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Introduction

This chapter provides overall information on the 802.16 OFDMA measurement
application. WiMAX-OFDMA consists of two wireless technologies: 802.16
OFDMA and WiBro. This chapter briefly describes WiMAX-OFDMA standards
and N9075A measurements,.
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Introduction
What Does the WiMAX Measurement Application Do?

What Does the WIMAX Measurement Application Do?

WiMAX-OFDMA supports the 802.16 OFDMA wireless standard and WiBro
wireless technology.

The IEEE 802.16 OFDMA wireless standard supports fixed and mobile wireless
access (BWA) systems for metropolitan and area networks. The IEEE 802.16
standard is an OFDMA based system that supports a range of bandwidths (e.g.
1.25 MHz, 10 MHz, and 20 MHz) with fixed subcarrier spacing through use of a
scalable architecture. The scalable architecture uses a scalable subchannelization
structure with variable Fast Fourier Transform (FTT) sizes, where the FFT sizes
scale with bandwidth to keep subcarrier spacing fixed.)

WiBro is a wireless broadband internet technology. WiBro base stations will offer
an aggregate data throughput of 30 to 50 Mbits/s and cover a radius of 1 - 5 km,
enabling portable internet usage within range of the base station. WiBro also offers
Quality of Service (QoS). QoS enables WiBro to stream video content and other
loss-sensitive data in a reliable manner. WiBro is a proprietary technology and its
use of licensed spectrum, which may not be available globally, may keep it from
being implemented as an international standard. While WiBro is exacting in its
requirements, from spectrum use to equipment design, WiMAX-OFDMA leaves
much of this up to the equipment provider, while providing sufficient detail to
ensure compatibility between designs.

The WiMAX measurement application supports the following standards:

* IEEE 802.16-2004 IEEE Standard for Local and metropolitan area networks
Part 16: Air Interface for Fixed Broadband Wireless Access Systems

» IEEE P802.16-2004/Corl/D5 (“Draft Corrigendum to IEEE Standard for Local
and Metropolitan Area Networks - Part 16: Air Interface for Fixed Broadband
Wireless Access Systems”).

» IEEE 802.16f-2005 IEEE Standard for Local and Metropolitan Area Networks
- Part 16: Air Interface for Fixed Broadband Wireless Access
Systems--Amendment 1--Management Information Base

*  WiBro (Korean mobile WiMAX OFDMA service)

8 Chapter 1



Introduction
What Does the WiMAX Measurement Application Do?

The following measurements are made using the WiMAX application:
*  Monitor Spectrum

* Channel Power

*  Occupied Bandwidth

« ACP

* Spectrum Emission Mask

* Spurious Emissions

*  Power Stat CCDF

*  Waveform

* Power vs. Time

*  Modulation Analysis

uondnpouy
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What Does the WiMAX Measurement Application Do?
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2 Front and Rear Panel Features

¢ “Front Panel Features” on page 12
* “Display Annotations” on page 16
e “Rear-Panel Features” on page 18

¢ “Front and Rear Panel Symbols” on page 20

Chapter 2
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Front and Rear Panel Features
Front Panel Features

Front Panel Features

Front-Panel Connectors and Keys

o [___] DDD DDD

~d 4488 dbdbboos

1 | Menu Keys

Key labels appear to the left of the menu keys to identify the current function of each key.
The displayed functions are dependent on the currently selected Mode and Measurement,
and are directly related to the most recent key press.

2 | Analyzer Setup Keys

These keys set the parameters used for making measurements in the current Mode and
Measurement.

3 | Measurement Keys

These keys select the Mode, and the Measurement within the mode. They also control the
initiation and frequency of measurement.

4 | Marker Keys

Markers are often available for a measurement, to measure a very specific point/segment
of data within the range of the current measurement data.

5 | Utility Keys

These keys control system-wide functionality like:

instrument configuration information and I/O setup,
printer setup and printing,
file management, save and recall,

L]
[ ]
[ ]
* instrument presets.

6 | Probe Power

Supplies power for external high frequency probes and accessories.

