

= Speed Unit

| 1.000 000 000 00| GHz -]

[ kmin -

Restart Event IAuto j Restart |
rotary knob.
Ignore RF Changes < 5% [~ on
Path Settings
Path Table... | Path Delay Wizard... | Coupled Parameters... Insertion Loss Configuration... |
m 0
Z o
g 20|
3 30|
40|
% 30| WM Dopp WM Rice
o | 0 ] 0 0 ] 0 0 0 0 0 i
0.00 010 0.20 030 0.40 050 060 070 080 0.0 1.00 110 Delay | ps
Standard User jl
Settings —
CDMA »
GSM r —
Virtual RF | 00| GHz
NADC »
Press the rotary knob to | Speed Unit T |
open the Standard Rest:  TETRA » |
selection list. 3GPP
Frequency Hop. Mode | WLAN » vI
Standard | User jl
Settings User
CDMA »
Virual RF e
| NADC »
Select GSM by turning | Speed Unit | een |
the rotary knob. Rest:  TETRA » |
3GPP
Frequency Hop. Mode | e g vl
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Press the rotary knob to
open the GSM selection
list.

=

L oM ] Gswru3 epain

Standard | User
Settings User
COMA  »
Virtual RF
NADC
Speed Unit ‘ PCN »
Rest:  TETRA »
JGPP
Frequency Hop. Mode ‘ WLAN »

ettings

Coupled Parameters... |

Insertion Loss Conl

GSM TU 50 (6Path)
GSM HT 100 {6Path)
GSM RA 250 (6Path)
GSM ET 50 (6Path)
GSM ET 100 (6Path)
GSM TU 3 (12Path)
GSM TU 50 {12Path)
GSM HT 100 {12Path)

Select
GSM TU 3 (12Path) by
turning the rotary knob.

Standard | User j
Settings Ll
CDMA »
Virtual RE ‘m GSM TU 3 (6Path)
NADC » GSM TU 50 (6Path)
Speed Unit ‘ PCN  »  GSMHT 100 (6Path)
Rest: JTETRA » GSM RA 250 (6Path)
. _— ‘ 3GPP GSMET 50 {6Path)
requency Hop. Mode WLAN »

GSMET 100 (6Path)

iettings

Coupled Parameters... |

Insertion Loss Conl

GSM TU 3 {12Path)

GSM TU 50 (12Path)
GSMHT 100 (12Path)

Confirm the selection by
pressing the rotary
knob.

The fading simulation of
the standard

"GSM TU 3 (12Path)" is
preset.

Standard

GSM TU 3 (12Path) J
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v . O

= Fading :
State off |
Set To Default | SaveRecall... | Standard I GSM TU 3 (12Path) j
General Settings
Configuration I Standard Delay j
Signal Dedicated To | Baseband Output - I\l‘irtual RF | 1.000 000 000 00| GHz L[I
SeleCt the Virtual RF Common Speed For All Paths = Speed Unit I km/'h j
fleld by tUrnlng the Restart Event IAuto j Restart |
rotary knob.
Ignore RF Changes < 5% [~ on
Path Settings
Path Table... | Path Delay Wizard... | Coupled Parameters... Insertion Loss Configuration... |
m o Static Path
T g Pure Doppler
; 0 Rayleigh Rice
g @ Const Phase
E‘ a GaussDAB
Tﬁ’ a0 WM Dopp WM Rice
o | ] 0 0 ] 0 0 0 0 | i
0o 05 10 15 20 25 30 35 40 45 50 s5 Delay I s
Virtual RF 100.000 000 000 07 | GHz ~ |}
Press the rotary knob to
activate the editing
mode.
tu" Virtual RF 904.500 000 00 | MHz ~

i
ghi jkl

pars tuw vy z e
E F mD

.
o P r—_— dE(m)

Enter the frequency
value 904,5 MHz with
the aid of the numeric
keypad and the unit
keys.

-

Select the State field by
turning the rotary knob.
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= Fading

Set To Default | SaveRecall... | Standard I GSM TU 3 (12Path) j
General Settings
Configuration I Standard Delay j
Signal Dedicated To | Baseband Output ~|  virtual RF | 904.500 000 00 |MHz -]
SWItCh qn the GSM Common Speed For All Paths = Speed Unit I km/'h j
fading simulation by
. Restart Event | Auto j Restart |
selecting State On.
Ignore RF Changes < 5% [~ on
Path Settings
Path Table... | Path Delay Wizard... | Coupled Parameters... Insertion Loss Configuration... |
m o Static Path
E 10 Pure Doppler
@ o0 Rayleigh Rice
0 Const Phase
Q 30 GaussDAB
EI 40
Tﬁ’ a0 WM Dopp WM Rice
o

| d
0o 05 10 15 20 25 30 35 40 45 50 s5 Delay I s

Dl.ﬂ.- lia out
Analog 1/Q Out “':,FF PEP I 1.000 v Level | 1.000 Vv vl

| Info

Press the key
to dlsplay the Complete Marker 1: Frame
b|OCk dlagram . 2: Fraime

3: Frame
4: Frame

AWGN/IMP 1/Q Out
config... I config... I —| 1@ oUT
v [~ on = [~ On
IMP SINGLE —] D g ouT
BB Input Graphics
config... I config... I
[~ on [ on
Graph A

GSMEDGE | Fading | | | | | | ‘

To indicate the active state, the Fading block is displayed in blue and the check box On is ticked. The
1/Q OUT block is not yet active. The entry in the Winbar indicates that the Fading menu is still open in
the background. The menu can be displayed in the foreground by clicking on the softkey (Fading) in the

Winbar or by pressing the key below the Fading softkey. Press the key to minimize the menu
again.
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Step 4: Select and activate the 1/Q signal output

-

g out

Analog Diff. 1/Q Out T

PEP Im v vl Level | 1.000 v

Select the 1/Q Out block
by turning the rotary
knob.

Marker 1: Frame
2 Frame
3: Frame
4. Frame

BB Input

config... |

[~ On

GSMEDGE

Fading |

AWGN/IMP
config... I

1fQ Out
config... I —] DIFF 1/ ouT

[~ On
AWGN

[~ On
Ana ] DiG g ouT

Graphics

config... I

[ On
Graph A

Press the rotary knob to
open the menu where
the output settings can
be configured.

1ia ouT

Analog Diff. 1/Q Out o

Marker 1. Frame
2 Frame
3 Frame
4 Frame

7

AWGN/IMP
config...

[ On
AWGN

1/0 Ot Seti

110 Swap

Level Display Settings...
Analog 10 Output Settings...
Digital 10 Owutput Settings...

EX-10-Box
EX-10-Box Settings...

BB Input
config... I config... I
[~ On [~ On
Graph A
GSMEDGE | Fading | | | | |
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v . O

Highlight Analog 1/Q
Output Settings... by
turning the rotary knob.

10 Out Settings

10 Swap

Level Display Settings...
Analog I'G Outpar Settings...
Digital 1'0 Output Settings...
EX10-Box
EX-10-Box Settings...

Press the rotary knob to
open the Analog I/Q
Output Settings menu.

& Analog 1/Q Output Settings

IState Off l
1/Q Output type I Single Ended j
Load Type | EMF |

Level Settings
Pep Vp | 1000/ vV ~|
Level Vp | 1.000|V -]
User Variation
Variation Active I
Variation Step | 1000|V  ~|
1/Q Settings
Couple 1/Q Bias Il
| Settings
Bias | 0.000(V ~| ||~
Q Settings————————
Bias I 0.000( v~ [~

Switch on the Analog
1/Q Output signal by
selecting State On.

& Analog I/Q Qutput Settings El |E|PZ|

1/Q Output type I Single Ended j

Load Type | EMF |

Level Settings
Pep Vp | 1000V |
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DIA- | |
Analog 1/Q Out Per | 1.000 v Level | 1.000|v -

Press the key

tO dISp|ay the C0mp|ete Marker 1: Frame
block diagram. i
4 Frame
AWGN/IMP
config... I : QI
[~ On
IMP DI & oUT
BB Input Graphics
config... I config... I
[~ on [~ On
Graph A

Analog 1/'Q Out

GSMEDGE Settings

Fading

To indicate the active state, the I/Q Out block is displayed in blue and the check box On is ticked. The
currently used outputs of the signal are indicated by the output symbols of the | and Q components.

The entry in the Winbar indicates that the Analog 1/Q Out Settings menu is still open in the
background. The menu can be displayed in the foreground by clicking on the softkey (Analog I/Q Out
Settings) in the Winbar or by pressing the key below the Analog I/Q Out Settings softkey.

Press the key to minimize the menu again.

Step 5: Select the graphics display of the 1/Q signal

Analog 1/Q Out PEP | 1.000|v vl Level | 1.000 v

Marker 1: Frame
2 Frame
3: Frame

Select the Graphics
block by turning the

AWGN/IMP

config... |

—2.

rotary knob. I on
AWGN —] DiG i@ ouT
BB Input Graphics

config... config...

[~ On [~ On

Graph A

3 Analog 1iQ Out

GSMEDGE | Fading Settings | | | | | |
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& Graphics Settings
Graphics LRI
config... I State Off
[~ on Smart Graphics [~ On
Graph A
Mod a -
Press the rotary knob to oce ! =
open the Graphic Trigger Source | Software |
Settings menu. Sample Rate Mode I Auto j
Sample rate I 100.0| Yo J
&= Graphics Settings
Path A
Smart Graphics [~ On
. . Mod Ira ~
Switch on the Graphic oce ! =
display by selecting Trigger Source | Software ~|
State On. Sample Rate Mode I Auto j
Sample rate | 1.1 | % J
The graphical display of | ENSTRTN,
the output signal is
displayed. It can be e
minimized and called @
the same way as a <
menu. =
1] 20p 40p EOp 80y 100p
¥
B
E
=3
o
1] 20p 40p EOp aop 100p
tisec
Show | Copy |
ref toref
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Info and Help System

The R&S AMU comprises a comprehensive info and help system. Context-sensitive help can be
called any time with the key. The help system indicates the currently selected parameter and
offers additional services such as cross references, index, and contents. The content of the help system
corresponds to the operating manual of the R&S AMU.

Warning and conflict messages caused by incorrect operation as well as further information are
displayed in the Info line. A complete list of existing conflicts is displayed when the key is
pressed. Additional information on entries can be requested from the help system. The history function
permits display of all messages.

Assistants simplify the completion of tables. After data entry in the assistant, the table is modified only
after the Accept button has been pressed. Pressing the Accept button also stores the assistant data.

Detailed operating instructions and an overview of menus follow in "Manual Operation".
Menus and instrument functions are described in detail in chapter 4, "Instrument Functions".

1402.5200.62 2.27 E-1






R&S AMU 200A Contents

Contents - Chapter 3 "Manual Operation”

3 Manual Operation................ccooooiiiiiiiiiiceee e, 3.1
Introduction - Manual Operation...............uvviiiiiiiiiiiiiiiieieieieierere e, 3.1
(@] 0T =1 11aTe [ O] s To =T o | SRR 3.1
D153 o] F= USSR 3.7

Level Setting - DiSplay........ccooii e 3.7
Status Information and Messages - Display..........cccccccveeiiiiiiiiiienennn. 3.8
INfo WINdow - DiSPlay.........cooiiiiiiiiiie e 3.9
Block Diagram - DiSplay ........ccccooiiiiuiiieiiieiiiiieieeee e 3.10
Winbar and Softkeys - DiSplay .........ccceeviiiiriiiiiiiiie e 3.1
Menu Structure - Display..........oocceeiiiiiiiii e 3.12
Graphical Display of Output Signal Characteristics ..........cccccceeeinnns 3.15
Setting Parameters.........ouuei i 3.15
Calling a Menu - Setting Parameters ... 3.16
Selecting a Control Element - Setting Parameters..............cccccccceee. 3.17
Switching Parameters On/Off - Setting Parameters........................... 3.17
Selecting and Exiting a Menu Area - Setting Parameters................. 3.18
Entering a Value - Setting Parameters............cccccciiiiiiiiiiies 3.20
Selecting a Unit - Setting Parameters .........ccccooiiiiiiiii, 3.21
Selecting a Value from a List - Setting Parameters ........................... 3.23
Terminating Entries - Setting Parameters...........cccoococeiiiiiiiiines 3.24
Restoring the Previous Value - Setting Parameters............c.cccoceee.. 3.25
MENU OPEIatioN ......ooiiiiiiiie e 3.26
EAIOrS ..o 3.26
Data EditOr. ... 3.27
Control and Marker List EQItOr..........ccoooveiiiiiieieieee e 3.29
HEID SYSIEM ... e e 3.34
File Management. ... ..o e 3.36
File SeleCt MENU.....ccooiiiiiiii e 3.37
File Manager ... .o e 3.39
Manual Remote CONtrol ..........oooiiiiiiiiiie e 3.41
Legend of Front-Panel Controls ..o 3.42
Front Panel Key Emulation.............ccoeeeiiiiiiiieee s 3.44
On-screen Keyboard ..o 3.44

1402.5200.62 1-3.1 E-1






R&S AMU 200A Introduction - Manual Operation

3 Manual Operation

Introduction - Manual Operation

The R&S AMU 200A Baseband Signal Generator and Fading Simulator can be operated either via the
interactive block diagram or via a menu tree. All menus are in the form of windows that can be operated
in the same way. Rotary knob, keys and softkeys, or alternatively a mouse, allow direct and therefore
convenient access to entries and settings. The clear-cut display shows the current state of the
instrument. Numerous help functions support the user in signal configuration.

The following section describes manual operation of the R&S AMU. This includes a description of
screenshots, operation of menus and the block diagram and the setting of parameters.

Chapter 4 includes a detailed description of R&S AMU functions. Chapter 2 explains the operating
concept in general and includes a brief introduction to operation by a step-by-step description of the
configuration. Remote control of the instrument is described in chapters 5 and 6.

Operating Concept

The operating concept of the R&S AMU enables the user to make settings as intuitively as possible and
at the same time gives a permanent overview of characteristics of the generated signal and of the
current instrument state. Numerous on-line help functions support user settings.

The block diagram is the core of the operating concept

A large graphics display showing the current configuration and the signal flow in the form of a block
diagram is the core of the operating concept of the R&S AMU. The block diagram gives an overview of
signal configuration, and the graphical elements can be accessed for operation. The desired element is
selected by means of the rotary knob and the associated setting function is called by clicking on this
button. Required menus are displayed on the block diagram which is displayed again in the foreground

whenever the [DIAGRAM| key is pressed.

Display of level settings of the baseband output signal

The level values of the baseband signal are displayed in the header section of the screen. Depending
on the instrument’s operating mode different information is displayed. Either of the values (PEP or
Level ) can be set directly in the field. Changing one of the values effects that the according value will
be adjusted proportionally. The editable fields of path A and path B can be selected by multiple pressing

the [BASEBD LEVEL | key.

Digital 1/Q Out A BUSY PEPA |  0.00 ¢BFS Level A u_uul dBFS j

Analog 1/Q Out B BUSY PEP B l.l]l]l]l\-' j Level B | 1.000 V
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Operation via the graphics interface

Menus are assigned to the specific function blocks in the block diagram. The function blocks represent
elements of signal generation, e.g. the baseband block which contains all menus required for baseband
signal configuration. In this block all digital standards and the digital modulation can be selected.
Function blocks displayed with a blue frame can be directly switched on and off by means of the
key. In the example, digital modulation can be activated in this way. The menus of the
highlighted function blocks can be called by clicking on the rotary knob or by pressing the key.

Baseband A TDMA standards
:  GSM/EDGE...
%I CDMA standards
" on 3GPP FDD...
DigMod misc

Custom Digital Modl... I

The signal flow between the function blocks and the employed inputs and outputs are also shown.

harker

1: =lot timing
2 =lot timing

IsH
e
Trigy I 1

The menu tree can be opened and closed with the key. The menu tree is organized in the same
way as the directories under Windows. The function blocks correspond to the first directory level, the
menus to subdirectories.

GSMEDGE...
COMA standarids ---
JIGPP FDD...
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Operation corresponds to the Windows concept
To offer the user a familiar environment, operation is very similar to operation of Windows user
interfaces. All menus and tables are made up of known elements, e.g. selection lists,

Ihlude |Framed {Single) jl
Unframed )

Save/Recall Frame.__.

Modulation_..

check boxes,

Il_gnure 1/4 sym (slot length 156 sym) |

or entry fields.

=

A blue frame indicates that the selected item is active. In the highlighted element, entries can be made.

||Filter Parameter

Most of the settings can be easily made with the rotary knob
Operation is possible via front-panel keys, an external keyboard and the mouse. Most of the settings
can be made with the rotary knob:

e Turning the rotary knob shifts the entry focus to the desired element.

¢ Clicking on the rotary knob activates the selected entry field.
Depending on the parameter, the submenu is now called, the numeric value varied, the list entry
selected or the check box activated or deactivated.

e If a value is entered, the entry is stored by another click on the rotary knob and the editing mode is
exited.

Clear settings with the aid of independent submenus

A separate menu is opened for each menu and submenu. The menus can be operated independently of
each other, i.e. none of the menus requires that settings are completed in other menus before it can be
closed. This ensures flexible operation at all times.

I —
State State & Analog 1/Q Output Settings A [= |[0|[X]
Set To Def Set To Default State State off I
Mode SaveRecall... e 1/Q Output type | Single Ended j
Modulatio Simulation Mode Q Offset Load Type I EMF j
Power Ramp

Trigger Marker...

Define All Slot Atte

1402.5200.62

Gain Imbalan Level Settings
Quadrature of| PeP VP I 1-|]|]|]| v j
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The winbar gives an overview of menus and simplifies their access.

The menus are displayed on top of the block diagram but they can be "hidden", i.e. they can be
displayed in the form of a button in the winbar at the lower end of the screen (by pressing the
key). They can be displayed again in full size by pressing the key. This function is used to clear
space on the screen for other displays that may be required but the setting menus can thus be
accessed any time.

Ciid Timpair A7 Analog 10 Out

GSMEDGE & i Baseband i Sefttings A

GPS B |

The keys are assigned simple functions

Most keys on the front panel of the R&S AMU directly perform a simple function. Since a great number
of settings can thus be made by a keystroke, the operation is easy. For instance, the key closes
the active menu; with the key the baseband output signal can be switched on or off.

An exception are keys that call a menu such as the key which opens the complete menu tree of
the R&S AMU, the key which opens the menus for general instrument settings or the key
which opens the menu for file management.

Help functions support the user

Numerous help functions support the user in signal configuration.

The valid setting range can be displayed for each numeric parameter. This requires a short wait after
activation of the entry field. The range then is displayed automatically after a few seconds. If the
entered value is outside the permissible range, the next permissible value is automatically set and a
message is output (see below).

Roll Off Factor | 030

Min = 0.05
Max =099
replace mode

More___

Power Ramp Contr [Cosine ¥ 1.00 sym

Context-sensitive help for each parameter can be called by pressing either the or the key:

Each help page is part of a comprehensive online help function which can be called by means of the
Content, Index, Back, Previous and Next links.

ﬁ]Digital Standard GSM/EDGE | GaTa - Digital Maodulation
E----Digital Standard GSM/ED GFIE :
= --QGSMJEDEE rMenL Graphical display of output gignal
- 'ﬁﬂDigital Standard GSM/ Graphical Display of Signal Charact
BN - S /EDGE Graphics block
Set to Defaul - GSM A Graphics Sample Rate - Graphics =
Mode - GSM/EDGE Graphics Settings Menu
- Save/Pecal Frame - [ G5M Mode
adulation - GSMAED G5MAEDGE - Digital Standard
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Operating Concept

Messages indicate the current instrument state

A great variety of different messages such as status messages, error messages, warnings, or
information are displayed in the info field of the screen. With the aid of the key, help pages can be
called for most of the messages. They provide background information on the message and indicate
operating steps that may be required. All messages are explained in the online help which can be called

with the key.

1'a ouT

Digital I/Q Out A e

Analog 1/Q Out B

BUSY

Graphical display of data structure
The structure of the baseband signal is displayed graphically in the respective menus; the individual

signal elements can be graphically selected for processing.

Frame: Select Slot to Configure

PEPAI 0.00 dBFS
PEP B IWIV vl Level B I 1.000 v

Definition of control signals with the aid of a graphics editor
Control signals are also configured graphically.

EZ] Slot Marker, GSM A (Frame 1 : Slot 0)

LeveIAI ﬂﬂﬂl dBFS 'I
Info |

rConfigure Control Signals

Marker 1Iv -

Select Ramp to edit

Total List Length——

Length Iﬁ

50

100 Position f Bit

Preset Ramp Marker 1
Select preset type

Preset |

Positions Marker 1

IAII down 'I

Lursor

Position |E

Position in Data

Data
57

56

El:IilTahIP....l

1402.5200.62
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Graphical display of the output signal in a diagram

The output signal can be graphically displayed in a number of diagrams. This allows a fast check of
signal characteristics. Zoom functions and the insertion of a reference trace permit in-depth evaluation
without an external analyzer being required.

& A: Constellation Diagram

quadrature q(t)

-0.25

0 025 045

inphase i(t)

Zoom out

Show ref ‘ Copy to ref
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R&S AMU 200A Display

Display

The display shows the current state of the R&S AMU and offers graphical elements for direct operation.
It is divided into three sections:

e The frequency and level display with the info line indicates the main output signal parameters and
reports the current state with status, error and warning messages.

e The block diagram shows the instrument configuration, the signal characteristic as well as the
inputs and outputs used and permits interactive operation via graphics elements. Active menus and
graphs are displayed on top of the block diagram.

e The winbar with labelled softkeys for menu display.

Analog 1/Q Out A PEPA | 1.000 Vv Level A I ]IJIJIJI v 'I

Analog 1/Q Out B gl PEP B I 1.000 v Level B I ].IJI]I]IV 'I
Info |

harker 1: CnAOff Ratio
2 Onioft Ratio
3t OniCff Ratio
4 OniCff Ratio

Fading A AWGN/IMP A
config... I | config... I —] 1@ our
[T on [~ on
Moving IMP m
Graphics BERT
config... I config... I
[~ On £ [~ on
Graph A+B BERT
(o
BERT
Baseband B AWGN/IMP B 1/Q Out B
corfig... I config... I config... I —] maour
[~ on I~ on = I~ on
MSK IMP DIGI —] DiG 1@ ouT

Level Setting - Display

Level settings and a few status messages (see below) are displayed in the header field of the screen.
The display may vary depending on the instrument's operating mode:

¢ In case of two-path instruments, the baseband signal information of the two paths is displayed in
two lines.

e PEP indicates the peak envelope power and Level indicates the output voltage at the 1/Q output.
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Status Information and Messages - Display

The status information and messages are displayed in the header section of the screen. The messages
differ with respect to their importance (errors, warnings, info) and the time of their appearance (brief and
permanent messages). They require different treatment by the user. Further information on all
messages can be called in the info window (see section "Info Window - Display").

Chapter 9, "Error Messages" includes an overview of all status information and messages as well as
instructions for error elimination.

Status Information

The status information gives the user an overview of the main operating states and settings of the
R&S AMU. The states are indicated for information only and do not necessitate any action by the user.
Status information is displayed between the information on the current mode of the baseband output
signal and the level fields, at the left of the info line or in the info line itself. On two-path instruments, all
states that can occur independently in the two paths are displayed separately for each path. The
associated path is indicated in the info line.

Digital 1/Q Out A PEP A | 0.00 dBES Level A I I].I]I]I dBFS j '
|

Analog 1/Q Out B BUSY PEP B I 1.000 v Level B I ].I]l]l]l\-' j !

(A)Booting of fader driver failed Info |

Messages

Messages indicate errors in the instrument. They are displayed in the info line in different colors
depending on their importance and display duration. Errors (e.g. (A) Booting of fader driver failed) are
displayed in red, information (e.g. file not found) and warnings in black. Warnings indicate less
significant errors (e.g. the instrument operates outside specified data).

Brief messages

Brief messages report automatic settings in the instrument (e.g. switching off of incompatible types of
modulation) or on illegal entries that are not accepted by the instrument (e.g. range violations). They are
displayed in the info line on a yellow background. They are displayed on top of status information or
permanent messages.

Brief messages do not normally demand user actions and disappear automatically after a brief period of
time. They are stored in the history, however.

Permanent messages

Permanent messages are displayed if an error occurs that impairs further instrument operation, e.g. a
hardware fault. The error signalled by a permanent message must be eliminated before correct
instrument operation can be ensured.

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.
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Info Window - Display

A few operating states and the current message are displayed in the info line (see also "Error
Messages").

The info window with a list of current permanent messages and a detailed description of each message
can be opened with the key.

The upper section of the info window contains a list of all current permanent messages in the order of
their occurrence, i.e. the most recent message is displayed first. In the lower section of the window,
additional information on the highlighted message is displayed.

A history of all messages that have occurred since instrument switch-on can be called with the History
button. The most recent message is displayed first.

| A: UCorr, ALC-Auto | B: ALC-Auto imfe 1| Info line

List of current
messages with short
message text.

* Info 0 Sav/Rcl Manager Info: operation c lete -Recall c d

- No pending errors. Detailed description
for highlighted
message

Delete Delete all Del. volatile History SOftkeyS

The messages are color-coded according to their level. Device-specific messages are red, info and
remote control errors are black. The level is also indicated in the Lev column (Err, Sys or Info). Column
SCPI indicates the SCPI error code.

With the aid of the softkey buttons, error messages can be cleared and a history of all messages called.

Delete Clears the highlighted message. This button is available only if the history of the
messages is displayed.

Remote-control command:
(see below)

Delete All Clears all messages.
This button is available only if the history of the messages is displayed.

Remote-control command:
SYST:ERR:ALL

Delete Vol. Clears all brief messages. This button is available only if the history of the
messages is displayed.

Remote-control command:
(see below)

History Calls the list of all messages that have occurred since instrument switch-on. The
most recent messages are displayed at the top of the list. When the button is
pressed again, the list of current messages is displayed.

Remote-control command:

:SYST:ERR? Or :STAT:QUE?

(Each time a SYSTem:ERRor? or : STATus : QUEue? query is sent, the oldest entry
in the error queue is returned and at the same time cleared in the list).
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Block Diagram - Display

The block diagram shows provided options, signal configuration and the currently selected signal flow of
the generator with inputs and outputs used. Signal generation can be completely operated from the
block diagram. The highlighted function block can be directly switched on and off with the
key. Clicking on the rotary knob (= Enter) opens the associated setting menu.

Clack hiarker

o

Marker

1: Restart
2 Restart
3 Restart

Fading A 1/Q Out A
config... config... —| DIFF 1@ ouT
[~ on [~ On
Std Del DIFF DIGI —] DI @ ouT

@ Ppatha

BERT

config... I

[ on

—] DI @ ouT

1 OniDff Ratio
2 OniDff Ratio @

3 OniDff Ratio
4 OnfOff Ratio

Function Blocks in the Block Diagram

Each block represents a function of signal generation. The function is indicated in the headline of the
block, e.g. Baseband A. In this block, the digital modulation signal, the digital standards, arbitrary
waveform generation and multicarrier CW are set, for instance.

|

In the check box E- the respective function can be quickly activated/
deactivated with the key. After activation, the block is displayed in
blue.

A status information is displayed below the check box. It is different for the different
blocks. In the baseband block, for instance, the selected modulation and associated
additional information, e.g. the number of channels, are indicated.

Clicking on the rotary knob (front panel) or the config... button (mouse) opens the associated setting
menu. In all function blocks where the signal flow can be influenced, the top menu level for setting
signal routing parameters is offered.

ETDMA standards i

— CDMA standards —]
3GPP FDD...
misc
Custom Digital Modl...
ARB...
Multicarrier CW...
— Frequency Offset —]
0Hz

Path Gain
0dB
— Signal Routing —
wroute to path A
route to path B
route to path A and B

1402.5200.62

3.10 E-1



R&S AMU 200A Display

Signal Flow and Input/Output Symbols in the Block Diagram

The input/output symbols in the block diagram show the currently used inputs and outputs of the
R&S AMU. Unused inputs and outputs are not shown. The lines indicate the signal flow.

Symbols and labels refer to the corresponding inputs and outputs on the front and rear panel of the
R&S AMU. The direction - input or output - is indicated by an arrow.

Example:

The symbols indicate the inputs for the analog | and Q signal on the instrument
front panel.

o (@)
o (@)

The marker characteristics are listed next to the marker symbol of the active markers.

Clock Marker 1: Restart

(=% 2 Restart
3 Restart
4. Restart

L

AWGN/IMP A

config... I

[~ on
Noise IMP

DI 192 oUT

e The baseband signal is indicated by a three line arrow, the |- and Q-components of the signal by a
single-line arrow.

e Addition of signals is indicated by the summation sign.
e Connections are indicated by a "solder point".
e Black is used for the generated signal.

e Green is used for control signals.

The signal flow is configured in the individual menus. User interfaces are configured in the
Environment — USER Marker /AUX 1/O Settings menu.

Winbar and Softkeys - Display

The Winbar with eight buttons is displayed below the block diagram. Labelled buttons represent open
menus, the label indicates the menu. If several menus are open, the button of the currently active menu
is displayed in a lighter colour. The buttons also assign functions to the softkeys of the next lower level
for front-panel operation. Up to eight menus may be open simultaneously. When the ninth menu is
opened, the menu that was opened first is automatically closed.

Some menus, e.g. data and list editor menus, cover the Winbar and assign menu-specific functions to
the front-panel softkeys by way of the menu buttons.

Analog 1'Q Ourt GPSB Arbitrary Arbitrary Key
Settings A Wawveform B Waveform A Emulation

Any of the open menus can be activated either with the respective button in the Winbar or the front-
panel softkey. In combination with the keys for menu operation ((CLOSE], [HIDE]| and [REARR]), convenient
menu operation can be ensured. Menu operation is described in section "Menu Operation", page 3.26.
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Menu Structure - Display

The parameters are set in the menus. Menus are called either via the function blocks in the diagram or
by means of the key. The menus are displayed on top of the block diagram. If the menu buttons
assign menu-specific functions to the softkeys, the winbar is hidden.

E2 GSM/EDGE A
e
Set To Default | SaveRecall.. |
IMude Framed (Single) -
i Unframed
Modulation...
Framed {Double
Power Ramping... | | { LDEIHE) T Z Sy
Define All Slot Attenuations... |

This section describes the menu structure. Menu operation is described in section "Menu Operation",
page 3.26, the setting of parameters in section "Setting Parameters", page 3.15.

The menus are in Windows format. They differ in details depending on their function but they consist of
the same main elements.

& GSM/EDGE A Menu header

The header line contains the name of the menu
(e.g. GSM/EDGE A) and the buttons for

minimizing and closing %[ the menu. The
buttons can be operated with the mouse. For
operation from the front panel, the and

keys can be used.

The remaining menu area is variable and comprises various fields for setting parameters.
Each of the setting fields is assigned a parameter name. The kind of setting varies depending on the
parameter to be set.

Each of the setting fields is assigned a parameter name. The kind of setting varies depending on the
parameter to be set.

Filter Parameter 0.30 Entry field

A numeric value (e.g. Filter Parameter) or an
File Name: alpha-numeric value (e.g. file name) can be
entered in those fields.
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Display

IEet acc to standard

GSM

Symbol Rate

Coding

Modulation Type

More_ ..

Mo

Bluetooth
DECT
ETC

GSM EDGE
NADC

PDC

FHS
TETRA

WCDMA-IGPP

Selection field

The = button indicates that a selection can be
made from a list. The fold-down selection list is
displayed below the selection field. Depending on
the number of entries, the full list or only part of it
is shown.

One entry at a time can be selected from the list.

If an item is not available for selection, it is printed
in grey and cannot be accessed.

ISymhuI Rate

270.833 333 | ksymis vI

Coding

Modulation

ISymhuI Rate

270833 333

GSM

SYmJs
— Msymis

ksymis ~

Coding

GSM

Modulation

syYymis
ksym/fs

Units

The unit of a parameter is displayed next to the
value. When the parameter is edited, the unit is
selected either from the list or by means of the
front-panel keys. When the entry is completed, the
unit can be changed. In this case the value
remains unchanged but is automatically adapted to
the new unit.

Il_gnure 174 sym (slot length 156 sym)

N |

Check-box field

If the check box is ticked, the associated
parameter setting is active (e.g. switched on).

Coding

Modulation Type

: Differential
Phase Differential

Access denied

Some settings can only be made in a specific
configuration. If setting is not permitted with the
selected specific configuration, the respective item
is disabled and displayed in grey and the entry or
selection field cannot be accessed.

State

| Leakage
Q Leakage

Imbalance

Quadrature Offzet

Impairments

1402.5200.62

Menu area
-

Several fields of associated but separately set
! 0.00 | % | parameters can be organized in a menu area.
| ) 2 = The menu area is framed and labelled with the
| 0.00 | % | | | function common to all parameters (e.g.
| 0.00 [deg | Impairments).
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Slot| Symb

Tables

Tables are made up of a header, which normally
contains the column labels, and lines containing
the text.

———————Frame: Select Slot to Configure
|—|<
0 1 2 3 4 5 6 7

Graphical display

Graphical displays show signal characteristics and
in some of them the element to be set can be
selected.

Execute Single Sweep |

Trigger/Marker... |

Zoom in Zoom out

1402.5200.62

3.14

Buttons

The buttons either trigger a single action (e.g.
Execute Single Sweep), or call the next menu level (to
be identified by 3 dots, e.g. Trigger/Marker...).

Some menus contain buttons that assign a
function to the front-panel softkey below (e.g.
Zoom in Zoom out). These menus cover the winbar .
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R&S AMU 200A Setting Parameters

Graphical Display of Output Signal Characteristics

The graphical display of the output signal enables the user to rapidly check signal characteristics
without connecting an analyzer. Zoom functions and the display of a reference trace allow in-depth
evaluation. The diagram is displayed on top of the block diagram. It can be minimized and called in the
same way as a menu.

Example: 1/Q diagram

& A it), aft

150 200 250 300 350 400 450 500 550 6

Inphase i(t)

]

Quadrat. q(t)

150 200 3Z50 300 350 400 450 400 550 60O

ti Tsymbol

Zoom out Show ref Copy to ref

The Graphics Settings menu for selecting the graphics display of the output signal can be called either
via the Graphics function block in the diagram or with the aid of the key. The operation of the
graphics windows is analogous to menu operation.

The menu and the individual graphical displays are described in chapter 4, section "Graphics Display -
Graphics".

Setting Parameters

The R&S AMU offers several and sometimes alternative possibilities for setting parameters. Operation
is possible from the front panel, with the aid of a mouse and/or from a PC keyboard. Operation of the
R&S AMU with the aid of these control media is shown in the tables below.

Level parameters are directly set in the header area of the display using the key.

Some of the keys trigger a direct action, e.g. the key switches the baseband output on
and off. An overview of key functions can be found at the end of this chapter (see section "Legend of
Front-Panel Controls"), a detailed description of key functions is given in "Instrument Functions"..

Most of the parameters are set in the menus. Menus can be opened from the function blocks of the

diagram either with the aid of the rotary knob (= Enter) on the front-panel or by a mouse click on the
Config... button.
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An exception are the Setup, File and Hardcopy menus. In the Setup menu, general settings are made
which are not directly concerned with signal generation, e.g. setting of the IEC/IEEE bus address. In the
File menu, files and lists are managed; in the Hardcopy menu, printout is configured and hardcopies
can be made. These menus can only be called with the [SETUP], [FILE] and [HCOPY | keys.

Specific settings can also be made directly in the block diagram, e.g. activating a function block by
means of the key. Changes affecting the signal flow are immediately visible in the
graphics display.

The R&S AMU uses the Windows XP® operating system. Settings at system level are only rarely
required, e.g. installation of a new printer driver. For convenient operation of Windows XP®, a keyboard
and a mouse are required.

Calling a Menu - Setting Parameters

After the instrument switch-on, the cursor is always on the first function block of the diagram (default
setting). It can be moved by means of the rotary knob or the arrow keys. Clicking on the rotary knob
opens the menu associated with the function block. The key opens the complete menu tree.

With the aid of the appropriate keys and softkeys, the cursor can also be moved to the header area or
the winbar.

The key activates the level entry fields in the header area.
e The key moves the cursor to the block diagram.

e The key moves the winbar to the foreground. The button that was active last in the winbar
is highlighted. The associated menu is activated by clicking on the rotary knob (= Enter).

¢ A front-panel softkey immediately activates the associated menu and the cursor is on a parameter
in this menu.

e The key opens the complete menu tree, the [FILE]| and [SETUP] keys the respective menus.
Menus can be closed with the key.

e The cursor can also be moved with the key. However, the function of this key depends on the
current cursor position:

Parameter field (editing mode):
The editing mode is terminated and the previous value is restored (exception: value variations
with the rotary knob cannot be cancelled).

Menu area:
The cursor is set to another menu area.

Menu:
The menu is closed and the cursor changes to the next higher control level.

Frequencyllevel field:
The cursor is set on the previously active menu or, if no menu was active, on the first function
block in the diagram.

Function block in the diagram:
The cursor is set on the first menu in the winbar. If no menus are open, the current cursor
position remains unchanged.
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Setting Parameters

Function Front panel PC keyboard Mouse
Activates the level entry Press | BASEBD LEVEL Press CTRL +R. Click on the entry field and
fields in the header area. key. Enter value. enter value.

Enter a value.

Activates the block
diagram

Press | DIAGRAM | key.

Press CTRL + D.

Click on the function block.

Activates the winbar

Press softkey.

Press CTRL + F1... F8

Click on a button in the

Press [WINBAR | key . Press CTRL +W. winbar.
Calls the Setup or File Press |SETUP |, | FILE | or Press CTRL + E (Setup), Move the cursor in the
menu or the menu tree MENU | key. CTRL + S (File) or CTRL + function block area. Click on

M (menu tree).

the right mouse button. The
key emulation window is
displayed.

Click on the Setup, File or
Menu button in the key
emulation window.

Selecting a Control Element - Setting Parameters

Control elements are always selected in the same way no matter whether a function block in the
diagram, a menu in the menu tree, a parameter in the menu, or an entry in a list or table is concerned.

e An element is activated by means of the cursor. An active element is highlighted by a blue frame.

‘IData Source

IPREIS "II

Function

Front panel

PC keyboard

Mouse

Selects an element

Select element by means of
the rotary knob or the arrow
keys.

the arrow keys.

Select element by means of

Click element.

Switching Parameters On/Off - Setting Parameters

A parameter can be activated and deactivated using a button or a check box.

e The ENTER function of the different control media switches the highlighted element on or off (toggle
function). Colour and label of a button change, the check box is ticked or the tick is removed.

Ilgnnre 1/4 sym (slot length 156 sym) IFI ‘Ilgnnre 1/4 sym (slot length 156 sym) I_I
Function Front panel PC keyboard Mouse
Switches on/off Press rotary knob, | ENTER Press Enter key. Click check box or button.
or | TOGGLE ON OFF| key.
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Selecting and Exiting a Menu Area - Setting Parameters

Some menus are organized in areas. The cursor can be moved either only within an area or between
the higher-level menu areas. This applies to the File Select menus when files are saved or loaded.
When the menu is called, one of the menu areas is highlighted by a blue frame.

& Select Data List To Edit

recent data sets

o)X

c:famu_lists

= e

=

;I No files found |

- 3gpp

- control
data

dm

aps

gsm

- settings

- waveforms
- wimax

- wilan

e R o O g e O O o OO O OO o O -y
L R B g R o o e R Ed)

.|
)
5
Ll
J

File
Manager...

e Another menu area can be selected (highlighted) by means of the rotary knob or the arrow keys.

¢ Clicking the rotary knob (= Enter) moves the cursor to the highlighted menu area. When the cursor is
placed on a lower-level area in the menu, the area is highlighted by a grey frame. The currently

selected item

is printed on a blue background (in the example the selected directory).

The rotary knob and the arrow keys up/down move the cursor only within the grey-framed area.

1402.5200.62
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& Select Data List To Edit
recent data sets

c:famu_lists/gsmnew
ciamu_lists/gsmidataz00

c:lamu_lists/gsm |
- amu_lists - dataz00

El- 3gpp dlist

- control
[+ data
- dm
-
[
[
E

gsmz2
new

settings

H- wawveforms
H- wimax
- wlan
=+ CAP

0. Flaar™aca

File
Manager...

¢ Clicking the rotary knob (= Enter) terminates the setting, i.e. selection of a file. The cursor is either
set on the next higher menu level or the menu is closed as in our example.

e The left/right cursor keys first shift the entry focus within the menu range form left to right (or vice
versa); in the example, from the directory tree to the file list. Press again and the entry focus is
shifted up one menu level.

¢ Clicking the rotary knob (= Enter) performs a setting.
In the example of the File Select menu, this is the display of the subdirectories if a directory is
marked and, if a file is marked, the selection of this file. After a file has been selected, the menu

closes automatically.

e The key moves the cursor to the next higher menu level.

Function

Front panel

PC keyboard

Mouse

Selects a menu area

Select menu area using the
rotary knob or the arrow
keys. Press the rotary knob

or the |[ENTER | key.

Rotary knob and arrow keys
up/down move the cursor
only within the selected
menu area.

Select menu area using the
arrow keys. Press the Enter
key.

The arrow keys up/down
move the cursor only within
the selected menu area.

(The menu area is selected
by selecting an entry.)

Exits a menu area

Press the key.

Rotary knob or arrow keys
move the cursor between
different menu areas.

Press the Enter key.

The arrow keys move the
cursor between different
menu areas.

(The menu area is exited by
setting the cursor on an item
outside the area).
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Entering a Value - Setting Parameters

Numeric and alphanumeric values can be edited in the entry fields. In the editing mode, cursors of
different colour are used. A blue cursor indicates the overwrite mode, a green cursor the insert mode.
The key toggles between the two modes. The insert mode is the default setting.

Numeric values can either be newly entered or the existing value can be varied. Incorrect entries are

cleared with the key.

New entry:
The entry is started by clicking on an alphanumeric key.

File Name: File Name:
i | h 1 |

Entering a new value:
A click on a numeric key activates the editing mode. The previous value is cleared and the new
value can be entered.

||Symhul Rate I 270.833 33 I ksym/is vll
||Symhul Rate I 4 Iksym!s v"

Editing:
An existing value, e.g. a file name, can be changed in the insert mode (see example) or in the
overwrite mode.

File Name: File Name:
Mcowlistl.mcow Mcowlist D.mcow

Editing a value in the insert mode (default setting):

Clicking the rotary knob (= Enter) activates the editing mode. Set the cursor to the left of the number
to be changed using the left/right arrow keys. The cursor is displayed in green. A change to the
overwrite mode is possible any time. In this case the cursor changes its colour and the number to be
replaced is highlighted. If the cursor is placed at the right of the total value, the insert mode is always
active.

||Symhul Rate I 270.833 33 I ksym/is vll
||Symhul Rate I 2?0.32[3 333 Iksym.fs 'll

||3ymhu| Rate | 270_33 33 | ksymis jl

||Svmhul Rate 2?0.3633 ksymis

Editing a value in the overwrite mode:

Clicking the rotary knob (= Enter) activates the editing mode. Set the cursor on the number to be
varied using the left/right arrow keys. In the overwrite mode, the cursor is blue. The highlighted value
is overwritten by clicking on a numeric key.

||3ymhu| Rate |  270.833 33 |ksymis J

||Symhul Rate | 4 |ksym.i's g
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e Variation:

Clicking the rotary knob (= Enter) activates the editing mode. Set the cursor to the left of the number
to be changed using the left/right arrow keys. The value at the cursor position is varied. An increase
or decrease of the value depends on the cursor used (up/down) or on the direction of rotation of the

rotary knob.

||Svmbul Rate

||Symhnl Rate

I 270.833 33 Iksvm.fs v!l
| 260.833 33 Iksymrs vil

Alphanumeric values can either be newly entered or existing values can be edited (e.g. file name).