12
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Front and Rear Panel Features
Front Panel Features

Item

Name

Description

Headphones Output

Headphones can be used to hear any available audio output.

Back Space Key

Press this key to delete the previous character when entering alphanumeric information.
It also works as the Back key in Help and Explorer windows.

Delete Key

Press this key to delete files, or to perform other deletion tasks.

10

USB Connectors

Standard USB 2.0 ports, Type A. Connect to external peripherals such as a mouse,
keyboard, DVD drive, or hard drive.

11

Local/Cancel/(Esc)
Key

If you are in remote operation, Local:

* returns instrument control from remote back to local (the front panel).

* turns the display on (if it was turned off for remote operation).

* can be used to clear errors. (Press the key once to return to local control, and a second
time to clear error message line.)

If you have not already pressed the units or Enter key, Cancel exits the currently selected
function without changing its value.

Esc works the same as it does on a pc keyboard. It:

exits Windows dialogs
clears errors

aborts printing
cancels operations.

12

RF Input

Connector for inputting an external signal. Make sure that the total power of all signals
at the analyzer input does not exceed +30 dBm (1 watt).

13

Numeric Keypad

Enters a specific numeric value for the current function. Entries appear on the upper left
of the display, in the measurement information area.

14

Enter and Arrow
Keys

The Enter key terminates data entry when either no unit of measure is needed, or you
want to use the default unit.

The arrow keys:

Increment and decrement the value of the current measurement selection.
Navigate help topics.

Navigate, or make selections, within Windows dialogs.

Navigate within forms used for setting up measurements.

Navigate within tables.

NOTE The arrow keys cannot be used to move a mouse pointer around on the
display.

15

Menu/ (Alt) Key

Alt works the same as a pc keyboard. Use it to change control focus in Windows pull-down
menus.

16

Ctrl Key

Ctrl works the same as a pc keyboard. Use it to navigate in Windows applications, or to
select multiple items in lists.

17

Select / Space Key

Select is also the Space key and it has typical pc functionality. For example, in Windows
dialogs, it selects files, checks and unchecks check boxes, and picks radio button choices.
It opens a highlighted Help topic.

Chapter 2
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Front and Rear Panel Features
Front Panel Features

Item
Description
# Name
18 | Tab Keys Use these keys to move between fields in Windows dialogs.
19 | Knob Increments and decrements the value of the current active function.
20 | Return Key Exits the current menu and returns to the previous menu. Has typical pc functionality.
21 | Full Screen Key Pressing this key turns off the softkeys to maximize the graticule display area.
22 | Help Key Initiates a context-sensitive Help display for the current Mode. Once Help is accessed,
pressing a front panel key brings up the help topic for that key function.

23 | Speaker Control Enables you to increase or decrease the speaker volume, or mute it.

Keys
24 | Window Control These keys select between single or multiple window displays. They zoom the current

Keys window to fill the data display, or change the currently selected window. They can be used

to switch between the Help window navigation pane and the topic pane.

25 | Power Standby/ On Turns the analyzer on. A green light indicates power on. A yellow light indicates standby

mode.
NOTE The front-panel switch is a standby switch, not a LINE switch
(disconnecting device). The analyzer continues to draw power even when
the line switch is in standby.
The main power cord can be used as the system disconnecting device. It
disconnects the mains circuits from the mains supply.
Overview of Key Types

The keys labeled FREQ Channel, System, and Marker Function are all examples of front-panel keys.
Most of the dark or light gray keys access menus of functions that are displayed along the right side
of the display. These displayed key labels are next to a column of keys called menu keys.

Menu keys list functions based on which front-panel key was pressed last. These functions are also
dependant on the current selection of measurement application (Mode) and measurement (Meas).

If the numeric value of a menu key function can be changed, it is called an active function. The
function label of the active function is highlighted after that key has been selected. For example,
press AMPTD Y Scale. This calls up the menu of related amplitude functions. Note the function
labeled Reference Level (the default selected key in the Amplitude menu) is highlighted. Reference
Level also appears in the upper left of the display in the measurement information area. The
displayed value indicates that the function is selected and its value can now be changed using any
of the data entry controls.