Function

Front panel

PC keyboard

Mouse

Enters a new value

Press an alphanumeric key.

If hexadecimal values are to be
entered, the numeric front-panel
keys are changed to hexadecimal
values automatically.

Press a letter key or a
numeric key.

Edits a value

Click the rotary knob. Select the
desired numeric digit with the
rotary knob and mark it by
clicking on the button. Change
the number using the keypad.

Use the | INSERT | key to toggle
between the insert mode and the
overwrite mode.

Press the Enter key. Select
the desired numeric digit
using the left/right arrow
keys. Enter new value using
the keyboard.

Use the Insert key to toggle
between the insert and the
overwrite mode.

Click the desired position to
set the cursor. Change the
value using the keyboard.

Varies a value

Click the rotary knob. Select the
desired numeric digit with the
rotary knob and mark it by
clicking on the button. Vary the
number using the rotary knob.

Press the Enter key. Select
the desired numeric digit
using the left/right arrow
keys. Vary the number using
the up/down arrow keys.

Selecting a Unit - Setting Parameters

The entry of a numeric value can be terminated by pressing a unit key on the front panel, selecting a
unit in the selection field next to the value or by clicking on the rotary knob (= Enter). The unit is
assigned in different ways:

Terminating the value entry by selecting a unit in the units field

When the entry is terminated with a unit key on the front panel, the key assigns the unit to the value. In
the example, the M/u key assigns Msym/s to the entered value 14.

=]
| w0 Jkeymis <l T ()
o
[14.000 000 00 | Msymis = ]|

||3ymhu| Rate yields

|I5rmhu| Rate
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Terminating the value entry by selecting a unit in the units field
When the entry is terminated by selecting a unit in the units field next to the value, the selected unit is
assigned, e.g. sym/s (for list selection see next section).

+
I 400 Iksym.fs 'II

||Symhul Rate

400.00 [ETTENE ~

‘IS',rmhul Rate

Terminating the value entry with Enter
If an entry is terminated by clicking on the rotary knob (= Enter) or with the key, the unit
displayed in the entry field next to the value is assigned (in the example ksym/s).

+
I 14| I ksymis 'II -l
I 14.000 00 I ksym/Js VII

If a unit is subsequently changed, i.e. after the entry has been terminated and when the editing mode is
not active, the value remains unchanged but the display is automatically adapted to the new unit. This
applies if the unit is changed by means of the unit keys on the front panel or via the unit field next to the
value.

|I5ymhu| Rate yields

|I5';rmhul Rate

IS';rmhuI Rate

+
I 270.833 33 Iksyrmfs vil

E' or

+ .
|I5'fmhn| Rate | 270.833 33 Iksyrmfs vil yields
|I5ymhu| Rate I 0.270 833 33 Ihlsrm.fs 'il

Function Front panel PC keyboard Mouse

Assigns a unit

To terminate the entry, press
one of the keys

or

select unit in the field at the
right of the value (for list
selection see next section).

To terminate the entry press one of the
key combinations ALT + F9/ + F10/+
F11/+ F12

or

select the unit in the field at the right of
the value (for list selection see next
section).

Select unit in the field at the
right of the value before
entering the value (for list
selection see next section).

Changes a
unit

After the value entry has
been terminated press a

key
or

select unit in the field at the
right of the value (for list
selection see next section).

After the value entry has been
terminated press one of the key
combinations

ALT + F9/+ F10/+ F11/+ F12

or

select unit in the field at the right of the
value (for list selection see next section).

Select unit in the field at the
right of the value after the
value entry (for list selection
see next section).
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Setting Parameters

Selecting a Value from a List - Setting Parameters

The ﬂ button next to the value field indicates that a selection list is available.

¢ Clicking the rotary knob (= Enter) opens the list. Selection is made by choosing an entry (item is
highlighted) and confirmation with ENTER. If the list is longer than the displayed window, a scroll bar

is available
ISet acc to standard GSM -
Bluetooth “
Symbol Rate DECT
. ETC
Coding GGM
Mo|GSM EDGE
NADC
Modulation Type PDC _
M | PHS
are... TETRA
I WCDMA-3IGPP -h
Function Front panel PC keyboard Mouse

Opens the selection list

Press rotary knob or

ENTER] key.

Press Enter key.

Click LI button.

Selects an entry

Select entry using the rotary
knob or the up/down arrow
keys and confirm with the
rotary knob or the
key

or

press
key several times until the
desired entry is displayed in
the selection field.

Select entry using the
up/down arrow keys and

confirm with the Enter key.

Double-click the desired
entry.

Scrolls

Shift the displayed list
section using the rotary knob
or the up/down arrow keys.

Shift the displayed list
section using the up/down
arrow keys.

Press LI oril button in

the scroll bar until the
desired entry is displayed.
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Terminating Entries - Setting Parameters

Variations by means of the rotary knob are immediately set, e.g. baseband level variation.
All other parameter settings have to be confirmed by pressing the rotary knob or one of the unit keys
(see also section "Selecting a Unit").

Some settings require additional confirmation with the Accept button. This is the case when it is useful to
first enter a few values and to confirm them together, e.g. when carriers for a multicarrier CW signal are
defined in the carrier table. Settings not yet confirmed by Accept are displayed on a yellow background
in the menu. This indicates that the currently displayed values do not represent the desired signal.

All settings of instrument functions that can be switched on and off are calculated and effective only
after this function has been switched on.

Calculation and setting may take up different periods of time. Many settings are made without
noticeable calculation times. If a short period is required, BUSY is displayed during this time in the
status field of the header section. If more time is required for calculation, a window with a progress bar
is displayed. Calculation can be aborted with the Abort button in this window.

If time-consuming calculations are required, signal generation is automatically switched off and
calculation is interrupted to allow the user to make further settings. Calculation is restarted with the
key and the modulation is switched on again when the calculation is completed.

Hint:
If several settings are to be made for an instrument function, recalculation of the signal can be
prevented by switching off the function. When the function is switched on again after all parameter
have been changed, the signal is recalculated only once.

Function

Front panel

PC keyboard

Mouse

Accepts value immediately

Vary the value using the rotary
knob or the up/down arrow keys.

Vary the value with the
up/down arrow keys.

Confirms entries

Press rotary knob or | ENTER

key
or

press key.

Press Enter key
or
one of the key combinations

ALT + F9/+ F10/+ F11/+
F12.

Exit entry field.

Confirms entries in the
menus with the Accept
button.

Press Accept button.

Select Accept button with
the arrow keys and press
Enter.

Click Accept button.

Sets the entries in the
instrument

If the instrument function is
active, the new value is
immediately calculated and set.

If the instrument function is not
active, the new confirmed value is
calculated and set only when the
function is switched on.

(see front panel)

(see front panel)
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Restoring the Previous Value - Setting Parameters

Parameter variations with the rotary knob are immediately set and therefore not reversible.

Normally, values cannot be restored also in the case of mouse control because no explicit confirmation
is required in this case and entries are automatically confirmed when the entry or selection field is
exited.

In the case of front-panel control or operation from the keyboard, previous values can be restored as
long as the new value is not confirmed, i.e. the entry is not completed. This can be done with the
key.

With settings requiring an additional confirmation with the Accept button, all settings are aborted when
the key is pressed. Before the changes are aborted, a confirmation query is displayed. If OK is
clicked on, the changes are aborted; if Cancel is clicked on, the menu with the previous settings is

displayed again.

B warning

DK

You changed some parameter{s) which require a new calculation of the signal.
Do you really want to abort your changes without ACCEPT ?

Cancel

Accept button

Answer the confirmation

query with (see above).

Answer the confirmation
query with OK (see above).

Function Front panel PC keyboard Mouse
Restores previous values Press the key before Press the Esc key before the | -
the entries are confirmed. entries are confirmed.
Restores all previous P the |ESC | k Press the Esc ke
values in menus with ress the d v Click the button.

Answer the confirmation
query with OK (see above).

Restores all previous
values after an extended
calculation has been
started

Press the Abort button in the
progress bar.

Select the Abort button in the
progress bar using the arrow
keys and press the Enter key.

Click the Abort button.
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Menu Operation

Menus are operated with the aid of the winbar buttons and with the [HIDE], [CLOSE], [DIAGRAM] and

keys on the front panel.
If the winbar is covered by a menu, it can be called to the front with the key.

e The key moves the cursor to the block diagram. All active menus are minimized and
displayed as winbar buttons. They are still open and can be displayed again with the key.

e The key closes an active menu.
e The key minimizes an active menu. It is displayed as a Winbar button.

e The key rearranges all open menus that where shifted outside the display range with the
mouse. Then they overlap as little as possible.

e The key toggles the cursor between a winbar button and the block diagram.

Note:
The key also closes the active menu if the cursor is at the highest menu level.

Function Front panel PC keyboard Mouse

Displays the block Press the | DIAGRAM | key. Press CTRL + D. Click function block.

diagram in the foreground

Displays a menu in the Press the associated button. Press Click the respective button in

foreground CTRL + F1 to F8. the winbar.

Minimizes an active menu Press the | HIDE | key. Press CTRL + H. cClick the I button in the
menu bar.

Closes an active menu Press the | CLOSE | key. Press CTRL + G. click the [ button in the
menu bar.

Hides all menus Click the | DIAGRAM | key. Press CTRL +D. -

Automatically arranges Click the | REARR | key. Press CTRL + A. The menus can be shifted

displayed menus with the mouse as required.

The frequency and level
fields and the info line
cannot be covered,
however.

Editors

The R&S AMU provides user-friendly editors for defining data lists as well as control and marker
signals. Internally generated data lists can be used for digital modulation and digital standards; the
same applies to internally defined control and marker signals.

The lists are saved to files and may thus have any length. The file name of the lists and the directory to
which the files are saved are user-selectable. The file prefix is different for each list type and is
permanently assigned by the system (see section "File Management").
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Data Editor

The Data Editor can be used to internally generate binary data lists for digital modulation and digital
standards.

A list of binary values with a maximum length of 2431 bits can be entered in the Data Editor. This value
corresponds to a file size of approx. 268 Mbyte. While it is being processed, the file is continuously
automatically buffered. When the menu is exited, the file is automatically saved with the new values, i.e.
there is no extra Save button. Depending on the size of the file, saving may take some time.

It is called up in the individual menus by means of the Edit Data List... button.

e The selected data list is displayed.

| Data list

Offset 144 Len 144, dlist ins
01111 1111 1111 1111 1111 1111 1111 1111 1111 1111
40 1111 1111 1111 1111 1111 1000 000D OOOO OOOO OODOO
g0 0001 1111 1111 0101 1111 1111 1111 1111 1000 0000

120 0000 1010 1000 0000 0000 o000

160

200

240

Start

Select | Copy | Paste |

GoTo |

e Toincrease 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.

e An existing list can be edited in the insert or overwrite mode.
e By means of the GoTo button, any bit position can be accessed.

e By means of the Start Select , Copy and Paste buttons, any range of bits can be marked, copied and
subsequently pasted at any position in the list.

e By means of the HEX button, switchover to hexadecimal display is possible.

e For anew list to be edited, it must first be created in the File Select menu (see section "File
Management", page 3.36) and then selected.

Function

Front panel

PC keyboard

Mouse

Call up editor.

The cursor marks the start
value of the list.

Use the rotary knob or the
cursor keys to mark the  Edit
Data List... button in the list
management submenu of the
individual menu, click on the
rotary knob or press the

ENTER] key.

Mark the Edit Data List...
button in the list management
submenu of the individual
menu and press the Enter
key

Click the Edit Data List...
button in the list management
submenu of the individual
menu.

Enter value.

Depending on selected
mode, either insertion or
overwrite, the value is either
inserted or it replaces an
existing value.

Use the numeric keys to
enter the values 0 or 1.

Use the numeric keys to
enter the values 0 or 1.
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Function Front panel PC keyboard Mouse
Delete value. Use the rotary knob or the Use the cursor keys to mark -

cursor keys to mark the bit the bit that follows the value
The value before the marked | that follows the value to be to be deleted.
bit is deleted. deleted.
Press the Insert key to
Press the | INSERT | key to activate the insertion mode.
activate the insertion mode. Values cannot be deleted in
Values cannot be deleted in the overwrite mode.
the overwrite mode.
Press the Backspace key.
Press the | BACKSPACE
key.
Select bit position. Use the rotary knob or the Mark the GoTo button and Click bit.

The cursor marks the bit at
the selected position.

cursor keys to mark the
GoTo button, click on the
rotary knob or press the

ENTER] key.

Enter the bit position in the
GoTo Offset entry field by
means of the numeric keys,
click on the rotary knob or

press the [ENTER | key.

press the Enter key.

Use the numeric keys to
enter the bit position in the
Offset entry field and
terminate the entry by
pressing the Enter key.

Copy and paste bits.

The selected and copied bits
are pasted after the selected
position.

Use the rotary knob or the
cursor keys to mark the start
bit of the selection.

Press the key. Use the
rotary knob or the cursor keys
to mark the Start Select
button, click on the rotary

knob or press the | ENTER

key.

Use the rotary knob or the
cursor keys to mark the
selection.

Press the key. Use the
rotary knob or the cursor keys
to mark the Copy button,
click on the rotary knob or

press the | ENTER | key.

Use the rotary knob or the
cursor keys to mark the insert
position.

Press the key. Use the
rotary knob or the cursor keys
to mark the Paste button,
click on the rotary knob or

press the | ENTER | key.

Move the cursor to the start
of the selection.

Press the ESC key. Mark the
Start Select button and press
the Enter key.

Move the cursor to the end of
the selection.

Press the ESC key. Mark the
Copy button and press the
Enter key.

Move the cursor to the insert
position.

Press the ESC key. Mark the
Paste button and press the
Enter key.

Click the bit at the start of the
selection.

Click the Start Select button.

Click the bit at the end of the
selection.

Click the Copy button.

Click the bit position after
which the copied bits should
be pasted.

Click the Paste button.
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Function

Front panel

PC keyboard

Mouse

Display and edit the values
in hexadecimal form.

Each four bits are displayed
as a hexadecimal value: To
increase readability, the
hexadecimal values in turn
are displayed in pairs of two.
The hex functions are
automatically assigned to the
numeric keys at the front
panel.

Use the rotary knob or the
cursor keys to mark the Hex
button, click on the rotary

knob or press the | ENTER

key.

Mark the Hex button and
press the Enter key.

Click the Hex button.

Save list.

The list is saved
automatically when the menu
is closed.

Press the key.

Press the ESC key.

Click the E button in the
menu bar.

Create new list.

Mark the 'Data List... button
in the list management
submenu of the individual
menu, click on the rotary

knob or press the | ENTER

key.

Mark Create New List, click
on the rotary knob or press

the |[ENTER | key.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37).

Mark the 'Data List... button
in the list management
submenu of the individual
menu and press the Enter
key.

Mark Create New List and
press the Enter key.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37)

Double-click on the Data
List... button in the list
management submenu of the
individual menu.

Double-click on Create New
List.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37)

Control and Marker List Editor

The control and marker signals for digital modulation and digital standards can be very conveniently
graphically defined in a Control and Marker List Editor.

The four available marker signals — and, with custom digital modulation, the CW, Hop, Burst Gate and
Lev Att control signals — can be defined in the Control and Marker List Editor. While it is being
processed, the file is continuously automatically buffered. When the menu is exited, the file is
automatically saved with the new values, i.e. there is no extra Save button. Depending on the size of the
file, saving may take some time.

The Control List Editor is called up in the Custom Digital Mod menus by means of the Edit Control List...
button.

The Slot Marker Definition Editor is called up in the Burst submenu of the GSM/EDGE menus by
means of the Slot Marker Definition... button.

The following figure shows the Slot Marker Definition Editor of the GSM/EDGE menu as an example.

1402.5200.62 3.29 E-1



Manual Operation R&S AMU 200A

EZ] Slot Marker, GSM A (Frame 1 : Slot 0)

Tail Data 5 T5C 5 Data Tail
3 57 1 26 1 57 3

Select Ramp to edit

rConfigure Control Signals

Marker 1Iv - o

0 50 100 Position f Bit
Total List Length——
Length I15?
Preset Ramp Marker 1 Cursor Positions Marker 1
Select preset type IAII down vl Position |E D:;a Edit Table...l
Preset |
Position in Data 56

e The upper area displays the signal (in the example, the GSM slot) for which the marker signals are
to be defined. On the left side, the available signals (marker and control signals) are listed and
colour-coded.

¢ Auxiliary functions are offered in the lower editor area, e.g. presetting for the ramps in the marker
signal, cursor positioning by entering the bit position and possible editing by means of value entries
in a table.

e The actual graphic definition of the control signals occurs in the center area of the editor.
Each control signal is represented by means of a colored line along the bit axis. A cursor can be
shifted alongside this line and marks the position where a ramp is to be set.
The color of the cursor changes depending on the current function. The switch over between the
colors (and therefore functions) is by means of the Enter key:
black: marks the bit position on the marker line
yellow:  sets aramp
green: activates the marked ramp for shifting

The ramp transition of the newly set ramp depends on the current status (high/low) of the control
signal. If the signal is low, a ramp with low/high transition is generated; if the signal is high, a ramp
with high/low transition is generated.

I [

When ramps are set between existing ramps, the transition of the new ramp is also defined by the
status of the signal before the new ramp. For this reason, a ramp that has already been set can be
assigned low/low or high/high transition (as in the example), i.e. it will have no effect on the control
signal in this configuration. However, the ramp remains saved, and its position is indicated by a
dashed line.

BN [
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— I

If another change produces effective transition, this ramp will be regenerated.

— I

I

[ 1

e An existing ramp can be shifted to any positions. The transitions are adjusted accordingly.

e To make the setting easy, a selection of preset ramp characteristics is offered in the Preset Signal

area.

¢ Inthe Cursor area, the cursor can be specifically set to a defined bit position in the data signal.

e The ramps can also be set in the table in the Marker Positions area.

The various functions of the editor are explained in the individual menus. The following table explains
only the general use of the graphic editor.

Function

Front panel

PC keyboard

Mouse

Call up editor.

The cursor marks the first
control signal in the list on the
left side of the menu.

Use the rotary knob or the
cursor keys to mark the
button in the individual menu,

click on the rotary knob or
press the | ENTER | key.

Mark the button in the
individual menu and press
the Enter key.

Click the button in the
individual menu.

Activate control/marker
signal line for editing

The cursor is active for the
selected line.

Use the rotary knob or the
cursor keys to mark the
editable graphic area, click on
the rotary knob or press the

ENTER] key.

Use the rotary knob or the
cursor keys to mark the

control/marker signal line,
click on the rotary knob or

press the | ENTER | key.

Use the cursor keys to mark
the editable graphic area and
press the Enter key.

Use the cursor keys to mark
the control/marker signal line
and press the Enter key.

Click row.

Set ramp.

The ramp transition depends
on the status (high/low) of the
control/marker signal before
the ramp.

Use the rotary knob or the
cursor keys to move the
cursor to the position where
the ramp is to be inserted.
Click the rotary knob or press

the | ENTER | key.

Use the cursor keys to move
the cursor to the position
where the ramp is to be
inserted. Press the Enter key.

Double click on the cursor;
the cursor changes colour
and the ramp is inserted.
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Function Front panel PC keyboard Mouse
Shift ramp. Use the rotary knob or the Use the cursor keys to move After double-clicking on the

The ramp transition depends
on the status (high/low) of the
control/marker signal before
the ramp.

cursor keys to move the
cursor to the ramp position;
the cursor changes colour.

Click the rotary knob or press
the key. The cursor
again changes colour. The
ramp will now be shifted by
means of the cursor.

Click the rotary knob or press

the | ENTER | key. The ramp

will be set at the current
position.

the cursor to the ramp
position; the cursor changes
colour.

Press the Enter key. The
cursor again changes colour.
The ramp will now be shifted
by means of the cursor.

Press the Enter key. The
ramp will be set at the current
position.

cursor, click on it once again
and, while holding down the
left-hand mouse button, drag
it. The cursor changes colour.

The ramp is set as soon as
the left-hand mouse button is
released.

Delete ramp.

The ramp transitions of the
other ramps are adapted to
the changed signal status
(high/low).

Use the rotary knob or the
cursor keys to move the
cursor to the ramp position;
the cursor changes colour.

Press the | BACKSPACE

key. The ramp will be
deleted.

Use the cursor keys to move
the cursor to the ramp
position; the cursor changes
colour.

Press the Delete key. The
ramp will be deleted.

Define length of control list
(Custom Dig Mod only).

Use the rotary knob or the
cursor keys to mark the Total
List Length entry field, click
on the rotary knob or press

the |[ENTER | key.

Enter the length by means of
the numeric keys.

Click the rotary knob or press

the | ENTER | key. The control

list length is defined.

Use the cursor keys to mark
the Total List Length entry
field and press the Enter key.

Enter the length by means of
the numeric keys.

Press the Enter key. The
control list length is defined.

Zoom displayed range
(Custom Dig Mod only).

Approx. 300 bits around the
current cursor position are
displayed.

Use the rotary knob or the
cursor keys to mark the
Zoom in button, click on the
rotary knob or press the

ENTER] key.

Use the cursor keys to mark
the Zoom in button and
press the Enter key.

Enter the length by means of
the numeric keys.

Press the Enter key. The
control list length is defined.

Click the Zoom in button.

Save list.

The list is saved
automatically when the menu
is closed.

Press the key.

Press the ESC key.

Click the E button in the
menu bar.
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Editors

Function

Front panel

PC keyboard

Mouse

Create new list
(Custom Dig Mod only).

Mark the | Control List...
button in the list management
submenu of the individual
menu, click on the rotary

knob or press the | ENTER

key

Mark Create New List, click
on the rotary knob or press

the |[ENTER | key.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37).

Mark the Control List...
button in the list management
submenu of the individual

menu and press the | ENTER

key

Mark Create New List and
press the Enter key.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37)

Double-click on the Control
List... button in the list
management submenu of the
individual menu.

Double-click on Create New
List.

Enter the file name in the File
Select menu and select the
directory (see section "File
Select Menu", page 3.37)
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Help system

The R&S AMU is equipped with a context-sensitive help function. A help page is available for each
parameter and can be called any time during instrument operation. The context-sensitive page which is
opened with the key is part of a comprehensive help system. It is possible to move from this
context-sensitive page to any page of the help system.

Note:
Compiled online help systems are also available for all functions of the R&S AMU on the CD-ROM
supplied with the instrument. This help program can be called on any controller with Internet
Explorer version V 4.0 and higher.

Burst Editor - GSM/EDGE

- Burst Type - GSMIED(ZJ
--Save-Recall Slots - G
- Llgery- GIMEDGE
- Slot Level - GEWEDGE =
aotaenuanon - o | BUFST Editor - GSM/EDGE
- Tultislot Configuration
- Mumber of Slots- G5
--Extended Tail Bits - G5 | At the top of the menu the structure of the current burst type far the selected slot is displayed

- Tail Bits - GEMEDGE 1| (in this example Normal (Half Rate)). Individual fields of the burst are colour-coded:
--Drata for Data Field of §

To call the burst editor, select a slot from the graphical display in the GSMEDGE menu.

- Use Stealing Flag - G3 | Field | Colour
- Stealing Flag - GSMIEL - - - -

. Training Sequence TS | Data, Fixed, Mixed, Stealing |Wh|te
-User TSC - GSWEDGE)| | Training Sequences: TSC, ETSC, SYNC | yellow
sl EELI Sy | Tail, extended Tail | green
-1 Jser ETSC - GSMIED

- Training Sequence Sy | GUard, extended Guard | hlue

- Lgser Byne - GEMIEDG
- Fixed - GEM/IEDGE
- Fixed Pattern - GSME
- Mixed - GEMEDGE

|

Scroll Scroll .
Back Left Right Zoom in Zoom out

The help function is provided with a navigation bar, i.e. other help pages can be called from the context-
sensitive page via the table of contents, the index, arrows for scrolling, and page-internal links.
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Help system

Operation of context-sensitive help

Function Front panel PC keyboard Mouse
Open the help system Press | HELP | key. Press key. -
The help page for the
respective parameter is
displayed.
Close the help system Press | HELP | key again. Press key again. -
Select link with rotary knob Select link using the arrow Click link.

Activate the link

The help system branches to
the linked page.

or arrow keys and activate

by clicking on the rotary
knob or| ENTER | key.

keys and activate with the

ENTER] key.

Page Up/down

Select Previous, Next or
Back in the help window
using the arrow keys and
activate by clicking on the
rotary knob or the

key.

Select Previous, Next or
Back in the help window
using the arrow keys and

activate with the | ENTER

key.

Click Previous, Next or
Back.

Scroll

Move indicated help window
area using the rotary knob
and the arrow keys

Move indicated help window
area using the arrow keys

Click the scroll bar and
move to the desired position.

Select an item in the table
of contents

The help page of the item is
displayed.

Activate Content window
using the arrow keys
left/right.

Select the desired item
using the rotary knob or the
arrow keys up/down and
activate by clicking on the

rotary knob or the |[ ENTER

key.

Select Content in the help
window using the arrow keys
left/right and activate with

the | ENTER | key.

Select the desired item
using the arrow keys and

activate with |[ ENTER |.

Set indicated area by moving
the vertical scroll bar.

Click item.

Select an index term

The help page of the term is
displayed.

Select Go-to-Index button
using the arrow keys and
activate by clicking on the

Select the Go-to-Index
button using the arrow keys
and activate with the

rotary knob or the |[ENTER |

[ENTER ] key.

key.

Enter the first letter of the
term in the entry field.

Select the term using the
rotary knob or the arrow keys
and press the rotary knob or

the | ENTER | key.

Enter the first letter of the

term and press the [ENTER

key.

Select the term with the arrow

keys and press the | ENTER

key.

Click the Go-to-Index button.

Set indicated area by moving
the vertical scroll bar.

Click term.

Shift the indicated area of
the navigation window to
the left or right

Shift the entry focus up one

level using the key.

Select Scroll Right or Scroll
Left -button using the arrow
keys and activate by clicking

Shift the entry focus up one

level using the key.

Select Scroll Right or Scroll
Left -button using the arrow
keys and activate with the

Set indicated area by moving
the horizontal scroll bar.

on the rotary knob or the [ENTER] key.
key.
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File Management

The R&S AMU uses files to save all instrument data, i.e. system and user data. The user data includes
saved instrument settings, data for the different digital standards as well as the waveforms for the
arbitrary waveform generator.

The files are stored on the hard disk of the instrument. Drive D:\ can be used to save user-defined data;
any directory structure can be created on D:\. Some default directories are predefined, but can be
changed at any time.

The C:\ drive is a protected system drive. The files on this drive contain data that must not be changed.
Therefore, this drive should not be accessed, since reconstruction of the system partition will lead to
data loss. To prevent inadvertent deletion or overwriting of system files, this drive is not specified in the
file menus. It can be accessed if a protection level (see protection level, Setup menu) is revoked.

Files can be exchanged either via a memory stick or a connected network.

A memory stick is connected to the USB interface and is assigned the E:\ drive.

In the case of a connected network, all network drives that can be accessed are available (see
"Connecting the R&S AMU to a Network (LAN)").

The user data can be roughly divided into four data types:
e Settings

e Complex modulation and control data

e Waveforms

The files are accessed in a File Select window in the individual menus. Depending on the data type, a
file can either be selected or it can be selected and saved:

e Settings, e.g. the frame setting of the GSM/EDGE standard, can be loaded and saved. In this case,
the current setting is saved to the specified file.

Savel/Recall Frame...

¢ Complex modulation and control data can be loaded. It can be generated either externally or
internally. For internal generation, a new list must be created which will then be edited in the data
and control list editor. These functions are offered in the Data List Management window of the
individual modulation menu.

iDatafControl List Management._

e Waveforms are generated externally (e.g. by means of the R&S WinIQSIM program that is supplied
together with the optional Baseband Generator R&S AMU-B9/B10/B11) and can be loaded in the
Arbitrary Waveform Generation menu.

I Load Waveform
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The files are differentiated according to their extensions; each type of file is assigned a specific file
content. The extension is usually of no consequence to the user since access to the files occurs in the
individual menus 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 menu.

A button in the individual menu calls up the selection of the Save, Recall and File Manager functions. If
the file can only be loaded, the Select or Load and File Manager selection is available.

Save 3JGPP FDD Settings Create Data List
File Manager... File Manager...

After the Save/Recall or Select/New selection, a File Select window for loading, saving or creating a
file is displayed (see the following section "File Select Menu", page 3.37).

After the File Manager selection, a menu for managing all files is displayed (see section File Manager,
page 3.39).

The complete instrument settings are saved and loaded in the File menu which is called up by means
of the key (see chapter 4, section "Storing and Loading Instrument Data — File Key").

File Select Menu

The File Select menu consists of several areas.

&= Save 3GPP FDD Settings (= ]/2)X] W = Recall 3GPP FDD Settings
recent data sets -] recent data sets
c:lamu_lists/3gppiue2 =
clamu_lists3gppuet
c:famu_lists/3gpphase
c:lamu_lists/3gpphase2 -
c:famu_lists/3gpp c:famu_lists/3gpp
SN ~|| base1 e 3|
= amu_lists base2 - amu_lists base?
3app 2R 3opp base3
control el - control uei
data uez - data N uez
dm - dm
- gps - gps
- gsm - gsm
- settings - settings
(- waveforms - - waveforms
1| T | LI—I &+ wimax
File Name: E]lnw an hd
based| I
File — File
S
ave | Manager... j M

In the upper area, Recent Data Sets, the files last used are listed; a maximum of ten files is displayed.
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The available drives and directories are displayed on the left side, the files of the selected directory on
the right side. The currently selected path is displayed above the windows. Only the relevant files
without file extensions are displayed. If the area is opened several times, the path last selected is
displayed.

When a file is saved or created, its nhame is user-selectable; the extension is assigned automatically
and cannot be entered.

The file is saved to the selected path.

Operation is similar to the operation of menus with several areas (see section "Selecting and Exiting a
Menu Area - Setting Parameters"). By using the rotary knob or cursor keys, the area is marked; the
entry focus is shifted to this area by clicking on the rotary knob or using the Enter key. The rotary knob
and the up/down cursor keys will then navigate only within this area. By using the left/right cursor keys,
it is possible to switch between the directory tree and the file list. The subdirectories of the selected
directory will only be displayed after a short delay to allow quick navigation in the directory tree.
Pressing the ESC key again shifts the entry focus up one level. The button for saving or loading the file
can be selected and pressed. After the setting, e.g. after selecting the file, the menu will be closed
automatically.

e Load file:
Mark file and load it by clicking on the rotary knob or by pressing the Select button/softkey.

e Save file:
Enter file name in the File Name: field. Mark the directory to which the file is to be saved and then
click on the save button/softkey.

e Create file:
Enter the file name in the File Name: field. Mark the directory to which the file is to be saved and
then click on the Create button/softkey. The created file is empty; it must be filled with the necessary
values in the individual editor.

In addition to the files saved by the user, some menus also offer files containing predefined contents.
These files are saved to a specific directory on system drive C.\; for this reason, this directory cannot be
chosen from the File Select menu. The following example shows the File Select menu of the
GSM/EDGE digital standard when Recall Predefined Frames is selected.

& Recall Predefined Erame EE®
recent data sets

. Recall Predefined Frame :
Recall User Frame
Sawve User Frame
File Manager...

EdgeAll
GsmEdge
NormalBurstd
NormalBursiAll

Select File
Manager...
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File Manager

The File Manager allows general file management such as copying, shifting, renaming and deleting
files as well as generating new directories. Thus, also externally created files, for example waveforms
created by using the R&S WinlQSIM program, can be saved to the R&S AMU by copying them from a
memory stick or a network to the internal hard disk.

The File Manager can be called up in any menu to which files can be saved. Call-up is either at the
level of the small selection menu

Select Data List... :
Create Data List...
File Manager...

Data List. .

or via the File Manager button in the File Select window.

File
Manager._.

The File Manager can also be called up in the Save/Recall - Setup-Settings menu.

In the upper area, File Type, the File Manager allows the type file selection to be displayed. This can
be used to process either all files (all files (*:*) selection) or a specific selection of files (e.g. waveforms
(*.wv) selection). The table at the end of this section contains a list of the file types.

The available drives and directories are displayed on the left side, the files of the selected directory on
the right side. The currently selected path is displayed above the windows. If the area is opened several
times, the path last selected is displayed. Unlike the File Select window, the File Manager displays the
full file names including extensions.

The buttons/softkeys trigger the associated actions such as copying, shifting or deleting the marked
files. Plus, a new directory can be created in the level below the marked directory.

Operation is similar to the operation of menus with several areas (see section "Selecting and Exiting a
Menu Area - Setting Parameters"): By using the rotary knob or cursor keys, the area is marked; the
entry focus is shifted to this area by clicking on the rotary knob or using the Enter key. The rotary knob
and up/down cursor keys will then navigate only within this area. By using the left/right cursor keys, it is
possible to switch between the directory tree and the file list. The subdirectories of the selected
directory will only be displayed after a short delay to allow quick navigation in the directory tree.
Pressing the key again shifts the entry focus up one level. The buttons/softkeys can be selected
and activated.

o Shift file:
Mark file and then press the cut button/softkey. Mark the directory to which the file is to be shifted
and then click on the Paste button/softkey. If the target directory already contains a file with the same
name, a confirmation query is displayed to confirm overwriting of this file.

e Copy file:
Mark file and then press the Copy button/softkey. Mark the directory to which the file is to be copied
and then click on the Paste button/softkey. If the target directory already contains a file with the same
name, a confirmation query is displayed to confirm overwriting of this file.

¢ Rename file:
Mark file and then press the Rename button/softkey. An entry window for entering the new file name
opens. Enter the name and press the Enter key. If a file with the same name already exists, a
confirmation query is displayed to confirm overwriting of this file.
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¢ Delete file:

Mark file and then press the Delete button/softkey. Prior to deletion, a confirmation query is displayed
which the user must confirm for this file to be deleted.

e Create new directory:

Mark drive or directory level where the new directory is to be created and then press the Create New
Directory button/softkey. An entry window for entering the directory name opens. Enter the name and

press the Enter key.

List of file extensions for user files the R&S AMU assigns automatically

List type | Contents | File suffix
Instrument State

Instrument State | Instrument settings * savrel
Arbitrary Waveform Generator

Waveform, Multisegment Waveform ARB waveforms * Wy
Multisegment Configuration Configuration info for multisegment waveforms *inf_mswv
DM

Data List Digital modulation data *.dm_iqd
Control List Data to control digital modulation *.dm_iqc
GSM/EDGE

Slot User-defined slot data *.gsm_slu
Frame User-defined frame data *.gsm_fu
3GPP FDD

3GPP Settings Complete setting of the 2GPP (FDD) menu *.3g
Channel Coding DPCH Channel coding enhanced DPCH channels (uplink) *.3g_ccod_ul
Channel Coding DPDCH Channel coding enhanced DPDCH channels (downlink) *.3g_ccod_dI
CDMA2000

CDMA2000 Settings | Complete setting of the CDMA2000 menu *.cdmaz2k
WLAN

WLAN Settings | Complete setting of the IEEE 802.11 WLAN menu *.wlan
WiIMAX

WiMAX Settings | Complete setting of the IEEE 802.16 WiMAX menu *.wimax
GPS

GPS Settings | Complete setting of the GPS menu *.gps
TD-SCDMA

TD-SCDMA Settings | Complete setting of the TD-SCDMA menu *.tdscdma
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Manual Remote Control

The R&S AMU can be remote-controlled from an external PC. This allows convenient operation of the
R&S AMU from the desktop although the instrument is integrated in a rack somewhere else.

Manual remote control (remote access) in contrast to remote control does not use remote-control
commands but separate Windows software which is installed on the external PC. After its start, the
remote control software simulates the user interface of the R&S AMU. The instrument can thus be
manually operated from the PC as on the unit itself.

A precondition for manual remote control is a connection between the RS AMU and the PC via a LAN
network and the installation of the software on the R&S AMU and on the PC.

Establishing the connection and installation of the remote-control software on the external PC is
described in section "Connecting the R&S AMU to a Network (LAN)".

After the connection is established, the current screen with the block diagram is displayed and the
R&S AMU can be manually remote-controlled from the external PC. The individual functions are
operated using the mouse and keyboard. Specific instrument functions can be executed using specific
key combinations on the keyboard. Front-panel keys which are not directly available on the keyboard
can be substituted by key combinations or by the front panel key emulation panel (see next section).

When the connection is set up with Remote Control Desktop, the device firmware of the R&S AMU is
disabled. Direct control on the R&S AMU is not possible while manual remote control is active. The
access of an external PC is indicated by the logon screen of Windows XP which identifies the accessing
user.

When the connection is set up with Ultr@VNC, direct control on the R&S AMU is possible while manual
remote control is established, it can be performed alternately with the manual remote control.

For return to direct operation on the R&S AMU, the connection must be cut. After cutting the

connection, it is still enabled and can be established again any time. The connection is disabled only
after deactivation of the program (see section Manual Remote Control via an External Controller).
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Legend of Front-Panel Controls

The following table lists all key functions available on the front panel. Key combinations used on the PC
keyboard to trigger key functions on the instrument front panel are also described. Keyboard labels are
described in alphabetical order.

In addition, a front panel key emulation and an on-screen keyboard can be used for manual operation
by mouse only (see below).

Front-panel key Key of PC keyboard Function
n Tab key (towards the right) Sets the cursor with the rotary knob.
Shift + Tab (towards the left)

Enter Pressing the rotary knob confirms an entry; it has the

same function as the | ENTER | key.

I Arrow keys Moves the cursor.
*1 /dB(m) ALT + F12 Confirms entries in the base unit and values without a
unit. The unit dBm is inactive.
R - ELH Enters a period/decimal point.
Enters a special character.
+/- | Aa -/ (shift+) a—z Enters the sign.
Switches between upper-case and lower-case letters.
0-9/a..z CTRL +0-9/a...zCTRL Enters the number/letter.
BACKSPACE Backspace Clears the last entry (number, sign or decimal point)
BASEBD LEVEL CTRL + L Activats the level entry.

In the two-path mode, the baseband level entry field
that was active last is activated. Pressing the key again
activates the baseband level entry for the second path.

BASEBD ON/OFF CTRL+R Switches the baseband output signal on and off.

In the two-path mode the baseband ON/OFF key
switches all signals off. A second stroke restores the
status that was active before the last switch off.

I/Q OUT OFF is displayed in the status bar.

CLOSE CTRL+ G Closes an active menu.

DIAGRAM CTRL+D Sets the cursor on the block diagram and hides all
menus.

ENTER Enter Terminates an entry.

ESC ESC Selects the next higher menu/selection level. When the
editing mode is exited with ESC, the previous value is
restored.

FILE CTRL + S (storage under Activates a menu for storing or loading the settings of

Windows) the instrument. Pressing the key again closes the
dialog.

G/n / dBpV ALT + F9 Selects the unit Giga/Nano. The unit dbpV is inactive.

HCOPY CTRL+Y Opens the menu for configuring and starting a hardcopy.

HELP F1 Opens/closes context-sensitive help.
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Front-panel key

Key of PC keyboard

Function

HIDE CTRL+H Minimizes the active menu. Pressing the respective
button in the winbar opens the menu again.

INFO CTRL + 1 Opens/closes the info window.

INSERT Ins Activates the insert mode.

k/im / pyv ALT + F11 Selects the units Kilo/Milli and pV for levels.

LOCAL CTRL+Q Switches the instrument from remote control to manual
operation.

M/u/ pv ALT + F10 Selects the units Mega/Micro and pV for levels.

MENU CTRL+ M Calls the menu selection list.

ON/OFF TOGGLE CTRL+T Switches a block or parameter on/off.
Toggles between the different possibilities of setting a
selection parameter.

PRESET CTRL+P Restores a defined basic instrument setup.

REARR CTRL+A Arranges open menus automatically.

RECALCULATE CTRL+C Starts recalculation of the signal.

SETUP CTRL+E Opens the setup menu for general instrument settings.

Softkey 1 -8 CTRL + F1 - F8 Triggers the function assigned to the softkey.

WINBAR CTRL +W Displays the winbar in the foreground/background.
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Front Panel Key Emulation

The R&S AMU provides a front panel key emulation to enable the execution of the front panel key
functions by mouse e.g. for manual remote control (remote access). The emulation is called by a right
mouse click. The front panel key functions are executed by a mouse click on the associated button.

I Basebd Lewvel Diagram
Basebd Onidf Menu
File Rearr.
Preset WinBar
Local Help
Sedup
Hardcopy
Infio

On-screen Keyboard

In addition, the Windows XP operating system provides a keyboard emulation that can be used for
system settings if no external keyboard but a mouse is available. It is called in the START - Programs -
Accessories - Accessibility menu, selection On-Screen Keyboard.

&= On-5creen Keyboard

File kKeyboard Settings Help

escf F1| F2| F3| Fa 8 5| re| F7| Fe B Fa|F1of F11| F12l psc| T bek|

ins | hm| pupdil4 /
del | end] pd
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4 Instrument Functions

Overview of Instrument Functions

This chapter explains the functions of the R&S AMU and the options available in the setting menus. The
associated GPIB command is specified for each parameter (where applicable).

The description begins with the general instrument settings which do not directly affect signal
generation. The majority of these settings can be accessed by means of front-panel softkey menus and
not by means of function block menus. One exception is, for example, the signal graphics which are
called up in the Graphics block.

All functions for the generation of the baseband signals are described, following the order of the signal
process - generation of internal baseband signals, input of external baseband signals, fading, noise
generation and impairment and the analog and digital signal outputs. These functions are accessed by
the means of the function blocks Baseband A/B, Baseband Input A/B, Fading A/B, AWGN/IMP A/B
and 1/Q Out A/B.

The general instrument settings include various functions, such as:

« Setting a defined basic setup using the key
(section "Default Instrument Settings - Preset Key" on page 4.3")

«  Switching from remote control to manual operation using the key
(section "Switching to Manual Operation - Local Key" on page 4.20")

» Configuring the generator and its interfaces in the Setup menu - e.g. setting the IEC/IEEE bus
address, starting an adjustment, querying instrument data
(section "General Configuration of Instrument - Setup Key", page 4.4)

« Generating a hardcopy of the display using the key
(section "Generating a Hardcopy of Display - Hcopy Key", page 4.21)

« Calling up the online help using the key
(section "Help System - Help Key", page 4.22)

* Querying messages using the key
(section "Messages - Info Key", page 4.21)

e Loading and storing complete instrument settings in the File menu
(section "Storing and Loading Instrument Data - File Key", page 4.24)

« Calling up the baseband signal graphics in the Graphics function block
(section "Graphical Display - Graphics", page 4.30)

The integrated bit error rate and block error tester is configured and activated in the BERT function
block:

» Bit error rate and block error measurement
(section "Bit and Block Error Rate Measurements - BERT Block", page 4.42)

Noise can be added to the baseband signal and the baseband signal can be impaired or faded. It is
possible to output the baseband signal with impairments analog (single ended and differential) and
digital via the 1/Q Out function block.

¢ Impairing the signal
(section "Introduction - Impairments and AWGN", page 4.65)
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¢ Adding noise
(section "Introduction - Impairments and AWGN", page 4.65)

* Fading the signal
(supplement "Fading Simulation™)

The baseband signal is available at the 1/0 outputs.

« Single Ended I/Q Output
(section "Analog I/Q Output”, page 4.68)

< Differential I/Q Output
(section "Analog 1/Q Output", page 4.68)

» Digital 1/Q Output
(section "Digital Output”, page 4.76)

The R&S AMU offers various possibilities for generating digital modulation signals in compliance with
the definitions of digital standards or with characteristics which can to a large extent be freely defined.
The range of software options for this is being extended continuously.

In addition, external baseband signals can be fed into the baseband path.

e Baseband signals - Introduction
(section "Baseband Signal - Baseband, page 4.95)

« External Baseband signals
(section "External Baseband Signals - Baseband Input", page 4.113)

¢ Digital modulation
(section "Digital Modulation - Custom Digital Modulation", page 4.123)

» Arbitrary waveform generator ARB
(section "Arbitrary Waveform Generator ARB", page 4.161)

e Multicarrier CW signals
(section "Multicarrier Continuous Wave", page 4.198)

The following digital standards are described in separate supplements:
» Digital standard GSM/EDGE

» Digital standard 3GPP FDD (WCDMA)

< Digital standard CDMA2000

» Digital standard TD-SCDMA

» Digital standard WLAN

¢ Digital standard WiMAX

» Digital standard DVB-H

» Digital standard EUTRA/LTE

e Digital standard GPS
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General Instrument Settings

Overview of General Instrument Settings

The section "General Instrument Settings" describes the settings which do not directly affect signal
generation.

Most of these settings can only be accessed by means of menus which are opened using keys. This
does not apply to the graphical representation of output signals which is activated in the Graphics
function block, or settings which can additionally be called up in the menus of the function blocks, e.g.
input configuration which is possible in the Setup menu and in almost every menu of the Baseband
function block.

The general instrument settings therefore affect various functions, such as storing instrument settings
using the key or setting the IEC/IEEE bus address in the menu of the key. The order in
which the descriptions are given corresponds to the layout of the keys on the front panel of the
R&S AMU (from top left to bottom right).

Default Instrument Settings - Preset Key

The key calls up a defined instrument setup. All parameters and switching states are preset
(also those of inactive operating modes). The default instrument settings provide a reproducible initial
basis for all other settings.

Remote-control command:
* RST

Note:
In remote control it is possible to preset the settings of the two instrument paths separately (see
chapter 6, section "Preset Commands").

In addition, only those settings associated with the menu can be reset directly in the individual menus,
e.g. all fading settings in the Fading settings menu. These settings are identical to those which are

called up using the key.

When the instrument is switched on, it is not the preset state that is active, but rather the instrument
state that was set before the instrument was switched off.

User-defined instrument states can be stored and called up in the File menu.

The following table gives an overview of the presets for the most important generator settings. The
other presets can be found in the preset tables of the individual menus and the information
accompanying the GPIB commands.

Table 4-1 Preset state - important generator settings

Reference frequency Internal, adjustment off
Offsets 0

Digital modulations Switched off

IEC/IEEE bus address Not changed

1402.5222.32 4.3 E-8




General Configuration of Instrument - Setup Key R&S AMU 200A

General Configuration of Instrument - Setup Key

The key opens the System menu used to set general instrument parameters and the
Environment menu used to configure the instrument interfaces.

Most submenus of this key can be accessed only via the key or the menu tree ((MENU] key, with
the following exceptions:

- The Global Trigger/Clock/ External Inputs submenu (see section "Global Trigger/Clock/External
Inputs - Setup-Environment", page 4.14) is also available in all modulation menus of the Baseband
function block where it can be called up with the Global Trigger/Clock Settings button in the
trigger/marker and clock submenus.

- The Save/Recall submenu can also be called up with the key and is therefore described in
the section on this key (see section "Storing and Loading Instrument Data - File Key", page 4.24).

5 BERT

- - System -
Reference Oscillator...
Internal Adjustments...
Hardware Config...
Start/Stop Gui Update...
Software/Options...
Install SW-Option...
--- Test -
Test Point...
Check Front Panel...
- Environment -
Glebal Trigger/Clock...
User Marker / AUX 1/0...
--- Remote ---
GPIB...
Ethernet...
- Protection --—-
Protection...
--- Settings ---
- Save/Recall...
+- Help -

Reference Oscillator - Setup-System

In the internal reference mode the internal reference signal is available at the REF OUT connector (rear
of instrument). The frequency of the internal reference signal is permanently set to 10 MHz.

In the external reference mode an external signal with selectable frequency and defined level must be
input at the REF IN connector. This signal is output at the REF OUT connector. The EXT REF status
message appears in the display header.

The reference frequency setting is effective for both paths.
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General Configuration of Instrument - Setup Key

The Reference Oscillator menu is opened up using the [SETUP| or [MENU] key under System.

& BERT
£ Setup
- System ---

Internal Adjustments...
Hardware Config...
Start/Stop Gui Update...
Software/Options...
Install SW-Option...

--- Test -
Test Point...
Check Front Panel...

EEX

& Reference Dscillator, Settings E”§|E|

Reference Oscillator Settings

ISuurce I Internal v|I
Adjustment
Adjustment Active I

&= Reference Oscillator, Settings E||§|E|

Reference Oscillator Settings

Source IExternaI 'I
IExternaI Reference Frequency |5 MHz jl

Source - Setup System
Reference Oscillator

Internal

External

1402.5222.32

Selecting the internal reference signal source,
10 MHz are used, comprising either the calibrated
or a user-defined adjustment value.

Using the external reference signal source,
5 MHz, 10 MHz or 13 MHz can be selected.

Selects the source of the reference frequency.

The internal reference signal of 10 MHz is used.

Remote-control command:
SOUR: ROSC: SOUR | NT
An external reference signal is used.

The frequency of the external signal, either 5 MHz,
10 MHz or 13 MHz must be selected under
External Frequency.

Remote-control command:
SOUR: ROSC: SOUR EXT
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Adjustment Active - Setup  Activates the adjustment mode.
System Reference

Oscillator

(Source Internal only)

On A user-defined adjustment value is used. The
value is entered under Adjustment DAC value.
This allows the frequency to be impaired freely, for
example to simulate a frequency error.
The instrument is no longer in the calibrated state.
However, the calibration value is not changed and
the instrument resumes the calibrated state after
switching the Adjustment State to Off.

Remote-control command:
SOUR: ROSC: | NT: ADJ: STAT ON

Off The calibrated adjustment value of the internal
reference frequency is used. This value is
determined at one of the R&S service shops during
calibration.

Remote-control command:
SOUR: ROSC: | NT: ADJ: STAT OFF

Adjustment DAC value - Enters a user-defined adjustment value for the internal reference
Setup System Reference frequency. This value is not used unless Adjustment Active On is
Oscillator ticked.

Remote-control command:
SOUR: ROSC: | NT: ADJ: VAL 500

External Reference - Setup Selects the frequency of the external reference signal. An external
System Reference reference signal with a frequency of 5 MHz, 10 MHz or 13 MHz can be
Oscillator used.

Remote-control command:
SOUR: ROSC: EXT: FREQ 13E6

Internal Adjustments - Setup-System

The R&S AMU is extremely accurate thanks to the integrated procedures for adjustments.

All internal adjustments for which no external measuring equipment is needed can be started in the
Internal Adjustments... menu. The adjustments with external measuring equipment are described in
the Service Manual (on CD ROM, supplied with the instrument).

Adjustment is recommended if the temperature range in which the instrument is operated changes, or
prior to all applications which require maximum level and frequency accuracy.

During adjustment a bar indicates the status of progress. If an error occurs, adjustment is terminated
and an error message is output in the info line.
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General Configuration of Instrument - Setup Key

Note:

Make sure that the instrument is warm before performing adjustments. The warm-up time is

30 minutes.

In the case of two-path instruments, adjustment can be performed separately for the two paths.

The Internal Adjustments menu is opened up using the [SETUP| or [MENU| key under System. The
adjustments offered also depend on the installed options, e.g. BB Input.

| Internal Adjustments

EEX

Adjust All |

Path [a -]
Adjust DAC Board |

Adjust BB Input |

Adjust All - Setup System
Internal Adjustments

Path A/B - Setup System
Internal Adjustments

Adjust DAC Board - Setup
System Internal
Adjustments

Adjust Baseband Input-
Setup System Internal
Adjustments

1402.5222.32

Starts all internal adjustments for which no external measuring
equipment is needed. The adjustments with external measuring
equipment are described in the Service Manual (supplied).

With two-path instruments, adjustment is performed for both paths.

Remote-control command:
CAL: ALL: MEAS?

Selects the path for which the following adjustments are to be
performed.

Remote-control command: n.a.
With remote control, the path is selected by using the numerical suffix
under CALibrate.

Performs all adjustments which affect the DAC board of the selected
path.

Remote-control command:
CAL1: DAC. MEAS?

Starts the adjustment for the baseband input. The 1/Q input is adjusted
with respect to DC offset and gain.

Remote-control command:
CAL: BBI N: MEAS?

4.7 E-8



General Configuration of Instrument - Setup Key

R&S AMU 200A

Hardware Config... - Setup-System

In the Hardware Config menu, the installed assemblies together with their variants and revision states
can be displayed for servicing purposes.

The Hardware Config menu is opened using the [SETUP] or [MENU]| key under System.

o)X

&= Hardware Config

Operation Time [ h

Power On Count

Counter

113
62

Common Assembly

Assembly Part Number | Serial Number | Revision | Slot
AMUZ00A 1402.4090k02 000000
otherboard  |1141.3501.00 000000 00.00 not installed

Basehand Aam::lllh:_'

Path | Assembly Part Number | Serial Number | Revision | Slot -

A Daclf 1141.4408.00 DO000OO 00.00 not installed

A PIF-FPGA hn.un.un

A SMIF-FPGA hu.uu.uu

A BBinS 1142.3011.00 DODOOO hu.uu not installed

A BBINS-FPGA hu.uu.uu

A BBInR 1142.3111.00 000000 h]l].l]l] not installed

A BBOut 1159.7009.00 000000 Ih]l].l]l] ILn:it installed LI

The section Counter in the upper part of the menu shows the operation hours (Operation Time / h)
and the number of power on (Power On Count).

Remote-control commands::
DI AG | NFO. OTl m?

Response: "100023"

DI AG | NFO PCC?
Response: " 123"

The table below lists the installed assemblies. It is divided into the sections Common Assembly and
Baseband Assembly.

Path Indicates the path the assembly belongs to
Assembly Assembly name
Part Number Part Number of the assembly
Serial Number Serial Number of the assembly
Revision Revision state of the assembly

At slot Indicates whether the assembly is connected to the serial bus or PCI bus

Remote-control command:
DI AG BG N? " MBRD'

Response: "MBRD 1141. 3501.02 1.5.3 100023"
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Start/Stop Gui Update... - Setup-System

The Start/Stop Gui Update menu... provides the possibility to switch off update of the displayed
parameters in order to increase speed for certain settings.

The indicated values are not updated and may therefore differ from the intern, used values.

& Start / Stop Gui Update

Gui Update is

Please, he aware:
If "Gui Update is OFF", the values of displayed parameters could differ from their internal, used values.
This mode is mainly provided to support unjittered signal output.

If remote state is active, the <Local> key or <Goto Local> command changes the value of "Gui Update is™ to ON.

Remote-control command:
SYST: DI SP: UPD OFF

Software / Options... - Setup-System

The Software / Options... shows the firmware version of the instrument software as well as all installed
hardware and software options.

Note:
Software options purchased at a later stage can be activated with a keycode. The activation code is
supplied with the software option. How to install options is described in chapter 4 of the Service
Manual (supplied with the instrument).

The installation of hardware options purchased at a later stage is also described in chapter 4 of the
Service Manual (supplied with the instrument). Most hardware options need to be installed at an
authorized Rohde&Schwarz service shop.

The Software / Options menu is opened using the [SETUP| or [MENU] key under System.

Remote-control commands:
*OPT?
Response: "AMJ B10, AMJ B10, AMJ-B13, AMJB13, ...."

*| DN?
Response: " Rohde&Schwar z, AMJ200A, 1402. 4090k02/ 123456, 1. 00. 0. 0 ( Rel ease) "

The Firmware section of the menu shows the firmware version and the version of the software
platform.
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The tables in the sections Hardware, Software and WinlQSIM list the installed hardware and software
options.

Option Short name of option
Designation Name of Option
Licenses Number of licenses

The license for the software options are "floating licenses". This means that in the case of two-
path instruments just one license is required to use the option for either of the two paths.
However, two licenses must be purchased to use an option on both paths simultaneously.

Expiration Date Expiration date of option

For regular options, Permanent is indicated in this column.

Some options are available as trial versions. This column shows their expiration date. After this
date, the option is no longer available on the instrument.

Hardware Options

| option Designation -
lqMU-B1I] Baseband A with ARB{64MS) and Dig. Mod.

IAI‘.'IU-B1I] Baseband B with ARB(64MS) and Dig. Mod.

IAI‘.'IU-B 13 Baseband Main Module

IAI‘.'IU-B 13 Baseband Main Module

{amu-B14 Fading Simulator

lﬂMU-B1ﬁ Differential 1/Q out LI
]

Software Options (Internal)

| Option Designation Licenses Expiration Date -
IAMU-K4I] Dig. Std. GSM/EDGE 2
IAI‘.'IU-K42 Dig. Std. 3GPP FDD 2
llll‘.'IU-K43 Dig. Std. 3GPP Enh. BSMS Test incl. HSDPA 2
lﬂl‘.‘IU-K44 Dig. Std. GPS 2
lﬂl‘.‘IU-K45 Dig. Std. 3GPP FDD HSUPA 2
hMU-Mﬁ Dig. Std. cdma2000 2 LI
L]
WinlQSIM (External Software Options)
| Option Designation Licenses Expiration Date -
IAI‘.'IU-KS Dig. Std. Bluetooth (ext. Software) 2
Iﬂl‘.‘IU-KB Dig. Std. Tetra (ext. Software) 2
lﬂl‘.‘IU-K351 T-DMB/DAB Waveforms 2
lﬂMU-K24I] Dig. Std. GSM/EDGE 2
lﬂMU-K242 Dig. Std. 3GPP FDD 2
Il‘lMU-K243 Dig. Std. 3GPP Enh. BSMS Test incl. HSDPA 2 LI

The section Loaded Modules is provided for service purposes. It lists all loaded software modules with
their versions and offers a short description of each module.

Loaded Modules
Path
Path Module Version Description ﬂ
C:'\Prog.. hardcopy.dil
C:'\Prog.. ComponentEmAaronmentServer.exe 2.1.8.0 Componen..
C:'\Prog.. RsComponentShelldil 2.1.8.0 Componen..
C:'\Prog.. RsParameter.dil 2.1.8.0 Componen..
C:'\Prog.. RsPrint.dll 2.1.8.0 Componen..
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Install SW-Option... - Setup-System

Newly purchased software options are enabled in the Install SW-Options menu.... They are ready to
operate after they are enabled by means of a key code supplied with the option.

E& Install SW-Dption

Option Key FEEE S5 3E FE BE FE EE 4% 3E 4F BF BE FE HE

|

Only if the R&S AMU is equipped with an older firmware version, a firmware update prior to enabling
the software option may be required. The information on the valid firmware versions for the purchased
software option is provided together with the option. The firmware update is described in the service
manual, chapter 4 (on CD ROM, supplied with the instrument).

Test Point... - Setup-Test

The Test Point... menu provides access to the test points available in the instrument. When activated,
the voltage of the selected test point is measured and displayed. A detailed description of the test points
can be found in chapter 3 of the Service Manual (supplied with the instrument).

The Test Point... menu is opened using the [SETUP| or [MENU| key under System.

& Test Point

IState ﬁ

Path I A 'I
Select Test Point | DIAG_BBINS_IIN

Voltage 0.00000

State - Setup System Test  Activates the measurement of the voltage at the selected test point.

Point Remote-control command:

Dl AGL: MEAS: PO N? ' DI AG BBINS_ | I N
Response: 0.5 (the voltage at the test point is 0.5 volt)

Path - Setup System Test Selects the path along which the test point is measured. Selection is
Point only possible with two-path instruments.

Remote-control command: -
The path is selected using the suffix under DIAGnostic.
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Select Test Point - Setup

System Test Point

Voltage - Setup System
Test Point

1402.5222.32

Calls the submenu for selecting the test point. The currently selected
Testpoint is shown next to the button.

&7 Select Test Point |Z||E|E|
recent data sets
DIAG_BBINS_IIN

DIAG_BBINS_GND -
DIA

DIAG_BBINS_QIN

DIAG_BBINS_AIN_|

DIAG_BBINS_AIN_I_N

DIAG_BBINS_AIN_Q
S AIN O M

| File
Select
ele Manager...

Remote-control commands:

DI AGL: PO N: CAT? (Command lists all test points)

Dl AGL: MEAS: PO N? ' DI AG BBINS_ | I N

With remote control, voltage measurement starts as soon as the test
point is selected.

Displays the measured voltage measurement at the selected test
point.

Remote-control command:

Dl AGL: MEAS: PO N? ' DI AG BBINS_ | I N
Response: 0.5

The voltage at the test point is 0.5 volt.
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General Configuration of Instrument - Setup Key

Check Front Panel - Setup-Test

The Check Front Panel menu is used to check whether the front panel keys are functioning correctly.
The menu displays all the front panel keys arranged in the same way as on the front panel. The
respective function is executed by pressing the associated key.

& Setup: Check Keys, Please Hit All Front Panel Keys |Z||§|rz|
Preset BB Lev File Diagram Menu
Local BB Olo Recalc. ESC Toggle
Setup
Hardcopy 7 8 9 Gin
Info 4 5 6 Mip Roll . | Rollr. |
Help 1 2 3 kim
0 + *q Up
Insert Backsp. Enter Left | Down Right |
Close
Hide
Rearr.
WinBar
Soft 1 | Soft 2 | Soft 3 | Soft 4 | Soft 5 | Soft 6 | Soft 7 | Soft 8 |
1402.5222.32 4.13
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Global Trigger/Clock/External Inputs - Setup-Environment

The Global Trigger/Clock/External Inputs menu can be opened using the [SETUP] or [MENU | key under
the Environment menu as well as in all clock and trigger menus of the Baseband function block.

This menu is used to determine the physical characteristics of the input connectors for trigger, clock and
control signals.

A common trigger threshold and input impedance is effective for all trigger and control signal inputs
(path A and path B). The settings influence the digital modulations, the generation of waveforms or
multicarrier signals, and all digital standards. Irrespective of this, a common threshold and input
impedance is effective for the serial and parallel data input (path A only). These data sources are
available for digital modulation (Custom Digital Modulation).

&= Global Trigger/ClockiExternal Inputs E|§|@

IThreshnId Data Input (Ser/Par) I 1.000 l]l]l]l v v|I

Threshold Trigger/Control Input IWIV_L,
Impedance Data Input (Ser/Par) IWNDL,
Impedance Trigger/Control Input IWND;,
Baseband Trigger Input Slope IWL,
Instrument Trigger Input Slope Im
Clock Input Slope IW;,

Clock Output (BNC Rear Panel)

Clock Source I Baseband A vl
Clock Mode I Symbol 'I

Threshold Data Input - Sets the high/low threshold in volts for the serial and parallel data
Setup Environment Global input.
Trigger/Clock/External

Inputs The serial data is input at the DATA connector on the front of the

instrument. The parallel data is input via the AUX |/O interface at the
rear of the instrument (DATA pins).

Remote-control command:
SOUR: | NP: DATA: THR 1.0

Threshold Trigger/Control  Sets the high/low threshold in volts for the trigger and control signal
Input - Setup Environment inputs of the baseband section.

Global ; .
. The setting affects the TRIGGER 1 and 2 inputs (BNC connectors at
;I;]régu%SerICIock/External the front and rear of the instrument) and the BURST and LEV_ATT

inputs (AUX I/O interface at the rear of the instrument).

Remote-control command:
SOUR | NP: TRIG LEV 1.0
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Impedance Data Input Selects the input impedance for the serial and parallel data inputs.
(Ser_/Par)- Setup 50 Ohm/GND should be selected for high clock rates.

Environment Global

Trigger/Clock/External The serial data is input at the DATA connector on the front of the
Inputs instrument. The parallel data is input via the AUX I/O interface at the

rear of the instrument (DATA pins).

Remote-control command:
SOUR: | NP: DATA: | MP G50

Impedance Trigger/Control Selects the input impedance for the external trigger and control signal
Input - Setup Environment inputs. 50 Ohm/GND should be selected for high clock rates.

'IgrliObaelr/CIock/External The setting affects the TRIGGER 1 and 2 inputs (BNC connectors at
In gu%s the front and rear of the instrument) and the BURST and LEV_ATT
P inputs (AUX I/O interface at the rear of the instrument).

Remote-control command:
SOUR: | NP: TRI G | MP GLK

Baseband Trigger Input Selects the polarity of the active slope of an externally applied trigger

Slope - Setup Environment signal at the BNC connector TRIGGER 1/2.

Global Remote-control command:

mgu?is”c'oc"’ External SOUR | NP: TRI G BBAN: SLOP PCS

Instrument Trigger Input Sets the polarity of the active slope of an applied instrument trigger.
Slope - Setup Environment This setting affects the INST TRIG input (BNC connector at the rear of

Global . . .
; the instrument, instrument trigger for path A) and the INST TRIG B
;I;lr;)gugtsr/CIock/External input of the AUX 1I/O interface at the rear of the instrument, instrument

trigger for path B).

Remote-control command:
SOUR: | NP: TRI G SLOP PGS

Clock Input Slope - Setup  Sets the polarity of the active slope of an externally applied bit clock
Environment Global pulse or symbol clock pulse.

;I'rlgger/CIock/ExternaI This setting affects the CLOCK input (BNC connector at the front of
nputs . . .
the instrument). An external clock signal can only be supplied for
path A.

Remote-control command:
CLCC: | NP: SLOP PGS

1402.5222.32 4.15 E-8



General Configuration of Instrument - Setup Key R&S AMU 200A

The polarity of the clock output at the rear panel is set and the path selected in the Clock Output (BNC
Rear Panel) section.

Clock Output Source - Indicates the path for which the clock signal at the CLOCK OUT
Setup Environment Global connector is to be output (always path A).

Trigger/Clock/External

This setting is only possible for two-path instruments.

Inputs

Remote-control command:

CLOC: QUTP: SOUR?

Response: A
Clock Output Mode - Sets the output of bit or symbol clock pulses at the CLOCK OUT
Global Settings connector at the rear panel.

Remote-control command:
CLOC: QUTP: MODE SYMB

User Marker / AUX I/O - Setup-Environment

The R&S AMU provides four USER interfaces which can be freely assigned a selection of signals and
which can be configured as both inputs and outputs.

The following signals can be applied at the connector:

Marker 4 (output path A or B). A broad selection of suitable marker signals is offered in the marker
menus of the Baseband function. In addition, they can be freely configured in the Control List Editor
(Custom Dig Mod) and Slot Marker Editor (GSM/EDGE). The selected markers are activated when
switching on the Baseband function. When using markers defined in a control list (Marker = CList)
the related control list must be loaded in addition (Custom Dig Mod).

CW Mode Out (output path A or B). This signal marks the CW mode in which digital modulation
(Custom Dig Mod) is deactivated and the RF signal is output in unmodulated form. The CW signal
is defined in a control list and activated by loading the control list and setting the Modulation<~ CW
Switching State to On in the More sub menu.

With standards where it is possible to change between various modulation modes, the signal
indicates the active modulation mode (standard GSM: signal high (1) = modulation mode GMSK
and signal low (0) = modulation mode 8PSK EDGE). In this cases, the signal is generated
automatically when the standard is switched on.

Trigger (output path A or B). This signal marks the trigger event caused by the selected trigger
signal (internally or externally) of path A or B. The trigger is defined in the respective trigger
submenu of the Baseband block menus.
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Additional signals for path B are available in two-path instruments. The corresponding signals for path A
are applied at the pins of the AUX I/O interface and at the BNC connector CLOCK.

- Clock Out (output path B; bit or symbol clock pulse). This signal corresponds to the clock signal for
digital modulations. The signal is generated automatically when the standard is switched on.

- LEV ATT (input/output path B). With active envelope curve control, this signal determines whether
or not the signal level is attenuated. With external envelope curve control, the interface is input,
otherwise output. The envelope curve control is activated in the Power Ramp Control submenu in
the Custom Digital Modulation menu. The internal LEV ATT control signal is defined in a control
list which must be loaded in the main menu.

- BURST (input/output path B). This signal corresponds to the control signal for envelope curve
control. With external envelope curve control, the interface is input, otherwise output. The envelope
curve control is activated in the Power Ramp Control submenu in the Custom Digital Modulation
menu. The internal BURST control signal is defined in a control list which must be loaded in the
main menu.

The User Marker - AUX I/O menu can be opened using the key under Environment - User
Marker / AUX /O, in the Trigger/Marker submenu or in the Clock submenu of the GSM/EDGE menu
in the Baseband A/B function block.

The signals are assigned to the USER interfaces in the Mapping Configuration section.The pin
assignment of the AUX I/O connector is also displayed. An adapter between the AUX |/O interface and
coaxial BNC connections is available as an accessory (Accessories for R&S SMU-Z5, see data sheet).

&= User Marker / AUX 110

Mapping Configuration
IMap Output Connector User 1 (BNC) To I Marker 4 A J

AUX I/0 Connector: AMU Rear Panel

S S S S S S S S S S S S S S S R S
B (mel_(meimel |l ol | s s s ol e e ] ]

50; Not Used ' 29-38: PARDATA 0-9
49: SYMB CLCK A 28: Not Used
27: Not Used
47:BIT CLK A 41: BURST A 26: Not Used
46: Not Used 1-25: GROUND

45: Not Used

Map Output Connector User 2 (AUX I/0) To | CW Mode Output A j

Map Output Connector User 3 (AUX 1/0) To I No Signal (Blank) A j

Map Output Connector User 4 (AUX 1/0) To I Trigger A j
No Signal (Blank) Marker

Polarity I Positive j
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User Marker AUX I/O -
Setup Environment

1402.5222.32

An illustration of the AUX /O interface is shown. The pins are color-
coded. The inputs are indicated by a "depressed"” pin =1, outputs by
a non-depressed pin Tl

The assignment is shown in tabular form underneath the interface.
The colors indicate the signal type. A distinction is made between
control signals (yellow), marker signals (green), data (orange), freely
selectable signals at the user pins (blue), ground (gray), and unused
pins (black).

If no path letter is specified, a pin is usually assigned to the signals of
path A. Pins with signals from path B are indicated by a "B" to the right
of the signal name.

Connection Description

1..25-0 Ground

26 - FHOP_CLK Pin reserved for future use.
27 - FHOP_DATA Pin reserved for future use.

28 - BURST_GATE_A Pin reserved for future use.

29 - PARDATAO Parallel data input/output 0...D with 10-bit word width for
digital modulation. If the data source "external parallel" is
selected, these pins are the data inputs. If a different data
source is selected, the data is output here (Custom Digital
Modulation, path A).

38 - PARDATA9

39-USER 3 USER input/output which can be configured for various
purposes. The following signals can be applied to the
connector:
- Marker 4 (output path A or path B)
- CW Mode Out (output path A or path B)
- FHOP_STRB (output path A or B). This signal marks the
trigger for frequency hopping by processing of ARB
sequences.
- Trigger (output path A or path B). This signal marks the
trigger event caused by the selected trigger signal
(internally or externally) of path A or B.
Additional signals for path B are available in two-path
instruments. The signals corresponding to path A are
applied at the pins of the AUX I/O interface (Clock Out).

- Clock Out (output Path B; bit or symbol clock pulse). This
signal corresponds to the clock signal for digital
modulations.

- LEV ATT (input/output path B).
- BURST (input/output path B).

40 - USER 4 USER input/output which can be configured for various
purposes (see above).

41 - BURST Signal output/input for controlling the burst ramp, path A.
With external envelope curve control (Custom Digital
Modulation only), the pin is the input for the control signal
BURST_RAMP. With internal envelope curve control, the
control signal BURST_RAMP is output for path A.
With two-path instruments, the signal for path B can be
applied to one of the user interfaces.

42 - MARKER 3A Output for the freely programmable marker signal 3 of
path A. The output is permanently assigned.

43 - MARKER 3B Output for the freely programmable marker signal 3 of
path B. The output is permanently assigned.
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Connection

Description

44 - LEV ATT

45 - FHOP_STRB

46 - BURST_GATE_B

Signal input/output for controlling the level attenuation
(path A only). With external envelope curve control

(Custom Digital Modulation only), the pin is the input for
the control signal LEV_ATT. With internal envelope curve

control, the control signal LEV_ATT is output for path A.
With two-path instruments, the signal for path B can be
applied to one of the user interfaces.

Pin reserved for future use.

Pin reserved for future use.

47 - BITCLK Output Bit clock for internal mode (path A only).

With two-path instruments, the signal for path B can be
applied to one of the user interfaces.

48 - USER 2 USER input/output which can be configured for various
purposes (see above).

49 - SYMBCLK Symbol clock output for internal mode (path A only).
With two-path instruments, the signal for path B can be
applied to one of the user interfaces.

50 - not used Pin is not used.

TX_PARDATA

AUX 10 Configuration The signals which are available for selection are given above.

Remote-control command:
OUTP:; USER2: SOUR ANVAR

GPIB, Ethernet - Setup-Remote

The Remote GPIB and Ethernet ... menu provides access to the GPIB and Ethernet settings. The

Remote GPIB and Ethernet... menu is opened using the [SETUP] or [MENU | key under Remote.

& Remote Channel Settings IZ]|§|§|

GPIB Settings
GPIB channel address | 28

Ethernet Settings

Visa Resource String

GPIB channel address - Sets the IEC/IEEE bus address of the instrument.

Setup Remote

Remote-control command:

SYST: COW GPI B: SELF: ADDR 28

Visa Resource String - Indicates the visa resource string. This string is used for remote
Setup Remote control of the instrument.

Remote-control com

mand:

SYST: COW NET: RES?

Response: TCPI
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Protection - Setup-Protection

The Protection menu provides access to the unlocking of protected service functions (authorized
personnel of R&S Service Departments only). To unlock the lock-out, the correct password has to be
entered. After the instrument has been switched on, the lock-out 2 to 5 is automatically activated.

Protection Level 1 can be activated to lock-out internal adjustment. The password is 123456.

& Protection

on IPasswurd I
On Password | e
On Password | e
On Password Im
On Password lm

<l

Protection Level 1

<l

Protection Level 2

<l

Protection Level 3

<1

Protection Level 4

<

FProtection Level &

Remote-control command:
SYST: PROT1: STAT ON
SYST: PROT1: STAT OFF, 123456

Save/Recall... - Setup-Settings

The Save/Recall submenu can also be called up with the key and is therefore described in the
section on this key (see section "Storing and Loading Instrument Data - File Key", page 4.24).

Help Menu

The Help menu offers comprehensive online help for the R&S AMU. A desired topic can be selected via
the table of contents (select Manual) or the index (select Index).

For context-sensitive information about a marked parameter, press the key. For a description of
the Help menu, refer to the section covering to the key (see section "Help System - Help Key",
on page 4.22)

Switching to Manual Operation - Local Key

In remote control mode a status message appears in the display header. The rest of the display
remains unchanged and shows the current instrument status, i.e. the status which exists under the
remote control settings. The instrument can be operated (e.g. menus can be opened). However, it is not
possible to enter or change values.
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Analog 1/Q Out A e PEP A | 1.000 mv Level A I_

Analog 1/Q Out B holl A PEPB | 1.000 mv Level B
9 OFF
=

Marker 1: On, B E E ﬂ
20N -
5 on)| State Oon |
4:0n
Set to Default | SaveRecall... |
Data Source
Data Source I PRBS J

PRBS Type | PRBS 9 |

The status message additionally indicates whether the key is disabled or enabled (see also
chapter 5 , section "Switch-Over to Remote Control").

If the REMOTE status message is shown, the key switches the instrument from remote control
to manual operation. The current command must be fully processed before the mode is switched,
otherwise the instrument switches immediately back to remote control.

If the REM-LLO status message is displayed, the instrument can be switched from remote control to
manual operation by means of remote control only (e.g. with the Visual Basic command CALL | BLOC
(gener at or % ); the key is disabled. The key is disabled by remote control with the command
LLO.

The status LOC-LLO indicates that the instrument has been switched from remote control to manual
operation. With the next activating of the remote control mode, the instrument cannot be switched to
manual operation by the operator. The status information changes to REM LLO. The instrument can be
switched to manual operation by means of remote control only (e.g. with the Visual Basic command
CALL | BLOC (generator%).

When switching from remote to manual operation, the display update suppression function, if active
((SETUP}- GUI Update is Off), is automatically deactivated (([SETUP} GUI Update is On).

Generating a Hardcopy of Display - Hcopy Key

The key is without function for the R&S AMU.

Messages - Info Key

The key opens a window containing a detailed description of every message displayed in the info
bar, see chapter 3, section "Info and Status Bar" and chapter 9, section "Error Messages".
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Help System - Help Key

The key opens a browser window containing a context-sensitive description of the highlighted
parameter.

& Help - Burst Editor - GSM/EDGE EEo&X

Eontents Previous Mext

.. Burst Type - GSMIED(;J
--Save-Recall Slots - G
- Lsary - GSMIEDGE
- Blot Level - GEWMEDGE -
_sitatenuaton- s | BUFSt Editor - GSM/EDGE
- Multislot Configuration
- Mumber of Slots- GSM
--Extended Tail Bits - G5 | At the top of the menu the structure of the current burst type for the selected slot is displayed

- Tail Bits - GSMEDGE [J | (in this example Mormal (Half Rate)). Indiwvidual fields of the burst are colour-coded:
--Drata for Data Field of §

To call the burst editor, select a slot from the graphical display in the GSM/EDGE menu.

- Use Stealing Flag - G2 | Field | Colour
- Stealing Flag - GSMIEL - - - -

. Training Sequence TS | Data, Fixed, Mixed, Stealing |Wh|te

- User TSC - GSWEDGE)| | Training Sequences: TSC, ETSC, SYNC | yellow
2 Sl | Tail, extended Tail | green

- Llser ETSC - GSMIED

....Training Sequence Sy | GUard, extended Guard | blue

- LIser Byne - GEMIEDG
-Fixed - GEMIEDGE

- Fixed Pattern - GSME
- Mixed - GEMIEDGE

B GSMIEDGE A: Burst @Frame1/Slot0

=

Data 8| TSC |5

|

Foom out

Scroll Scroll
Left Right

| Foom in

The context-sensitive page which is opened with the key is part of a comprehensive help system.
It is possible to move from this context-sensitive page to any page of the help system. The following
navigation aids are available:

Internal links in the text
They open pages which are directly linked to the described function. In this way it is possible, for
example, to call up the description of the GPIB command for any particular function.

Previous/Next links
The Previous/Next links allow scroll through the help pages. The sequence of the described
functions corresponds to their position in the menus.

Back softkey
The Back softkey calls up the page last viewed.

Contents in the navigation panel
The contents list is used to open the individual help pages. It has a hierarchical structure. The
highlighted line indicates where the currently displayed page is within the contents list.

Index in the navigation panel

The index is used to call up all pages which contain the selected entry. The index has an
alphabetical structure and also contains all GPIB commands.
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- Text search softkey
The text search allows you to look for freely selectable terms in all help pages. A list of the pages
containing the entered term is displayed as the search result. The search can be limited to words in
the page title to increase the number of hits.

The softkeys are used to determine the entry focus for front panel operation, to select the content of the
navigation window and to change the font size. To determine the entry focus for front panel operation
the Cursors UP/Down are used. The links are highlighted in blue, and can be selected and called up
using the rotary knob.

Index / Tree - Help Switches the navigation window display between the contents tree
and index entries. The input focus must be in the left-hand navigation
window.

Remote-control command: -
Contents tree: Index:

The contents tree is the contents ~ The index contains an

list of the help system. The cursor alphabetical list of all terms which
always highlights the entry which  refer to functions of the

is currently being displayed in the instrument. For example, it

right-hand help window. The contains all parameter names
associated page can be opened and all GPIB commands. The
by selecting an entry. associated help page can be

opened by selecting an entry.

Find - Help Opens the search panel. The content of the titles only or the complete
help text can be searched for the entered term.

Text: Words [

[GPs

Chap.| Topic o

gps Adjust Total Power ...
gps Almanac For GPS ...
aps  Arm - GPS

gps  Chip Clock Multiplie...

Remote-control command: -

Scroll Left / Scroll Right - Shifts the indicated area of the navigation window.

Help Remote-control command: -

Zoom in / Zoom out - Help  Increases and reduces the font size of the help text.

Remote-control command: -
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Storing and Loading Instrument Data - File Key

The R&S AMU allows complete instrument settings to be stored in files on the hard disk. Defined and
complex instrument settings can then be reproduced at any time by loading this data. If required, these
settings can be loaded to various signal generators.

The key opens the menu used to store and load instrument settings in a file. The data can be
stored on the hard disk in a data directory. Additionally there are three intermediate memories in which
the current instrument setting can be stored and then called up again by pressing a key. This makes it
possible to switch quickly between defined instrument settings.

All settings which differ from the preset plus the configuration data for the operating elements (e.g.
window positions) are stored. When loaded, these referenced settings are implemented and all non-
referenced parameters are set to the associated preset value. As a result the files remain relatively
small since they only contain the relevant information. Furthermore, this also allows instrument settings
to be transferred easily between different signal generators since once again only the settings which
differ from the preset values have to be adjusted.

If a data list, e.g. a list of frame or channel configurations is used for a digital standard, a reference to
this list is stored too. The list is loaded when the associated instrument setting is loaded. If the list has
been deleted in the meantime (or it is not available on a different instrument), an error message
appears if an attempt is made to access this list after the instrument setting has been loaded. The
associated setting or operating mode is only started after the user has selected an existing list. If the list
has been overwritten in the meantime, the new entries will be used.

Note:
Lists are stored and loaded in the corresponding menus. For example, the GSM frame definitions
are created and stored in the GSM menu.

When loading an instrument setting, it is possible to select whether the current frequency and level
setting is to be retained or whether the stored settings are to be activated. It is possible to delete stored
instrument settings. A file can be copied by loading it with "Recall" and then storing it under a new
name.

Settings can be transferred easily between instruments with different equipment options and/or
firmware versions because only the settings which differ from the preset values are affected. When
settings are loaded, only those which are possible on the instrument are implemented. Error messages
indicate the settings which cannot be implemented.

The stored file is transferred from one instrument to another using the memory stick or by means of a
network drive.

General file management functions such as copying and moving data are available in the File Manager
submenu.

File Menu

The settings available in the File menu depend on the operation selected under Select Operation.

Select Operation Save ~
Select Operation - File Selects the file function.
Save... Calls the menu for storing the current instrument setting.
Recall... Calls the menu for calling up a stored instrument setting.
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Storing Instrument Settings - File

If Save is selected under Select Operation, the File menu provides options for storing the current
instrument setting in a file.

FEX
Select Operation I Save 'l
recent data sets

cilamu_lists/settingsipreset3

c:famu_lists/settings

S - preseti
= amu_lists
- 3gpp preset3
- control
- data
- dm
- OpS
- gsm
- waveforms
- wimax -
File Name:
|1-reset4| I
Save Save Save File
Save | Immediate1 Immediate2 Immediate3 Manager... |
Recent data sets - File Displays the files last used. The entire path is shown in plain text (e.g.
c:./amu_lists/settings/preset3).
Remote-control command: n.a.
Directory - File Selects the directory in which the file is to be stored.
The window opposite lists all settings files in this directory.
A new directory can be created in the File Manager (File Manager
button).
Remote-control command:
MVEM CDI R "D: \user"
(The path can also be entered when the file is stored.)
File List - File Displays the files which are in the selected directory.

If a file is highlighted, it is overwritten when the file is stored.

Remote-control command:
MVEM CAT?
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R&S AMU 200A

File Name - File

Save - File

Save Immediate x- File

File Management- File

Enter the file name of the file without file extension. This file is then
created.

Remote-control command: n.a.
(The file name is entered when the file is stored.)

Stores the current instrument settings under the specified path.

Remote-control command:
MVEM STOR: STAT O, 'test'

Stores the current instrument setting in one of the three intermediate
memories.

These instrument settings are retained until a different instrument
setting is stored in the intermediate memory. When the instrument is

switched off, the contents of the intermediate memories are retained.

Remote-control command:
*SAV 1

Calls the File Management menu.

Directories can be created and files managed in this menu (see the
section "File Manager - File" on page 4.27).

Remote-control command: -

Loading Instrument Settings - File

If Recall is selected under Select Operation, the File menu provides options for loading complete
instrument settings. Here it is possible to select whether the current or stored frequency and level

settings are to be used.

EEX

Select Operation
recent data sets

I Recall 'l

c:famu_lists/settings

B¢

B- amu_lists
(- 3gpp
£- control
+- data

£ dm

H- aps

H- gsm

o IO e O e O RO

- waveforms
[#- wimax
[+ wlan

preset2
preset3

=l

Recall

Recall

| Recall | Recall
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Recent data sets - File

Directory - File

File List - File

Recall - File

Recall Intermediate x- File

File Manager - File

Displays the files last used. The entire path is shown.
If the desired file is in the list, it can be selected in this window.

Remote-control command: n.a.

Enter the directory in which the file with the instrument setting to be
loaded is located.

The Selected file window lists all the files in this directory.

Remote-control command:
MVEM CDI R "D: \ user™

Selects the file with the desired instrument configuration.:

Remote-control command:
MVEM CAT?

Load the selected configuration.

If an instrument setting in which a sweep was activated is stored, the
sweep is started when the recall command is called.

If an instrument setting which accesses lists is stored, this list is also
loaded.

If the list has been deleted in the meantime, an error message
appears when the instrument setting is loaded. If the list has been
overwritten in the meantime, the new entries will be used.

Remote-control command:
MVEM LOAD: STAT 0, 'test’

Loads the selected configuration from one of the three intermediate
memories.

If an instrument setting in which a sweep was activated is stored, the
sweep is started when the recall command is called.

If an instrument setting which accesses lists is stored, this list is also
loaded.

If the list has been deleted in the meantime, an error message
appears when the instrument setting is loaded. If the list has been
overwritten in the meantime, the new entries will be used.

A message appears if no instrument configuration is stored in this
memory.

Remote-control command:
*RCL 1

The File Management menu provides all the functions required for file management. Directories can be
created, and files copied, deleted and moved between the directories on the drives (hard disk, memory

stick and network drives).
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& File Manager E“§|E|
File Type | Al Files () |

c:famu_lists/idm
= ¢ ;II
= amu_lists amu_c1.temp
- 3gpp

H-- control

[E
[
[
[+
[..
[E
[
[
[

5
I

Create New

Cut 5 Past Rel Delet
opy aste name elete Directory

File Type - File Manager Selects the file types to be indicated. If a file type with a specific file
extension (e.g. Control List (*.dm_iqc)) is selected only files with this
extension are indicated in the selected directory.

Remote-control command: n.a.

Directory - File Manager Selects the directory in which the file to be deleted or copied is
located. The window to the right lists all files in this directory. The file
to be deleted or copied can be highlighted. The path is indicated
above the directory window.

Remote-control command:
MVEM CDI R "D: \ user"

File Name - File Selects the file.

Management
9 Remote-control command: n.a.

Cut - File Management Cuts the selected file. It can be pasted into a different directory using
the Paste button.

Remote-control command:
MVEM DEL ' E:\test.savercl'

Copy - File Management Copies the selected file. It can be pasted into a different or the same
directory using the Paste button. When pasting the file into the same
directory file name "Copy of <filename>" is given automatically. When
pasting the file into a different directory, the original filename is kept.

Remote-control command:
MVEM COPY "D:\user\setl.w","D:\user\set2. w"
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Paste - File Management Pastes the file that has been copied or cut before.

Remote-control command: n.a.

Rename - File Management Renames the selected file or directory. The new name can be entered
in the New Filename window.

Remote-control command:
MVEM MOVE "t est 02. dm.igd", "set 2. dm.i qd"

Delete - File Management Deletes the selected file. Before the file is deleted, a message
appears prompting the user to confirm deletion of the file.

Remote-control command:
MVEM DEL ' E:\test. savercl'

Create New Directory - File Creates a new directory. The name of the new directory can be
Management entered in the New Directory window.