Some menu keys have multiple choices on their label like On/Off or Auto/Man. The different choices
are selected by pressing the key multiple times. Take an Auto/Man type of key as an example. To
select the function, press the menu key and notice that Auto is underlined and the key becomes
highlighted. To change the function to manual, press the key again so that Man is underlined. If
there are more than two settings on the key, keep pressing it until the desired selection is

14 Chapter 2



Front and Rear Panel Features
Front Panel Features

underlined.

When a menu first appears, one key label will be highlighted to show which key is the default
selection. If you press Marker Function, the Marker Function Off key is the menu default key, and it
will be highlighted. Some of the menu keys are grouped together by a yellow bar running behind the
keys near the left side. When you press a key within the yellow bar region, such as Marker Noise, the
highlight will move to that key to show it has been selected. The keys that are linked by the yellow
bar are related functions, and only one of them can be selected at any one time. For example, a
marker can only have one marker function active on it. So if you select a different function it turns
off the previous selection. If the current menu is two pages long, the yellow bar could include keys
on the second page of keys.

In some key menus, a key label will be highlighted to show which key has been selected from
multiple available choices. And the menu is immediately exited when you press one of the other
keys. For example, when you press the Select Trace key (in the Trace/Detector menu), it will bring up
its own menu of keys. The Trace 1 key will be highlighted. When you press the Trace 2 key, the
highlight moves to that key and the screen returns to the Trace/Detector menu.

If a displayed key label shows a small solid-black arrow tip pointing to the right, it indicates that
additional key menus are available. If the arrow tip is not filled in solid then pressing the key the
first time selects that function. Now the arrow is solid and pressing it again will bring up an
additional menu of settings.

Chapter 2 15



Front and Rear Panel Features
Display Annotations

Display Annotations

This section describes the display annotation as it is on the Spectrum Analyzer Measurement
Application display. Other measurement application modes will have some annotation differences.

IFGain:Low Atten: 6 dB

Ref -21.44 dBm

VBW 910 Hz

1 Agilent Specoum Analyzer - Swept Sh “ ‘Z”Elgl
[ =0 | AC SEMSEINT| ALGNAUTO  |02:26:22PM
enter Freq 4.000000000 GHz . Avg TypeNog-Pwr 4
Input: RE PNO: <20k ~»— 1rig: Free Run

Frequency

Auto Tune

Center Freq
4000000000 GHz

StartFreq
3.990000000 GHz

StopFreq
4010000000 GHz

CF Step
2.000000 MHz
Auto Man

Freq Offset
0 Hz

Span 100.0 kHz
Sweep 146 ms (1001 pts)

Displayannot

Item

Description

Function Keys

Measurement bar - Shows general measurement settings
and information.

. o) Indicates single/continuous measurement.

Some measurements include limits that the data is tested
against. A Pass/Fail indication may be shown in the lower
left of the measurement bar.

All the keys in the Analyzer Setup part of the
front panel.

Active Function (measurement bar) - when the current
active function has a settable numeric value, it is shown
here.

Currently selected front panel key.

16
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Front and Rear Panel Features
Display Annotations

Item Description Function Keys
3 Banner - shows the name of the selected measurement Mode, Meas
application and the measurement that is currently
running.
4 Measurement title (banner) - shows title information for Meas
the current Measurement, or a title that you created for ] . . )
View/Display, Display, Title
the measurement.
5 Settings panel - displays system information that is not
specific to any one application.
¢ Input/Output staifus - green LXI indi.cates the LAN is Local and System, /O Config
connected. RLTS indicate Remote, Listen, Talk, SRQ
¢ Input impedance and coupling Input/Output, Amplitude, System and others
* Selection of external frequency reference
¢ Setting of automatic internal alignment routine
6 Active marker frequency, amplitude or function value Marker
7 Settings panel - time and date display. System, Control Panel
8 Trace and detector information Trace/Detector, Clear Write (W) Trace Average (A) Max
Hold (M) Min Hold (m)
Trace/Detector, More, Detector, Average (A) Normal
(N) Peak (P) Sample (S) Negative Peak (p)
9 Key labels that change based on the most recent key Softkeys
press.
10 Displays information, warning and error messages.
Message area - single events, Status area - conditions
11 Measurement settings for the data currently being Keys in the Analyzer Setup part of the front

displayed in the graticule area. In the example above:
center frequency, resolution bandwidth, video bandwidth,
frequency span, sweep time and number of sweep points.

panel.