The directory is created as a subdirectory in the selected level.

Remote-control command:
MVEM MDI R ' D:\user\test'

Note:
When the subdirectory is entered, it is possible to enter an
absolute path name (e.g. " D: \ USER\ MEAS") or the path relative to
the current directory (e.g. ". . \ MEAS").
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Graphical Display - Graphics

Graphical Display of Signal Characteristics

The R&S AMU can be used to graphically display the generated baseband signal. A selection of
different signal displays assists the user in assessing and checking the increasingly complex
modulation signals.

Most graphical displays are possible both for internally generated and externally applied baseband
signals.

v

The Graphics function block is available for instruments with the option R&S AMU-B13 (Baseband Main
Module) and one of the options R&S AMU-B9/B10/B11 (UniCod + ARB), R&S AMU-B17 (Baseband
input) or R&S AMU-B62 (Noise Generator).

It is the baseband signal actually generated that is recorded and displayed, and not a signal calculated
on the basis of the set parameters.

This graphical display allows the user to quickly view and check the current signal characteristics and
also gives an overview of the changes in the signal over time. The signal quality can be permanently
monitored. The results of parameter changes on the signal, such as a change in modulation mode, or
the effects of certain configurations, e.g. the activation of several base stations in the case of (W)CDMA
signals, can be analyzed directly in the display. Freezing the signal and then zooming permits a detailed
evaluation of any signal segment. The definition and display of one or more reference curves makes it
possible to compare various signals (i.e. by comparing the CCDF (Complementary Cumulative
Distribution Function) with different channelization codes, or the spectra if different filter parameters are
selected).

An externally applied signal can be checked with respect to the anticipated signal characteristics.

The displayed signal segment can be influenced by selecting the trigger that defines the time for
recording to start. With automatic triggering, the signal is tapped at the point in the signal path that is
best for the respective display. The displayed signal segment is selected internally depending on the
signal such that the signal characteristics of interest (e.g. the useful signal) are displayed. This selection
is appropriate for a representative display of the complete signal.

In addition, a user-definable trigger is available with which the displayed signal segment can be limited.

The time resolution can be set either automatically or manually, whereby for manual setting the
bandwidth for which the trace is to be displayed is selected. The transient recorders used for signal
recording have a variable recording depth which is specified under the respective display.

In addition to the large graphics window, the display can also be shown in a small window ("smart
graphics"). This window is fitted into the block diagram as a block, and can be used for basic checking
purposes (e.g. whether the signal is still being generated).
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- Ed B8

il
In the case of two-path instruments, the baseband signals of both paths can be displayed
simultaneously.

Graphics Settings Menu

The Graphics Settings menu for selecting the graphical display of the output signal is opened either in
the Graphics function block or in the menu with the same name which is opened using the key.

The signal display can be selected and activated in the menu.

With two-path instruments, the settings for the two paths can be entered separately. The signals can be
displayed simultaneously in two separate windows.

gﬁ'-_(;,aphic, Settings E[E]@ The signal display can be selected and activated in the menu.
Path A =1} With two-path instruments, the settings for the two paths can be
State Off entered separately. The signals can be displayed
- simultaneously in two separate windows.
Smart Graphics [~ On
Mode [ra R
Trigger Source I Software j
Sample Rate Mode IAutu j
Sample rate I 100.0' % J —
Path B
State off |
Smart Granhics I~ On ﬂ

Status - Graphics Settings  Activates the selected graphical display.
After activation, the diagram selected with Mode is displayed in the
block diagram.

At the bottom of each graphics window there are several buttons for
freezing and zooming the display and for activating a reference curve
(see the following section "Softkey Bar of Graphics Window", page
4.33).

Remote-control command: n.a.
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Smart Graphics - Graphics
Settings

Mode - Graphics Settings

Trigger Source - Graphics
Settings

1402.5222.32

Activates the "smart graphics".

The graphic is displayed in a small window which is roughly the size of
a block. These windows are displayed permanently in the block
diagram until they are deactivated, and allow basic checking of the
signal. They do not contain any buttons.

/

N

Remote-control command: n.a.

Selects the graphical signal display. The display is not shown until it
has been activated with Status On.

The individual signal displays are described in the section "Signal
Displays - Graphics" on page 4.36.

Remote-control command: n.a.

Defines the trigger for the starting time of the graphic recording.

Remote-control command: n.a.

Software Recording of signals is started automatically in
specified intervals.

This asynchronous method is appropriate when a
representative display of the complete signal is
desired, as recording starts in a random time
reference to the signal.

Marker 1 The starting point for recording signals is
determined by marker 1 in the menu of the active
standard.

This synchronous method is appropriate when
specific signal segments are to be shown in
greater detail. With periodic signals, a static image
is obtained by selecting a period length of marker 1
that is equal to the signal period.

The displayed signal segment can be shifted as
needed by entering a marker delay in the
Trigger/Marker menu of the active standard.
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Scrambling Code - Sets the scrambling code if the Code Domain display is selected.
Graphics Settings Since it is possible to select a different scrambling code in the menu
(only if Code Domain (3GPP for each of the 4 base stations and it is also possible to display an
FDD DL) is selected) external signal, the scrambling code for which the display is to be

generated must be explicitly specified here.

Remote-control command: n.a.

Sample Rate Mode - Sets how the time resolution of the signal is determined. Maximum

Graphics Settings resolution corresponds to a display covering the entire signal
bandwidth. The higher the resolution is, the shorter the length of the
displayed signal segment will be for the specified recording depth.

Auto The resolution is set to an optimum value on the
basis of the signal and display type.

Remote-control command: n.a.

Full Bandwidth  The resolution is set such that the display covers
the entire signal bandwidth.

Remote-control command: n.a.

User Under Graphics Sample Rate, the user can
determine the resolution by setting the signal
bandwidth for which the display is to be generated.

Remote-control command: n.a.

Graphics Sample Rate - With Auto and Full Bandwidth:
Graphics Settings Displays the signal bandwidth for which the display is to be generated.
With User:

Selects the signal bandwidth for which the display is to be generated.
The setting range moves between the minimum and maximum
bandwidth which is possible for the selected display. The selection is
made graphically by moving the pointer.

Remote-control command: n.a.

Softkey Bar of Graphics Window

At the bottom of each graphics window there are buttons for freezing and zooming the display and for
defining and activating a reference curve.

Zoom , Show Copy
Time
Il b | out | | ref | toref |
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Run

Zoom in
(only possible with mouse)

Zoom out

Time
(only 1/Q mode)

Show ref

1402.5222.32

Freezes the current display.

Clicking on the button again reactivates the normal, permanently
updated display.

Freezing the display allows it to be analyzed more easily. Zooming the
display at the same time permits detailed evaluation of any signal
segment.

Remote-control command: n.a.

The mouse can be used to freely select any section to be zoomed.
This section is selected by pressing the left-hand mouse key and
dragging a rectangular marquee. In this way a display can be zoomed
in several steps. The zoom is cancelled by clicking on the Zoom Out
button.

!k.l

Remote-control command: n.a.

Cancels the zoom.

Remote-control command: n.a.

Switches to seconds for time representation on the X axis of the 1/Q
diagram.

Remote-control command: n.a.

Displays the reference curve(s). All defined reference curves are
displayed simultaneously (see the description of the Copy to ref
button).

The reference curves are displayed together with the current signal.
They allow visual comparison of two or more signals with different
settings, e.g. with different filters.
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Power [ dB

-oh -4m -3M -2ZM -1M i} N 3 4 ahl
(f-fc) | Hz

Clicking on the button again hides the reference curves.
The reference curves must be defined beforehand using the
Copy to Ref button.

Remote-control command: n.a.

Copy to ref Defines the current curve as the reference curve.

A window opens in which the curve can be given a comment and a
color.

First of all the desired color is highlighted in the top window. If this
color has already been assigned to a reference curve, this curve is
overwritten. The command is entered in the bottom Comment section.
This comment then appears next to the highlighted color.

Up to 5 reference curves can be defined and displayed simultaneously
in different colors together with the current signal.

Each reference curve is available until it is deleted.

Remote-control command: n.a.

Display area The comments entered for the defined reference curve are shown in
the display area next the assigned color. A maximum of five colors
(and reference curves) are available. If no reference curve is assigned
to a particular color, the comment <empty> is displayed.

Remote-control command: n.a.

Comment Enters a comment for the current curve which is to be defined as the
reference curve. This comment then appears next to the highlighted
color in the display area.

Remote-control command: n.a.
Delete Deletes the curve highlighted in the display area.

Curves which are no longer required can be deleted to reduce the
number of reference curves displayed simultaneously.

Remote-control command: n.a.
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Assign Defines the current curve as the reference curve.

The new reference curve is shown together with the entered comment
next to the selected color in the display area.

Remote-control command: n.a.

Signal Displays - Graphics

All signal displays which are used for analyzing a baseband signal can be selected. A number of signal
displays are available only if the corresponding signal is generated, e.g. Code Domain is available only
for (W)CDMA signals.

I/Q Diagram - Graphics

The 1/Q diagram displays the inphase component (i[t]) and quadrature component (q[t]) of the 1/Q signal
over time.

The diagram is displayed in a window with two separate coordinate systems. The coordinate systems
have identical X and Y axes. The time (in number of symbols, chips or samples depending on the
signal) is plotted on the X axes, and the amplitude scaled to the peak envelope power (PEP) is plotted
on the Y axes (minimum scaled amplitude = -1; maximum scaled amplitude = +1). The recording depth
is TkSamples.

This signal is picked off at the output of the baseband main module (Impairment function block).
Fading and impairment of the signal as defined by the user and the addition of noise is contained in the
displayed signal. Also, an added external (Baseband Input) or internal signal (from the second path) is
included.

A A i(t), glt) -

-

=
i

Inphase i(t)

Quadrat. q(t)

itk

ti Tsymbol

Show | Copy |

-
e | ref to ref
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Vector Diagram - Graphics

The Q component is displayed over the | component in the vector diagram. Each point is determined by
a vector. The amplitudes of the signal components scaled to the peak envelope power (PEP) are
plotted on the X and Y axis (minimum scaled amplitude = -1; maximum scaled amplitude = +1).

This display shows the curves between the various states of modulation mapping. The recording depth
is 1kSamples.

This signal is picked off at the output of the baseband main module (Impairment function block).
Fading and impairment of the signal as defined by the user and the addition of noise is contained in the
displayed signal. Also, an added external (Baseband Input) or internal signal (from the second path) is
included.

A_A: Vector, Diagram |

quadrature q(t)

-08-0B5-04-02 0 02 04 06 08
inphase i(t)

Zoom Show Copy
ourt ref toref
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Constellation Diagram - Graphics

In the constellation diagram, the Q component is also displayed over the | component. However, only
the values at the constellation points (signal value at the ideal scanning instant of the symbol) are
displayed, i.e. for each symbol only 1 value in the form of a circle is shown for the | and Q component.

The amplitudes of the signal components scaled to the peak envelope power (PEP) are plotted on the X
and Y axis (minimum scaled amplitude = -1; maximum scaled amplitude = +1). The recording depth is
2kSamples.

This signal is picked off at the output of the unicoder (Baseband function block) upstream of baseband
filtering. Fading and impairment of the signal as defined by the user and the addition of noise is not
effective in this signal because signal impairment and noise addition occur further down the signal path.
Also, an added external (Baseband Input) or internal signal (from the second path) is not included.

This display shows the various states of modulation mapping which occur in the signal. The example
shows the constellation diagram of a QPSK modulation signal.

& A: Constellation Diagram

quadrature q(t)

-025 0 0258 04

inphase i(t)

Zoom out Show ref ‘ Copy to ref
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Eye Diagram - Graphics

The eye diagram displays synchronized and superimposed sections of either the inphase or quadrature
components of the signal.

The display width (eye length) is set at 2 symbols; several hundred curve segments are superimposed.
The time (in the range -/+ 1 symbol) is plotted on the X axis, and the amplitude scaled to the peak
envelope power (PEP) is plotted on the Y axis (minimum scaled amplitude = -1; maximum scaled
amplitude = +1). The beginning of recording is synchronous to the symbol and chip clock pulse. The
recording depth is 2kSamples.

This signal is picked off at the output of the unicoder (Baseband function block) downstream of
baseband filtering. Fading and impairment of the signal as defined by the user and the addition of noise
is not effective in this signal because signal impairment and noise addition occur further down the signal
path. Also, an added external (Baseband Input) or internal signal (from the second path) is not included.

e
LY

(=)

(=)

-0.

quadrature q(t)

-0.

=

-0.

(a7

-0.

o

|

-1

04 06 n.a

-0.4
t!/ Tsymbol
Zoom Show Copy
out ref toref
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CCDF Display - Graphics

The Complementary Cumulative Distribution Function shows the probability with which the output signal
will exceed the average power.

The level over the average power is plotted from 0 to 20 dB on the X axis; the average power (rms)
corresponds to the origin. The probability of exceeding the average power is plotted between 0.0001%
and 100% on the Y axis. The recording depth is 8kSamples.

This signal is picked off at the output of the baseband main module (Impairment function block).
Fading and impairment of the signal as defined by the user and the addition of noise is not effective in
this signal because signal impairment and noise addition occur further down the signal path. Also, an
added external (Baseband Input) or internal signal (from the second path) is not included.

The point at which the CCDF curve intersects the X axis gives the crest factor of the signal.

A A: CCDF, Complementary Cumulative Distribution / Eli .

Probability [ %

25 5 7.5 10 12.5 15 17.5 20
(peak power { avg. power) { dB

Zoom Show Copy
out ref toref
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Power Spectrum - Graphics

With the spectrum display, the signal spectrum is calculated from the I/Q signal by means of Fast
Fourier Transform (FFT).

The power density over frequency is displayed. The power density is plotted on the Y axis, and the
frequency is plotted symmetrically on the X axis (-sampling rate/2 to +sampling rate/2). FFT Points
indicates the number of 1/Q value pairs which are used for calculating a (part-)FFT. AVG indicates the
number of subspectra used for averaging. The recording depth is 8kSamples.

This signal is picked off at the output of the baseband main module (Impairment function block).
Fading and impairment of the signal as defined by the user and the addition of noise is contained in the
displayed signal. Also, an added external (Baseband Input) or internal signal (from the second path) is
not included.

The spectrum display of the output signal is particularly suitable for checking multicarrier signals.

A A; Power Spectrum (FFT points = 2048, AVG = 4) - =13
0
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(f-fc) | MHz

Zoom Show Copy
out ref toref
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Bit and Block Error Rate Measurements -
BERT Block

Introduction - Bit and Block Error Rate
Measurements

The R&S AMU contains an integrated bit error rate tester which makes it possible to evaluate a signal
demodulated and decoded by a DUT by measuring the bit error rate. A known PRBS-modulated data
sequence (PRBS = pseudo random binary sequence) is sent to the DUT. The PRBS data sequence is
decoded by the DUT and sent to the R&S AMU in the form of clock and data signals.

The bit error rate tester of the R&S AMU synchronizes to the known PRBS sequence and counts the bit
errors. The quotient obtained by dividing the number of error bits by the total number of bits is the BER.

In addition, a block error rate measurement can be used to verify CRC checksums. The ratio of errored
blocks to total blocks yields the block error rate.

The settings are shown in the block diagram in the BERT function block and in the menu of the same
name that is accessed via the key.

The equipment layout for the basic unit (option R&S AMU-B9/B10/B11) includes the option K80 (Bit
Error Rate Tester).

BERT

config... I

v On
BERT
e

BERT

The BERT interface is located on the rear panel. Besides the data and clock input, it provides other
inputs with which the user data containing the PRBS sequence can be masked. The interface
description can be found in chapter 8, section "BERT Interface".

Test setup

The following figure shows the test setup for the bit/block error rate measurement. The data used to
drive the DUT can be generated by the R&S AMU or an user-defined external source. The R&S AMU
can generate any externally computed modulation signals that were created using e.g. WinIQSIM
software (see section "Arbitrary Waveform Generator").

A known PRBS sequence must be used for the bit error rate measurement.
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(PRBS) Data

(RF/1/Q)
R&S Baseband
Signal Generator
BERT
Interface
T i Data Enable | ‘
[ Restart
Clock
Demodulated Data
Fig. 4-1 Test setup for bit or block error rate measurement. The DUT is driven using a known data

sequence. It demodulates the data and sends it together with a clock signal to the R&S
AMU. The Data Enable signal marks the user data of the signal. The restart signal for
restarting the PRBS calculation is only important for the bit error rate measurement.

PRBS data - bit error rate measurement

To be able to detect faulty bits by a BER measurement, the data generation polynomial must be known.
PRBS sequences are therefore used as the method for computing the data (see section "Internal
PRBS-Data and Data Pattern"). These quasi-random bit sequences are repeated periodically,
depending on the polynomial selected. A randomly selected initial status yields exactly one subsequent
status. The initial status and therefore the subsequent status occur only once in the whole sequence.

Hence an advantage of the PRBS data is that the bit error detector must know only the polynomial but
not the entire sequence. At the start of a measurement, the feedback shift register is filled once with the
applied data sequence (which corresponds to the synchronization time) and is subsequently switched
from "fill" to "feedback". This creates a defined initial status and generates exactly the same data that
the applied data stream should have. Faulty bits can thus be identified and counted by comparing the
received data with the results obtained from the shift register.

Creating a defined initial status makes it possible to start the analysis anywhere in the bit stream, i.e.
the bit-stream source and the analyzer need not be synchronized. Delays of the DUT and transmission
over long air paths, where the transmitter and the receiver are located at separate sites, therefore do
not present a problem.

CRC polynomial - block error rate measurement

In the block error rate measurement, the checksum (CRC) that contains the data signal fed to the DUT
is compared with the checksum that the block error rate tester calculates from the feedback data. If the
two checksums differ, a block error is counted. The quotient obtained by dividing the number of faulty
blocks by the total number of blocks is the block error rate.

At the beginning of the data, the shift register is initialized with 0. All user data bits are then shifted
through the shift register. The CRC component is then read into a second register and compared bit by
bit with the result of the calculation.

CCITT CRC 16 : G(x) = x"® + x'? + x° + x" is the CRC polynomial supported.

The user data is marked by a signal that comes from the DUT and is fed to the Data Enable input of the
BERT interface.
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Clock signal

Usually the clock signal is provided by the DUT. If not, the bit clock can be extracted from the CLOCK
output connector (only with Custom Dig Mod signals in realtime). If signals complying with other digital
standards are generated or if ARB waveforms are used, a marker signal can be used as a clock. As the
DUT causes a delay, the ratio of clock-to-data travel times must always be taken into account and
checked with an oscilloscope if necessary. The R&S AMU indicates the status of the clock and data
lines and of the synchronization in the menus.

Ending the measurement

The measurement results usually lie in the range of 10 to 10” for the bit error rate, and in the range of
10 to 10™ for the block error rate. This means that a very large number of bits or blocks may have to be
tested before a faulty bit or block occurs. Because of the large number of bits/blocks involved, the
measurement time is usually very long. Since 32-bit-wide counters are used for the total number of
bits/blocks and the number of error bits, the maximum measurement time is 4.29 x 10° bits.

To keep the measurement times short for both small and large bit/block error rates, the R&S AMU
provides a number of ways to end the measurement. In addition to manually interrupting the count, two
termination criteria can be selected: 1) reaching a user-defined number of checked data bits/blocks; 2)
a maximum number of detected errors. The measurement stops as soon as one of the two criteria has
been met. The display shows which of the two criteria caused the measurement to stop.

Note:
The BER/BLER measurement measures statistical bit/block errors, i.e. errors which do not occur at
regular intervals but at random. Although a single measurement determines the exact number of
errors in the measured interval, a statistically reliable BER/BLER can only be obtained when a
sufficient number of errors occurs in the observed interval. This is the only way to ensure that the
single BER/BLER measurement result approaches the true error rate with high probability.

Bit error rates of approximately 50 % indicate a faulty measurement.

Interrupt-free measurement - bit error rate measurement

In the case of continuously generated signals that contain whole-number multiples of the PRBS
sequence, the measurement occurs without interruption. Only the data and clock lines of the BERT
interface are used for the measurement. The length of the random sequence is 2 to the power of the
degree of the polynomial minus 1. For example, PRBS9 has a length of 511 (29 equals 512 minus 1).

Restart function - bit error rate measurement

The Restart function makes it possible to perform BER measurements with short signals or with signals
that are not continuously generated (and therefore do not contain any whole-number multiples of PRBS
sequences). An external signal at the BERT input halts the measurement and restarts it when the data
sequence begins, and the BER results of the relevant (sub)sequences are integrated.

start of PRBS generation

restart of PRBS generation
length of PRBS sequence

i : ‘ restart of PRBS generation
B |

user data block user data block user data block

restart signal W W

Fig. 4-2 The length of the signal is too short for a complete PRBS sequence; PRBS generation is
restarted by the Restart signal when the signal begins anew.
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Frames generated by the R&S AMU or the WinlQSIM software contain continuous PRBS data, i.e. the
PRBS sequence is continuously written to the user data fields. Consequently, if the R&S AMU is used
as a data source, a restart is only necessary if (e.g. when using a waveform) the total length of the
signal does not equal a whole-number multiple of a PRBS sequence.

150 bits 150 bits 150 bits 150 bits
alh user data glalh user data glalh user data glalh user data g
t t t B
PRBS9 sequence

511 bits

Fig. 4-3 TDMA signal generated by the R&S AMU with user data that contains the PRBS data
sequence. The PRBS sequence is continuously written to the user data fields.

Data Enable

In the case of the bit error rate measurement, the data signals usually contain not only PRBS data but
also other data (e.g. sync and preambles, see figure) that would result in bit errors. The BER
measurement for this data can then be interrupted using the Data Enable signal. The Data Enable
signal is fed in at the BERT input.

frame access header user data guard
data

clock  [[ULUULITUUTUUTUUUUUTUU AU UV UU U UUUUUUUUULLUL
data |

enable

Fig. 4-4 TDMA signal with user data that contains the PRBS data sequence and various check
fields which should be ignored for the bit error rate measurement. Below that are the
associated clock and Data Enable signals.

In the case of the block error rate measurement, the Data Enable signal masks the user data (see
following figure).

data data cre

data N

enable

Fig. 4-5 Data Enable signal with block error rate measurement.
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Pattern Ignore - bit error rate measurement

Bit sequences of 32 bits or more with only "1" or "0", which some mobile radio standards provide
instead of frame data when faulty frames are detected, can also be excluded from the measurement
using the Pattern Ignore function (see figure).

Drop Out of DUT

le l/ N

- g
PRBS at Generator j\_w_[ S m
PRBSatDUTOutput | | [ | ] - - M

le , N

BER "active” ) 50 Bits i
— e

» J

K

These bits are ingored

Fig. 4-6 Example of functionality of Pattern Ignore: 50 bits were set to "0" by the DUT. These 50
bits plus the preceding "0" are ignored in the bit error rate measurement.
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Bit Error Rate Menu

The Bit Error Rate menu for configuring the bit error rate measurement is called either in the BERT
function block or via the key under BERT.

I Block Error Rate... I

The Bit Error Rate menu is divided into the following sections:

& Bit Error Rate The top section is used to switch on the bit error rate
— measurement and display the results and current status
State off I of the measurement.
Bit Error Rate |0.000 000 000 |ENG ~|
Data Bits I 0
Errors I 0
Terminated By User
State: NO CLOCK NODATA NO SYNC
L J o
—_Configuration———————— The Configuration section is used to select the type of
Mode |__|Mt,, - Execute Single | mga;urement the data source and the termination
criteria.
Max. Data Bits | 10 000 000
Max. Errors 100 . . .
If the data is not cyclically continued, the measurement
PRBS IPRBS g - can be selectively interrupted and restarted. Certain data
. sections and frames that have been marked as faulty can
Data Polarity I Norm 'I
be excluded from the measurement.
Clock Slope Pos -

External Restart Off |
Data Enable I Not Used 'I

Pattern Ignore Off -

Threshold (BER} I 1.00 IV 'I
Impedance (BER) |1 k0 i GND 'I

The top section is used to switch on the bit error rate measurement and display the results and current
status of the measurement.

State - Bit Error Rate Switches the bit error rate measurement on/off.

Depending on the selection in the Mode box, either a continuous
measurement (Auto) or a single measurement (Single) is carried out.
A single measurement must be started by clicking on the Execute
Single button.

Remote-control command:
BERT: STAT ON
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Bit Error Rate - Bit Error
Rate

Data Bits - Bit Error Rate

Errors - Bit Error Rate

Terminated By - Bit Error

Rate

1402.5222.32

Displays the measured bit error rate.
The bit error rate is the ratio of occurred errors to transmitted data bits.

Remote-control command:

BERT: RES?

Response (the 3rd value indicates the error rate):
"1000, 5,pE-4, 1,1, 1, 1"

The display unit can be selected in the box to the right of the value.
ENG The bit error rate is output in exponential notation
with the exponent -3 or —6.

Remote-control command:
BERT: UNI T ENG

SCI The bit error rate is output in scientific notation, i.e.
standardized to one place to the left of the decimal.

Remote-control command:
BERT: UNI T SCI

% The bit error rate is output in percent.

Remote-control command:
BERT: UNI T PCT

ppm The bit error rate is output in parts per million.

Remote-control command:
BERT: UNI T PPM

Displays the current number of data bits checked.

Remote-control command:

BERT: RES?

Response (the 1st value indicates the number of data bits checked):
"[ooo], 5, 5E-4,1,1, 1, 1"

Displays the current number of occurred errors.
Remote-control command:
BERT: RES?

Response (the 2nd value indicates the number of occurred errors):
"1000,8,5E-4,1,1,1,1"

Displays the termination criterion for the measurement.

These criteria can be entered to keep the duration of the
measurement short for low as well as high bit error rates.

The last measurement result is displayed after the measurement has
been terminated.

Remote-control command:
BERT: RES?

Response (the 4th value indicates whether the measurement has
been terminated: 1 = terminated): " 1000, 5, 5E-4, [, 1, 1, 1"
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State - Bit Error Rate
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User

Number of Data
Bits

Number of
Errors

The measurement was manually terminated by the
user switching the state to off.

Remote-control command:
BERT: STAT OFF
BERT: STCOP

The measurement was terminated because the
specified number of data bits was reached.

The measurement was terminated because the
specified number of errors was reached.

Displays the status of the measurement.

This enables the user to check whether the measurement functions.
The status of the data and clock lines and of synchronization is
checked and displayed.

If a faulty status is displayed, the signals can be checked at the BERT
interface using an oscilloscope.

Remote-control command:

BERT: RES?

Response (the 4th value indicates whether the measurement has
been terminated: 1 = terminated): " 1000, 5, 5E-4, 1, 1, 1, 1"

Clock

No Clock

The applied clock signal was detected.

Remote-control command:

BERT: RES?

Response (the 5th value indicates the status of the
clock line: 1 = active, 0 = not active):

*1000, 5, 5E-4, 1,1 1, 1"

The applied clock signal was not detected.
Possible causes are:

- Clock recovery is not available (e.g. with tests
of RF components).
If the signal is generated using the R&S AMU,
the bit clock can be extracted from the CLOCK
output connector (only with Custom Dig Mod
signals in realtime). If signals complying with
other digital standards are generated or if ARB
waveforms are used, a marker signal can be
used as a clock. As the DUT causes a delay,
the ratio of clock-to-data travel times must
always be taken into account and checked with
an oscilloscope if necessary.

- The wrong impedance for the applied clock
rate was selected (see Impedance
parameter).

- The wrong threshold for the applied clock
signal was selected (see Threshold).
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Data

No Data

Sync

No Sync

1402.5222.32

The applied data signal was detected.

Remote-control command:

BERT: RES?

Response (the 6th value indicates the status of the
data line: 1 = active, 0 = not active):

" 1000, 5, 5E-4,1, 1, 1"

The applied data signal was not detected.

Only clocked-in signals are detected; if the clock
signal is missing, then data changes will also not
be detected.

If the data is not detected despite the detected
clock signal, this may be caused by the following:

- The signal from the DUT is missing.

- The wrong impedance for the applied clock
rate was selected (see Impedance
parameter).

- The wrong threshold for the applied data signal
was selected (see Threshold parameter).

The measurement is synchronized.

Remote-control command:

BERT: RES?

Response (the 7th value indicates the status of the
synchronization: 1 = successful, 0 =
unsuccessful):

"1000,5,5E-4,1,1,1,[i

The measurement is not synchronized.

Generally, a measurement cannot be synchronized
until a clock and a data signal have been detected.
If synchronization still does not occur, this may be
caused by the following:

- The selected PRBS is not correct. For the bit
error rate measurement, the PRBS sequence
on which the data is based must be set on the
bit error rate tester. If the PRBS is not correct,
the BER measurement cannot synchronize to
the data (due to the incorrect polynomial).

- A wrong clock slope is used, which violates
setup or hold times (see Clock Slope
parameter).

- The travel times of clock and data are
unfavorable (e.g. clock slope at data change).
Check the relationship of clock to data using
an oscilloscope and optimize the travel times
(e.g. clock slope when the data signal applied
is stable).

- Reflections on the clock line occur, clocking
the data signal into the BER measurement
twice, e.g. on lines without termination. The
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input of the R&S AMU input is not terminated.

- Incorrect polarity of data signal (or Data
Enable signal).
In this case the PRBS cannot synchronize.
Note that an inversion of the output signal
specified for some cases by the PRBS
standard is performed automatically upon
PRBS selection. Manual inversion of the data
signal is therefore not required.

No Sync status and an error rate of approx.
50%:

1. A bit error occurs during synchronization (e.g.
nine data bits with PRBS9). The BER
measurement is set up incorrectly. This fault is
internally detected and automatically
corrected.

2. If data that is not cyclically continued (i.e. when
a break in the sequence occurs at the memory
wrap-around), the measurement will not be
started at the right time.

The signal on the Restart line enables the
measurement to be started optimally at the
beginning of the sequence.

The Configuration section is used to select the type of measurement, the data source and the
termination criteria. If the data is not cyclically continued, the measurement can be selectively
interrupted and restarted. Certain data areas and frames that have been marked as faulty can be

excluded from the measurement.

Mode - Bit Error Rate Selects the type of measurement: single or continuous measurement.

Auto

1402.5222.32

4.51

Continuous measurement of bit error rate.

If either or both of the termination criteria are met,
the measurement in progress is terminated and
immediately a new one is started automatically.
Depending on the settings made, a measurement
may take considerable time. During the first
measurement, intermediate results are displayed.
For the measurements that follow, only the final
results are shown. The parameters Data Bits and
Errors are continuously updated and indicate the
relative values for the measurement in progress.

Remote-control command:
BERT: SEQ AUTO
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Max Data Bits - Bit Error
Rate

Max Errors - Bit Error Rate

1402.5222.32

Single Single measurement of bit error rate.
The measurement is started by clicking on the
Execute Single button.

If a measurement is in progress, the current values
for Bit Error Rate, Errors and Data Bits are
cyclically displayed. The measurement is
terminated when either or both of the termination
criteria have been reached. To start a new
measurement, the Execute Single button must be
clicked again.

Remote-control command:
BERT: SEQ SI NG
TRl G BERT: | WM

Enter the number of transmitted data bits to be checked before the
measurement is terminated.

This criterion terminates the BER measurement after the specified
number of data bits, even if very few errors or none at all have been
detected. With a low number of bit errors, the measurement result
may be statistically unreliable.

If the measurement is terminated because the number of data bits
entered here were checked, Number of Data Bits appears to the right
of Terminated By.

Data excluded from the measurement by Data Enable or Pattern
Ignore is not counted.

Remote-control command:
BERT: SET: MCO 1000

Enter the number of bit errors to occur before the measurement is
terminated.

This criterion terminates the measurement relatively quickly if the error
rate is high. The measurement result is statistically reliable, since
many errors were already counted.

If the measurement is terminated because the number of bit errors
entered here was reached, Number of Errors appears to the right of
Terminated By.

Remote-control command:
BERT: SET: MERR 1E4
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PRBS - Bit Error Rate

Data Polarity - Bit Error
Rate

Clock Slope - Bit Error Rate

Impedance - Bit Error Rate

1402.5222.32

Selects the PRBS sequence. The data generated by the PRBS
generator is used as a reference for the measurement.

Note:
Standard-compliant data inversion for PRBS15 and PRBS23 is
performed automatically when the PRBS is selected. Data Polarity
remains unaffected.

Remote-control command:
BERT: SET: TYPE PRBS15

Sets the polarity of the feedback data bits.

Note:
Standard-compliant data inversion for PRBS15 and PRBS23 is
performed automatically when the PRBS is selected. Data Polarity
remains unaffected.

Norm High level stands for a logic 1, low level for a logic
0.

Remote-control command:
BERT: SET: DATA: POL NORM

Inv Low level stands for a logic 1, high level for a logic
0.

Remote-control command:
BERT: SET: DATA: POL | NV

Sets the polarity of the active slope of the feedback clock.

Pos The positive slope of the clock signal is active.

Remote-control command:
BERT: SET: CLOC: POL RI' S

Neg The negative slope of the clock signal is active.

Remote-control command:
BERT: SET: CLOC: POL FALL

Sets the input impedance of the BERT inputs Clock, Data, Data
Enable and Restart.

For high clock rates, 50 ohms should be selected.

Remote-control command:
SOUR: | NP: BERT: | MP G50
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Threshold - Bit Error Rate

External Restart - Bit Error
Rate

1402.5222.32

Sets high/low threshold in volts for the BERT inputs Clock, Data, Data
Enable and Restart.

The variable threshold makes it possible to align the BERT interface
with the level of different input signals. In addition, reflections and
other interference can be suppressed by selecting the appropriate

threshold.

Remote-control command:
SOUR: | NP: BERT: THR 1.0

Activates/deactivates an external restart of the BER measurement.

On

Off

The reset signal for the BER measurement is fed
via the Restart input of the BERT interface.

If the PRBS cannot be continued uninterruptedly,
the BER measurement must be stopped at the end
of the data sequence and subsequently restarted
at the beginning of the new data sequence. The
measurement is stopped and started via a 0-1-0
slope of the restart signal. A transition from logic 0
to 1 causes a partial result to be generated and the
measurement to be stopped. A transition from 1 to
0 starts the measurement for the next subinterval.
This measurement is synchronized anew.

If the R&S AMU is used as a data source, a signal
in which a single 1 was coded at the end of the
data sequence can be used as a restart signal at
the R&S AMU marker output. This causes the BER
measurement to stop briefly at the end of the data
sequence and start again.

Partial results (number of data and error bits) are
added up until the predefined total number of data
or error bits is reached or exceeded.

The measurement is reset by Pattern Ignore or
Data Enable, regardless of its status.

Remote-control command:
BERT: SET: REST: STAT ON

The reset signal for the BER measurement is
generated internally.

This setting is suitable for PRBS sequences that
run continuously and thus ensure uninterrupted
repetition.

Remote-control command:
BERT: SET: REST: STAT OFF
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start of PRBS generation

length of PRBS sequence

restart of PRBS generation

restart of PRBS generation

!

v

user data block

user data block user data block

restart signal

|

|

The length of the signal is too short for a complete PRBS sequence; PRBS generation is restarted by
the Restart signal when the signal begins anew.

Data Enable - Bit Error Rate Activates/deactivates the use of the Data Enable signal and sets the

1402.5222.32

polarity of this signal if it is used.

The Data Enable signal marks the data that is actually to be evaluated
for the BER measurement. Any data in addition to the PRBS
sequence is masked and thus not evaluated (e.g. sync, preambles,
other channels, etc that are present in the data bits supplied by the
DUT).

The signal is fed in at the Data Enable input of the BERT interface. It
is generated by the DUT but can also be provided by the R&S AMU in
the form of a marker signal.

Note:
If the data is not enabled, the BER measurement is stopped
completely. The identification circuit for Pattern Ignore as well as
the PRBS generator of the BER measurement wait as long as data
is not enabled. If the data is enabled, the measurement is

continued.
frame access header user data guard
data

el S s
data

enable | {

The figure shows a TDMA signal with user data that contains the
PRBS data sequence and various check fields which should be

ignored for the bit error rate measurement. Below that are the
associated clock and Data Enable signals.

Not Used Any signal at the Data Enable input is ignored; all
data at the BERT data input is used for the
measurement.

Remote-control command:
BERT: SET: DEN OFF

High The Data Enable signal is used. The only data
measured is the data at the BERT data input
during a high level of the Data Enable signal. The
measurement is interrupted during a low level of
the Data Enable signal.

Remote-control command:
BERT: SET: DEN HI GH
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Pattern Ignore - Bit Error
Rate

Example:

Low The Data Enable signal is used. The only data

measured is the data at the BERT data input
during a low level of the Data Enable signal. The
measurement is interrupted during a high level of
the Data Enable signal.

Remote-control command:
BERT: SET: DEN LOW

Activates/deactivates ignoring of pure "0" or "1" bit sequences at least
32 bits long. Activating Pattern Ignore excludes faulty frames from
the measurement.

In the case of some mobile radio standards, pure "0" or "1" bit
sequences are generated when errors (e.g. an incorrect checksum)
are detected within a frame. These sequences, instead of the frame
data, are provided for the BER measurement and signal that the frame
in question should not be used for the measurement.

The R&S AMU ignores sequences of 32 bits or longer.

Note:

While ignoring the bits, the PRBS generator for the BER
measurement keeps running. Following the "0" or "1" sequence,
the BER measurement is continued as if the ignored sequence had
contained PRBS data.

If Pattern Ignore is switched on, synchronization time is 32 bits
longer.

If Pattern Ignore and External Restart are active at the same
time, the measurement terminates immediately when the restart
signal is applied. None of the 32 bits within the Pattern Ignore
detector is evaluated.

If Data Enable and Pattern Ignore are active at the same time,
Data Enable is given priority, i.e. bits that are not enabled are not
examined for "0" or "1" sequences.

50 bits were set to "0" by the DUT. These 50 bits plus the preceding "0" are ignored in the bit error rate

measurement.

1402.5222.32
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Drop Out of DUT

|

32 or more

consecutive "1" data are not used (i.e. ignored) for

le N
N 7
PRBS at Generator - =
| |
PRBS at DUT Output - -
le - N
BER "active" ’\ 50 Bits "
% J
These bits are ingored
Off Pattern Ignore is not active.
Remote-control command:
BERT: SET: | GN OFF
All 1 Bit sequences consisting of
the BER measurement.
Remote-control command:
BERT: SET: | GN ONE
All O Bit sequences consisting of

32 or more

consecutive "0" data are not used (i.e. ignored) for

the BER measurement.

Remote-control command:
BERT: SET: | GN ZERO
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Block Error Rate Menu

The Block Error Rate menu for configuring the block error rate measurement is called either in the
BERT function block or via the key under BERT.

| Bit Error Rate... |

The Block Error Rate menu is divided into the following sections:

& Block Error Rate g|§|@ The top section is used to switch on the block error rate

State

Block Error Rate 0.000 000 000 | ENG ~|
Received Blocks I—IJ
Errors I—IJ
Terminated By User

State: NO CLOCK  NODATA NO S5YNC

Configuration

Max. Received Blocks IW
Max. Errors 100

BLER Type [crets -]
CRC Order [Lsirst ~]
Data Polarity INnrm—;,

Clock Slope Pos v

Data Enable Low v

Threshold (BER) I 1.00 |V 'l
Impedance (BER) |1 kO § GND 'I

Modelﬁutu vl Execute Single |

measurement and display the results and current status of
the measurement.

The Configuration section is used to select the type of
measurement and the termination criteria and to set the
polarity of the input signals.

The top section is used to switch on the block error rate measurement and display the results and

current status of the measurement.

State - Block Error Rate Switches the block error rate measurement on/off.

Depending on the setting in the Mode box, either a continuous
measurement (Auto) or a single measurement (Single) is carried out.
A single measurement must be started by clicking on the Execute
Single button.

1402.5222.32

Remote-control command:
BLER: STAT ON
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Block Error Rate - Block
Error Rate

Received Blocks - Block
Error Rate

Errors - Block Error Rate

1402.5222.32

Displays the measured block error rate.
The block error rate is the ratio of faulty blocks to total blocks.

Remote-control command:

BLER: RES?

Response (the 3rd value indicates the error rate):
"1000, 5,pE-4, 1,1, 1, 1"

The display unit can be selected in the box to the right of the value.
ENG The block error rate is output in exponential
notation with the exponent -3 or —6.

Remote-control command:
BLER: UNI T ENG

SClI The block error rate is output in scientific notation,
i.e. standardized to one place to the left of the
decimal.

Remote-control command:
BLER: UNI T SClI

% The block error rate is output in percent.

Remote-control command:
BLER UNI T PCT

ppm The block error rate is output in parts per million.

Remote-control command:
BLER: UNI T PPM

Displays the current number of data blocks checked.

Remote-control command:
BLER: RES?

Response (the 1st value indicates the number of data blocks
checked): "[toog], 5, 5E-4, 1, 1, 1, 1"

Displays the current number of occurred errors.

Remote-control command:
BLER: RES?

Response (the 2nd value indicates the number of occurred errors):
"1000,F, 5E-4,1,1,1, 1"
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Terminated By - Block
Error Rate

State - Block Error Rate

1402.5222.32

Displays the termination criterion for the measurement.

These criteria can be entered to keep the duration of the
measurement short for low as well as high block error rates.

The last measurement result is displayed after the measurement has
been terminated.

Remote-control command:

BLER RES?

Response (the 4th value indicates whether the measurement has
been terminated: 1 = terminated): " 1000, 5, 5E-4, [, 1, 1, 1"

User The measurement was manually terminated by the
user switching the state to off.

Remote-control command:
BLER: STAT OFF
BLER: STOP

Number of Data The measurement was terminated because the

Blocks specified number of data blocks was reached.
Number of The measurement was terminated because the
Errors specified number of errors was reached.

Displays the status of the measurement.
A green LED indicates a correct status, a red LED a critical status.

This allows the user to check whether the measurement functions.
The status of the data and clock lines and of synchronization is
checked and displayed.

If a faulty status is displayed, the signals can be checked at the BERT
interface using an oscilloscope.

Remote-control command:
BLER: RES?

Response (the 4th value indicates whether the measurement has
been terminated: 1 = terminated): " 1000, 5, 5E-4, 1, 1, 1, 1"

Clock The applied clock signal was detected.

Remote-control command:

BLER: RES?

Response (the 5th value indicates the status of the
clock line: 1 = active, 0 = not active):

"1000, 5, 5E-4,1,[1 1, 1"
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No Clock

Data

No Data

Sync

No Sync

1402.5222.32

The applied clock signal was not detected.
Possible causes are:

- Clock recovery is not available (e.g. with tests
of RF components).
If the signal is generated using the R&S AMU,
the bit clock can be extracted from the CLOCK
output connector (only with Custom Dig Mod
signals in realtime). If signals complying with
other digital standards are generated or if ARB
waveforms are used, a marker signal can be
used as a clock. As the DUT causes a delay,
the ratio of clock-to-data travel times must
always be taken into account and checked with
an oscilloscope if necessary.

- The wrong impedance for the applied clock
rate was selected (see Impedance
parameter).

- The wrong threshold for the applied clock
signal was selected (see Threshold
parameter).

The applied data signal was detected.

Remote-control command:

BLER: RES?

Response (the 6th value indicates the status of the
data line: 1 = active, 0 = not active):

*1000, 5, 5E-4,1, 1,1 1"

The applied data signal was not detected.
Possible causes are:
- The signal from the DUT is missing.

- The wrong impedance for the applied clock
rate was selected (see Impedance
parameter).

- The wrong threshold for the applied data signal
was selected (see Threshold parameter).

The measurement is synchronized.

Remote-control command:

BLER: RES?

Response (the 7th value indicates the status of the
synchronization: 1 = successful, 0 =
unsuccessful):

"1000, 5,5E-4,1,1, 1,

The measurement is not synchronized.

Generally, a measurement cannot be synchronized
until a clock and a data signal have been detected.
If synchronization still does not occur, this may be
caused by the following:

- A wrong clock slope is used, which violates
setup or hold times (see Clock Slope
parameter).
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- Reflections on the clock line occur and clock
the data signal into the BER measurement
twice, e.g. on lines without termination. The
input of the R&S AMU is not terminated.

- The travel times of clock and data are
unfavorable (e.g. clock slope with data
change).

Check the relationship of clock to data using
an oscilloscope and optimize the travel times
(e.g. clock slope when the data signal applied
is stable).

The Configuration section is used to select the type of measurement and the termination criteria and

to set the polarity of the input signals.

Mode - Block Error Rate Selects the type of measurement: single or continuous measurement.

Auto

Single

1402.5222.32

Continuous measurement of block error rate.

If either or both of the termination criteria are met,
the current measurement is terminated and
immediately a new one is started automatically.
Depending on the settings made, a measurement
may take considerable time. During the first
measurement, intermediate results are displayed.
For the measurements that follow, only the final
results are shown. The parameters Received
Blocks and Errors are continuously updated and
indicate the relative values for the measurement in
progress.

Remote-control command:
BLER: SEQ AUTO

Single measurement of bit error rate.
The measurement is started by clicking on the
Execute Single button.

If a measurement is in progress, the current values
for Block Error Rate, Errors and Received
Blocks are cyclically displayed. The measurement
is terminated when either or both of the termination
criteria have been reached. To start a new
measurement, the Execute Single button must be
clicked again.

Remote-control command:
BLER: SEQ SI NG
TRI G BLER: | MM
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Max Received Blocks -
Block Error Rate

Max Errors - Block Error
Rate

CRC Order - Block Error
Rate

BLER Type - Block Error
Rate

1402.5222.32

Enter the number of transmitted data blocks to be checked before the
measurement is terminated.

This criterion will terminate the BLER measurement after the specified
number of data blocks, even if very few errors or none at all have
been detected. With a low number of block errors, the measurement
result may be statistically unreliable.

If the measurement is terminated because the number of data blocks
entered here were checked, Number of Data Blocks appears to the
right of Terminated By.

Remote-control command:
BLER: SET: MCO 1000

Enter the number of block errors to occur before the measurement is
terminated.

This criterion terminates the measurement relatively quickly if the error
rate is high. The measurement result is statistically reliable, since
many errors were already counted.

If the measurement is terminated because the number of block errors
entered here was reached, Number of Errors appears to the right of
Terminated By.

Remote-control command:
BLER: SET: MERR 1E4

Selects the byte order of the checksum (CRC).

LSB The checksum starts with the least significant byte.

Remote-control command:
BLER: SET: CORD LSB

MSB The checksum starts with the most significant byte.

Remote-control command:
BLER: SET: CORD LSB

Displays the CRC polynomial used. CCITT CRC 16 : G(x) = x'® + x'? +
x° + X' is the CRC polynomial supported.

Remote-control command:
BLER: SET: TYPE?

Response: ' CRC16
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Data Polarity - Block Error
Rate

Clock Slope - Block Error
Rate

Impedance - Block Error
Rate

Threshold - Block Error
Rate

Data Enable - Block Error
Rate

1402.5222.32

Sets the polarity of the feedback data blocks.

Remote-control command:
BLER: SET: DATA: POL NORM

Sets the polarity of the active slope of the feedback clock.

Remote-control command:
BLER SET: CLOC. POL RIS

Sets the input impedance of the BERT inputs Clock, Data, Data
Enable and Restart.

For high clock rates, 50 ohms should be selected.

Remote-control command:
SOUR: | NP: BERT: | MP G50

Sets high/low threshold in volts for the BERT inputs Clock, Data, Data
Enable and Restart.

The variable threshold makes it possible to align the BERT interface
with the level of different signals. In addition, reflections and other
interference can be suppressed by selecting the appropriate
threshold.

Remote-control command:
SOUR: | NP: BERT: THR 1.0

Sets the polarity of the Data Enable signal.
The Data Enable signal marks the user data of the signal.

The signal is generated by the DUT and fed in at the Data Enable
input of the BERT interface.

High If the Data Enable signal is at a high level, the
data bits at the BERT data input are interpreted as
user data. During a low level of the Data Enable
signal, they are interpreted as checksum bits.

Remote-control command:
BLER: SET: DEN H GH

Low If the Data Enable signal is at a low level, the data
bits at the BERT data input are interpreted as user
data. During a high level of the Data Enable
signal, they are interpreted as checksum bits.

Remote-control command:
BLER: SET: DEN LOW
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Output of Digital and Analog Baseband
Signal - 1/Q Out

Introduction 1/Q Out

The R&S AMU 200A Baseband Signal Generator and Fading Simulator provides various outputs of the
baseband signals. The digitally modulated signals can either be output directly or converted to analog
I/Q baseband output signals. The analog signal can be output single-ended or differential (non-
inverted).

The settings for the analog and digital output are available in the block diagram in the "I/Q Out" function
block of each path as well as in the "I/Q Out" menus which are opened using the key.

The analog baseband signal is output at the 1/Q output connectors | Out A/B and Q Out A/B on the
front panel of the instrument.

The differential output of the analog baseband signal requires the option R&S AMU-B16, Differential
I/Q Out. The signal is output at the connectors | Out /I Out BAR and Q Out /Q Out BAR on the front
panel of the instrument.

The output of the analog baseband signal at the real panel of the instrument requires an option for real
panel connectors (option R&S AMU-B81, I/Q Rear Connectors). This option is recommended for use of
the instrument in a 19" rack. Installing the instrument in a 19" rack requires a rack adapter or an adapter
for telescopic sliders.

@ DIG G OUT

The output of the digital baseband signal requires the option R&S AMU-B18, Digital 1/Q Out. The signal
is output at the digital interface on the rear panel.

The differential output of the baseband signal in two-path instruments requires a second option R&S
AMU-B16, Differential 1/Q Out and, for digital output a second option R&S AMU-B18, Digital I1/Q Out
respectively.

Depending on the settings in the 1/Q Out dialogs the activated outputs of the currently selected path are
switched on in the 1/Q Out Settings menu of the corresponding path as well as by ticking the checkbox
On of the I/Q Out function block.
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DIG i oUT

BASEBD ON/OFF

¢ DG 1 oUT

1/Q Out B
= config... | —] 1 out
[~ on
SINGLE —] DiG 1@ oUT

I/Q-Swap - 1/Q Out Settings

1402.5222.32

Note:
With the aid of the key the active baseband output
signals of both paths can be switched on and off. The
key is located on the front panel of the instrument.
For manual remote control the key can be

substituted by a key emulation (see chapter 1, section "Front Panel
Key Emulation").

10 Out Settings

1/ Swap

Level Display Settings...
Analog 10 Output Settings...
Digital 10 Output Settings...

EX-10-Box
EX-10-Box Settings...

Switches Off all active I/Q outputs of both paths. A second stroke
restores the status that was active before the last switch-off. I/Q OUT
Off is displayed in the status bar.

The outputs can be activated in the dialogs Analog and Digital 1/Q Out
Settings of the 1/Q Out block.

Remote-control command:
QUTP: | Q ALL: STAT OFF

On

Off

Switches on the active 1/Q outputs of the
corresponding 1/Q Out block. The status line in the
block displays the currently active output types,
e.g. DIFF DIGI denotes that the I/Q baseband
signal is provided at the analog (in differential
mode) and at the digital 1/Q output. The output
symbols display the active state.

Remote-control command:
SOUR: | Q QUTP: STAT ON

Switches off the 1/Q output signal of the
corresponding 1/Q Out block. Vertical lines replace
the output symbols to denote that the outputs are
inactive.

Remote-control command:
SQUR2: | Q QUTP: STAT OFF

Activates swapping of the | and Q signal components, which mirrors
the spectrum at the f=0 line and inverts the sign of the frequency.

The 1/Q swap may be needed for compliance with CDMA2000
standards (see section "Digital Standard CDMA2000").

Remote-control command:
SOUR: | Q@ QUTP: SWAP: STAT ON | OFF
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Level Display Settings

Level Display Settings

EZ Level Display Settings A [Z||E|@

1/Q Output Type IAnaIng 'II

Set Level Via I Level "l

I/Q-Output Type - Level
Display Settings

Set Level Via - Level
Display settings

1402.5222.32

Selects the output type (analog/digital) for which the signal level of the
corresponding path is set in the status bar.

After selecting the 1/Q output types the status line of the I/Q Out block
displays "SINGLE" or "DIFF" for the analog signal output and "DIGI"
for the digital output signal.

Analog The signal level is set for the analog signal output.
Depending on the selected analog output type, i.e.
Single Ended or Differential, the corresponding
level entry fields are displayed in the status bar.

Remote-control command:
SOUR: | @ OQUTP: DI SP ANAL

Digital The signal level is set for the digital signal output.
The level entry fields are displayed in the status
bar.

Remote-control command:
SOUR | Q QUTP: DISP DI G

Selects the level type (PEP/Level) that is used to set the signal level of
the currently selected path. The level entry fields and the
corresponding units are displayed and activated in the status bar. The
value can be edited directlyEither the PEP or the Level entry field can
be edited in a path.

Note:
The signal level of the active signal is set via this selected level
type. That affects both the digital and the analog signal output (see
also section "Set Level Via - Analog I/Q Out Level Settings" on
page 4.71) and "Set Level Via - Digital 1/Q Out Signal Output” on
page 4.78).

PEP The signal level is expressed in terms of a peak
envelope power value (PEP).

Remote-control command:
SOUR: | Q@ QUTP: POW VI A PEP

Level The signal level is expressed in terms of a rms
value.

Remote-control command:
SOUR: | Q QUTP: PON VI A LEV
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Analog 1/Q Output

The analog baseband signal is output at the 1/Q output connectors | OUT A/B and Q OUT A/B of the
corresponding path (path A and path B). The settings for the analog output are available in the block
diagram in the "I/Q Out" function block of each path as well as in the "I/Q Out" menu which is opened

using the key.

10 Ot Settings
v 10 Out ON

1/0) Swap

Level Display Settings...

Digital 1'0 Outpaut Settings...
EX0-Box
EX-10-Box Settings...

Analog I/Q Output Settings opens the submenu to set the output type and voltages. The menu is only
available with the option R&S AMU-B16, Differential I/Q Out.

& Analog I/Q Output Settings g|§|g|

1/Q Qutput Type | Differential j
i

Load Type | EMF

Level Settings

Set Level Via ILeveI j

Pep Vp | 1.000|V -]

Level Vrms | 1000 v ~|
,7User Variatinn—|

State - Analog I/Q Output Switches On / Off the analog I/Q output signals.
Settings

On Switches on the analog I/Q signal output of the
currently selected path, e.g. path A.

Remote-control command:
SOUR: | @ OQUTP: ANAL: STAT ON

Off Switches off the 1/Q signal output of the currently
selected path, e.g. path B.

Remote-control command:
SOUR2: | @ QUTP: ANAL: STAT OFF
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Selects the type of analog output. The signal output types Single
Ended or Differential (non-inverted) are available. The menu
changes depending on the selection.

I/Q Output Type - Analog
I/Q Output Settings

A e e =13l Single Ended Single-ended output at | OUT and Q OUT.

A bias between 1/Q OUT and ground can be
State e defined (requires the option R&S AMU-B16,

/0 Output Type | Single Ended  ~ Differential I/Q Output).

|

e L ,SEW R Remote-control command:
cteatvs | o] SOUR | Q OUTP: ANAL: TYPE SI NG

Pep Vp I 1.000' v I
Level Vrms I 1.l]l]l]| v 'I

User Variation

Variation Active

r
Variation Step I 1.l]l]l]|V 'l

1/Q Setting
Couple 1/Q Bias r
| Settings—————————
Bias I |].|]|]|]|V 'l
Q Settingg—————————
Bias I U.l]l]l]IV 'I

Power On Settings

Power.On State IIIQ Out Off vl

LA e e =3 Differential Differential output at | OUT and | OUT BAR /

Q OUT and Q OUT BAR. The analog I/Q signal
State e components are output at I/Q OUT and
I/Q Output Type Differential S I/Q OUT BAR. A bias to set the operating point of
1T = = DUT can be defined. In addition an offset between

inverting and non-inverting output can be set to

Level Settings—————— h N X
L e balance a difference of the best operating points.
Pep Vp I 1.000' v I
Level Vrms | 1.uuu| v - 4 Ve \ | ouT
User Variation——————— Level liMF B -
Variation Actve . Yot positive) NS
Variation Step | 1.000 | v v[ "A /\ \ i \
70 Setting 5 i 5 ;
Couple 1/Q Bias I | OUT BAR
| Settings———————— Bias (positive)
Bias | o | ovl
- oV
Offset | n.nnnn|v | —~ Bias (negative)~
Level gye 1 OUT
aSetings—— | /¢ \ |- [/ O\
- 7
Offset IWIV_LI . y Offset }posmve) ‘\“ / \
\ 1/ \ /
Power On Settings -4V \‘\\ '// \‘\ /’II I OUT BAR
Power-On State IIIQ Out Off v] max] Sueeeet St

Remote-control command:
SOUR: | @ QUTP: ANAL: TYPE DI FF
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R&S AMU 200A

Load Type - Analog I/Q
Output Settings

1402.5222.32

Single Ended Single-ended output at | OUT and Q OUT.

A bias between I/Q OUT and ground can be
defined (requires the option R&S AMU-B16,
Differential I/Q Output).

Remote-control command:
SOUR: | Q@ QUTP: ANAL: TYPE SI NG

Differential Differential output at | OUT and | OUT BAR /
Q OUT and Q OUT BAR. The analog 1/Q signal
components are output at I/Q OUT and
I/Q OUT BAR. A bias to set the operating point of
DUT can be defined. In addition an offset between
inverting and non-inverting output can be set to
balance a difference of the best operating points.

4V, RN I ouT
Level gye
[P A U

Yorsetpositive) N NN
"A II\ \ ‘I/ \‘
‘\ l’ ‘\ I'
\‘ II \‘ ll
/ 10UTBAR
Bias (positive)
ov]
oV : R
N\ Bias (negative)
Level g / | ouUT
y Offset (positive) \ 7 \
‘\ I' ‘\ I'
\“ ,ll \‘\ ,Il
AN / \ / 1 OUT BAR
-4 V| e / S /

Remote-control command:
SOUR: | @ QUTP: ANAL: TYPE DI FF

Selects the load type of the analog output signal. Depending on the
analog 1/Q output settings (single ended or differential), different load
types are available.

Single ended Output:

Possible load type parameters for the single ended
output are EMF and 50 Ohm.

Differential Output:

Possible load type parameters for the differential
output are EMF and 100 Ohm.

Remote-control command:
SOUR: | Q@ OQUTP: ANAL: LOAD EMF
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Analog I/Q Output

Level Vims | 0.500 | V

Set Level Via - Analog I/Q
Out Level Settings

Pep Vp - Analog I/Q Out
Level Settings

1402.5222.32

Selects the level type (PEP/Level) that is used to set the signal level.
Depending on the selected level type either the Pep Vp or the Level
Vrms entry field can be edited.

Note:
The signal level of the active signal is set via this selected level
type. That affects both the digital and the analog signal outputs
(see also section "Set Level Via - Level Display settings" on page
4.67 and "Set Level Via - Digital 1/Q Out Signal Output" on page
4.78).

Remote-control command: see "Set Level Via - Level Display settings"

Sets the output peak envelope voltage for both signal components
(Iand Q).

PEP Vp refers to the load resistance. Setting EMF the entire value
range is available. Using 50 Ohm or 100 Ohm, the value range
decreases and the PEP setting must be adjusted to the load type. The
range of values changes proportional to the load type.

Single ended Output:

Value range: 20 mV ... 2V EMF.

The maximum overall output voltage is:

(PEP EMF + |Bias|) 3.7V

(for the load type 50 Ohm the limit is 1.85 V).
Differential Output:

Value range: 40 mV ... 4V EMF.

The maximum overall output voltage is:

(0.5 - PEP EMF + |Bias| + 0.5 - Offset) 3.7 V
(for the load type 100 Ohm the limit is 1.85 V).

Remote-control command:
SOUR: | Q OQUTP: ANAL: POW PEP 0. 1
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R&S AMU 200A

Level Vrms - Analog I/Q
Out Level Settings

Sets the output rms voltage for both signal components (I and Q).

Level Vrms refers to the load resistance. When changing the load
type, the level setting must be adjusted.

Single ended Output:
Value range: 20 mV ... 2V EMF.

The maximum overall output voltage is:
(Level EMF + |Bias|)<3.7V
(for the load type 50 Ohm the limit is 1.85 V).

Differential Output:
Value range: 40 mV ... 4 V EMF.
The maximum overall output voltage is:

(0.5 - PEP EMF + |Bias| + 0.5 - Offset) 3.7V
(for the load type 100 Ohm the limit is 1.85 V).

Remote-control command:
SOUR: | Q OQUTP: ANAL: POW LEV 0. 25

If the level is set using the rotary knob, the step width is defined in the User Variation section.

User Variation
Variation Active r
Variation Step 0500V -]

Variation Active - Analog
I/Q Out User Variation

1402.5222.32

Activates the user-defined step width used when varying the level
value with the rotary knob.

On The level value set with the rotary knob is varied
using the user-defined step width which is entered
under Variation Step.

Remote-control command:
SOUR: | Q@ OQUTP: ANAL: POW STEP: MODE USER

Off The level value set with the rotary knob is varied in
steps of one unit at the cursor position (standard
operating mode).

Remote-control command:
SOUR: | @ OQUTP: ANAL: POW STEP: MODE DEC
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Analog I/Q Output

Variation Step - Analog I/Q
Out User Variation

Couple I/Q Bias - Analog
I/Q Out I/Q Settings

Sets the user defined step width for entering the level value using the
rotary knob. Level variation with this step width must be activated with
Variation Active ON.

Variation steps refers to the load resistance. When changing the load
type, the level setting must be adjusted.

Remote-control command:
SOUR: | Q@ OUTP: ANAL: POWN STEP: | NCR 50 nV

Activates/deactivates the coupling of bias setting of the I-signal and Q-
signal components. For activated coupling, the setting can be done
for the I-signal component, it automatically applies to the Q-signal
component as well. The fields for setting the Q-signal component are
shaded.

Remote-control command:
SOUR: | Q QUTP: ANAL: BI AS; COUP: STAT ON

In the menu areas | Settings and Q Settings bias and offset values can be set.

1/Q Settings

Couple 1/Q Bias u
| Settings

Bias | 0.000(V ~|
Q Settings

Bias | 0000V ~|

Bias - Analog I/Q Out -
Settings

1402.5222.32

(EMF) Sets the bias. A DC voltage is superimposed upon the | or Q
signal. The bias refers to the load resistance. When changing the load
type, the bias setting must be adjusted.

Value range: -3.6 V ... +3.6 V EMF. The maximum overall output
voltage is 3.7 V.

This way, the operating point of a DUT can be set.
Remote-control command:

SOUR: | Q OUTP: ANAL: BI AS: | -0.5V
SOUR | Q OUTP: ANAL: BI AS: Q 0. 5V
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Offset - Analog 1/Q Out -
Settings
(Differential output only)

1402.5222.32

Sets an offset between the inverting and the non-inverting output. The
offset refers to the load resistance. Changing the load type, the offset
setting must be adjusted.

Value range: -300 mV ... +300 mV EMF.

The value range is dynamically adjusted in order to respect the
following constrains:

The maximum overall output voltage is:

(0.5 - Level EMF + |Bias| + 0.5 - Offset) 3.7 V.

The set value is set half in the positive and half in the negative
direction.

A positive offset is set with half of the value in positive direction at the
non-inverting outputs, in negative direction at the inverting outputs,
respectively.

For example, if a 100.0 mV offset value is set for the | signal
component, the output signal at | OUT will have a 50.0 mV offset and
the output signal at | OUT BAR will have a - 50.0 mV offset.

3.7V,

emf

“ ] OUT BAR

ov™

A negative offset is set with half of the value in negative direction at
the non-inverting outputs, in positive direction at the inverting outputs,
respectively.

3.7V,

emf

/IOUTBAR *

(VAV

Remote-control command:
SOUR | Q OQUTP: ANAL: OFFS: | 0.01V
SOUR: | Q@ OQUTP: ANAL: OFFS: Q 0oV
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The power on behaviour of the R&S AMU is set in the Power On Settings section.

Power-On State - Analog Selects the state which the analog I/Q Output is to resume after the
I/Q Out Power On Settings instrument is switched on.

I/Q Out Off The output is deactivated when the instrument is
switched on.

Remote-control command:
SOUR: | Q OQUTP: ANAL: PON OFF

Previous When the instrument is switched on the analog 1/Q
Setting output resumes to the status that was active before
the last switch off.

Remote-control command:
SOUR: | Q@ QUTP: ANAL: PON UNCH
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Digital Output

The digital baseband signal is output at a standardized (LVDS) digital I/Q interface. The settings for the
digital output are available in the block diagram, function block 1/Q Out using the config... button as
well as in the "I/Q Out" menu which is opened using the key.

110 Out Settings
v 10 Out ON
10 Swap
Level Display Settings...
Analog /0 Owutput Settings...

EX-10-Box
EX-10-Box Settings...

Digital 1/Q Output Settings opens the dialog to select the clock source and set the signal output level.
The output of the digital baseband signal is only available with the option R&S AMU-B18, Digital 1/1Q
Out. Two-path instruments require a second option R&S AMU-B18, Digital 1/Q Out for digital output.

& Digital 1/Q Output Settings A =13

foe e

Sample Rate

Source I User Defined j

Value | 100.000 000 000 | MHz - |

Signal Output
Set Level Via ILeveI j

PEP | 0.00| dBFS |

| 0.00| dBFS ~|
User Variation
Variation Active r

Variation Step | 100/ dB |
Power On Settings———————
Power-On State | 1/Q Out Off j

State - Digital 1/Q Output Switches On/Off the digital I/Q output signals.
Settings

On Switches on the digital I/Q output signal of the
currently selected path, e.g. path A.

Remote-control command:
SOUR: | Q@ QUTP: DI G STAT ON

Off Switches off the 1/Q output signal of the currently
selected path, e.g. path B.

Remote-control command:
SOUR2: | Q OQUTP: DI G STAT OFF
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Digital Output

Sample Rate Source - Selects the source for the sample rate of the digital I/Q output signal.

Digital 1/Q Output Settings
(Internal Clock Source only)  Note:

The section Sample Rate shows the permitted sample rate of the
digital 1/Q output signal. Currently the entry fields Source and
Value are firmly set to User defined and 100 MHz and in read-

only mode.

For future upgrades the sample rate is intended to be automatically
estimated via the menu item Digital I/Q In or defined by the user
via the menu item Digital 1/Q Out.

User Defined

Digital 1/Q In

Digital 1/Q Out

1402.5222.32

The internally generated clock reference signal is
used. The sample rate is calculated and displayed
in the field Value.

Note:
Only the source User defined is currently
available.

Remote-control command:
SOUR: | Q@ QUTP: SRAT: SOUR USER

An external clock reference signal is used. The
clock signal is fed in via a Baseband Input Module
(option R&S AMU-B17). The sample rate is
estimated and displayed in the field Value.

Note:
This mode is intended for future upgrades.

Remote-control command:
SOUR: | @ QUTP: SRAT: SCUR DI N

An external clock reference signal is used. The
clock signal is directly fed in via pin CLK2 of the
digital output interface (option R&S AMU-B18,
Digital I1/Q Out). The sample rate is displayed in the
field Value.

Note:
This source is intended for future upgrades.

Remote-control command:
SOUR: | @ QUTP: SRAT: SOUR DOUT
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Sample Rate Value - Digital
I/Q Output Settings
(Internal Clock Source only)

Sets or displays the sample rate of the digital I/Q output signal,
depending on the selected Sample Rate Source.

Note:
The section Sample Rate shows the sample rate of the digital I/Q
output signal. Currently, the entry fields Source and Value are
firmly set to User defined and 100 MHz and in read-only mode.
For future upgrades the sample rate is intended to be automatically
estimated or defined by the user.

Remote-control command:
SOUR: | Q QUTP: DI G SRAT 100 MiZ

Set Level Via - Digital 1/Q
Out Signal Output

PEP - Digital 1/Q Out Signal
Output

Level - Digital 1/Q Out
Signal Output

1402.5222.32

Signal Output
SetLevel Via | PEP |
PEP | 0.00| dBFS ~|
Level | 0.00| dBFS |
Sample Rate | 100.000 000 00 | MHz  ~|

Selects the level type (PEP/Level) that is used to set the signal level.
Depending on the selected level type either the PEP or the Level entry
field can be edited.

Note:
The signal level of the active signal is set via this selected level
type. That affects both the digital and the analog signal outputs
(see also section "Set Level Via - Level Display settings" on page
4.67 and "Set Level Via - Analog 1/Q Out Level Settings" on page
4.71).

Remote-control command: see "Set Level Via - Level Display settings"

The signal level is expressed in terms of a peak envelope power value
(PEP).

The level entry fields and the corresponding units are displayed in the
status bar. The level display always refers to both signal components

(V(IP+Q%)).

Remote-control command:
SOUR: | Q QUTP: DI G POW PEP - 10 DBFS

The signal level is expressed in terms of a rms level value.

The level entry fields and the corresponding unit are displayed in the
status bar. The level display always refers to both signal components

((IP+Q?).

Remote-control command:
SOUR: | Q@ OUTP: DI G POW LEV - 10 DBFS
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If the level is set using the rotary knob, the step width is defined in the User Variation section.

User Variation
Variation Active I

Variation Step | 100/ dB  ~|

Variation Active - Digital I/Q Activates the user-defined step width that is used by varying the level
Out User Variation value with the rotary knob.

On The level value set with the rotary knob is varied
using the user-defined step width which is entered
under Variation Step.

Remote-control command:
SCQUR: | Q@ QUTP: DI G POW STEP: MODE USER

Off The level value set with the rotary knob is varied in
steps of one unit at the cursor position (standard
operating mode).

Remote-control command:
SOUR: | @ QUTP: DI G POW STEP: MODE DEC

Variation Step - Digital I/Q  Sets the user defined step width for entering the level value using the
Out User Variation rotary knob. Level variation with this step width must be activated with
Variation Active ON.

Remote-control command:
SOUR: | Q@ OUTP: DI G POW STEP: | NCR 2 dB

The power on behaviour of the R&S AMU is set in the Power On Settings section.
Power On Settings
Power-On State | 1/Q Qut Off j

Power-On State - Digital I/Q Selects the state which the digital I/Q Output is to resume after the

Out Power On Settings instrument is switched on.
I/Q Out Off The output is deactivated when the instrument is
switched on.

Remote-control command:
SOUR: | Q QUTP: DI G PON COFF

Previous When the instrument is switched on the digital 1/Q
Setting output resumes to the status that was active before
the last switch off.

Remote-control command:
SOUR: | @ QUTP: DI G PON UNCH
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Impairment of Digital I/Q Signal and Noise
Generator - AWGN-IMP Block

Introduction - Impairments and AWGN

The R&S AMU allows the digital 1/Q signal to be impaired before it is passed to the 1/Q output, and also
noise to be added to the signal. The noise generator can also be used to generate a pure noise signal.

These settings are available in the block diagram in the "AWGN/IMP" function block of each path as
well as in the AWGN/IMP menus which are opened using the key.

AWGN/IMP A
: config... I
v On
IMP

The equipment options for the basic unit (R&S AMU with frequency option R&S AMU-B9/B10/B11)
include the option R&S AMU-B13 (Baseband Main Module) for Impairments and the option R&S AMU-
K62 (Noise Generator) for AWGN.

Two-path instruments require a second option R&S AMU-B9/B10/B11 (Baseband Generator) and a
second option R&S AMU-B13 option (Baseband Main Module) for impairment of a signal on path B.
Noise can be generated alternately for both paths using the option R&S AMU-K62 (Noise Generator).
Simultaneous noise generation on both paths requires a second option.

Impairments

Impairment of the digital I/Q signal can be used, for example, to compensate the distortion of a test
object or to check the effect of a disturbed signal on a test object. For this purpose, the I/Q signal can
be output at the 1/Q Out outputs.

Impairment Settings Menu

The Impairment Settings menu for setting the digital I/Q impairments is opened either in the
AWGN/IMP A/B function block or using the key under AWGN/IMPA/B.

Ii Impairments 4|

AWGHN

AWGN...
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I/Q impairment is activated and set in the I1/Q Impairments menu. The signal levels and the crest factor
of the baseband signal at the 1/Q outputs connectors are indicated under Baseband Signal Level in the
bottom section.

This information is needed by the user, for example, in order to use the 1/Q signal externally and to
adjust the level correctly there, or to see how the signal is modulated.

State - Digital Impairments Activates/deactivates digital I/Q impairment.
When activated, the settings for carrier leakage, 1/Q imbalance and
quadrature offset become effective.

Remote-control command:
SOUR: BB: | MP; STAT ON

1/Q Offset - Digital Sets the carrier leakage (in percent) of the amplitudes (scaled to the
Impairments peak envelope power (PEP)) for the | and/or Q signal component.

An ideal 1/Q modulator suppresses the carrier leakage completely
(offset = 0 percent). If an offset is entered for a component, a carrier
leakage with fixed amplitude is added to the signal. In the diagram, all
| values or Q values are offset by a fixed amplitude value depending
on the entered percentage.

Effect of offset for the | component:

= [raphics: Yector Diagram
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R&S AMU 200A

Effect of offset for the Q component:

Graphics: Yector Diagram
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Effect of an identical offsets for both signal components:

Graphics: Vector Diagram
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Remote-control command:
SOUR: BB: | MP; LEAK: | 6PCT
SOUR: BB: | MP: LEAK: Q 6PCT
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Impairment Settings Menu

Gain Imbalance - Digital
Impairments

1402.5222.32

Sets the imbalance of the | and Q vector.

The entry is made in dB (default) or %, where 1 dB offset is roughly 12
% according to the following:
Imbalance [dB] = 20 log ( |Gaing| / |Gain||)

An ideal I/Q modulator amplifies the | and Q signal path by exactly the
same degree. The imbalance corresponds to the difference in
amplification of the | and Q channel and therefore to the difference in
amplitude of the signal components. In the vector diagram, the length
of the | vector changes relative to the length of the Q vector.

Positive values mean that the Q vector is amplified more than the |
vector by the corresponding percentage:

Graphics: Yector Diagram

1
1.0-

0.8-
ST sT—— T S — | T
0E-
04-
(2=

0.0-

Quadrature g[t)

02—

04~

06—

0.8-

-1.0-

il 1 1 1 1 1 1 1 1 1 1

Bl 08 08 04 02 00 02 04 0B 08 1.1
Inphaze it]

Negative values mean that the | vector is amplified more than the Q
vector by the corresponding percentage:

Graphics: Vector Diagram
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Remote-control command:
SOUR BB: IMP: QR 0.1
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Quadrature Offset - Digital Sets the quadrature offset.

Impairments An ideal I/Q modulator sets the phase angle to exactly 90 degrees.

With a quadrature offset, the phase angle between the | and Q vector
deviates from the ideal 90 degrees, the amplitudes of both
components are of the same size. In the vector diagram, the
quadrature offset causes the coordinate system to shift.

A positive quadrature offset means a phase angle greater than 90
degrees:

Graphics: Vector Diagrarn
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A negative quadrature offset means a phase angle less than 90
degrees:

Graphics: Vector Diagrarn
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Remote-control command:
SOUR: BB: | MP: QUAD: ANGL 5DEG
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Impairment Settings Menu

The signal levels and the crest factor of the baseband signal at the I/Q-output connectors are indicated

in the bottom section.

Crest Factor - Digital
Impairments

Peak Level - Digital
Impairments

Signal Level (rms)- Digital
Impairments

1402.5222.32

Indicates the crest factor of the baseband signal.
The crest factor is calculated from the two level parameters as follows:

Crest / dB = Peak_Level/dBFs - Signal_Level/dBFs

Remote-control command:
SOUR: BB: CFAC?

Indicates the peak level of the baseband signal relative to full scale (in
terms of dB full scale).

Remote-control command:
SOUR: BB: POW PEAK?

Indicates the rms level of the baseband signal relative to full scale (in
terms of dB full scale).

Remote-control command:
SOUR: BB: POW RMS?
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Noise Generator - AWGN

The noise generator generates an AWGN signal (Additive White Gaussian Noise) in the digital
baseband, i.e. the noise power density has a Gaussian distribution and is distributed evenly across the
frequency. This noise signal superimposes the (interference-free) useful signal (Additive Noise mode) .
Typical applications for the noise generator are bit-error or block-error measurements, depending on
the set S/N ratio.

The Gaussian noise is generated by means of feedback shift registers with subsequent probability
transformation. The switching configuration is such that virtually ideal statistical characteristics are
achieved:

« | and Q paths are decorrelated from each other.
e The crest factor of 18 dB allows very small probabilities to be realized.

e The period of the noise signal depends on the selected system bandwidth. The relationship of
period P to system bandwidth B, is approximated:

P =1*10"/ Byys.

This results in periods between 317 years with minimum bandwidth and approximately 2 days with
maximum bandwidth.

This results in a period of approximately one month for 3GPP FDD with a bandwidth of 3.84 Mcps, and
a period of 427 days for GSM with 270.833 ksps.

Scalable low-pass filters are used to produce a noise level with both a broad dynamic range and a
broad bandwidth range (from 1 kHz to 60 MHz).

Apart from the Additive Noise mode, there are also the Noise Only and the CW Interferer mode. In
the Noise Only mode a pure noise signal is generated and modulated to the carrier. In the CW
Interferer mode, a sinusoidal signal with an adjustable frequency offset to the baseband signal is
generated and added to the baseband signal by means of a counter instead of a shift register.

AWGN Settings Menu

The AWGN Settings menu for setting the noise generator is opened either in the AWGN / IMP function
block or in the menu tree of the key under AWGN Settings.

Impairments
110 Impairments {Digital Basebandl)...
l AWGH I
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The AWGN Settings menu is divided into the following sections.

B AWGN Settings A [C)[5|(%) | &= AWGN Settings A
Mode [ Additive Noise =] | | Mede | CW Interferer hd
System Bandwidth | 38400 MHz ~| | | Target CW Frequency Offset [ 0.00[Hz ]
Minimum Noise/System Bandwidth Ratio | 1.0 Resulting CW Frequency Offset f 0.00[Hz -]
Noise Bandwidth 38750 MHz Interferer Level Configuration And Output Results
Display Output Results For [ Analog Output | Signal/Interferer Ratio | 0.00(dB ~|
Noise Level Configuration And Output Results Signal Level | 0.00[dB -]
Set Noise Level Via [ s R Interferer Level [ 0.00[dB" -]
Bit Rate | 270833333 | kbps | Signal+Interferer Level f 3.01[d8 -]
Signal/Noise Ratio [ 0.00[dB -] Signal+Interferer PEP | 8.86[dB |
Eb/NO f 1152[dB -]
Signal Level f 0.00[dB -]
Noise Level (System Bandwidth) f 0.00{dB -]
Noise Level (Total Bandwidth) f 330{dB  -|
Signal+Noise Level f 3.01|dB8 -]
Signal+Noise PEP f 23.27|dB |

The signal generator is activated, the
mode selected and the interfering signal

E5 AWGN Settings A

State is configured in the top section of the
menu.

Mode | Additive Noise =]

System Bandwidth | 3.840 0| MHz ~|

Minimum Noise/System Bandwidth Ratio I 1.0

Noise Bandwidth 3.8750 MHz

Display Output Results For IAnaIug OQutput j
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Noise Level Configuration And Output Results———————  The level of the interfering signal is
Set Noise Level Via | S/N -] configured i_n the section Noise Level
Configuration and Output Results.
Bit Rate | 270833333 | kbps |
Signal/Noise Ratio | 0.00/dB | N .
In Additive Noise and CW Interferer
Eb/NO | 1152[dB || mode, the interfering level can be defined
Signal Level | 000[dB -] and the resulting total level displayed
here.
Noise Level (System Bandwidth) | 0.00{dB |
Noise Level (Total Bandwidth) | 330/ dB | _ _
In Noise Only mode, only the noise level
Signal+Noise Level | 301]dB -|| canbe set here.
Signal+Noise PEP | 2092[dB |

The signal generator is activated, the mode selected and the interfering signal is configured in the top
section of the menu.

State - AWGN Activates/deactivates the signal generator. The interferer (AWGN or
CW interferer, depending on the selected mode) is generated as after
the generator is activated.

Remote-control command:
SOUR: AWGN: STAT ON

Mode - AWGN Selects the mode for generating the interfering signal.

Additive Noise = The AWGN noise signal with selectable system
bandwidth is added to the baseband signal.

Remote-control command:
SOUR: AWGN: MODE ADD

Noise Only The pure AWGN noise signal with selectable
system bandwidth is modulated to the carrier. The
connection to the baseband is interrupted.

Remote-control command:
SOUR: AWGN: MODE ONLY

CW Interferer A sine with a defined frequency offset is added to
the baseband signal.
The calculation of E,, / Ng ratio is omitted.

Remote-control command:
SOUR: AWGN: MODE CW
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AWGN Settings Menu

System Bandwidth - AWGN
(Additive Noise and Noise
Only)

Minimum Noise/System
Bandwidth Ratio - AWGN
(Additive Noise and Noise
Only)

Noise Bandwidth - AWGN
(Additive Noise and Noise
Only)

Display Output Results For
- AWGN

(Additive Noise and Noise
Only)

1402.5222.32

Sets the RF bandwidth to which the set signal/noise ratio relates. Within
this frequency range, the signal is superimposed with a noise signal
whose level corresponds exactly to the set S/N ratio.

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.

Remote-control command:
SOUR AWGN: BW D 1.23 MHz

Sets the ratio of minimum noise bandwidth to system bandwidth.

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.

With this parameter the minimum real noise bandwidth can be set as
required by some standards. It does not influence the calculation of level
from the set S/N ratio in relation to system bandwidth.

The overall bandwidth "System BW x Minimum Noise/System BW Ratio"
may not exceed 80 MHz.

Remote-control command:
SOUR: AWGN: BW D: RAT 2

Indicates the real noise bandwidth. The value is only indicated for
State On.

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.

Remote-control command:
SOUR: AWGN: BW D: NO S?

Selects the display of output results for the analog (DACIF) or the digital
(BBOUT) signal path.

Note:
This selection field is only available with the option R&S AMU-B18,
Baseband Digital I/Q Out. If the instrument is not equipped with this
option the parameters of the analog signal path are displayed.

Analog Output  Displays the parameters of the analog signal path.

Remote-control command:
SOUR: AWGN: DI SP: MODE ANAL

Digital Output Dislays the parameters of the digital signal path.

Remote-control command:
SOUR: AWGN: DI SP: MODE DI G
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Target CW Frequency Sets the desired frequency of the sine in CW Interferer mode.

Offset - AWGN
(CW Interferer only)

Remote-control command:
SOUR: AWGN: FREQ TARG 3.4 IVHz

Resulting CW Frequency Indication of the actual CW frequency of the sinusoidal signal in CW
Offset - AWGN Interferer mode. The actual frequency may differ from the desired
(CW Interferer only) frequency, since the resolution is limited to 0.7 Hz.

Note:

The desired frequency constellation can be precisely set with an
accuracy of up to 0.01 Hz by selecting a suitable frequency offset
of the baseband source (e.g. Custom Dig Mod) and by correcting
the RF frequency by the difference between Resulting and Target
CW Frequency.

Remote-control command:
SOUR: AWGN: FREQ RES?

The interfering signal is configured in the section Noise Level Configuration and Output Results.

Set Noise Level Via - Selects the mode for setting the noise level.

AWGN
(Additive Noise only)

SIN

Eb/No

1402.5222.32

The noise level is set on the basis of the value
entered for the signal/noise ratio.

With digital modulation, the associated Eb/N, value
is determined and displayed.

Remote-control command:
SOUR: AWGN: POW MODE SN

The noise level is set on the basis of the value
entered for the ratio of bit energy to noise power
density.

The associated S/N value is displayed. The
correlation between the two values is as follows:

S _Ev it
N No Bgs

f bit = Bit rate (Symbol rate x Modulation value)

Bsys = System bandwidth

With Custom Dig Mod signals, the bit rate used
for calculation is defined by the selected standard
in the Custom Digital Mod dialog.

With Digital Standard signals, the bit rate to be
used for calculating the E,/Ng can be entered at Bit
Rate.

Some test cases with the 3GPP base station tests
(TS 25.141) specify, for example, E/N settings that
apply to channel-coded data or block segments.

Remote-control command:
SOUR: AWGN: POW MODE EN
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AWGN Settings Menu

Bit Rate - AWGN
(Additive Noise only)

Signal/Noise Ratio /
Signal/interferer Ratio -
AWGN

(Additive Noise / CW
Interferer)

Eb/NO - AWGN
(Additive Noise only)

Signal Level - AWGN
(Additive Noise and CW
Interferer)

1402.5222.32

Sets or indicates the bit rate used for converting S/N to E,/No.

Custom Digital Mod

With Custom Digital Mod signals, the bit rate used is indicated only.
It is defined by the choice of the standard in the Custom Digital Mod
menu.

Digital Standard

With Digital Standard signals, the bit rate used for converting S/N to
Ew/Ny is set here.

When generating a Digital Standard, it is thus possible to select
which bit rate is to be used for calculating the ratio of bit energy to
noise power density, e.g. the bit rate before or after channel coding.

Remote-control command:
SOUR: AWGN: BRAT 3. 4E6

Mode Additive Noise:
Sets the signal/noise ratio by selected Set Noise Level Via S/N.

If Set Noise Level Via Eb/NO is selected, the associated S/N value is
displayed here and read only.

Mode CW Interferer:
Sets the signal/interferer ratio.

Remote-control command:
SOUR: AWGN: SNR 10 dB

Sets the ratio of bit energy to noise power density by selected Set
Noise Level Via Eb/NO.

If Set Noise Level Via S/N is selected, the associated Eb/NO value is
displayed here and read only.

Remote-control command:
SOUR: AWGN: ENR 10 dB

Displays the power level of the useful signal.

Remote-control command:
SOUR: AWGN: POW SI G\?
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Noise Level (System Displays the level of the noise / interferer signal.
Bandwidth) / Interferer . . .
Level - AWGN Ihnetahdlzrmode, this value corresponds to the level entered in the Level

(Additive Noise and Noise

Only / CW Interferer) 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. This means that the
total measurable noise level (see below) usually exceeds the value
displayed here. Correct measurement of the noise level within the
system bandwidth is possible by means of channel power
measurement using a signal analyzer.

Systemn Banchwicth

Remote-control command:
SOUR: AWGN: POWNO' S 10 dBm
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AWGN Settings Menu

Noise Level (Total
Bandwidth) - AWGN
(Additive Noise and Noise
Only)

Signal + Noise Level /
Signal + Interferer Level -
AWGN

(Additive Noise and CW
Interferer)

1402.5222.32

Displays the level of the noise signal in the total bandwidth.

Systemn Banchwicth

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. This means that the
total measurable noise level usually exceeds the value of the noise
level in the system bandwidth. Correct measurement of the noise
level within the system bandwidth is possible by means of channel
power measurement using a signal analyzer.

Display Output Results For the analog or digital signal path has
to be set before.

Remote-control command:
SOUR: AWGN: POW NOI S: TOT?
Response: 19 dB

Displays the overall level of the noise / interferer signal plus useful
signal.

Note:
In the mode Additive Noise the Display Output Results For
(analog or digital) has to be set before.

Remote-control command:
SOUR; AWGN: POW SUM?
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Signal + Noise PEP / Signal
+ Interferer PEP - AWGN
(Additive Noise and CW
Interferer)

1402.5222.32

Displays the peak envelope power of the overall signal comprised of
the noise / interferer signal plus useful signal.