Chapter 2
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Front and Rear Panel Features
Rear-Panel Features

Rear-Panel Features
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Item Description
# Name
1 | EXT REF IN Input for a 1 to 50 MHz external frequency reference signal.
2 MONITOR Allows connection of an external VGA monitor.
3 USB Connectors | Standard USB 2.0 ports, Type A. Connect to external peripherals such as a mouse, keyboard,
printer, DVD drive, or hard drive.
4 USB Connector USB 2.0 port, Type B. USB TMC (test and measurement class) connects to an external pc
controller to control the instrument and for data transfers over a 480 Mbps link.
5 LAN A TCP/IP Interface that is used for remote analyzer operation.
6 | GPIB A General Purpose Interface Bus (GPIB, IEEE 488.1) connection that can be used for remote
analyzer operation.
7 | Line power The AC power connection. See the product specifications for more details.
input
8 | Digital Bus Reserved for future use.
9 | Analog Out Reserved for future use.
10 | TRIGGER 2 A trigger output used to synchronize other test equipment with the analyzer. Configurable
ouT from the Input/Output keys.
11 | TRIGGER 1 A trigger output used to synchronize other test equipment with the analyzer. Configurable
ouT from the Input/Output keys.
12 | Sync Reserved for future use.
18 Chapter 2




Front and Rear Panel Features
Rear-Panel Features

Item Description

# Name

13 | TRIGGER 2 IN Allows external triggering of measurements.

14 | TRIGGER 1IN Allows external triggering of measurements.

15 | Noise Source Reserved for future use.
Drive +28 V
(Pulsed)

16 | SNS Series Reserved for future use.

Noise Source

17 | 10 MHz OUT An output of the analyzer internal 10 MHz frequency reference signal. It is used to lock the
frequency reference of other test equipment to the analyzer.

Chapter 2 19
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Front and Rear Panel Symbols

Front and Rear Panel Symbols

I
O

A
C€

O nioiss
ICES/NMB-001
ISM GRP.1 CLASS A

@
B

This symbol is used to indicate power ON (green LED).

This symbol is used to indicate power STANDBY mode (yellow LED).

This symbol indicates the input power required is AC.

The instruction documentation symbol. The product is marked with this symbol
when it is necessary for the user to refer to instructions in the documentation.

The CE mark is a registered trademark of the European Community.

The C-Tick mark is a registered trademark of the Australian Spectrum
Management Agency.

This is a marking of a product in compliance with the Canadian
Interference-Causing Equipment Standard (ICES-001).

This is also a symbol of an Industrial Scientific and Medical Group 1 Class A
product (CISPR 11, Clause 4).

The CSA mark is a registered trademark of the Canadian Standards Association
International.

This symbol indicates separate collection for electrical and electronic equipment
mandated under EU law as of August 13, 2005. All electric and electronic
equipment are required to be separated from normal waste for disposal (Reference
WEEE Directive 2002/96/EC).

To return unwanted products, contact your local Agilent office, or see
http:/www.agilent.com/environment/product/ for more information.

20
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Making 802.16 OFDMA Measurements

This chapter describes procedures used for making measurements of equipment
operating per IEEE 802.16 OFDMA, including WiMAX and WiBro BS or MS.
Instructions to help you set up and perform the measurements are provided, and
examples of OFDMA measurement results are shown.

This chapter begins with instructions common to all measurements, details all
OFDMA measurements available by pressing the MEASURE key. For information
specific to individual measurements refer to the sections at the page numbers
below.