Notes:
The peak envelope power (PEP) specified in the header
corresponds to the PEP value of the signal.

In the mode Additive Noise the Display Output Results For
(analog or digital) has to be set before.

Remote-control command:
SOUR: AWGN: POWN SUM PEP?

4.94 E-8



R&S AMU 200A Introduction - Fading Simulation

Fading Simulation - Fader Block

Introduction - Fading Simulation

The R&S AMU 200A Baseband Signal Generator and Fading Simulator allows the user to superimpose
fading on the baseband signal at the output of the baseband block in realtime. When fitted with all of the
possible options, up to 40 fading paths are available for a single fader, or 20 fading paths each in case
of dual-channel fading. The two channels can be configured differently for different test scenarios.
Using the same input signal and two separate output signals, for example, frequency diversity can be
simulated. Using separate input signals which are summed after fading, a network handover can be
simulated, for example.

A wide range of presets based on the test specifications of the major mobile radio standards simplifies
the use of the fader in research, development, and quality assurance involving mobile radio equipment.
For more complex tests, all of the parameters of the supplied fading configurations can be user-defined
as required.

To ensure the repeatability of the tests, the fading process is always initiated from a defined starting
point. A restart can be triggered manually or using configurable internal or external trigger signals.

Frequency hopping which builds upon the prior fading process after a frequency hop allows realistic
simulation of frequency hopping conditions.

Graphical presentation of the defined fading paths, along with a path delay wizard, provide support to
the user when setting up the desired fading channel.

During transmission of a signal from the transmitter to the mobile receivers, diverse fading effects occur
which can be simulated by the fading simulator separately or in combination.

In the Standard Delay and Fine Delay 30/50MHz stationary fading configurations, up to 40 fading
paths are simulated with different delays as occur on a transmission channel due to different
propagation paths. Several fading profiles are available for each path. Pure Doppler Fading simulates
a direct transmission path on which Doppler shift is occurring due to movement of the receiver.
Rayleigh Fading simulates a radio hop which arises as a result of scatter caused by obstacles in the
signal path (buildings, etc.). Rice Fading simulates a Rayleigh radio hop along with a strong direct
signal. These profiles are fast fading profiles, and they simulate fast fluctuations of the signal power
level which arise due to variation between constructive and destructive interference during multipath
propagation. Lognormal and Suzuki Fading are slow fading profiles which simulate slow level
changes which can occur, say, due to shadowing effects (e.g. tunnels).

In the dynamic configurations Birth Death Propagation and Moving Propagation, dynamic
propagation conditions are simulated in conformity with test cases 25.104xxx, annex B3 and annex B4
from the 3GPP Standard. Delay variations (whether sudden or slow) do not become important until we
reach the fast modulation standards such as 3GPP. The reason is that in this case the delay variations
can be on the order of magnitude of the transmitted symbols so that transmission errors can arise.

In the dynamic configuration 2 Channel Interferer, the MediaFlo test cases 5 and 6 are simulated.
The following figure gives an example of single-channel fading with three transmission paths.

Path 1 represents the discrete component, i.e. a direct point-to-point transmission between the
transmitter and receiver (pure Doppler fading profile).

Paths 2 and 3 represent the distributed components, i.e. sighals which are scattered due to obstacles
(Rayleigh fading profile).

When the Rice fading profile is selected, a combination of distributed and discrete components is
generated in a path (see also the display of the spectrum of a QPSK signal which is subjected to Rician
fading at the end of the parameter description).
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transmitter

L[]
L]

UL

path 3

receiver

The fading process increases the crest factor of the signal, and this increase must be taken into
account in the drive at the baseband level. When multiple paths are superimposed or in case of
statistical influences on a path, an insertion loss is useful for providing a drive reserve. If the full drive
level is reached nevertheless, the 1/Q signals are limited to the maximum available level (clipping). The
mode for determining the range for insertion loss is selectable (Insertion Loss Configuration). The
insertion loss is automatically adjusted within this range to keep the output power constant. However,
the maximum available output power of the R&S AMU is reduced by up to 18 dB.

If statistically correlated processes occur, such as the fading of modulation signals with symbol rates
approximating the delay differences of the fading paths, correct automatic adaptation of the insertion
loss is not possible. In this case, the output power must be measured again.

During further signal routing, it is possible to additionally offset the faded signals or to apply noise to
them (see the sections "Impairment Settings Menu" and "AWGN Settings Menu").

The fading settings are summarised in the block diagram in the Fading functional block as well as in
the menu with the same name for the key.
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Analog Diff. 1/Q Out A PEP A I ]l][ll]l v vl Level A I 1.000 v

Analog 1/Q Out B BUSY PEP B I 1.000 v Level B I ]l]l]l]l v vl
Info |

harker 1: OnAOff Ratio
2 OniCff Ratio
3 OniCff Ratio
4 OniCff Ratio

AWGN/IMP A
config...

[~ On
IMP

Graphi BERT
config... I config... I

[~ On [~ On
Graph A+B BERT
[

1 OniDff Ratio
2 OniDff Ratio
3 OniDff Ratio
4 OniDff Ratio

hdarker

Options for the base unit with the Frequency option (B10x) include the following: Baseband Main
Module (B13), Baseband Generator (B10), and Fading Simulator for Standard Delay configuration
(B14). Additional configurations - dynamic fading (Birth Death, Moving Propagation, and 2 Channel
Interferer) and enhanced resolution (Fine Delay configurations) - require option K71.

The Path Extension option (B15) is used to double the number of fading paths from 20 to 40 or to
configure dual-channel fading with 20 paths per channel.

In dual-path instruments where the Fading Simulator Option (B14) is fitted, only fader A or fader B can
be switched on at one time, i.e. the 20 fading paths are available either for baseband path A or B.

If the Path Extension option (B15) is fitted additionally, either 40 fading paths are available for one of
the two faders or 20 fading paths for each of the two faders (dual-channel fading).

Signal Routing — Fading Simulator

In the Fading functional block, the Fading menu is called up to configure the fading and a selection is
made about how to route the faded baseband signal at the output of the fader.
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Signal Routing

1402.5222.32

Selects the signal routing for the fading signal at the output of the fading
simulator.

The input signal to the fading simulator is specified in the routing
menu of the respective baseband block (see the section “Signal
Routing and Frequency Offset"). When fitted with two faders and two
baseband blocks, the faders can be fed the signal from a single
baseband block, the summation signal from both baseband blocks or
each a signal from one of the two baseband blocks.

Note:
The processing time for the baseband signal is always the same
for the two faders, regardless of the status of the faders (On or
Off). The only exception is fading with 40 fading paths. In this case,
the processing times are different: the signal from the 40-path
fader has a longer processing time than the signal from the fader
which is switched off.

The proposed routes for the fading output signal differ also depending
on the options fitted in the instrument:

Instruments with the Fading Simulator (option B14)

For a single-path instrument, the output signal is always output on
path A.

Remote-control command: n.a.

In dual-path instruments, the fader output signal can be assigned
either to path A, path B, or to both paths. Only one of the faders, A or
B, can be operated. In Standard Delay mode, 20 fading paths are
available for this fader. The signal of the other fader is either output
unfaded (selection (max paths) - (unfaded)) or the signal flow is
interrupted (selection A and B - (open)). The following table describes
the possible routing settings.

Fading
Fading Settings...
Signal Routing

v' A —w Aimax paths) ||B —» B {unfaded)
A—w A andB||B —w {open)
A —w {open) ||B—w» AandB

Remote-control command:
SOUR: FSI M ROUT FAMAXA| FAMAXAB| FBMAXB| FBVAXAB

Instruments with the Fading Simulator (option B14) and Path
Extension (option B15)

For a single-path instrument, the output signal is always output on
path A. In Standard Delay mode, 40 fading paths are available.

For dual-path instruments with two baseband modules
(2 x option B13) and one or two baseband sources (1/2 x option B10)
a selection menu for signal routing is offered:
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Signal Routing — Fading Simulator

Fading
Fading Settings...
Signal Routing

A—r A (18— A
A—rEB [I1B—mB

A—» Aand B||B—» (open)

& —w A(unfaded) ||B —» B (max paths)
& —w A{max paths) ||B —» B {unfaded)

A—w AandB|B—» AandB

& —w {open) ||B —» A and B

The following table shows all of the possible routing settings for dual-
path instruments in a configuration with both fader options (B14 and

B15).

AtoA/BtoB

1402.5222.32 4.99

Dual-channel fading. The fading signal from
fader A is output on baseband path A and the
fading signal from fader B is output on
baseband path B. In Standard Delay mode,
20 fading paths are available for each fader.

When fitted with a second baseband
generator, the generator can be operated like
two instruments; two independently
configured signals are present at the 1/Q
outputs.

When using only a single baseband
generator, the receiving conditions of a
receiver (e.g. high-quality car radio, UMTS
base station) with two antennas can be
simulated (transmit or receive diversity). It is
possible to correlate the paths of the two faders
(the two fading channels) and thus simulate
conditions which occur if a receiver has two
antennas which receive statistically correlated
signals (e.g. a car with two antennas in which
the two received signals exhibit a certain degree
of correlation due to a similar environment such
as an underpass, hill, etc.)

Ao (TSOWAT) ‘
cotn- || _feoma (1!
.

raphi
I on I~ on
Graph A+B BERT
==
BERT

[AWGN/IMP B 1/Q Out B
comg.. || | comg..[[—woaur

I~ on I~ on
>

Remote-control command:
SOUR: FSI M ROUT FAAFBB
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R&S AMU 200A

1402.5222.32

A to A (unfaded) /B
to B (max. paths)

A to A (max. paths) /
B to B (unfaded)

4.100

The fading signal from fader B is output on
baseband path B. Fader A cannot be
activated. In Standard Delay mode, 40 fading
paths are available for fader B.

FOT AWGNTNP A i ‘
= contg., | connge || flcornis-_| —[g
T on T~ on o
StdDel 3 oL —] o va our

Graphics BERT

Note:
The signal from the 40-path fader has a
longer processing time than the signal from
the fader which is switched off.

Remote-control command:
SOUR: FSI M ROUT FBMVAXB

The fading signal from fader A is output on
baseband path A. Fader B cannot be
activated. In Standard Delay mode, 40 fading
paths are available for fader A.

AWGNIMP A u ,

||| cona |5
I~ on vl

e NGl [ bowaour

[AWGNMP B] u !

o c‘

T on d a
e e

Note:
The signal from the 40-path fader has a
longer processing time than the signal from
the fader which is switched off.

Remote-control command:
SOUR: FSI M ROUT FAMAXA

E-8



R&S AMU 200A

Signal Routing — Fading Simulator

1402.5222.32

Ato A/IBto A

AtoB/BtoB

Dual-channel fading. The fading signal from
fader A and the fading signal from fader B are
both output on baseband path A. In Standard
Delay mode, 20 fading paths are available for
each fader.

When fitted with a second baseband
generator, for example, the conditions can be
simulated for a mobile radio network handover
in the handheld device or for filtering out the
own signal in case of simultaneous presence
of a strong signal from another standard. To
do this, each baseband signal is configured
according to the desired standard and passed
to one fader in each case. After fading, the
two signals with widely divergent signal
strengths are output on a common 1/Q output.

[AWGN/IMP AJ [ u 0
L e S

Remote-control command:
SOUR: FSI M ROUT FAAFBA

Dual-channel fading. The fading signal from
fader A and the fading signal from fader B are
both output on baseband path B. In Standard
Delay mode, 20 fading paths are available for
each fader.

[AWGNWP A]

| {go'

I~ on
e i [ oewour

Graphics BERT
contgo || | ot |

I~ on I~ on
| T
o
[AWGN/IMP BJ Jut B I
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Remote-control command:
SOUR: FSI M ROUT FABFBB
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Ato Aand B/Bto A Dual-channel fading. The fading signal from

and B

AtoAand B /B
(open)

fader A and the fading signal from fader B are
output on baseband path A and baseband
path B. In Standard Delay mode, 20 fading
paths are available for each fader.

The possible applications are basically
analogous to A to A / B to A routing, but here
due to the splitting of the fader output signal
among two paths, these two paths can also
be processed differently after the fading. For
example, a further degradation of the
receiving conditions can be simulated for
comparison purposes on a path by
superimposing noise on the signal and
distorting it.

Remote-control command:
SOUR: FSI M ROUT FAABFBAB

The fading signal from fader A is output on
baseband path A and baseband path B. The
signal from fader B is not output, the signal
flow of baseband B is interrupted. In
Standard Delay mode, 40 fading paths are
available for fader A.

Remote-control command:
SOUR: FSI M ROUT FAMAXAB
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Fading Menu

A (open)/ B to A and The fading signal from fader B is output on
B

Fading Menu

baseband path A and baseband path B. The
signal from fader A is not output, the signal
flow of baseband A is interrupted. In
Standard Delay mode, 40 fading paths are
available for fader A.
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Remote-control command:
SOUR: FSI M ROUT FBMAXAB

The Fading menu is used to configure multipath fading signals. It is called it up either in the Fader

block or using the key.

Fading
Fading Settings...
Signal Routing

A —w A{unfaded) ||B —» B {max paths)
A —w A{max paths) ||B —» B (unfaded)
h—w A |IB—» A

A—»B |IB—» B

A—w AandB||B—» AandB

A —w» Aand B|| B —w (open)

A —w {open) ||B —w A and B

The Fading menu is divided into several sections:

The Fading Simulator is switched on in the upper section. By selecting a standard, a preset
corresponding to different test cases from the common mobile radio standards is called up. Fading
settings can be saved, recalled or reset to the default values.

In the General Settings section the configuration and the unit for the speed is selected. A user-
definable RF frequency (virtual frequency) can be set for computing the Doppler shift. This virtual RF
frequency is then used to set the modulation frequency of an external I/Q modulator.

The parameters are defined which determine under what conditions a restart of the fading simulation is

triggered.

1402.5222.32
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The Path Settings sections offers different submenus for the configuration of the fading paths
depending on the selected fading configuration. The fading settings are displayed graphically.

& Fading B

Set To Default | SaveRecall... | Standard I GSM TU 3 (12Path) j

General Settings
Configuration IStandard Delay j

Signal Dedicated To | Baseband Output ~|  Virtual RF | 904.500 00 | kHz |

Common Speed For All Paths v Speed Unit I km/h j

Restart Event I Auto j Restart |

Ignore RF Changes < 5% [~ On Frequency Hop. Mode I Off j

Path Settings
Path Table... | Path Delay Wizard... | Coupled Parameters... | Insertion Loss Configuration... |

—_—

© 20-

1
] 05 10 15 20 25 an 35 40 45 50 55 Delay Ip

Basic Settings - Fading

The Fading Simulator is switched on in the upper section. By selecting a standard, a preset
corresponding to different test cases from the common mobile radio standards is call up. Fading
settings can be saved, recalled or reset to the default values.

In the General Settings section the configuration and the unit for the speed is selected. A user-
definable RF frequency (virtual frequency) can be set for computing the Doppler shift. This virtual RF
frequency is then used to set the modulation frequency of an external I/Q modulator.

The parameters are defined which determine under what conditions a restart of the fading simulation is
triggered.

State - Fading Powers the fading simulator on or off.

When powered on, the fading process is initiated for the paths which
are switched on.

A selectable trigger (Restart Event) can be used to restart the fading
process. The fading process always begins at a fixed starting point
after each restart. This helps to achieve repeatable test conditions.

Remote-control command:
SOUR: FSI M STAT ON
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Fading Menu

Set to Default - Fading

Activates the default settings of the fading simulator.

By default, a path is activated with a Rayleigh profile and a slow
speed. All of the other paths are switched off.

The following table provides an overview of the settings. The preset
value is indicated for each parameter in the description of the remote-
control commands.

Remote-control command:
SOUR: FSI M PRES

Parameter Value

State Off

Standard User
Configuration Standard Delay
Signal Dedicated to Baseband Output
Speed Unit km/h

Restart Event Auto

Insertion Loss

Insertion Loss Mode Normal
Coupled Parameters

All States Off

Path Configuration

State of path 1 On

State of all other paths Off

Profile Rayleigh
Delays 0

Speed of path 1 Slow

Speed of all other paths 0

Save/Recall - Fading

1402.5222.32

Calls up the Save/Recall menu.

In the Save/Recall menu, the desired File Select window for loading
and saving fading configurations as well as the File Manager for
keeping tracking of files can be called up.

Save Fading Settings
File Manager...

Fading configurations are saved with the file ending *.fad. The file
name and the directory to store it can be chosen.

The entire settings of the Fading menu are always saved and loaded.
When fitted with two faders, only the settings of the selected fader are
stored.
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Recall
Fading
Settings

Save Fading
Settings

Opens the File Select window for loading a saved
Fading configuration.

Press the Select button to load the configuration of
the selected (marked) file.

& Recall Fading Settings |Z||§|['S__<|
recent data sets

c:famu_lists/fading/stand_3gpp

c:/amu_listsfading
= B stand oo |
£l amu_lists stand_cdma
- 3gpp stand_gsm
- control
- data
- dm

=R fading
- aps
[
2
[
[

H- gsm

H- settings
+- waveforms
3)

4

- wimax =

TR e ;I_I
Select | IR
Manager...

Remote-control command:

:MVEM CDIR ' F: \anu\amu_| i sts\fading'
SCQUR: FSI M CAT?

Response:

'stand_cdma, st and_gsm st and_3gpp’

SOUR: FSI M LOAD "stand_3gpp"

Opens the File Select window for saving the current
Fading configuration.

The name of the file is entered in the File Name input
field, and the directory in the save into field. Press the
Save button to save the file.

Remote-control command:
:MVEM CDI R " F:\anu\ armu_| i st s\ fadi ng'

SOUR: FSI M STOR ' st and_nadc'

4.106 E-8



R&S AMU 200A

Fading Menu

Standard / Test Case -
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File Manager

Calls up the File Manager.

File Manager is used to perform general file
operations such as copy, paste, rename, delete, and
to create new directories.

= File Manager,

IFiIe Type All Files (% - I
c/amu_listsfading
3gpp stand_cdma.fad
control stand_gsmfad
data
dm pe
fading
ups
gsm
settings
waveforms
wimax
wlan e
Create New
Cut Copy | Paste Rename Delete Directory

Remote-control commands:
:MMEM CDIR ' F:\anu\ anu_l i st s\ fadi ng'

SOUR: FSI M DELETE ' st and_nadc'

Selects predefined fading settings.

These settings correspond to the test scenarios stipulated in the
common mobile radio standards.

If one of the predefined parameters is modified, User is displayed.
User is also the default setting.

File fading_standard.pdf on the CD-ROM provides a listing of the
predefined standards along with the underlying test scenarios and the
settings which are made.

Remote-control commands:
SOUR: FSI M STAN G6TU3
SOUR: FSI M STAN: REF?

Response: ' GSM TS8916B'
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Configuration - Fading Selects the fading configuration.

Note:
The selection of fine delay and dynamic configurations is only
possible with option K71.

For classical fading with simulation of the level fluctuations, the user
can choose from three delay configurations:

- Standard Delay,
- Fine Delay 30 MHz and
- Fine Delay 50 MHz.

These delay configurations occur in the received signal as a result of a
typical multipath propagation and the propagation conditions, which
vary depending on the location and timing.

For classical fading with simulation of the level fluctuations which
occur in the received signal as a result of Typeical multipath
propagation and propagation conditions which vary depending on the
location and timing, the user can choose from three delay
configurations: Standard Delay, Fine Delay 30 MHz and Fine Delay 50
MHz.

The delay configurations differ in terms of the number of paths, the
resolution of the path-specific delay, and the available RF bandwidth.

The paths are arranged in groups in the delay configurations. Each
group is characterized by a common group delay (Basic Delay). The
paths are assigned a path-specific delay (Additional Delay). The total
delay of a path is calculated by adding the two values (Resulting
Delay).

The number of groups is the same for all three configurations. This
number doubles from 4 to 8 when the instrument is fitted with the Path
Extension option (B15). There is a maximum of 40 fading paths
available in 8 groups for Standard Delay.

For fading with delays which change dynamically, there are three
configurations: Birth Death Propagation, Moving Propagation, and 2
Channel Interferer.

Depending on which configuration is selected, the lower sections of
the fading menu will change, particularly the path table.

Important:
A separate path table is associated with each configuration, i.e.
when changing the delay configuration not only the bandwidth is
switched but a completely new path table is loaded.
Changing the configuration causes an interruption in the fading
process, followed by a restart after about one second since the
FPGAs in the instrument are rebooted and loaded with the
modified configuration. Therefore, the interruption applies to both
faders if the instrument is fitted with two faders (options B14 and
B15).
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Standard
Delay

Fine Delay 30
MHz

Fine Delay 50
MHz

Birth Death
Propagation

Moving
Propagation

1402.5222.32

In the Standard Delay configuration, each group
consists of five paths. This means that 20 or 40
paths can be simulated for a fading channel. The
resolution for the path-specific delay is 10 ns (see
section "Delay Modes Path Table - Fading").

Remote-control command:
SOUR: FSI M DEL: STAT ON

In the Fine Delay 30 MHz configuration, each of the
groups consists of three paths. This means that 12
or 24 paths can be simulated for a fading channel.
The resolution for the path-specific delay is 10 ps.
The RF bandwidth is limited to 30 MHz.

Remote-control command:
SOUR: FSI M DEL30: STAT ON

In the Fine Delay 50 MHz configuration, each of the
groups consists of two paths. This means that 8 or
16 paths can be simulated for a fading channel. The
resolution for the path-specific delay is 10 ps. An RF
bandwidth of 50 MHz is available.

Remote-control command:
SOUR: FSI M DEL50: STAT ON

In the Birth Death Propagation configuration, the
fading simulator simulates dynamic propagation
conditions in conformity with the test case 3GPP,
25.104-320, annex B4. Two paths are simulated
which appear (Birth) or disappear (Death) in
alternation at arbitrary points in time (see section
"Birth Death Propagation Path Table - Fading", page
4.129).

Remote-control command:
SOUR: FSI M BI RT: STAT ON

In the Moving Propagation configuration, the fading
simulator simulates dynamic propagation conditions
in conformity with the test case 3GPP, 25.104-320,
annex B3.

Two paths are simulated: Path 1 has fixed delay,
while the delay of path 2 varies slowly in a sinusoidal
fashion (see section "Moving Propagation Path Table
- Fading", page 4.135).

Remote-control command:
SOUR: FSI M MDEL: STAT ON
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Signal dedicated to -
Fading

(read-only)

Virtual RF - Fading

Common Speed for all
Paths - Fading

Speed Unit - Fading

1402.5222.32

2 Channel In the 2 Channel Interferer configuration, the fading
Interferer simulator simulates test case 5 and 6 from MediaFlo.

Two paths are simulated: Path 1 has fixed delay,
while the delay of path 2 varies slowly in a sinusoidal
fashion or appears or disappears in alternation at
arbitrary points in time (hopping) (see section "2
Channel Interferer", page 4.138).

Remote-control command:
SOUR: FSI M TCl : REF| MOV: STAT ON

User Dynamic The User Dynamic configuration is provided for
future use.

The Doppler shift is computed based on a user-definable virtual RF
frequency which is entered under Virtual RF.

Sets the virtual RF frequency.

The entered value is used as the basis for computing the Doppler
shift.

Remote-control command:
SOUR: FSI M FREQ 1GHz

(only available for delay configurations)
Activates/deactivates the same speed in all paths.
The default is the On setting.

A change of speed in a path automatically results in a change of
speed in all of the other paths.

When switching from Off to On, the speed entry for path 1 of group 1
is used for all of the paths.

Note:
If Speed Setting Coupling is activated (see below), the setting of
Common Speed for all Paths is also coupled in both faders.

Remote-control command:
SOUR: FSI M CSP ON

Selects the unit for the speed. This setting is valid for all fading
configurations.

The speed is entered in the path table.

Remote-control command:
SOUR: FSI M SPE: UNI T MPH
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Selects the event which leads to a restart of fading.

After each restart, the fading process starts at a fixed starting point
and from there it passes through identical random processes for a
given setting. This helps to achieve repeatable test conditions.

Auto

Manual

Internal
Trigger

External
Trigger 1/2

The modulation signal is continually faded.

Remote-control command:
SOUR: FSI M REST: MODE AUTO

A restart is triggered by pressing the Restart button.

With dual-channel fading, pushing the Restart
button causes both faders to restart if Restart Event
Manual is selected for both faders.

Remote-control command:
SOUR: FSI M REST: MODE VAN

A restart is triggered by the trigger which is selected
for the associated baseband.

In the fader, internal start delays may occur in
particular for complex fader configurations.
Therefore, the selection of external trigger (or
Internal from other baseband) in the baseband is
recommended to ensure synchronized data
processing. A possible fader start delay can then be
taken into account by setting a sufficient trigger
delay. The fader starts data processing only after the
arrival of valid input data from the baseband.

For dual-channel fading, both faders can be
triggered with the same marker signal or with
different marker signals, i.e. the triggering can take
place simultaneously or at different points in time.

Remote-control command:
SOUR: FSI M REST: MODE | NT

A restart is triggered by an external trigger on trigger
jack TRIGGER 1 or TRIGGER 2.

It is recommended to also select external trigger in
the baseband and to set a sufficient trigger delay to
compensate for a possible internal start delay in the
fader (see above, Internal Trigger).

For dual-channel fading, both faders can be
triggered with the same trigger signal or with
different trigger signals, i.e. the triggering can take
place simultaneously or at different points in time.

Remote-control command:
SOUR: FSI M REST: MODE EXT1
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Restart - Fading

Triggers a restart of the fading simulation.

A restart is triggered with this button only if Restart Event Manual is
selected.

With dual-channel fading, both faders are restarted if Restart Event
Manual is selected for both faders.

Remote-control command:
SOUR: FSI M REST

Path Settings - Fading

The Path Settings sections offers different submenus for the configuration of the fading paths
depending on the selected fading configuration. The fading settings are displayed graphically.

Path Table... - Fading

Path Delay Wizard- Fading

Coupled Parameters... -
Fading

Insertion Loss
Configuration ... - Fading

1402.5222.32

Calls up the menu for setting the fading paths.

See sections "Delay Modes Path Table - Fading", page 4.113, "Birth
Death Propagation Path Table - Fading", page 4.129, "Moving
Propagation Path Table - Fading", page 4.135, and "2 Channel
Interferer Path Table - Fading", page 4.138.

Calls up the menu for modifying, inserting and deleting paths in the
delay modes, see section "Path Delay Wizard- Fading", page 4.126.

(only for

- Delay configurations

- Configuration with two faders (options B14 and B15) and
- Signal routing A to A /B to B (split))

Calls up the menu for setting the coupled parameters of the two faders
A and B, see section "Coupled Parameters ... - Fading", page 4.128.

Calls up the menu for setting the insertion loss, see section "Insertion
Loss Configuration ... - Fading", page 4.143.
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Delay Modes Path Table - Fading

Button Path Table... calls the path table for configuration of the fading paths.

The paths are grouped in the Standard Delay, Fine Delay 30 MHz, and Fine Delay 50 MHz delay
configurations. Each group is characterized by a common group delay (Basic Delay). The paths are
assigned a path-specific delay (Additional Delay). The Resulting Delay of a path is calculated by
adding the two values. The delay configurations differ in terms of the number of paths, the resolution of
the path-specific delay, and the available RF bandwidth. The remaining parameters are the same for
the three configurations.

The maximum number of paths is doubled from 20 to 40 when the instrument is fitted with the Path
Extension option (B15).

The individual path and group parameters can be set in the path table. The group number is displayed
in the first row of the table header and the path number is displayed in the second row. The parameters
are displayed row-by-row at the left edge of the table. The sections for fast and slow fading are
indicated to the left next to the table.

A light background means that the parameter is adjustable. A dark background means that the
parameter is not adjustable. Whether a parameter is configurable or not depends, for example, on the
group (e.g. the Basic Delay is always 0 for group 1) and on the selected fading profile (e.g. the power
ratio can be entered only for Rice fading). The pure display parameters such as the resulting Doppler
shift are also shown with a dark background.

In the Copy Path Group section, the settings for a fading group can be copied to a second fading
group.

The buttons facilitate navigation in the path table by moving the indicated area of the table and
suppression of the indication of disabled paths. It is also possible to quickly change the speed unit with
a softkey.

& Fading A: Path Table Standard/Fine Delay

State
Profile Rayleigh Rayleigh Rayleigh Rayleigh Rayleigh Rayleigh Rat
Path Loss /dB 4.00 |8.ﬁl] 10.00 3.00 |I].I]I] 11.00 6.5
Basic Delay jus 0.00 |l].l]l] 0.00 0.00 0.00 0.00 0.0
Addiional Delayius _[0.000 00 003000 075000  0.880 00 2.000 00 270000 (32
Resulting Delay fus  |0.00 0.03 0.75 0.88 2.00 270 3.2
F | Power Ratio /dB
é const Phase /deg 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T | Speed fkmih 50.0 50.0 50.0 50.0 50.0 50.0 50,
Freq. Ratio 0.00 0.00 0.00 0.00 0.00 0.00 0.0
res. Doppler Shift 46.33 46.33 46.33 46.33 46.33 46.33 46.
Correlation Path i Off Off Off Off Off Off
Coefficient /% 100 100 100 100 100 100 100
Phase /deg 0.00 0.00 0.00 0.00 0.00 0.00 0.0
S | Lognorm State off off off off off off off
It'] Local Constant/m |400.0 100.0 100.0 100.0 100.0 100.0 101
Standard Dey. JdB |p 0 0 0 0 0 0
% 2
Copy Path Group —
| Source |—1 Destination I—Z Copy |
ome | Frovmus | Mot | gy | =
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State Path - Fading

Profile - Fading
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Activates a fading path.

After power-on, the fading process is initiated for this path with the
selected fading profile. However, the fading simulator must be
switched on.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: STAT ON
SOUR: FSI M DEL30: GROL: PATH2: STAT ON
SOUR: FSI M DEL50: GROL: PATH2: STAT ON

Determines the fading profile for the selected path. The fading profile
determines which transmission path or which radio hop is simulated.

Depending on which profile is selected, certain parameters will be
available in the path table and others will not be available.

With correlated paths, the profile setting must agree. When correlation
is activated, the setting of the path for which correlation is switched on
is accepted for both paths. Afterwards, the most recent modification
applies to both paths (no matter in which path it was made).

Static Path A static transmission path is simulated which can
undergo attenuation (loss) or delay.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF SPAT
SOUR: FSI M DEL30: GROL: PATH2: PROF SPAT
SOUR: FSI M DEL50: GROL: PATH2: PROF SPAT

Pure Doppler A transmission path is simulated in which there is an
individual direct connection from the transmitter to
the moving receiver (discrete component). The
Doppler frequency shift is determined by the Speed
and Frequency Ratio parameters (see the
description of the Speed parameter).

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF PDOP
SOUR: FSI M DEL30: GROL: PATH2: PROF PDCP
SOUR: FSI M DEL50: GROL: PATH2: PROF PDCP

Rayleigh A radio hop is simulated in which many highly
scattered subwaves arrive at a moving receiver. The
resulting received amplitude varies over time. The
probability density function for the magnitude of the
received amplitude is characterized by a Rayleigh
distribution. This fading spectrum is "Classical".

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF RAYL
SOUR: FSI M DEL30: GROL: PATH2: PROF RAYL
SOUR: FSI M DEL50: GROL: PATH2: PROF RAYL
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Const. Phase

Start Phase

Gaussl
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A radio hop is simulated in which a strong direct
wave (discrete component) arrives at a moving
receiver in addition to many highly scattered
subwaves. The probability density of the magnitude
of the received amplitude is characterized by a Rice
distribution. The fading spectrum of an unmodulated
signal involves the superimposition of the classic
Doppler spectrum (Rayleigh) with a discrete spectral
line (pure Doppler).

The ratio of the power of the two components
(Rayleigh and pure Doppler) is set with the Power
Ratio parameter.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF RI CE
SOUR: FSI M DEL30: GROL: PATH2: PROF RI CE
SOUR: FSI M DEL50: GROL: PATH2: PROF RI CE

A transmission path with the set constant phase
rotation is simulated which can undergo attenuation
(loss) or delay.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF CPH
SOUR: FSI M DEL30: GROL: PATH2: PRCF CPH
SOUR: FSI M DEL50: GROL: PATH2: PROF CPH

(for Pure Doppler and Rice only)

A transmission path with the set start phase rotation
is simulated which can undergo attenuation (loss) or
delay.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF CPH
SOUR: FSI M DEL30: GROL: PATH2: PROF CPH
SOUR: FSI M DEL50: GROL: PATH2: PROF CPH

GAUSH1 is the sum of two Gaussian functions and is
used for excess delay times in the range of 0,5 ps to
2us (0,5 us <1< 2 ps).

(GAUST) S(n,f) = G (A, 0,8, 0,050 + G (A4, +0,4f, 0,11,

where A, is 10 dB below A.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF OGAU
SOUR: FSI M DEL30: GROL: PATH2: PROF OGAU
SOUR: FSI M DEL50: GROL: PATH2: PROF OGAU
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Gauss2

GaussDAB

WM Doppler

WM Rice

GAUS?2 is also the sum of two Gaussian functions
and is used for paths with delays in excess of 2 ps
(1,2 2 ps).

(GAUSZ) S(gf) = G (8, +0,Tfy, 0,17, + & (B, -0,4f,, 0,151,

where B, is 15 dB below B.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF TGAU
SOUR: FSI M DEL30: GROL: PATH2: PROF TGAU
SOUR: FSI M DEL50: GROL: PATH2: PROF TGAU

GAUSDAB is composed of a Gaussian function and
is used for special DAB profiles.

(GAUSDAB)  Sigh = G (A, +0.7f, 0,11

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF DGAU
SOUR: FSI M DEL30: GROL: PATH2: PROF DGAU
SOUR: FSI M DEL50: GROL: PATH2: PROF DGAU

Selects the WM Doppler fading profile.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PROF WWDOP
SOUR: FSI M DEL30: GROL: PATH2: PROF \WDOP
SOUR: FSI M DEL50: GROL: PATH2: PROF \WDCOP

Selects the WM Rice fading profile.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: PRCF WRI C
SOUR: FSI M DEL30: GROL: PATH2: PROF WRI C
SOUR: FSI M DEL50: GRO1: PATH2: PROF WRI C

The following figure shows a baseband signal with QPSK modulation and a rectangular filter which was
subjected to Rician fading (one path). As a result of the luminescence setting on the oscilloscope, the
variation in phase and amplitude of the constellation points caused by the fader is clearly visible.

1402.5222.32
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Enters the loss for the selected path.

Remote-control commands:

SOUR: FSI M DEL: GROL: PATH2: LCSS 2 dB
SOUR: FSI M DEL30: GROL: PATH2: LCSS 2 dB
SOUR: FSI M DEL50: GROL: PATH2: LCSS 2 dB

Determines the Basic Delay.

Within a path group, all of the paths are jointly delayed by this value.
The Resulting Delay of a path is obtained by adding the Basic Delay
and the Additional Delay. The Basic Delay for group 1 is always 0.
Thus, for the paths in group 1, we always have a setting range for the
Resulting Delay from 0 to 40 ns (= setting range for Additional
Delay).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH: BDEL 2E-4
SOUR: FSI M DEL30: GRO2: PATH: BDEL 2E- 4
SOUR: FSI M DEL50: GRO2: PATH: BDEL 2E- 4

Determines the Additional Delay.

The Resulting Delay of a path is obtained by adding the Basic Delay
and the Additional Delay. No Additional Delay can be entered for path
1 of group 1.

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: ADEL 1E-6
SOUR: FSI M DEL30: GRO2: PATH2: ADEL 1E-6
SOUR: FSI M DEL50: GRO2: PATH2: ADEL 1E-6
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Resulting Delay - Fading

Power Ratio - Fading
(Rice Fading)

Const. Phase - Fading

1402.5222.32

Displays the Resulting Delay for the path.

The Resulting Delay is obtained by adding the Basic Delay (see
section "Basic Delay - Fading", page 4.117) and the Additional
Delay, see section "Additional Delay - Fading", page 4.117.

The Path Delay Wizard (see section "Path Delay Wizard- Fading",
page 4.112) is very helpful when the user needs to position the paths
at defined Resulting Delays.

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: RDEL?
SOUR: FSI M DEL30: GRO2: PATH2: RDEL?
SOUR: FSI M DEL50:; GRO2: PATH2: RDEL?

Enters the power ratio of the discrete component and distributed
component for Rice fading.

The total power consisting of the two components is always constant.
At a high power ratio, the discrete (Doppler) component prevails. At a
low power ratio, the distributed (Rayleigh) component prevails.

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: PRAT —-15
SOUR: FSI M DEL30: GRO2: PATH2: PRAT - 15
SOUR: FSI M DEL50: GRO2: PATH2: PRAT - 15

(Pure Doppler and Constant Phase Fading)

Enters the phase by which the path is multiplied for pure Doppler and
constant phase fading.

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: CPH 5DEG
SOUR: FSI M DEL30: GRO2: PATH2: CPH 5DEG
SOUR: FSI M DEL50: GRO2: PATH2: CPH 5DEG
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Speed - Fading

1402.5222.32

(Pure Doppler, Rayleigh, and Rice Fading)

Enters the speed v of the moving receiver. Choose the desired Speed
Unit in the upper section of the menu.

Based on the speed v and the virtual RF frequency frr, the Doppler
shift fo is computed.

y 8 v f
c=2998-10"m/s —=-2
¢ lgr

Example:

v = 100 km/h; fre = 1 GHz : fo = 92.66 Hz

The resulting Doppler shift is displayed in the res. Doppler Shift line.
It may not exceed the maximum Doppler shift of 1600 Hz.

If the speed is changed, the resulting Doppler shift is automatically
modified.

In the Pure Doppler and Rice Fading profiles, the resulting Doppler
shift is dependent on the entered speed and also on the ratio of the
actual Doppler shift to the (set) Doppler shift fo.

This ratio is determined in the Frequency Ratio line.

The Speed parameter is not available for static path and constant
phase fading.

A change of speed in one path automatically results in a change of
speed in all of the other paths of the fader if Common Speed in All
Paths is activated.

When fitted with the Path Extension option (B15), the speed for the
paths of both faders A and B can be coupled.

With correlated paths, the speed setting must agree. When correlation
is activated, the settings of the path for which correlation is switched
on are accepted for both paths. Afterwards, the most recent
modification applies to both paths (no matter in which path it was
made). The same applies to all paths of the two faders when coupling
is activated.

Remote-control commands:

SOUR: FSI M SPE: UNI T MPS

SOUR: FSI M DEL: GRO2: PATH2: SPE 100
SOUR: FSI M DEL30: GRO2: PATH2: SPE 100
SOUR: FSI M DEL50: GRO2: PATH2: SPE 100
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Frequency Ratio - Fading

Resulting Doppler Shift -
Fading

1402.5222.32

(Pure Doppler and Rice Fading)

Enters the ratio of the actual Doppler frequency to the Doppler
frequency set with the Speed parameter for pure Doppler or Rice
fading.

The actual Doppler shift is a function of the simulated angle of
incidence of the discrete component (see following figure).

Negative values indicate a receiver that is going away from the
transmitter, and positive values a receiver that is approaching the
transmitter.
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With correlated paths, the speed setting of the Frequency Ratio must
agree. When correlation is activated, the settings of the path for which
correlation is switched on are accepted for both paths. Afterwards, the
most recent modification applies to both paths (no matter in which
path it was made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: FRAT 0. 15
SOUR: FSI M DEL30: GRO2: PATH2: FRAT 0. 15
SOUR: FSI M DEL50: GRO2: PATH2: FRAT 0. 15

(Pure Doppler, Rayleigh, and Rice Fading only)
Displays the Doppler shift.
The Doppler shift is determined by entering the Speed.

For the Pure Doppler and Rice Fading profiles, the actual Doppler
shift is a function of the entered ratio of the actual Doppler shift to the
Doppler shift set with the Speed parameter (Frequency Ratio).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: FDOP?
SOUR: FSI M DEL30: GRO2: PATH2: FDOP?
SOUR: FSI M DEL50: GRO2: PATH2: FDOP?
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Correlation Path - Fading

Correlation Coefficient -
Fading

1402.5222.32

(only for
— Configuration with two faders (options B14 and B15) and
- Signal routing A to A /B to B (split))

Switches on correlation to the corresponding path of the second fader
for dual-channel fading.

Setting correlation necessitates synchronous signal processing on
both channels. This means the settings of the following parameters for
the correlated fading paths must agree:

- Profile

- Speed

- Frequency Ratio

- Lognormal Parameters

When correlation is activated, the settings of the path for which
correlation is switched on are accepted for both paths. Afterwards, the
most recent modification applies to both paths (no matter in which
path it was made).

Correlated paths in dual-channel fading with the same input signal
simulate the receiving conditions experienced by a receiver having
two antennas in which the received signals exhibit a certain degree of
correlation due to a similar environment.

This parameter is available only for the delay configurations with two
faders (options B14 and B15) and selection of A to A/ B to B signal
routing (split) Each fader has a maximum of 20 fading paths.

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: CORR: STAT ON
SOUR: FSI M DEL30: GRO2: PATH2: CORR: STAT ON
SOUR: FSI M DEL50: GRO2: PATH2: CORR: STAT ON

(only for

- Delay configurations

- Configuration with two faders (options B14 and B15) and
- Signal routing A to A /B to B (split))

Enters the magnitude of the complex correlation coefficient as a
percentage.

The higher the entered percentage, the greater the correlation of the
statistical fading processes for the two correlated paths. Highly
correlated ambient conditions for the signal are simulated in this
manner.

Each fader has a maximum of 20 path.

ith correlated paths, the coefficient setting must agree. When
correlation is activated, the setting of the path for which correlation is
switched on is accepted for both paths. Afterwards, the most recent
modification applies to both paths (no matter in which path it was
made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: CORR: COEF 95
SOUR: FSI M DEL30: GRO2: PATH2: CORR: COEF 95
SOUR: FSI M DEL50: GRO2: PATH2: CORR: COEF 95
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Correlation Coefficient
Phase - Fading

Lognormal State - Fading

1402.5222.32

(only for

- Delay configurations

- Configuration with two faders (options B14 and B15) and
- Signal routing A to A /B to B (split))

Enters the phase of the complex correlation coefficient in degrees.
Each fader has a maximum of 20 fading paths.

With correlated paths, the coefficient phase setting must agree. When
correlation is activated, the setting of the path for which correlation is
switched on is accepted for both paths. Afterwards, the most recent
modification applies to both paths (no matter in which path it was
made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: CORR: PHAS 5
SOUR: FSI M DEL30: GRO2: PATH2: CORR: PHAS 5
SOUR: FSI M DEL50: GRO2: PATH2: CORR: PHAS 5

Switches lognormal fading on/off (slow fading).

With lognormal fading, an additional slow fluctuation of the received
amplitude of a moving receiver is simulated. This can occur due to
peculiarities in the landscape or topography (e.g. when driving through
a depression). Lognormal fading has a multiplicative effect on the path
loss. The multiplication factor is time-variable and logarithmically
normally distributed. If a Rayleigh profile is set simultaneously, what
we obtain is Suzuki fading.

Note:
Since the slow level fluctuation is not taken into account
statistically in the computation of the insertion loss, the output
power can deviate from the displayed power.

When fitted with the Path Extension option (B15), the status of
lognormal fading for the paths of both faders A and B can be coupled.
With correlated paths, the status setting must agree. When correlation
is activated, the settings of the path for which correlation is switched
on are accepted for both paths. Afterwards, the most recent
modification applies to both paths (no matter in which path it was
made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: LOGN: STAT ON
SOUR: FSI M DEL30: GRO2: PATH2: LOGN: STAT ON
SOUR: FSI M DEL50: GRO2: PATH2: LOGN: STAT ON

4122 E-8



R&S AMU 200A

Fading Menu

Local Constant - Fading

Standard Deviation -
Fading

Enters the Local Constant for lognormal fading.

The Local Constant L and the speed v of the moving receiver
determine the limit frequency f. for lognormal fading:
f|_ =v/L.

The power density spectrum of an unmodulated carrier consists of a
discrete spectral line at frr and a frequency-dependent continuous
component for which the following holds:

f—fer J

—O.S[E
S(f)=constle ' ™
The lower setting limit is a function of the virtual RF frequency frr.

_1200°m/s

The following holds: L,
frr

When fitted with the Path Extension option (B15), the Local Constant
for the paths of both faders A and B can be coupled.

With correlated paths, the Local Constant setting must agree. When
correlation is activated, the settings of the path for which correlation is
switched on are accepted for both paths. Afterwards, the most recent
modification applies to both paths (no matter in which path it was
made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: LOGN: LCON 100
SOUR: FSI M DEL30: GRO2: PATH2: LOGN: LCON 100
SOUR: FSI M DEL50: GRO2: PATH2: LOGN: LCON 100

Enters the standard deviation in dB for lognormal fading.

When fitted with the Path Extension option (B15), the standard
deviation for the paths of both faders A and B can be coupled.

With correlated paths, the standard deviation setting must agree.
When correlation is activated, the settings of the path for which
correlation is switched on are accepted for both paths. Afterwards, the
most recent modification applies to both paths (no matter in which
path it was made).

Remote-control commands:

SOUR: FSI M DEL: GRO2: PATH2: LOGN: CSTD 1
SOUR: FSI M DEL30: GRO2: PATH2: LOGN: CSTD 1
SOUR: FSI M DEL50: GRO2: PATH2: LOGN: CSTD 1

In the Copy Path Group section, the settings for a fading group can be copied to a second fading group.

Copy Source - Fading

1402.5222.32

Selects a group whose setting is to be copied.

Remote-control command:
SOUR: FSI M COPY: SOUR 1
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Copy Destination - Fading

Copy - Fading

Selects a group whose setting is to be overwritten.

Remote-control command:
SOUR: FSI M COPY: DEST 2

Triggers a copy procedure.

Remote-control command:
SOUR: FSI M COPY: EXEC

The buttons facilitate navigation in the path table by moving the indicated area of the table and
suppression of the indication of disabled paths. It is also possible to quickly change the speed unit with

a softkey.

Home/End - Fading

Previous / Next - Fading

Path Filter - Fading

Speed Unit - Fading

1402.5222.32

Moves the cursor to the first path (Home) or to the last path (End) of
the table.

Remote-control command: n.a.

Moves the cursor to the first path of the preceding (Previous) or
subsequent (Next) path group.

Remote-control command: n.a

Suppresses the indication of the disabled paths.

Remote-control command: n.a.

Toggles between the available units for speed. The value always
remains unchanged but the display is automatically adapted to the
selected unit.

Remote-control command: n.a.
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Delay Modes Path Graph - Fading

The graphics in the lower menu section provide a fast overview of the paths which are set in the delay
modes.

Static Path
Pure Doppler

Rayleigh Rice

Const Phase
GaussDAB

‘WM Dopp WM Rice

] ] I 1 I ] I ] I ] 1 ]
0.00 0.05 040 045 0.20 0.25 0.30 0.35 0.40 0.45 0.50 055 Delay T s

The signal delay is plotted on the X axis. The minimum value is 0 s. The maximum value is equal to the
maximum delay which is set (max. Basic Delay + max. Path Delay). The relative path power is plotted
on the Y axis, with 0 dB corresponding to the maximum power on the path (path loss = 0 dB).

Each path is represented by a bar. The color of the bar indicates the fading profile of the path. The color
coding for the individual profiles is shown at the top right next to the graphics. The Path Loss can be
read off from the height of the bar. The minimum value is 0 dB, and the maximum value is — 50 dB.

The groups and the range of signal delay values available for each group are indicated by a broken line.
The groups are only indicated if at least one group has a Basis Delay other than 0 (i.e. for most
Standards / "Test Cases" no groups are indicated as the Basic Delay is mostly 0).

The Path Delay Wizards is available to easily modify the settings of existing paths or insert new paths.

Remote-control command: n.a.
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Path Delay Wizard- Fading

The menu for modifying, inserting, and deleting paths in the delay modes is called up in the Fading
menu.

The Path Delay Wizard is not available for the Birth Death and Moving Propagation modes.

The total delay (Resulting Delay) of each path is a function of the group-specific delay (Basic Delay)
and the path-specific delay (Additional Delay).

Since the Additional Delay has a maximum value of 40 us, the range of values for the Resulting
Delay of the individual paths of a group is limited to Basic Delay + 40 ps. In order to configure a path
with a delay outside of this range of values, it must be activated in another group with a suitable Basic
Delay.

When inserting new paths and modifying existing paths, the Path Delay Wizard provides support
through automatic grouping of the paths based on the desired Resulting Delays of the paths.

Remote-control commands: n.a.

EZ Path Delay Wizard A

Path Index |Resulting Delayf us | Original Group/Path | New GroupfPath |i
1

2
3
4
L]
]
Fi
8
9

s
=

Add Delay Path

Desired Resulting Delay I 0.00 Ius vl Add |

Change Delay Path

Path Index I 1 Desired Resulting Delay I 0.00 Ips 'l

Change |

Delete Delay Path

Path Index | 1 Delete |

Accept | Close |

Wizard Table - Fading The table shows the active paths sorted by their Resulting Delays.
The paths are numbered sequentially (Index). This index does not
correspond to the path number of the path in the respective group.
This path number is displayed together with the group to which the
path belongs (Original Group / Path). Also displayed is the
group/path combination in which the path ends up after the
modification has been carried out (New Group Path).

In the Add Delay Path section, a new path can be defined with a user-definable delay.
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Wizard Desired Resulting
Delay - Fading

Wizard Add Path - Fading

Enters the Resulting Delay for the new path.

Integrates the new path into the Path Delay Table.

If necessary, this will involve regrouping of the paths that were
previously active. However, the modification is not made yet. First, the
Accept button first has to be pressed.

If the new path cannot be integrated (e.g. if no group can be created
with a suitable Basic Delay), the Accept button is not enabled and the
line with the invalid path delay is marked with "ERROR".

In the Change Delay Path section, the delay of an existing path is modified.

Wizard Path Index - Fading Selects a path for which to modify the delay.

Wizard Desired Delay -
Fading

Wizard Change - Fading

Enters the Resulting Delay for the selected path.

Integrates a path with modified delay into the Path Delay Table. If
necessary, this will involve regrouping of the paths. However, the
modification is not made yet. First, the Accept button has to be
pressed.

The Accept button is only enabled when the path delays can be
generated in the instrument. Path delays that cannot be assigned are
marked with "ERROR" in the list. The restrictions are that a path group
can only cover a range of 40 us and that the Basic Delay of the path
groups 1 and 5 must be 0.

In the Delete Delay Path section, an existing path can be deleted.

Wizard Index - Fading

Wizard Delete Path -
Fading

1402.5222.32

Selects a path to be deleted.

Removes a path from the Path Delay Table. If necessary, the
remaining paths will be regrouped. However, the modification is not
made yet. First, the Accept button first has to be pressed.
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Wizard Accept Path - Accepts the settings for the Path Delay Table in the instrument.

Fading The path modifications are not made until the button is pressed. For

the modified and shifted paths, all of the parameters for the original
paths are accepted (except for the modified delay settings). Newly
added paths are assigned the On State and the default values for all
of the other parameters.

Deleted paths are assigned the Off State and the default values for all
of the other parameters.

The Accept button is only enabled when the path delays can be
generated in the instrument. Path delays that cannot be assigned are
marked with "ERROR" in the list. The restrictions are that a path group
can only cover a range of 40 us and that the Basic Delay of the path
groups 1 and 5 must be 0.

Wizard Close - Fading Closes the Path Delay Wizard without making any modifications.

Coupled Parameters ... - Fading

The menu for setting the coupled parameters of the two faders A and B is called up in the Fading
menu. This menu is available only for the delay configurations with two faders (options B14 and B15)
and selection of signal routing A to A / B to B (split) Each fader has a maximum of 20 fading paths.

The option of coupling certain parameters is offered in order to simplify operation during dual-channel
fading. When coupling is activated, the setting of the fader for which coupling is activated is transferred
to both faders. Afterwards, any change in one of the two faders is transferred to the other fader
regardless of the changed fader.

The settings are summarized in the section Coupled Parameters A => B (Fader A) or Coupled
Parameters B => A.

Coupled Parameters A== B
Speed Setting Coupled [~ On
Local Constant Coupled [~ On
Standard Deviation Coupled [~ On
Speed Setting Coupled - Sets the Speed of the paths for both faders. The Common Speed for
Fading all Paths setting is also coupled.

Remote-control command:
SOUR: FSI M COUP: SPE ON

Local Constant Coupled -  With lognormal fading, the setting for the Local Constant is coupled
Fading for the paths of both faders.

Remote-control command:
SOUR: FSI M COUP: LOGN: LCON ON
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Standard Deviation With lognormal fading, the setting for the Standard Deviation is
Coupled - Fading coupled for the paths of both faders.

Remote-control command:
SOUR: FSI M COUP: LOGN: CSTD ON

Birth Death Propagation Path Table - Fading

In the Birth Death Propagation configuration, the fading simulator simulates dynamic propagation
conditions in conformity with the test case 3GPP, 25.104-xxx, annex B4. Here, the behavior of a receiver
is tested when it is confronted with the sudden disappearance and reappearance of a signal. This can
occur, for example, when a pedestrian making a call walks around the corner of a building.

Two paths are simulated which appear (Birth) or disappear (Death) in alternation at arbitrary points in
time. The points in time fall within a grid of integer delays [-5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5] ys. After a
certain time (Hopping Dwell), a path disappears from a given grid position and appears simultaneously
at another randomly chosen grid position. During this hop, the second path remains stable at its grid
position. After a further Hopping Dwell elapses, the second path changes its position. Now, the first
path remains at its position and so on. The two paths never appear at the same time position at the
same time (see the following figure).

P1 P2 P1 P2 P2 P1
T \ T L
%M I\\\I‘\\\"—’_"
54321012345 54321012345 54321012345

Example of a sequence of hops in Birth Death Propagation

Note:
Since it is not possible to generate negative time values (delays), the actual hop range is from 0 to
10 ps.

According to annex B4, each path has the same loss and phase and no Doppler shift. The time until the
position of a path is changed is also specified (see table).

Profile Pure Doppler
Path Loss 0dB

Min. Delay 0 s

Delay Grid 1 us
Positions 11

Max .Delay 10 ps
Hopping Dwell 191 ms
Speed 0m/s
Freguency Ratio 1.0
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These values are the default values for Birth Death Propagation. However, these parameters can also
be set for further tests in the fading path table.

E5 Fading A: Path Table Birth/Daath

AE3

---- Path 1 - - Path 2
Profile | Pure Doppler -] | Pure Doppler ~|
Path Loss |_u.uu|ﬂl| 0.00 [dB -]
Min. Delay | 0.000 [ps =
Delay Grid | 1.000 [ps =
Positions | 1

Max. Delay | 10.00 fps =
Start Offset | 0.000 [ps =
Hopping Dwell | 0.191000 0 [s =
Speed | 0.000 [kmh |
Freq. Ratio | 1.00

Res. Doppler Shift | 0.00 [z =

‘ b

Profile Birth Death - Fading Displays the fading profile for birth death propagation. The fading

Path Loss Birth Death -
Fading

1402.5222.32

profile has a fixed setting to Pure Doppler.

A transmission path is simulated in which there is an individual direct
connection from the transmitter to the moving receiver (discrete
component). The Doppler frequency shift is determined by the Speed
and Frequency Ratio parameters.

Remote-control command:
SOUR: FSI M Bl RT: PATH2: PROF?

Response: ' PDOP'

Enters the loss for the selected path.

Remote-control command:
SOUR: FSI M Bl RT: PATH2: LCSS 2dB
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Min Delay Birth Death -
Fading

Delay Grid Birth Death -
Fading

Positions Birth Death -
Fading

1402.5222.32

Enters the minimum delay for the two fading paths.
The minimum delay corresponds to the start value of the delay range.

The delay range is defined by the minimum delay, the delay grid and
the number of possible hop positions. It can be in the range between 0
and 40 ps.

0 ps < (Positions — 1) x Delay Grid + Min. Delay < 40 ps

The scaling of the X-axis is adapted according to the entry (see
following section "Birth Death Propagation Path Graph - Fading").

Invalid entries are rejected, the next possible value is entered.

Remote-control command:
SOUR: FSI M Bl RT: DEL: M N 6E-6

Enters the delay grid. The value defines the resolution for the possible
hop positions of the two fading paths in the delay range.

The scaling of the X-axis is adapted according to the entry (see
following section "Birth Death Propagation Path Graph - Fading").

Invalid entries are rejected, the next possible value is entered.

Remote-control command:
SOUR: FSI M Bl RT: DEL: GRI D 2E-6

Enters the number of possible hop positions in the delay range.

The scaling of the X-axis is adapted according to the entry (see
following section "Birth Death Propagation Path Graph - Fading").

Invalid entries are rejected, the next possible value is entered.

Remote-control command:
SOUR: FSI M Bl RT: PCS 9
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Maximum Delay Birth
Death - Fading

Start Offset Birth Death -
Fading

1402.5222.32

Indication of the maximum delay. The maximum delay corresponds to
the stop value of the delay range (see following section "Birth Death
Propagation Path Graph - Fading").

The maximum delay is defined by the minimum delay, the delay grid
and the number of possible hop positions.

Max Delay = (Positions — 1) x Delay Grid + Min. Delay

Remote-control command:
SOUR: FSI M Bl RT: DEL: MAX

Response: 0. 000022

Enters the timing offset by which the start of Birth Death Propagation
is offset with respect to when fading is switched on or a restart as a
result of a restart trigger.

This allows the user to precisely displace birth death events with
respect to one another during two-channel fading. This is required in
some 3GPP base station tests.

If the same hopping dwell time is entered in both faders, the offset will
take place by a constant value (see figure).

A
Fading On

or

restart of both faders

T

Hopping of fader A

Hopping
Start Offset A Dwell A=B

[ | |
T T T T 1 T T ] 1 I
10 20 30 40!50 60 70! 80 90 100! time (ms)
| | |

\ \ \

\ \ \

| | |
Hopping of fader B

Hopping
Start Offset B Dwell B=A

T T T T
10 20 30 40 50 60 70 80 90 100 time (ms)

Remote-control command:
SOUR: FSI M Bl RT: SOFF 30E-3
SOUR2: FSI M Bl RT: SOFF 45E- 3

4.132 E-8



R&S AMU 200A

Fading Menu

Hopping Dwell Birth Death
- Fading

Speed Birth Death - Fading

1402.5222.32

Enters the time until the next change in the delay of a path (birth death
event).

During two-channel fading, the dwell times of the two channels can be
set independently. This causes the hop time points of the two
channels to coincide repeatedly. This is a way of simulating tough
receiving conditions as arise when two receiving channels
simultaneously change frequency (see figure).

A
Fading On

or
restart of both faders

A
Hopping T
Dwell A i
Hopping of fader A

T I I T T T T T T T

10 20 30 40 50 60 70 80 90 100 110 %20 time (ms)

T A A
Hopping

Dwell B Hopping of fader B

S ——

10 20 30 40 50 60 70 80 90 100 110 120 time (ms)

Remote-control command:
SOUR:FSIM:BIRT:-HOPP:DWEL 30 ms
SOUR2:FSIM:BIRT:HOPP:DWEL 45 ms

Enters the speed v of the moving receiver. The unit for entering the
speed under Speed Unit can be chosen in the upper section of the
menu.

Based on the speed v and the virtual RF frequency frr, the Doppler
shift fo is computed.

i 8 v f
c=2998-10°m/s —=-L
¢ Igr

Example:
v =100 km/h; frre = 1 GHz : fo = 92.66 Hz

Remote-control command:
SOUR:FSIM:BIRT:SPE 100
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Frequency Ratio Birth Enters the ratio of the actual Doppler shift to the Doppler shift set with
Death - Fading the Speed parameter.

Remote-control command:
SOUR:FSIM:BIRT:FRAT 0.15

Resulting Doppler Shift Displays the actual Doppler shift.

Birth Death - Fading The actual Doppler frequency is determined by the entered Speed

and the entered ratio of the actual Doppler frequency to the set
Doppler frequency (Frequency Ratio).

Remote-control command:
SOUR:FSIM:BIRT:FDOP?

Birth Death Propagation Path Graph - Fading

The graphical display of the fading paths in Birth Death Propagation mode shows as an example the
changing positions of the two paths within the delay grid. The displayed position change does not
correspond to the actual delay hops of the real signal. An arrow indicates the direction of the delay hop
of the path that will next change its position, with the head of the arrow marking the new position.

The delay grid is plotted on the X axis. The permissible delay range is shown in the graphics. The path
power is plotted on the Y axis, with 0 dB corresponding to the maximum power on the path (path loss =
0 dB). The scaling of the axes and the displayed path power match the real settings.

The scaling of the x-axis depends on the set delay range. It always starts at 0 ys and rages up to 40 us
at the most (= maximum for delay range). The minimum delay corresponds to the start value of the
delay range. The maximum delay is defined by the minimum delay, the delay grid and the number of
possible hop positions.

Max Delay = (Positions — 1) x Delay Grid + Min. Delay

The (mean) delay offset is calculated from the minimum and maximum delay ((max. delay - min.
delay)/2).

Static Path
Pure Doppler

Rayleigh Rice
Const Phase
GaussDAB

WM Dopp WM Rice

[ [ [ 1 ] [
05 00 0s 10 15 20 25 30 35 40 45 50 55 60 65 FO0O Y5 &0 &3 40 85 100 105 Delay.l'us

Remote-control command: n.a.
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Moving Propagation Path Table - Fading

In the Moving Propagation configuration, the fading simulator simulates dynamic propagation
conditions in conformity with the test case 3GPP, 25.104-xxx, annex B3. Here, the behavior of a receiver
is tested in response to slow delay variations in a signal. Two paths are simulated: Path 1 has fixed
delay (Reference Path, P1), while the delay of path 2 varies slowly in a sinusoidal fashion (Moving Path,
P2). The two paths have no fading profile. They have the same level, the same phase and no Doppler
shift.

The following figure illustrates a baseband signal with ASK modulation (only one 1 bit, then many 0 bits)
which was subjected to moving propagation. Path P1 remains still while path P2 moves in time relative
to it. As a result of the luminescence setting on the oscilloscope, the way in which P2 wanders over time
is clearly visible.

Edge
Video

Auto
Normal

Ch: 1
AC Line

DC  Noise
HF Reject
LF Reject

il 2.00v e M4.00us A Chl &£ 3.60V: r B

23.20%

CH1
Fast Trig Off
DC AC & 1MQ 502 Full Normal Sample. HBar VBar

The Path Graph is shown below the path table.

The graphical display of the fading paths in Moving Propagation mode shows as an example the
changing positions of the moving path with respect to the stationary reference path. The displayed
position change does not correspond to the actual delay changes of the real signal.
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The delay grid is plotted on the X axis. The permissible delay range for the moving path is shown in the
graphics by the horizontal arrow. The grey path indicates the set start delay for the Moving Path. The
path power is plotted on the Y axis, with 0 dB corresponding to the maximum power on the path (path
loss = 0 dB). The scaling of the axes and the displayed path power match the real settings.
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The delay At of the moving path obeys the following equation:

Ar= (DEL Ay + VARIATION(Pk PK) (s. " 277 )B

2 VARIATION _ PERIOD

Note:
The values relate to the values proposed in the test case 3GPP, 25.104xxx, annex B3 as follows:
VARIATION(PKk Pk) = A
DELAY =B+ A/2
VARIATION_PERIOD =2 x /A w'

The settings required to attain the values proposed in the test case 3GPP, 25.104xxx, annex B3 are
given in the following table.

Reference Path: Delay: 0 ps
Path Loss: 0dB
State: On

Moving Path: Variation (Pk Pk) 5 pus
Variation Period: 157 s
Delay 3.5us
Path Loss 0dB
State: On

These values are the default values for Moving Propagation. However, these parameters can also be
set for further tests in the fading path table.
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EZ Fading A: Path Table Moving Propagation

- Reference Path —  -— Moving Path -—  —
Path Loss | 0.00 [dB =/ | 000 [dB ~| |
Delay | 0.00 [ps | | 350 |ps <]
variation (PkPk) | 5.00 ps x|
variation Period 57079632700 [s x|
i i

State Moving Propagation -
Reference Path - Fading

Path Loss Moving
Propagation - Reference
Path - Fading

Delay Moving Propagation
- Reference Path - Fading

State Moving Propagation -
Moving Path - Fading

Path Loss Moving
Propagation - Moving Path
- Fading

Delay Moving Propagation
- Moving Path - Fading

1402.5222.32

Activates reference path P1 for moving propagation.

Remote-control command:
SOUR: FSI M MDEL: REF: STAT ON

Enters the loss for the reference path.

Remote-control command:
SOUR: FSI M MDEL: REF: LOSS 12 dB

Enters the delay for the reference path.

Remote-control command:
SOUR: FSI M MDEL: REF: DEL 1E-6

Activates moving fading path P2 for moving propagation.

Remote-control command:
SOUR: FSI M MDEL: MOV: STAT ON

Enters the loss for the moving fading path.

Remote-control command:
SOUR: FSI M MDEL: MOV: LOSS 12 dB

Enters the average delay for the moving fading path.

The delay of the moving path slowly varies sinusoidally within the set
variation range around this delay.

Remote-control command:
SOUR: FSI M MDEL: MOV: DEL: MEAN?
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Variation Moving Enters the range for the delay of the moving fading path for moving
Propagation - Moving Path propagation. The delay of the moving path slowly varies sinusoidally
- Fading within this range around the set mean delay.

Remote-control command:
SOUR: FSI M MDEL: MOV: DEL: VAR 5E-6

Variation Period Moving Period duration for delay variation. A complete variation cycle is
Propagation - Moving Path passed through in this time.
- Fading

Remote-control command:
SOUR: FSI M MDEL: MOV: VPER 157 s

2 Channel Interferer Path Table - Fading

In the 2 Channel Interferer configuration, the fading simulates dynamic propagation in conformity with
the test cases 5 and 6 from MediaFlo. Here, path 1 has a fixed delay while the delay of path two either
varies slowly in a sinusoidal way or appears in alternation at arbitrary points in time. Thus 2 channel
interferer fading can be considered as a combination of birth death propagation fading and moving
propagation fading. The main difference is the broader range of propagation obtainable with 2 channel
interferer fading.

Different fading profiles (Static Path, Pure Doppler, and Rayleigh) can be allocated to the two path.

The following path graph shows an example with the following settings for moving mode Hopping:

Reference Path: Delay Min: 30 s
Profile: Static Path
Path Loss 0dB

Moving Path: Delay Min 30 ps
Profile: Static Path
Path Loss 0dB
Delay max: 100 ps
Moving Mode: Hopping

Static Path
Pure Doppler

Rayleigh Rice
Const Phase
GaussDAB

WM Dopp WM Rice

Whin Delay

1 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] 1 ] 1
= 0 S 10 1% 20 25 30 35 40 45 50 55 6O 65 VO 75 80 85 90 93 100 105 110 115 Delay.'“s
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The following graph shows the same setting with moving mode Sliding:

-5
-
-

10-

% 18-

- o0
i 2

3 30-

= 357

B 40

0 45-

50-

Static Path
Pure Doppler

Rayleigh FRice
Const Phase
Gaus=DAB

WM Dopp WM Rice

55

1 1 1 ] 1 1 ] 1
-40 20 0 20 40 B0 80 100 120 140 160 180 200 220 240 Delay [ s

The moving path slides from the minimum delay (30 ps) to the maximum delay (100 ps) and back. The
mean delay of the moving path (65 us) is indicated as a gray bar. The permissible delay range for the
moving path is shown in the graphics by the horizontal arrow.

The displayed position change does not correspond to the actual delay changes of the real signal.

The settings required to attain the values proposed in the MediaFlo test case 5 and 6 are given in the
following table:

Test Case 5

Reference Path: Profile: Static Path
Relativ Delay 10 ps
Average Power -3dB
Fading Type Rayleigh, 60 km/h
Doppler Spectrum Classic 6 dB
Static Delay 40 us

Moving Path: Profile: Hopping
Relativ Delay 0/110 ps
Average Power -3dB
Fading Type Static
Doppler Spectrum N/A
Dwell Time 29s
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Test Case 6
Reference Path: Profile: Static Path
Relativ Delay 100 ps
Average Power -3dB
Fading Type Static
Doppler Spectrum N/A
Moving Path: Profile: Sliding
Relativ Delay 0/200 ps
Average Power -3dB
Fading Type Rayleigh, 3 km/h
Doppler Spectrum Classic 6 dB
Period 160 s

These values are the default values for 2 Channel Interferer. However, these parameters can also be
set for further tests in the fading path table.

& Fading A: Path Table 2 Channel Interferer Al=1.3
—-Reference Path . . Moving Path
Profile | Static Path ~| | Pure Doppler  ~|
Path Loss | 00|dB ~| | 00| dB ~|
Speed | 3.000 | kmh ~|
Freq. Ratio | 1.00 | 0.00
Res. Doppler Shift | 000fHz -] | 0.00|Hz -]
Delay Min | 101 |ps ~| | 50.00| ps ~|
Delay Max. e | 50000 ps ~|
Moving Mode | Hopping -
PeriodDwell 5.000 00D s -

State 2 Channel Interferer -
Fading

1402.5222.32

Activates/deactivates either the reference path or the moving path for

2 channel interferer fading.

Remote-control command:
SOUR: FSI M TCl : REF: STAT ON
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Profile 2 Channel Interferer
- Fading

Path Loss 2 Channel
Interferer - Fading

Speed 2 Channel Interferer
- Fading

Freq. Ratio 2 Channel
Interferer Path - Fading

Res. Doppler Shift 2
Channel Interferer - Fading

1402.5222.32

Selects the fading profile either for the reference path or the moving
path to be used for 2 channel interferer fading.

Remote-control command:
SOUR:FSIM:TCI :REF:PROF SPAT

Sets the attenuation of either the reference path or moving path to be
used for 2 channel interferer fading.

Remote-control command:
SOUR:FSIM:TCI:REF:LOSS O

(Rayleigh only)

Enters the speed v of the moving receiver. The unit for entering the
speed under Speed Unit can be chosen in the upper section of the
menu.

Based on the speed v and the virtual RF frequency frr, the Doppler
shift fo is computed.

i 8 v f
c=2998-10°m/s —=-L
¢ Igr

Example:

v =100 km/h; frre =1 GHz : fb=92.66 Hz

The resulting Doppler shift is dependent on the speed v and the
entered ratio of the actual Doppler shift to the set Doppler shift fo. This
ratio is determined in the Frequency Ratio line. The resulting Doppler
frequency can be read off from the Res. Doppler Shift line. It may not
exceed the maximum Doppler frequency of 1600 Hz.

If the speed is changed, the resulting Doppler shift is automatically
modified.

Remote-control command:
SOUR:FSIM:TCI:SPE 300

Enters the ratio of the actual Doppler shift to the Doppler shift set with
the Speed parameter.

Remote-control command:
SOUR:FSIM:TCI:FRAT 1

Displays the actual Doppler shift.

The actual Doppler frequency is determined by the entered Speed
and the entered ratio of the actual Doppler frequency to the set
Doppler frequency (Frequency Ratio).

Remote-control command:
SOUR:FSIM:TCI :REF:FDOP?
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Delay Min 2 Channel
Interferer - Fading

Delay Max 2 Channel
Interferer - Moving Path -
Fading

Moving Mode 2 Channel
Interferer - Moving Path -
Fading

1402.5222.32

Enters the minimum delay for either the reference path or the moving
path.

The minimum delay of the moving path corresponds to the start value
of the delay range.

The delay range is defined by the minimum delay and the maximum
delay. It can be in the range between 0 and 1000 ps.

The scaling of the X-axis is adapted according to the entry.
Invalid entries are rejected, the next possible value is entered.

Remote-control command:
SOUR: FSI M TCl : REF: DEL: M N 200

Enters the maximum delay for the moving path.

The maximum delay of the moving path corresponds to the end value
of the delay range.

The delay range is defined by the minimum delay and the maximum
delay. It can be in the range between 0 and 1000 ps.

The scaling of the X-axis is adapted according to the entry.
Invalid entries are rejected, the next possible value is entered.

Remote-control command:
SOUR: FSI M DEL: MAX 500

Selects the Type of moving applied to the moving path.

Sliding The reference path has a fix delay while the delay
of the moving path varies slowly in a sinusoidal
way.

Remote-control command:
SOUR: FSI M TCl : MMOD: SLI D

Hopping The reference path has a fix delay while the delay
of the moving path appears or disappears in
alternation at arbitrary points in time.

Remote-control command:
SOUR: FSI M TCl : MMOD: HOPP
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Period Dwell 2 Channel Enters either the dwell time or the period of a complete cycle for the

Interferer - Fading moving path depending on the setting in the Moving Mode field: If the
moving mode is set to Sliding, the period for a complete cycle of the
moving path can be set here. If the moving mode is set to Hopping,
the dwell time of the moving path can be set here.

The gradient of the delay/period ratio may not fall und 6 us/s, that is,
the minimum value of the period depends on the value of the delay.

If the value for the delay is increased in a way that the value for the
gradient falls below 6us/s, the value for the period is recalculated
automatically.

Example:

Delay min = 20 us, Delay max 120 us

6 = ((Delay max - Delay min)/2) x 2 x )/T
6 = 314us/T

T2=2314/6

T is set to 52,33 s. The value of T can not be decreased below this
value.

Note:
This recalculation of the period is a very computing power
consumptive process. Therefore, no further operations should be
performed until the calculation is finished.

Remote-control command:
SOUR: FSI M TCl : PER 50

Insertion Loss Configuration ... - Fading

The menu for setting the insertion loss is called in the Fading menu.

The fading process increases the crest factor of the signal, and this increase must be taken into
account in the drive at the baseband level.

The crest factor gives the difference in level between the peak envelope power (PEP) and average
power value (RMS) in dB. A higher crest factor can be achieved by either increasing the peak value or
decreasing the RMS value. As the peak value is always kept as close as possible to the full drive level
(multiplier peak = 1), fading reduces the RMS value by the additional crest factor due to fading
(multiplier RMS < 1). The insertion loss is determined from the ratio of these two multipliers. The crest
factor of the signal at the fader output is derived from the crest factor of the signal at the fader input and
the insertion loss. The output power is set using this crest factor.

Signal generation —  Fading — Resulting signal

Crest factor a = Insertion loss = Crest factor b =
Peak value a / RMS value a Multiplier peak / Multiplier RMS Peak value b / RMS value b =
Crest factor a x Insertion loss
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If one of the available standards/test cases is selected, the optimal range for adapting the insertion loss
is set.

In the case of a user-defined fading configuration, the mode with which the insertion loss range is
determined can be selected.

In Normal mode, the insertion loss is set so that normally full drive does not occur, which avoids any
clipping of the signal at the maximum level. The signal quality is very high, but the RMS level is lower
than the maximum possible level. If a higher dynamic range is required (e.g. for adjacent channel
measurements = ACP), a lower insertion loss can be selected (Low ACP mode). In that case, a higher
level relative to the maximum drive is output (greater S/N ratio). However, this will decrease the signal
quality because of a higher percentage of clipping. Low ACP mode is only recommended for fading
paths with Raleigh profile as only in this case statistical distribution of level fluctuation is ensured. For
other fading profiles, non-statistical level fluctuations occur which lead to an enormous increase of
clipping. However, monitoring the percentage of clipped samples is recommended for Raleigh paths
also.

Since it is possible to manually enter the insertion loss, the user can find a favorable Insertion Loss
setting with the desired signal dynamic range and acceptable clipping rate for any application (User
mode).

This is supported by displaying the current percentage of clipped samples.

The output level is always automatically adapted, regardless of the selected mode and the path loss
settings, so that the set level is output as the summed level (RMS) of all paths.

The correct automatic adaptation of the insertion loss is possible only if the processes involved in fading
(the paths among themselves as well as the paths relative to the input signal) are statistically
independent of each other. If correlations occur, the output level must be measured again and perhaps
manually taken into account as a level offset.

Examples:
Correlated processes resulting from the modulation signal used and the configuration of the fader:

A QPSK signal with a symbol rate of 1 Msymb/s is generated, using the PRBS9 sequence as the data
source.

Two paths are set with a Rayleigh profile, identical speed and a resulting delay of 0 ys and 1 ps,
respectively, on the fader.

The symbol rates of the modulation signal are in the range of the delay differences of the fading paths;
the autocorrelation of the modulation data (PRBS9) to the adjacent symbol is not equal to 0. The fading
process is therefore statistically not independent of the process of generating the modulation signal,
and an error occurs in the automatic calculation of the insertion loss.

Correlated processes within the fader:

Two paths have a pure doppler profile and a resulting doppler shift of 100 Hz. The start phases of the
two paths differ.

This causes superimpositions, which can result in the deletion of the signal, e.g. with a phase setting of
0° and 180°; automatic calculation of the insertion loss is not possible.
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The settings are summarized in the Insertion Loss Configuration section.

& |Fading A: Insertion Loss Conf... E]|E|E|

Insertion Loss Configuration
Mode |Norma| j
Insertion Loss Wlﬂ
Clipped Samples IWIE
L
1} 100 %

Insertion Loss Mode -
Fading

Mode Normal

Mode Low ACP

1402.5222.32

4.145

Sets the mode for determining the insertion loss.

The insertion loss for a path of the fading
simulator is automatically chosen so that
even when lognormal fading is switched on,
overdrive will occur only very rarely in the
fading simulator. This setting is
recommended for bit error rate tests
(BERTS).

The current insertion loss is displayed under
Insertion Loss.

Remote-control command:
SOUR: FSI M | LOS: MODE NORM

The insertion loss is automatically chosen so
that an overdrive will occur with an
acceptable probability. Low ACP mode is
only recommended for fading paths with
Raleigh profile as only in this case statistical
distribution of level fluctuation is ensured.
For other fading profiles, non-statistical level
fluctuations occur which lead to an
enormous increase of clipping. However,
monitoring the percentage of clipped
samples is recommended for Raleigh paths
also.

The current insertion loss is displayed under
Insertion Loss.

Remote-control command:
SOUR: FSI M | LOS: MODE LACP
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Insertion Loss - Fading

Clipped Samples - Fading

0...100 %

1402.5222.32

Mode User Any value for the minimum insertion loss in
the range from 0 dB to 18 dB can be
selected. Desired value is entered under
Insertion Loss.

This mode is provided to ensure optimization
of the dynamic range and signal quality for
any application. Display of the clipping rate
for any value which is entered enables
estimation of the signal quality for the
specified signal dynamic range.

Remote-control command:
SOUR: FSI M | LOS: MODE USER

Displays the current insertion loss in the Normal and Low ACP
modes.

Entry of the insertion loss in User mode.

Remote-control command:
SOUR: FSIM I LCS 4 dB

Displays the samples whose level is clipped as a %.

If the full drive level is reached for an insertion loss which is too low,
the 1/Q signals are limited to the maximum available level (clipping).

Remote-control command:
SOUR: FSI M | LOS: CSAM?

Response: ' 0’

Graphically displays the samples whose level is clipped as a %. The
scale resolution is determined by entering the maximum value as a %.
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Baseband Signal - Baseband

Introduction - Baseband Signal

The R&S AMU 200A Baseband Signal Generator and Fading Simulator provides you with the ability to
generate digital modulation signals in accordance with the definitions in the digital standards or with
user-definable characteristics. Signals are generated in realtime or from a data store with the aid of
external and internal data. You can also load externally computed modulation signals into the R&S
AMU in the form of waveform files.

Several digital standards are provided, plus digital modulation with user-definable signal characteristics,
generation of waveforms with the aid of the Arbitrary Waveform Generator and generation of
multicarrier CW signals with the aid of Multicarrier CW.

The settings for digital modulation can be accessed in the block diagram via the "Baseband" function
block or with the aid of the key.

fdarker

10 slot timing
20 slot timing

UsB Baseband A

config. ..

DigMod ‘

The equipment layout for generating the internal, digital modulation signals includes the options
Baseband Main Module (B13) ) and one of the options Baseband Generator (B9/B10/B11) ).The three
Baseband Generator options feature different ARB memory sizes (see data sheet). Apart from the
memory size, however, the options offer the same functionality, either one can be installed.

In addition, the appropriate option is required for the digital standards. These options are specified in
the description of the respective standard.

The minimum equipment for a two-path instrument is a second R&S AMU-B9/B10/B11 option. This can
be used simultaneously on the second path to generate a modulation signal which can either be routed
via path A or added to the signal on path A with a frequency offset that can be set. In the case of a fully
two-path layout path B can be operated as a second signal generator independently of path A (see
chapter 2, 'Getting Started', and data sheet).

If the appropriate options are fitted, externally supplied real-time baseband signals can be added to the
internally generated signals.

In the subsequent signal route the baseband signals can be frequency-shifted, faded, detuned or
loaded with noise (see sections External Baseband Signal - Baseband Input, "Fading Simulation -
Fader Block" Menu Impairment Settings" and "Noise generator - AWGN").
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Signal Routing and Frequency Shifting

In the case of two-path instruments, signal routing, frequency offset and path gain definition are defined
at the topmost menu level in the Baseband block or by using the button under Baseband.

—— TDMA standaris The upper part of the Baseband menu is used for selecting digital standards,
GSMEDGE... digital modulation and waveform generation. These menus are described in the

36:;:)";';‘03"“""“"3 respective chapters relating to the modulation systems.

CDMAZ2000...

— OFDMAWLAN standards —]

Frequency Offset
0.00 Hz

Phase Offset
0.0 deq

Path Gain

The lower part of the Baseband menu can be used to define a frequency offset
a path gain, a phase offset, and the signal routing for two-path instruments.

0.0«B
Signal Rowuting —
v route to path A

route to path B

route to path A and B

The Frequency Offset section is used to enter the frequency offset.

Frequency Offset - Enters the frequency offset for the baseband signal.

Baseband The offset affects the signal on the Baseband block output. It shifts the

useful baseband signal in the center frequency.

Note:
For sample rates of exactly 100 MHz it is not possible to enter a
frequency offset. The digital signal is fed into the signal path
directly and not routed to the resampler where the frequency offset
takes place. This type of entry is also prohibited if the noise
generator (AWGN block) is on.

The complex 1/Q bandwidth of the shifted useful signal must not
exceed 80 MHz in total. The following applies:

fore = fU% >-80/ MHZ and fyu + fU% <+80/ MHz

fuse = the complex useful bandwidth of the 1/Q signal before the offset.

fortset = frequency offset.
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The following graph illustrates the setting range for the frequency

offset.
‘ 80 MHz _
A
fuse fuse
—
P setting range f e _
-40 MHZ  fofreer forset  +40 MHz
Example:
3GPP FDD signal (chip rate 3.84 Mcps, root-cosine filter 0.22).
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The complex useful bandwidth of a signal which has been filtered
using a root-cosine filter with roll off a is calculated as follows:

fuse = (1 + (X)* fsynbol
fsymbol = the symbol rate or chip rate of the signal.
In the example the complex useful bandwidth is calculated as follows:

Fuse = (1+0.22) * 3.84 MHz = 4.6848 MHz.

So as to comply with the condition requiring a maximum 1/Q bandwidth
of 40 MHz, the valid range of values for the frequency offset is then:

_40MHz + 4.6842 MHz <t <40MHz- 4.684§ MHz _

offset =

-35.3152MHz < f 4, <35.3152MHz

offset —

In the case of ARB signals, the output clock rate can be used for
estimating the maximum I/Q bandwidth of the waveform.

Remote-control command:
SOUR: BB: FOFF 2\VHZ
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The Phase Offset section is used to enter the relative path gain.

Phase Offset - Baseband

Enters the phase offset for the baseband signal of the selected path
compared to the baseband signal of the other path and/or of the external
baseband input.

The gain affects the signal on the Baseband block output.

Remote-control command:
SOUR: BB: POFF 0. 4DEG

The Path Gain section is used to enter the relative path gain.

Path Gain - Baseband

Enters the path gain for the baseband signal of the selected path
compared to the baseband signal of the other path and/or of the external
baseband input.

The gain affects the signal on the Baseband block output.

The Path Gains of the different baseband sources (Baseband Input,
Baseband A and Baseband B) define the relative gain of the
associated signals. The real gain depends on the following
parameters along with the set path gain:

- Signal characteristics, in particular the crest factor
- Number of baseband sources

- Overall output level.

The sum baseband signal can be verified in the spectrum display in
the Graphics block.

Remote-control command:
SOUR: BB: PGA 2 dB

The Signal Routing section is used to define the signal route for two-path instruments.

Signal Routing - Baseband Selects the signal route for the baseband signal of a two-path instrument.

1402.5222.32

The following table shows the combination of signal routes allowed for
two-path instruments.

Route to path A The baseband signal is introduced into path A. The
signals from both paths are summed if necessary.
Remote-control command:
SCUR: BB: ROUT A

Route to path B The baseband signal is introduced into path B. The
signals from both paths are summed if necessary.
Renot e- control commands:
SOUR: BB: ROUT B

Route to path A The baseband signal is introduced into path A and
and B path B. The signals from both paths are summed if
necessary.

Remote-control command:
SOUR: BB: ROUT AB
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Combinations of signal routings for two-path instruments

Routing
baseband A

Routing
baseband B

Block diagram
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Data and Signal Sources in Baseband

This section describes the common characteristics of the signals used for generating the baseband
signal for all standards, including for example all listed data sources. The selection in the digital menus
at any given time depends on the parameter and standard concerned and is clear from the selection list
offered in the menu. The external data sources may therefore not be available in certain cases.

Characteristics which are uniquely specific to particular standards are described in relation to the menu
concerned.

Note:
Externally generated analog baseband signals can be fed into the digital signal path via the analog
I/Q input I IN and Q IN (option Baseband Input, R&S AMU-B17)

The following input signals are used when digital modulation signals are being generated:
- Modulation data

- Clock signals

- Control signals

The input signals can be both internally generated and supplied from an external source. The internally
generated data and clock signals are output not only on the DATA and Clock connectors but also on the
corresponding pins of the AUX I/O interface.

In the case of two-path instruments, the external data and clock sources are permanently allocated to
path A, and data output is always for path A.

Clock signals for both paths can be internally generated or supplied from an external source. When the
external clock source is selected, the externally supplied clock signal always applies to both paths
simultaneously.

Likewise control signals and also trigger signals for triggering signal generation in the R&S AMU can be
internally generated or supplied from an external source.

Up to four marker output signals for synchronizing external instruments can be user-defined for each
path.

Externally computed waveform files can be loaded via one of the computer interfaces (USB - memory
stick, or Ethernet interface - network drive) or via the IEC bus in the instrument and generated with the
aid of the Arbitrary Waveform Generator (ARB, see section "Arbitrary Waveform Generator ARB", page
4.213). Internally the Multicarrier CW menu for defining multicarrier waveforms is available (see
section "Multicarrier Continuous Wave", page 4.250).

Internal PRBS Data and Data Patterns

PRBS generators deliver pseudo-random binary sequences of differing 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.