+  “Setting up and Making a Measurement” on page 23

* “Channel Power Measurements” on page 25

* “Adjacent Channel Power Ratio Measurements” on page 31
*  “Spectrum Emission Mask Measurements” on page 35
*  “Spurious Emissions Measurement” on page 41

*  “Occupied Bandwidth Measurements” on page 47

*  “Power vs. Time Measurements” on page 51

*  “Modulation Analysis Measurements” on page 55

*  “Power Statistics CCDF Measurements” on page 67

*  “Monitor Spectrum Measurements” on page 71

*  “Waveform (Time Domain) Measurements” on page 75

All the measurements above are referred to as one-button measurements. When
you press the key to select a measurement it will become active, using settings and
displays unique to that measurement. Data acquisition will automatically begin
when trigger requirements, if any, are met.

21
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Setting up and Making a Measurement

Setting up and Making a Measurement

Making the Initial Signal Connection

CAUTION Before connecting a signal to the instrument, make sure the instrument can safely accept the signal
level provided. The signal level limits are marked next to the FR Input connectors on the front

panel.

See the Input Key menu for details on selecting input ports and the AMPTD Y Scale menu for details on setting
internal attenuation to prevent overloading the instrument.

Using Instrument Mode and Measurement Presets

To set your current measurement mode to a known factory default state, press Mode Preset. This initializes the
instrument by returning the mode setup and all of the measurement setups in the mode to the factory default

parameters.

To preset the parameters that are specific to an active, selected measurement, press Meas Setup, Meas Preset.
This returns all the measurement setup parameters to the factory defaults, but only for the currently selected

measurement.

The 3 Steps to Set Up and Make Measurements

All measurements can be set up using the following three steps. The sequence starts at the Mode level, is followed
by the Measurement level, then finally, the result displays may be adjusted.

Table 3-1. The 3 Steps to Set Up and Make a Measurement

Step

Action

Notes

1. Select and Set Up the
Mode

a. Press Mode

b. Press a mode key, like Spectrum
Analyzer, W-CDMA with
HSDPA/HSUPA, or GSM with
EDGE.

c. Press Mode Preset.

d. Press Mode Setup

All licensed, installed modes
available are shown under the Mode
key.

Using Mode Setup, make any
required adjustments to the mode
settings. These settings will apply to
all measurements in the mode.

2. Select and Set Up the
Measurement

a. Press Meas.

b. Select the specific measurement to
be performed (for example ACP or
Channel Power).

c. Press Meas Setup

The measurement begins as soon as
any required trigger conditions are
met. The resulting data is shown on
the display or is available for export.

Use Meas Setup to make any required
adjustment to the selected
measurement settings. The settings
only apply to this measurement.

Chapter
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Setting up and Making a Measurement

Table 3-1. The 3 Steps to Set Up and Make a Measurement

Step

Action

Notes

3. Select and Set Up a
View of the Results

Press View/Display. Select a display
format for the current measurement

data.

Depending on the mode and
measurement selected, other
graphical and tabular data
presentations may be available.
X-Scale and Y-Scale adjustments
may also be made now.

NOTE

A setting may be reset at any time, and will be in effect on the next measurement cycle or view.

Table 3-2. Main Keys and Functions for Making Measurements

Step Primary Key Setup Keys Related Keys
1. Select and set up a mode. Mode Mode Setup, System
FREQ Channel
2. Select and set up a measurement. Meas Meas Setup Sweep/Control,
Restart, Single, Cont
3. Select and set up a view of the View/Display SPAN X Scale, Peak Search,
results. AMPTD Y Scale Quick Save, Save,
Recall, File, Print

24
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NOTE

Configuring the
Measurement
System

Figure 3-1

Channel Power Measurements

Channel Power Measurements

This chapter explains how to make channel power measurements on OFDMA
Base Stations (BS) or Mobile Stations (MS). This test measures the total RF power
present in the selected channel BW. The results are shown in a graph window and
in a text window.

Because OFDMA is bursted, you must use the Gate function to obtain valid results
when measuring 802.16 OFDMA signals. See the measurement procedure for
details.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
analyzer. Connect the equipment as shown.

Channel Power Measurement System

SIGNAL GENERATOR CONTROLLER
Py N\ (
8 = 8888 ©
(=] a
g % Qgaea s
) I = 1 2 e )
\_4
10 MHz OUT RF OUTPUT
Frequency RF OUT
Reference
EXT REF IN DUT
o o o o o [
=] IEEEEES
= == EEEE
=5 508 o2
= @ EEE L Data/Test Interface )
Qloooooooooo @ ':“:'S
RF INPUT
MXA
Ba86wW

1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

5. Ifused, connect the external Gate trigger signal to a rear-panel connector like
External 1 or 2.
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

NOTE

Step 7.
Step 8.
Step 9.

Step 10.
Step 11.

Step 12.

Channel Power Measurements

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 2.5 GHz
Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas, Channel Power to initiate the channel power measurement.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

The next several steps will set the Gate function to make a Channel Power
measurement in the data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Press Gate View and toggle it to On.
Press Gate View Sweep Time and set it to 1 ms.

Press Gate Delay and set it to 110 us. This sets Gate Start to begin after the
Preamble.

Press Gate Length and set it to 110 us, about the length of an OFDMA symbol.

(Optional) Select your Gate Source trigger signal, if used. Instead of an external
signal, this measurement example uses the default gate source, the Periodic Timer
(Frame), which is set to a period of 5 ms, and synchronizes with the RF burst. If
you want to use another gate source, like an external trigger signal, you can select
the correct input, like External 1, under the Sweep/Control, Gate, More (1 of 2),
Gate Source menu. You will need to adjust the signal parameters under the same
menu.

Press Gate and toggle it to On.

The Channel Power measurement result should look like Figure 3-2. The graph
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Channel Power Measurements

window and the text window show the absolute power and its mean power spectral
density values over 20 MHz.

Figure 3-2 Channel Power Measurement Result - Gate View w/Gate in Data Burst

T Agilent B02.16 OFDMA - Channel Power,
N ALIGN OFF 02:48:46PM Aug 02, 2007

CH Freq: 2.500000000 GHz
Gate: LO Input: RF 5) Trig: Free Run Avg|Hold:>200/200 Profile:10 MHz
#IFGain:Low Atten: 10 dB (Elec 0) Radio Device: BS

Gate View Sweep Time 1.00 ms

Ref -10 dBm

Center 2.5 GHz Span 20 MHz
#Res BW 100 kHz VBW 1 MHz Sweep 24 ms

Channel Power Power Spectral Density

-24.34 dBm/ 10 MHz -94.34 dBm/Hz

NOTE The next several steps will set the Gate function to make a Channel Power
measurement in the Preamble of the signal. In this example, the gate will be set to
occur in the second data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Step 13. Press Gate View Sweep Time and set it to 8 ms.

Step 14. Press Gate Delay and set it to 5 ms.
This setting allows Gate Start to begin just before the Preamble of the second
burst, and avoids setting the Gate Start before the Max Fast limit in the first burst,
insuring an accurate measurement.

TIP For best results, always set Gate Delay to position Gate Start after the Max
Fast limit to allow the LO to “settle”.

Step 15. Press Gate Length and set it to 110 us, about the length of the OFDMA Preamble
(one symbol).

The Gate View result should look like Figure 3-4.
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Figure 3-3 Channel Power Measurement Result - Gate View w/Gate in Preamble of
Second Burst

Tl Agilent 802.16 OFDMA - Channel Power
NALIGN OFF 02:18:42PM Aug 02, 2007

CH Freq: 2.500000000 GHz
Tt Input: RF ) Trig: Free Run Avg|Held:>200/200 Profile:10 MHz
#IFGain:Low Atten: 10 dB (Elec 0) Radio Device: BS

10 dBidiv
L

#Res BW 100 kHz VBW 1 MHz

Channel Power Power Spectral Density

-22.31 dBm/ 10 MHz -92.31 dBm/Hz

Step 16. (Optional) Press View/Display, Bar Graph to display the Channel Power Bar Graph
view.