By way of example, the diagram below shows a 9-bit generator with feedback to registers 4 and 0
(output).
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EXOR

8] o 3 2 {0 ] seroame

Fig. 4-1 9-bit PRBS generator

Note:
For PRBS15 and PRBS23, a CCITT V.52-compliant data inversion is performed in the feedback
path automatically as shown below:

X15 X14 X13 X12 X11 X10 X X X X X X X3 X2 \X'I XO
r»ms—»om}»ms—ﬁmzboﬂ Hmoh D9 M D8 ﬂ D7 > D6 > D5 —» D4 ﬂ D3 Fsz—Iﬂmf’T

The pseudo-random sequence from a PRBS generator is uniquely defined by the register number and
the feedback. The following table describes all the available PRBS generators:

Table 4-1 PRBS generators
PRBS generator Length in bits Feedback to Menu selection
9-bit 2°-1 =511 Registers 4, 0 PRBS 9
11-bit 2" -1 = 2047 Registers 2, 0 PRBS 11
16-bit 2'° -1 =65535 Registers 5, 3, 2, 0 PRBS 16
20-bit 2%° -1 = 1048575 Registers 3, 0 PRBS 20
21-bit 27" -1 = 2097151 Registers 2, 0 PRBS 21

The Data Source selection for PRBS data from the menus is PNO9, ....

Simple data patterns such as binary 0 strings or 1 strings can also be used as internal modulation data.
The Data Source selection from the menus is ALL 0, ALL1. A variable bit string with a maximum
length of 64 bits can be entered in an input field by selecting Pattern.

Internal Modulation Data from Lists

Internal modulation data can be generated and stored in the form of binary lists. A separate file is
created for each list and held on the R&S AMU hard disk. The file name can be defined by the user.

The Data Source selection from the menus is Data List. When this menu item is chosen the Select
Data List button appears; this opens the file-selection window for data lists. A list can be created and
edited in the Data List Editor, which is accessed from the menu via the List Management or Data List
Management button.

1402.5222.32 4.154 E-8



R&S AMU 200A Data and Signal Sources in Baseband

& Data list - data,_cdma

Offset 0, Len 685136, data_cdma rep
0 ﬂl]11 0001 0000 OOOO OOOO OOOO OQOOO OOOO 1111 1110
40 0101 1111 0000 1111 0000 OOOO OOOO OOOO QOOO OOOO
80 0101 0101 0101 0101 0101 0101 0101 0101 0101 0101

120 0101 04101 04101 0101 01041 0101 0401 04101 0101 0101

160 0101 0101 0101 0101 0101 0101 0101 0101 0101 011

ann NdnNn4d N4nd N4dnNn4d NdnNnd N4nd N4nN4d Nn4nd Nndnd ndn4d n4n4

GoTo HEX

The maximum length of a data list is determined by the size of the data list memory (see data sheet).
There is no restriction on the number of lists that can be stored.

External Synchronous Modulation Data
External Serial Modulation Data via the DATA Connector

For Custom Digital Modulation, serial modulation data can be supplied bit-by-bit via the DATA
connector. The Data Source selection from the menu is Extern Serial. In the case of two-path
instruments the DATA input is permanently allocated to path A.

[ Data Source

'Data Source | Extern serial ji

In the case of modulation modes with more than 1 bit/symbol, the most significant bit (MSB) must be
fed in first (MSB first).

The clock reference (symbol clock) used to read in the data can be either internal or external.

External serial data is output on the PARDATA pins of the AUX I/O interface as parallel data LSB-
justified.

The maximum data rate for serial data processing can be found in the data sheet.

External Parallel Modulation Data via the AUX I/O Interface

For Custom Digital Modulation, parallel data can be supplied symbol-by-symbol via the AUX I/O
interface (DO — D9). The Data Source selection from the menu is Extern Parallel. In the case of two-
path instruments the data lines from the AUX I/O interface are allocated to path A permanently.

I Data Source |
IData Source Extern Parallel (AUX 1/Q) ~ '

In the case of modulation modes with fewer than 10 bits/symbol, the data must be applied LSB-justified.
In the case of 8-PSK modulation for example (3 bits/symbol) only data lines DO, D1 and D2 are used.

The clock reference (symbol clock) used to read in the data can be either internal or external.

External parallel data is output on the DATA connector serially. However, there is a maximum data rate
above which serial data processing becomes impossible and the DATA connector becomes high-
impedance. The maximum data rate for parallel data processing is shown in the data sheet.
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Clock Signals

The clock reference used for generating the timing pulse can be either internal or external (Clock
Source selection from the menu: Internal / External).

Internal clock reference

When the internal clock reference is selected, the clock signals generated by the R&S AMU are output
on the following connectors:

Clock Settings

ICIuck Source |Intema| J H

CLOCK (front panel) Bit clock

CLOCK OUT (rear panel) Choice of bit clock or symbol clock
BITCLK (AUX I/O interface, rear panel) Bit clock

SYMBCLK (AUX I/O interface, rear panel) Symbol clock

If required, in the case of two-path instruments the internal bit clock or symbol clock from path B can be
output on one of the USER interfaces. The clock output signals are assigned in the menu sequence
[Setup FEnvironment - Global Trigger/Clock/External Inputs - USER Marker /AUX I/O Settings.

External clock reference

When the external clock reference is selected, it is always supplied via the CLOCK connector on the
front panel. The internal clocks synchronized to it are output on the following connectors:

Clock Settings

[ciock source | External ﬂ ‘l

CLOCK OUT (rear panel) Choice of bit clock or symbol clock
BITCLK (AUX I/O interface, rear panel) Bit clock
SYMBCLK (AUX I/O interface, rear panel) Symbol clock

The active edge of the external clock signal on the CLOCK input is selectable (menu [Setup -System-
Global Trigger/Clock/External Inputs). Internally the rising edge is always taken as the active edge.
The active rising edge of the internal clocks is therefore synchronized with either the rising or the falling
edge of the external clock reference. A symbol clock can be supplied externally or, if internally
generated or externally asynchronous data is being fed in, a multiple of a symbol clock can be supplied.

In the case of two-path instruments the external clock signal is applied to path A.

In order for the clock synthesizer on the R&S AMU to be synchronized correctly, the external clock
reference must first be applied and the correct symbol rate must then be set. Until this has been done
the external clock source must not be selected (Clock Source External).

Note:
The symbol rate set must not deviate from the symbol rate of the external signal by more than 2%
(see also data sheet).

The synchronization of data signals and clock signals for the various data sources and clock sources is
described in the following section.
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Synchronizing Data Signals and Clock Signals

When selecting data signals and clock signals, the following operating modes are possible:
. Internal clock and internal data

. Internal clock and external synchronous data

. External clock and external synchronous data

Internal Clock and Internal Data

When internal data is selected for path A, this data is output in serial mode on the DATA connector or in
parallel mode on the PARADATA pins of the AUX I/O interface (Custom Digital Modulation).

In modulation modes with fewer than 10 bits/symbol, the parallel data is output LSB-justified. In the
case of 8-PSK modulation for example (3 bits/symbol) only data lines DO, D1 and D2 are used.

The internal data of path B is not output in two-path instruments. For synchronization purposes,
however, it is possible to output the bit clock or symbol clock from this path to one of the USER
connectors.

In the following example, the diagram shows the output signals of an 8-PSK modulation (3 bits per
symbol) on the serial DATA interface. The positive edge of the clock is always used when outputting
data. The data source is a data list with 15 bits = 001 010 100 101 110 (5 symbols).

CLOCK (bit clock out) I l I l I l I l I l I ‘ I l I l I t I l I I I t I l I l I

CLOCK OUT (symbol clock out) —\ I\ I\ [/ \ /
DATA (ser. data out) MSB [ TS \_MSB_f \L__LsB MSB LsB_Jf VSB J TSB T MSB C\_LSB_
Data Symbols 001 010 | 100 ‘ 101 ‘ 110

Output signal on the serial data interface and clock output signals on the AUX I/O interface

There is a maximum data rate above which serial data processing becomes impossible. This data rate
can be found in the data sheet. If the rate is exceeded the DATA connector becomes high-impedance,
and the output on the CLOCK connector is the symbol clock instead of the bit clock.

In the following example, the diagram shows the output signals of an 8-PSK modulation (3 bits per
symbol) on the parallel interface. The data source is a data list with 15 bits = 001 010 100 101 110 (5
symbols).

SYMB CLK (symbol clock out) [ \ I k I \ l \ l

D 9 (par. data 9 out)

D 3 (par. data 3 out)

\
|
I
\
J
\ \
A
|

]
f
D 2 (par. data 2 out)
D 1 (par. data 1 out) J ’ J
D 0 (par. data 0 out) N F T - " . ‘\ -
001 010 100 101 110

Data symbols
Data and clock output signals on the parallel AUX I/O interface
In order for parallel external data to be retrieved correctly the rising edge of the symbol clock must be

used, since the timing between the falling edge of the symbol clock and the data switch on the parallel
interface is undefined.

1402.5222.32 4.157 E-8



Data and Signal Sources in Baseband R&S AMU 200A

Internal Clock and External Synchronous Data

External serial data

When serial data for Custom Digital Modulation is being fed in via the DATA connector on the front
panel, the symbol clock acts as a scanning pulse (strobe) so as to mark the least significant bit in a
symbol.

The clock signals are output on the CLOCK and CLOCK OUT connectors (front panel and rear panel
respectively, choice of bit clock or symbol clock on the latter) and on the BITCLK or SYMBCLK pins on
the AUX /O interface. Optimum timing is achieved from using the output signal on the CLOCK
connector on the front panel. The setup and hold times (see following diagram, tset,p and tho) that must
be maintained in the R&S AMU to ensure that the serial data is accepted correctly can be found in the
data sheet.

The following diagram illustrates the timing ratios between data and clock when serial data is being
supplied from an external source and the internal clock source is being used.

AL
CLOCK (bit clock out) 4 | L4 4 L4 |
CLOCK OUT (symbol clock out) _/ /_\
DATA (ser. data in) s, X msB X X_sB_X

External serial data and the clock signals which are output (bit clock and symbol clock). The
setup time (tserwp) and hold time (thoig) can be found in the data sheet.

External parallel data

When parallel data for Custom Digital Modulation is being fed in via the AUX I/O interface (DO — D9),
the internal symbol clock is used.

The symbol clock is output on the CLOCK OUT connector (rear panel, choice of bit clock or symbol
clock) and on the SYMBCLK pin on the AUX I/O interface. Optimum timing is achieved by using the
symbol clock on the SYMBCLK pin on the AUX I/O interface. The setup and hold times (see following
diagram, tsetp and thoq) that must be maintained in the R&S AMU to ensure that the serial data is
accepted correctly can be found in the data sheet.

The following diagram illustrates the timing ratios between data and clock when parallel data is being
supplied from an external source and the internal clock source is being used.
t
setup “hold

t

DO...D9 (par. data in) X )

SYMB CLK (symbol clock output) | ; | ;

External parallel data, internal clock signal and the clock signal that is output on the AUX I/O
interface The setup time (tsewp) and hold time (thoq) can be found in the data sheet.
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External Clock and External Synchronous Data

When synchronous modulation data is being fed in from an external source for Custom Digital
Modulation, clock generation in the R&S AMU can be synchronized on the rising or falling edge of an
external symbol clock. The clock reference is supplied on the CLOCK connector (front panel).

The clock signals generated as a result are output on the CLOCK OUT connector (rear panel, choice of
bit clock or symbol clock) and on the BITCLK or SYMBCLK pins on the AUX I/O interface.

External serial data

The following diagram illustrates the timing ratios between data and clock when serial data is being
supplied from an external source and an external reference clock is being used.

tsetup thold
-«

«—

DATA (ser. datain) ) B X_msB_X_

CLOCK (symbol clock in) I

BIT CLK (bit clock out)
1 11

External serial data and external symbol clock - 3 bits/symbol with high and low active symbol
clock for marking the LSB. The data and the symbol clock must change state simultaneously.
The setup time (tsewp) @and hold time (thoiq) can be found in the data sheet.

A bit clock is generated from the externally supplied symbol clock and is used for reading the serial data
into the R&S AMU. The active edge of this bit clock is located ahead of the symbol clock.

External parallel data

The following diagram illustrates the timing ratios between data and clock when parallel data is being
supplied from an external source and an external reference clock is being used.

t

setup thold
—r >

DO...D9 (par. data in) 3 X )|

CLOCK (symbol clock in) - LI L

SYMB CLK (symbol clock out) ___

External parallel data with high and low active external symbol clock. The setup time (tsewp) and
hold time (tnoq) can be found in the data sheet.

The R&S AMU uses the externally supplied symbol clock to generate an internal symbol clock that

defines the sampling points at which the parallel data is read into the R&S AMU. These sampling points
are also located a little ahead of the external symbol clock.
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Control Signals

The following control signals are processed in the R&S AMU:
- Burst Gate and Level Attenuation for power ramping

- CW for controlling the CW (continuous wave) mode
The CW signal turns off digital modulation. The signal is output in unmodulated form.
In case of standards in which it is possible to switch between different modulation modes, the signal
is output only and cannot be supplied from an external source. In such cases it indicates the
modulation mode internally (standard GSM: signal high (1) = modulation mode GMSK and signal
low (0) = modulation mode 8PSK EDGE).

The CW control signal is generated internally and fed to the AUX I/O interface. The control signals for
power ramping can be provided externally for Custom Digital Modulation only. When generated
internally the signals are output on the AUX /O interface.

A dedicated internal Control Data Editor is provided for defining the control signals. This editor with its
intuitive graphical interface can be used to define and save control signals. Definition by generating or
editing a binary list is no longer necessary (though it is still possible via the IEC bus).

A separate file with the file extension *.dm_iqc is created for each defined control signal and held on
the R&S AMU hard disk.

If the Component Data Editor is used, the Control Data Editor is integrated with it. The defined
control data is not held separately, but stored with the data structure. This applies both to signals of the
Data Editor Realtime and the Data Editor Offline.

Power Ramping and Level Attenuation

In TDMA radio networks it is necessary to control the RF output signal envelope synchronously for the
purpose of digital modulation. The signals Burst Gate and Lev Att are used for this. These signals are
internally generated. In case of Custom Digital Modulation they can also be supplied from an external
source via the AUX I/O interface.

When power ramping is enabled, a ramp is generated whenever there is a data switch on the Burst
signal (from high to low or low to high). The steepness of this ramp can be adjusted. Power ramping is
enabled and configured in the Power Ramp Control submenu.

The Lev_Att signal is used to control a defined level attenuation. If level attenuation is enabled, the
modulation signal level is attenuated by a defined value if the Lev Att signal is high. The level
attenuation value is defined in the Power Ramp Control menu. For the GSM/EDGE standard a
maximum of 7 different level attenuation values can be defined and allocated separately to the 8 slots
quite independently of one another. Level attenuation is enabled either in the Power Ramp Control
menu (Custom Digital Modulation) or in the Burst Editor (GSM/EDGE).

ISIDI Level |Mtenuated jl

Slot Attenuation |7.0dB (AT =l
Level attenuation enables to simulate radio stations located at various distances.

The diagram below shows an example of how the power ramping signals work.
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surst — | | L
| |

Lev Att | | L
| |

I
 Start of falling edge | Start of |

. level attenuation |
Start of rising edgel ' End of level attenuation
RF Out

Signal behavior when power ramping is enabled. The Burst Gate signal defines the start of the
rising and falling edges of the envelope, and the Lev Att signal defines the start and end of level
attenuation. The level attenuation value is defined in the Power Ramp Control menu.

Trigger Signals

In the R&S AMU, trigger signals are internally generated or externally supplied signals which start
signal generation at a particular point in time.

Signal generation can also take place without triggering, in which case the signal is then generated in
full after modulation is powered up. A trigger event either has no effect on signal generation (menu
setting Trigger Mode Auto) or triggers a signal restart (menu setting Trigger Mode Retrigger).

If signal generation is triggered, the signal is continuously generated after the first trigger. In the
Armed_Auto mode, a further trigger event has no effect. In the Armed_Retrig mode, every additional
trigger event triggers a restart of the signal. In both cases, triggering can be reset to the initial state
(armed), i.e. signal generation is stopped and the instrument waits for the next trigger to start signal
generation anew.

The status of signal generation (Running or Stopped) is displayed for all trigger modes in the
corresponding trigger menu of the digital standard currently switched on. The signal generation status
particularly with an external trigger can thus be checked.

Internal and external trigger sources are available for triggering.

- Internally, triggering is carried out manually by pressing the Execute Trigger button (menu
selection Internal).

- Inthe case of two-path instruments, internal triggering can be caused by the trigger signal on the
second path (menu selection Internal (Baseband A/B)). This makes it possible to synchronize the
signal on one of the two paths with the signal on the second path. Using an external trigger source,
it is possible to set the trigger signal to be delayed or suppressed.

- External trigger signals can be fed in via the TRIGGER 1 and 2 connectors on the front and rear
panels (menu selection External).

In the case of external triggering and internal triggering by the trigger signal on the second path, the
start can be delayed by a definable number of symbols (menu setting (External) Trigger Delay).
This makes it possible to purposely simulate the time delay between a base station signal and a
user equipment signal, for example in the course of base station tests.

The effect of a restarted trigger signal in the Retrigger trigger mode can be suppressed for a
definable number of symbols (menu setting (External) Trigger Inhibit). By this means the trigger
can be suppressed for a definable number of frames, for example in the course of base station
tests, and yet the signal can still be generated synchronously. In each frame the base station
generates a trigger which would cause a signal generation restart every time but for the
suppression.

Example: Entering 1000 samples means that after a trigger event, any subsequent trigger signal is
ignored for the space of 1000 samples.
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A signal which marks the trigger event set off by the current internal or external trigger of path A or B
can be output at the USER connectors (AUX 1O interface or USER BNC connector).

Note:
The trigger mode setting, the selection of the trigger source and the setting of a delay and trigger
suppression in the case of external triggering are carried out independently for each of the two
paths. On the other hand configuration of the trigger connectors (polarity and impedance) is carried
out jointly for both paths.

Marker Output Signals

The R&S AMU generates user-definable marker output signals which can be used to synchronize
external instruments. By this means a slot clock or frame clock can be set, for instance, or the start of a
particular modulation symbol can be marked.

Four marker outputs are available for each path. The outputs for markers 1 to 3 are defined, but marker
4 can be mapped to one of the USER outputs according to choice.

path A
Markers 1/2 MARKER 1A / 2A BNC connectors on the front panel
Marker 3 MARKER 3A pin of the AUX I/O connector on the rear panel
Marker 4 USER1 BNC connector or USER2/3/4 pins of the AUX I/O connector on the rear panel according to
choice
path B
Marker 1 MARKER 1B / 2B BNC connector on the rear panel
Markers 2/3 MARKER 3B pin of the AUX I/O connector on the rear panel
Marker 4 USER1 BNC connector or USER2/3/4 pins of the AUX I/O connector on the rear panel according to
choice
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External Baseband Signal - Baseband Input

Introduction - Baseband Input

The R&S AMU 200A Baseband Signal Generator and Fading Simulator makes it possible to feed
external analog or digital baseband signals into the signal paths. The complex baseband input
bandwidth is 60 MHz, i.e. the | and Q components of the signal are each filtered with a 30 MHz
lowpass.User-specific wanted signals or interference signals can thus be added to internally generated
signals and subsequently - provided the instrument is fitted with the required options - be faded,
detuned or loaded with noise (see the sections "Fading Menu", "Impairment Settings Menu" and
"AWGN Settings Menu").

An analog signal is fed in via the 1/Q connectors and then A/D-converted. Digital signals are input via
the LVDS interface Digital Input. A signal can be added to the internally generated signals and be
frequency-shifted as well as loaded with a relative gain.

The equipment options for the basic unit includes the option R&S AMU-B17 (Baseband 1/Q Input
digital/analog) and the option R&S AMU-B13 (Baseband Main Module). If the R&S AMU is equipped
with a baseband generator module (option R&S AMU-B9/B10/B11, Baseband Generator), internally
generated signals can be added to the baseband input. If the R&S AMU is equipped with a fading
simulator (option R&S AMU-B14, Fading Simulator and option R&S AMU-B15, the Fading Simulator
Extension), the signals can be faded. The fading module can also process external I/Q signals.

For two-path instruments, the external signal can be connected to baseband path A or path B. Up to
two baseband input modules can be applied. The signal of the first baseband module can be routed to
path A, path B or to both paths. The signal of the second baseband input module is firmly connected to
path B.

The range for the sample rate of the external digital signals is 400 Hz to 100 MHz. The resampler
operates in such a way that a baseband signal with a sample rate of less than 100 MHz is interpolated
on the 100-MHz sample rate and then used as output. The sample rate must fulfill the following
condition:

Sample rate x 0.31 = modulation bandwidth

Resampler limits bandwidth
to 0.31 of sample rate

A

|
h |
| I
| |
, |
| |
W

i

4 —
[ T B
-05 -0.31 031 05

— Resampler —

External Data
Clock

Extemal, digital

f ampe= 100 MHz
1/Q-Data

-

Resampler does not limit bandwidth
when sample rate = 100 MHz

A

)

05 05

External Baseband Signals
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For sample rates in the range of 400 Hz ... < 100 MHz, the external clock must be provided, it is
required to reconstruct the signal (Baseband In Mode Digital Input (Sample Rate Source Digital 1/Q

In)).

For sample rates of exactly 100 MHz the digital signal is directly fed into the digital signal path
(Baseband In Mode Digital Input (Sample Rate Source User Defined)).

Note:
The signal source (typically a second R&S AMU) and the receiving R&S AMU have to be
synchronized.

The modulation bandwidth of the external digital signals (Baseband In Mode = analog) is limited to
30 MHz.

BB Input Block

The settings for signal routing, frequency offset and path gain are available in the "BB Input" function
block of each path or in the "BB Input" menus which are opened using the key.

The external baseband signal is activated by switching on in the Baseband Input settings menu as well
as by ticking the checkbox of the BB Input function block.

The Baseband Input Settings menu containing the external baseband
signal settings is opened under the first item of the BB Input block menu

Frequency Offset

— ”memi" (see "Baseband Input Settings Menu", on page 4.165)

0.0 "E_ ot A frequency offset and a path gain can be set in the two following menu
‘,ml“e‘t:f:;;m ':"""J items of the BB Input block menu — provided the instrument is equipped

route to path B with at least two baseband sources.

route to path A and B

For two-path instruments the routing of the signals can be defined in the
Signal Routing section of the BB Input block.
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Baseband Input Settings Menu

The settings for the external baseband signal are available in the "BB Input" function block of each
path or in the "BB Input" menus which are opened using the key.

&= Baseband Input Settings & Baseband Input Settings

Mode |Ana|ug Input j Mode | Digital Input j
1/Q Swap [~ On 1/ Swap [~ On
Baseband Input Level Sample Rate
Measurement Period I 2 I = j Source | User Defined j
Auto Level Set | Value [100.000 000 000 [MHz - |
Crest Factor I 2-““' dB j Basebhand Input Level
PEP | 0.00| dBFS ~| Measurement Period | 2 | s |
Level | 199 dBm | Auto Level Set |
Impairments Crest Factor I 2'""' Ll j
Gain Imbalance (Q versusl) | 000/ dB  ~|
PEP | 0.00| dBFS ~|
| Offset | 0.000| %FS ~|
Level | 2.00| dBFS |
Q Offset | 0.000| %FS ~|
I/Q Skew (Q Delay) | 0.000|ns  ~|
Signal Monitoring
NO OVERLOAD ®
State - Baseband Input Switches On/Off the feeding of an external analog or digital signal into

the signal path.

An external analog signal is A/D-converted and fed into path A or path
B or into both paths simultaneously.

If no signal is applied at the input selected with parameter Mode an
error message is displayed.

On Switches On the external I/Q input signal of the
corresponding BB Input block. The input symbols
display the active signal mode (digital DIG 1/Q IN or
analog | and Q).

Remote-control command:
SOUR: BBI N: STAT ON

Off Switches Off the external 1/Q input signal of the
corresponding BB Input block.

Remote-control command:
SOUR: BBI N: STAT OFF
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Mode - Baseband Input Selects the signal mode (analog or digital) of the external input signal
of the BB Input block.

Analog Input

Digital Input
(User defined)

Digital EX I/Q
Box

An external analog baseband signal (BB Input) is
fed in via the | and Q analog inputs.

The block diagram shows the BNC connectors at
the BB Input block. The signals are A/D-converted
using the 100 MHz system clock and fed into the
digital signal path.

Remote-control command:
SOUR: BBI N: MODE ANAL

The external digital baseband signal is fed into the
digital signal path via the Digital Input connector.

The internal signal processing is based on a
sample rate of 100 MHz. External input signals
with sample rates less than 100 MHz are
upsampled. The external sample rate can be
estimated or defined by the user in the appropriate
entry fields.

Remote-control command:
SOUR: BBI N: MODE DI G

This mode is reserved for future extensions.

Remote-control command:
SOUR: BBI N: MODE EBOX

I/Q-Swap - Baseband Input Activates swapping of the | and Q signal components, which mirrors
the spectrum at the f=0 line and inverts the sign of the frequency.

The 1/Q swap may be needed if an external CDMA signal is to be
added to an internally generated baseband signal (see section "Digital
Standard CDMA2000").

Remote-control command:
SOUR: BBI N: | QSW STAT ON | OFF

1402.5222.32
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For digital input signals the section Sample Rate is available in the Baseband Input Settings dialog.
This section indicates the permitted sample rate of the external digital baseband input signal.

Sample Rate Source - Selects the source for estimating the sample rate or defining it by the

Baseband Input user.

(Digital Input only) Note-
The Sample Rate section shows the permitted sample rate of the
external digital baseband input signal. Currently the entry fields
Source and Value are firmly set to User defined and 100 MHz and
in read-only mode. For future upgrades the sample rate is intended
to be automatically estimated or defined by the user.

User Defined Enables the user to define the sample rate in the
entry field value.

Note:
Only the source User defined is currently
available. Digital I/Q In is intended for future
upgrades.

Remote-control command:
SOUR: BBI N: SRAT: SOUR USER

Digital /Q In Estimates the sample rate on the digital I/Q input
and displays the value in the value field. This mode
is intended for future upgrades.

Remote-control command: n.a.

Sample Rate Value - Indicates the sample rate of the external digital baseband input signal.

Baseband Input

Note:
The Sample Rate section shows the permitted sample rate of the
external digital baseband input signal. Currently, the entry fields
Source and Value are firmly set to User defined and 100 MHz and
in read-only mode. For future upgrades the sample rate is intended
to be automatically estimated or defined by the user.

(Digital Input only)

Remote-control command:
SOUR: BBI N: SRAT: ACT 100WVHz
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The crest factor and the peak power of the external baseband signal are entered in the section
Baseband Input Level. These values are necessary for a correct internal signal processing in the R&S
AMU. They can also be automatically estimated by a measurement using the Auto Level Set button.

Measurement Period -
Baseband Input

Auto Level Set - Baseband
Input

Crest Factor - Baseband
Input

PEP - Baseband Input

Level - Baseband Input

1402.5222.32

Sets the recording duration for measuring the baseband input signal
by Auto Level Set. For accurate level measurements, the
measurement period should be set to a time value that is long enough
to capture several periods of the input signal.

Remote-control command:
SOUR: BBI N: MPER 4s

Starts measuring the input signal. The measurement estimates the
crest factor, the peak power and rms power. The estimated values are
automatically entered into the input fields Crest Factor, PEP and
Level. Using these estimated values the internal gain control adjusts
the input signal gain to achieve an optimal dynamic range.

Remote-control command:
SOUR: BBI N: ALEV: EXEC

Sets the crest factor of the external analog or digital baseband signal.
Indicates the crest factor acquired with Auto Level Set.

Remote-control command:
SOUR: BBI N; CFAC 33

Enters the peak level of the external analog or digital baseband signal
relative to full scale of 0.5V (in terms of dB full scale).
Indicates the peak level acquired with Auto Level Set.

Remote-control command:
SOUR: BBl N; PON PEAK - 4. 56

Indicates the estimated rms level acquired with Auto Level Set.

Remote-control command:
SOUR: BBl N: PON RMB?
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For analog input signals the section Impairments is available in the Baseband Input Settings
dialog. Additionally to the internal calibration of the instrument a DC offset, gain imbalance and time
delay can be set to | and Q signal components. The section Signal Monitoring indicates the overload
of the A/D - Converter.

Impairments
Gain Imbalance (Q versus |) I I].I]I]I dB j
| Offset | 2500 | %FS  ~|
Q Offset | 2.500| %FS ~|
I/Q Skew (Q Delay) | 0.000[ns  ~|
Signal Monitoring
NO OVERLOAD )

Gain Imbalance (Q versus  Enables to amplify the Q component of the input signal additionally to
I) - Baseband Input the internal calibration. This setting is needed e.g. to balance the | and

(Analog Input only) Q signal channel by exactly the same degree.

Remote-control command:
SOUR BBIN. G MB -1.0dB

| Offset - Baseband Input Sets a DC offset to the | component of the input signal additionally to
the internal calibration. This setting is needed to compensate an offset

(Analog Input only) that has been fed in from the external signal.

Remote-control command:
SOUR: BBI N: OFFS: | +2. 5PCT

Q Offset - Baseband Input  Sets a DC offset to the Q component of the input signal additionally to
the internal calibration. This setting is needed to compensate an offset

(Analog Input only) that has been fed in from the external signal.

Remote-control command:
SOUR: BBI N: OFFS: Q - 0. 1PCT

I/Q-Skew (Q Delay) - Determines the delay between Q and | channel. Positive values
Baseband Input represent a delay for Q versus I.
(Analog Input only) Remote-control command:

SOUR: BBI N: SKEW - 23PS
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Overload - Baseband Input

(Analog Input only)

Indicates that the 1/Q input is overloaded. This indication also appears
in the block diagram close to the Baseband Input block.

If overload is indicated either the amplitude of the external signal is too
high (full scale of 0.5 V) and must be reduced or the entered Peak
Level (in dB full scale) value does not correspond with the real value
and must be corrected. It also can be evaluated automatically with
button Auto Level Set.

Remote-control command:
SOUR: BBI N: OLOad: STAT?

The section Frequency Offset is used to enter the frequency offset.

Frequency Offset -
Baseband Input

Freq Offset 0.07|Hz ~

1402.5222.32

Enters the frequency offset for the external baseband signal.

The offset affects the signal on the output of the Baseband block.

It shifts the useful baseband signal in the center frequency.

Note:
For sample rates of exactly 100 MHz (Baseband In Mode Digital
Input (Sample Rate Source User Defined)) it is not possible to
enter a frequency offset. The digital signal is fed into the signal

path directly and not routed to the resampler where the frequency
offset takes place.

The complex I/Q bandwidth of the shifted useful signal must not
exceed 80 MHz in total (see section "Signal Routing and Frequency
Shifting", on page 4.148).

The following applies:

o — fU%z—gonHz and f . + fus%s+802MHz

fuse = the complex useful bandwidth of the 1/Q signal before the offset.

foriset = frequency offset.
The following graph shows the setting range for the frequency offset.

Example:
3GPP FDD signal (chip rate 3.84 Mcps, root-cosine filter 0.22).
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Graphics: FFT Magnitude

234
-40.0

i FFT paints =

0.0- i
80,0 !

-100.0

-1200

-140.0

-160.0-

oo
=
[=]

Amplitude rff) # dB

-200.0- I
-220.0-

-240.0-

-260.0-

-264.3-] ‘
-3340000  -2000000 ] 2000000 3841524
(Fe)Hz

The complex useful bandwidth of a signal which has been filtered
using a root-cosine filter with roll off a is calculated as follows:

fuse = (1 + 0‘)* fsynbol
fsymbol = the symbol rate or chip rate of the signal.
In the example the complex useful bandwidth is calculated as follows:

Fuse = (1+0.22) * 3.84 MHz = 4.6848 MHz.

So as to comply with the condition requiring a maximum 1/Q bandwidth
of 40 MHz, the valid range of values for the frequency offset is then:

_A0MHz + 4.684§ MHz < f,.. <40MHz- 4.684§ MHz _

-35.3152MHz < f ., <35.3152MHz

In the case of ARB signals, the output clock rate can be used for
estimating the maximum 1/Q bandwidth of the waveform.

Remote-control command:
SOUR: BBI N: FOFF 2MHZ
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The section Path Gain is used to enter the relative gain of the external signal compared with the signals

of the other baseband sources.

Path Gain - Baseband Input Enters the relative gain for the external baseband signal compared with

Path Gain 0]|d -

the signals of the other baseband sources. The gain affects the signal on
the output of the BB Input block.

The Path Gains of the different baseband sources (Baseband In A.
Baseband In B, Baseband A and Baseband B) determine the gain of
the associated signals relative to each other. The actual gain of the
different baseband signals depends not only on the path gain setting
but also on the signal characteristics like the crest factor, on the
number of used sources and on the total output level.

The cumulative baseband signal can be verified in the Graphics block
in the spectrum view.

Remote-control command:
SOUR: BBI N: PGA 2 dB

The section Signal Routing is used to define the signal routes of a external baseband signals in two-

path instruments.

Signal Routing - Baseband
Input

1402.5222.32

Selects the signal routes of external baseband signals in a two-path
instrument. Up to two baseband input modules can be applied. The
signal of the first baseband module can be routed to path A, path B or
to both paths.

Note:
The second baseband input module Baseband Input B is firmly
connected to signal path B. Therefore no routing is provided for
this block.

The following table shows some of the possible combinations of signal
routes for two-path instruments.

Route to path A The external baseband signal is fed into path A. If
an internal signal from path A is generated at the
same time, the two signals are summed.

Remote-control command:
SOUR: BBI N: ROUT A

Route to path B The external baseband signal is fed into path B. If
an internal signal from path B is generated at the
same time, the two signals are summed.

Remote-control command:
SOUR: BBI N: ROUT B

Route to path A The external baseband signal is fed into path A and

and B path B. If internal signals from one or two paths are
generated at the same time, all signals in each
path are summed.

Remote-control command:
SOUR: BBI N: ROUT AB
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Combinations of signal routes for two-path instruments

Note:

The table shows some possible combinations of signal routes in a two-path instrument, containing

four signal sources. On the basis of Routing baseband block A to path A the signal routings are

shown.

Routing baseband block A to path B or Routing baseband block A to path A + B similar routing
combinations are possible for the remaining signal sources (Baseband In A, Baseband B and
Baseband In B). These possibilities are unlisted to limit the number of figures in the table.

Routing Routing Routing Routing Block diagram
baseband baseband baseband baseband
A In A InB B
Fading A [AWGN/IMP A 0
conig... commig.. | comg.. || —] %
I~ on " r n(7" :> v ¢ “
Std Del mp m
Graphics BERT
Route to Route to Route to Route to e e
path A path A path B path A L) I T
Fading B [AWGN/IMP B :
config... config.. | — a
I~ on | T on v Q
Std Del mp —] pieira out
s ot
Fading A [AWGN/IMP A 0
config.. | config... config...
w2
Std Del mp m
Graphics BERT
Route to Route to Route to Route to confi. conra.. |
path A path A path B path B conphon iy
]
Fading B [AWGN/IMP B !
=1 o= Q :
I~ on I~ on v Q
Std Del mp —| DIG I OUT
(3> 3 Onioft Ratio
(f» 2: Frame
Fading A [AWGN/IMP A 0
config... config... config.. | config...
R e o e
Std Del mp m
.
_@_
@ —] GTEphic] BERT
Route to Route to Route to Route to GF S cormg |
path A path A path B path A +B '@7- conphon mie
a | config.._[|——
&) i~ ]
—‘ Fading B [AWGN/IMP B :
1o config... config.. config..
Rl e el 0
Std Del mp —| DIG I OUT
(3> 3 Onioft Ratio
Fading A [AWGN/IMP A 0
config... config.. | | config.. || —] %
l"on 2 rnm. = ' @
Std Del mp m
Graphics BERT
Route to Route to Route to Route to confi. conio.. |
path A path B path B path A conphon iy
]
Fading B [AWGN/IMP B !
| corte || 2
I~ on I~ on v Q
Std Del mp —| DIG I OUT
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Routing
baseband
A

Routing
baseband
In A

Routing
baseband
InB

Routing
baseband
B

Block diagram
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Digital Modulation - Custom Digital
Modulation

Introduction - Custom Digital Modulation

The R&S AMU 200A Baseband Signal Generator and Fading Simulator can generate digital modulation
signals with user-definable characteristics. Baseband filtering and the symbol rate can be set within wide
limits.

The equipment layout for generating the digital modulation signals includes the options Baseband Main
Module (B13) and Baseband Generator (B9/B10/B11).

In the case of two-path instruments, at least one further Baseband Generator (B9/B10/B11) option is
needed for signal generation in the second path. Using this option a signal can be defined in path B and
then either routed via path A or added to the signal on path A with a frequency offset that can be set.
When path B is fully expanded with a second option Baseband Main Module (B13) the analog
modulation signal can be output on I/Q Out B.

Note:
The differential output of the baseband signal in two-path instruments requires a second option R&S
AMU-B16, Differential I/Q Out and, for digital output a second option R&S AMU-B18, Digital 1/Q Out
respectively.

A two-part level indication is shown in the header section of the display. This displays both the rms
voltage (Level) and the peak envelope voltage (PEP) of the output signal.

PEPAI 1.000 v me| ]_uuu|u j

The difference between PEP and LEVEL depends on the modulation type and the filtering: Both values
are pre-measured internally so that the displayed values match the true values in the signal. When
external signals are used, they are replaced by PRBS data during pre-measurement.

Modulation Types - Custom Digital Mod

The available modulation types are ASK (amplitude shift keying), FSK (frequency shift keying), PSK
(phase shift keying) and QAM (quadrature amplitude modulation).

The actual modulation procedure is described by mapping, which assigns | and Q values (PSK and
QAM) or frequency shifts (FSK) to every modulation symbol that occurs. This is represented graphically
in the constellation diagrams.

The mapping for the selected modulation type is displayed in the More... submenu in the Modulation
menu section (see "More - Modulation Type - Digital Modulation", page 4.191)
The QAM procedures 16QAM, 32QAM, 64QAM 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 standard, but have been produced according to the same basic principles.

In the case of all FSK procedures, the user can set the symbol rate fsyys up to @ maximum value (see
data sheet). If MSK is selected, the frequency deviation (FSK deviation) cannot be set since it is
permanently set to V4 of the symbol rate.
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Modulation type and associated mapping

PSK

BPSK
1 bit per symbol

SOUR: BB: DM FORM BPSK

BPSK

Q Value

5 05 0 0.5 1
| Value

OQPSK

2 bits per symbol
Q offset

SOUR: BB: DM FORM OQPSK

OQPSK

QValue

5 05 0 0.5 1
| Value

w4-DQPSK

2 bits per symbol
Differential coding, 14 rotation

SOUR: BB: DM FORM P4DQ

QPSK
2 bits per symbol

SOUR: BB: DM FORM QPSK

QFSK

Q Walue

1 0.5 0 05 1
| Value

W4-QPSK

2 bits per symbol
U4 rotation

SOUR: BB: DM FORM P4QP

Pli4 QPSK

Q Value

-1 0.5 i 05 1
| Value

18-D8PSK

3 bits per symbol
Differential coding, 18 rotation

SOUR: BB: DM FORM P8D8

QPSK 45° Offset

2 bits per symbol
45° rotation

SOUR: BB: DM FORM QPSK45

QFSk4s

Q Value

5 05 0 0.5 1
| Value

1W2-DBPSK

1 bit per symbol
Differential coding, 172 rotation

SOUR: BB: DM FORM P2DB

Pli2 DEPSK

QValue

5 05 0 0.5 1
| Value

8PSK
3 bits per symbol

SOUR: BB: DM FORM PSK8

1402.5222.32
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P4 DAPSK

05

Q Value

05

o 05 1

| Value

Sl 05

8PSK EDGE (3178 8PSK)

3 bits per symbol
Edge coding, 3178 rotation

SOUR: BB: DM FORM P8ED

3PI8 BPSK

Q Value

5 05 0 0.5
| Value

G Walue

P18 D8PSK

| Value

Q Value

8PSK

| Value

QAM

16QAM

4 bits per symbol
SOUR: BB: DM FORM QAML6

TBQAM

05

Q Value

05

o 05

| Value

Sl 05

32QAM

5 bits per symbol
SOUR: BB: DM FORM QAMB2

320AM

G Walue

| Value

64QAM

6 bits per symbol
SOUR: BB: DM FORM QANB4

640AM

Q Value

| Value

1402.5222.32
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256QAM

8 bits per symbol
SOUR: BB: DM FORM QAMR56

2560AM

QValue

| Value

1024QAM

10 bits per symbol
SOUR: BB: DM FORM QAML024

1024Q4M

Q Value

| Value

FSK

Note:

symbol is available.

In addition to the following FSK modulations, a variable FSK modulation with definable deviation per

MSK

1 bit per symbol
FSK deviation

SOUR: BB: DM FORM MSK
SCUR BB: DM FSK: DEV 0.1 Mz

MSK

-1 05 o 08

Relative frequency f/ fsymhul

2FSK
1 bit per symbol

SOUR: BB: DM FORM FSK2

2F3K

-1 05 0 05

Relative frequency f/ fsymbu\

2 bits per symbol

SOUR: BB: DM FORM FSK4

AFSK

5 05 i 0.5 1
Relative frequency f/

symbol
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Coding - Custom Digital Mod

Modulation symbols are coded directly before | and Q values or frequency shifts are assigned. Coding
is thus directly related to modulation methods, which is the reason why codings are not freely
combinable with modulation methods. The following table shows which of the coding combinations are
available and defines the modulation types for which the various coding procedures can be used.

In the notation used below a,, denotes the n-th input symbol and b,, denotes the correspondingly coded
output symbol. Individual bits in the symbols from the LSB (least significant bit) to the MSB (most
significant bit) are denoted by ag,, a1, and so on. The same applies to the output symbols.

Permissible coding combinations for modulation symbols and modulation type

OFF | Differ- | Phase Differ- Gray | GSM | NADC, TFTS/ | INMARSAT, | VDL | APCO25
ence differ- | ence PDC, TETRA | ICO, (FSK)
ence + Gray PHS, WCDMA
TETRA, 3GPP,
APCO25 cdma2000
(PSK),
PWT
ASK X X X X
BPSK X X X X
W2 DBPSK X X
QPSK X X X X X
qrsK 4s” X X X X X
W4 QPSK X X X
w4 DQPSK X X X X
8PSK X X X X X
8PSK_EDGE X
178 D8PSK X X
MSK X X X X X
2FSK X X X X X
4FSK X X X X X
16QAM X X X X X
32QAM X X X X X
64QAM X X X X X
256QAM X X X X X
1024QAM X X X X X

Modulation type 174DQPSK

With differential coding switched on at the same time, a constellation diagram is obtained for

TU4DQPSK which is similar to that obtained for 8PSK. Phase shifts are however assigned to the
individual modulation symbols. The following tables show the assignment of modulation symbols to
phase shifts of the I/Q vector in relation to the selected coding.

Phase shifts for TV4ADQPSK

Modulation symbol a, (binary indication: MSB, LSB) 00 01 10 11
Phase shifts without coding +45° +135° -135° -45°
Phase shifts with coding NADC, PDC, PHS, TETRA or APCO25 (PSK) +45° +135° -45° -135°
Phase shifts with coding TFTS -135° +135° -45° +45°
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Coding algorithms

Common coding types are listed in the following table.

Coding algorithms

Coding Coding algorithm Applicable for K bit/symbol
NONE b, = a, k=1..8
Differential bn = (an + by.1) modulo 2 k=1.7
Differential + Gray Gray coding with additional differential coding k=1..7
GSM dc, = not (d, exor d.1) k=1
Example 1: Differential coding for QPSK modulation with K = 2 bit/symbol
Decimal display; value range for modulation symbols
an D{O; I;2; 3}
Recursive coding is defined as follows: 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:
a,=2 b1 bn
0 2
1 3
2 0
3 1
By means of differential coding, the assignment between modulation symbols and phase
differences shown in the following table is generated:
Modulation symbol a, 00 01 10 11
(binary, MSB, LSB)
Phase difference 0° 90° 180° | 270°
Example 2: Gray and differential codin