The Bar Graph view result should look like Figure 3-4.
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Figure 3-4 Channel Power Measurement Result - Bar Graph View (Default)

Tl Agilent 802.16 OFDMA - Channel Power

A

SENSE:INT [NALIGN OFF 02:19:12 PM Aug 02, 2007

o
#IFGain:Low

Gate: LO Input: RF

Ref -10 dBm

Center 2.5 GHz
#Res BW 100 kHz

Channel Power

-22.31 dBm/ 10 MHz

CHFreq: 2.5I00000000 GHz
Trig: Free Run Avg|Hold:>200/200 Profile:10 MHz
Atten: 10 dB (Elec 0) Radioc Device: BS

Gate View Sweep Time 8.00 ms

dBm

Span 20 MHz
VBW 1 MHz Sweep 2.4 ms

Power Spectral Density

-92.31 dBm/Hz

Step 17. (Optional) Press Meas Setup to see the keys that are available to change
measurement parameters from their default condition. For instance, you can
change the Integration BW from the default 10 MHz by pressing the Integ BW key.

If you have a problem, and get an error message, see the “Error Messages Guide”.

For more information on Time Gating see “Making Time-Gated Measurements”
on page 81.

Chapter
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Adjacent Channel Power Ratio Measurements

Adjacent Channel Power Ratio Measurements

This chapter explains how to make Adjacent Channel Leakage Power Ratio
(ACLR or ACPR) measurements on 802.16 OFDMA Base Stations (BS) or
Mobile Stations (MS). ACPR is a measurement of the amount of interference, or
power, in an adjacent frequency channel. The results are shown as a bar graph or as
spectrum data, with measurement data at specified offsets.

NOTE

Figure 3-5

Because OFDMA is bursted, you must use the Gate function to obtain valid results
when measuring 802.16 OFDMA signals. See the measurement procedure for
details.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the

analyzer. Connect the equipment as shown.

Channel Power Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

5. Ifused, connect the external Gate trigger signal to a rear-panel connector like
External 1 or 2.
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Step 1.

Step 2.
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Adjacent Channel Power Ratio Measurements

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is a Downlink (TDD) example, with 1 DL PUSC
Zone, and 2 bursts.

Frequency: 2.5 GHz
Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas, ACP to initiate the adjacent channel leakage power ratio measurement.
A Spectrum display is shown, with white vertical lines to indicate the various
offset settings, and a measurement summary below.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.
The next several steps will set the Gate function to make an Adjacent Channel

Power measurement in the data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Press Gate View and toggle it to On.
Press Gate View Sweep Time and set it to 1 ms.

Press Gate Delay and set it to 110 us. This sets Gate Start to begin after the
Preamble.

For best results, always set Gate Delay to position Gate Start after Max Fast
to allow the LO to “settle”.

Press Gate Length and set it to 110 us, about the length of an OFDMA symbol.

(Optional) Select your Gate Source trigger signal, if used. Instead of an external
signal, this measurement example uses the default gate source, the Periodic Timer
(Frame), which is set to a period of 5 ms, and synchronizes with the RF burst. If
you want to use another gate source, like an external trigger signal, you can select
the correct input, like External 1, under the Sweep/Control, Gate, More (1 of 2),
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Figure 3-6

Step 12.

Step 13.

Adjacent Channel Power Ratio Measurements

Gate Source menu. You will need to adjust the signal parameters under the same
menu.

Press Gate and toggle Gate to On.

The Gate View of the ACP measurement result should look like

Figure 3-6. A time domain waveform graph showing the Gate settings, and a
spectrum graph (referenced to the total power) and a text window are displayed.
The text window shows the absolute total power reference, while the lower and
upper offset channel power levels are displayed in both absolute and relative
readings.

Measurement Result - Gate View (Bar Graph)

o Agilent B0Z.16 OFDMA - ACP
| e o | I | ; A4 2LIGN OFF 02:50:12 PM Aug 02, 2007

Center Freq 2.500000000 GHz CH Freq: 2.500000000 GHz
Gate: LO  Input RF ) Trig:Free Run Avg[Hold:>10/10 Profile:10 MHz

IFGain:Low el Atten: 10 dB (Elec 0) Radio Device: BS

Gate' View Sweep Time 1.00 ms

Ref_-10 dBm

Center 2.5 GHz ' ' ~ Span 50 MHz
#Res BW 100 kHz #VBW 1 MHz Sweep 6ms

Total Carrier Power dBm/ : ACP-IBW RRC Filter : Off
Lower Upper
Carrier Power Offset Freq Integ BW dBc  dBm dBc  dBm
10.00 MHz 1000 MHz -4647 -71.27 -4577 -70.5F
20.00MHz 1000 MHz -46.70 -7150 -46.09 -709

(Optional) Press Meas Setup, Noise Correction, and toggle the key to On. Noise
Correction can reduce the noise contribution of the analyzer to the measurement
results as much as 10 dB. The correction will be valid for only the current
measurement parameters.

CAUTION

To correctly use the Noise Correction feature, you MUST re-calibrate the
correction (set to Off, then On) after ANY measurement parameters are changed.
Failure to re-calibrate the Noise Correction will provide invalid data. When Noise
Correction is On, the screen annotation NCORR is shown below the Input.
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Step 14.

TIP

Step 15.
Step 16.

Adjacent Channel Power Ratio Measurements

(Optional) Press AMPTD and adjust the Attenuation to 0 dB to allow greater
dynamic range for this level of input signal.

For the most accurate ACP measurement results, you maybe able to optimize the
level of the signal measured by the analyzer. Adjust the input attenuation using the
Up/Down keys, while watching the ACP levels shown at the offsets to see if the
measurement results improve with another setting.

(Optional) Press View/Display, Bar Graph and toggle the setting to Off, if desired.

(Optional) Press Meas Setup to see the keys that are available to change the
measurement parameters from the default condition, including Limits.

If you have a problem, and get an error message, see the “Error Messages Guide”.

For more information on Time Gating see “Making Time-Gated Measurements”
on page 81.
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NOTE

Figure 3-7

Spectrum Emission Mask Measurements

Spectrum Emission Mask Measurements

This chapter explains how to make spectrum emission mask (SEM) measurements
on 802.16 OFDMA Base Stations (BS) or Mobile Stations (MS). SEM compares
the total power level within the defined carrier bandwidth and the given offset
channels on both sides of the carrier frequency, to levels allowed by the standard.
Results of the measurement of each offset segment can be viewed separately.

Because OFDMA is bursted, you must use the Gate function to obtain valid results
when measuring 802.16 OFDMA signals. See the measurement procedure for
details.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the

analyzer. Connect the equipment as shown.

Spectrum Emission Mask Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

5. Ifused, connect the external Gate trigger signal to a rear-panel connector like
External 1 or 2.
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Spectrum Emission Mask Measurements

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example from the N7615B
OFDMA Help Tutorial: 1 DL PUSC Zone, 2 bursts.

Frequency: 2.5 GHz
Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas, Spectrum Emission Mask to initiate the spectrum emission mask
measurement.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

The next several steps will set the Gate function to make a Spectrum Emission
Mask measurement in the data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Press Gate View and toggle it to On.
Press Gate View Sweep Time and set it to 1 ms.

Press Gate Delay and set it to 110 us. This sets Gate Start to begin after the
Preamble.

For best results, always set Gate Delay to position Gate Start after Max Fast
to allow the LO to “settle”.

Press Gate Length and set it to 110 us, about the length of an OFDMA symbol.

(Optional) Select your Gate Source trigger signal, if used. Instead of an external
signal, this measurement example uses the default gate source, the Periodic Timer
(Frame), which is set to a period of 5 ms, and synchronizes with the RF burst. If
you want to use another gate source, like an external trigger signal, you can select
the correct input, like External 1, under the Sweep/Control, Gate, More (1 of 2),
Gate Source menu. You will need to adjust the signal parameters under the same
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Spectrum Emission Mask Measurements

menu.
Step 12. Press Gate and toggle Gate to On.

The Spectrum Emission Mask default measurement result should look like Figure
3-8. It is based on a Total Power measurement with an Absolute Power reference.
The text window shows the reference total power and the absolute peak power
levels which correspond to the frequency bands on both sides of the reference
channel.

Figure 3-8 Spectrum Emission Mask (Total Pwr) Measurement Result - Relative Pwr Ref
View

T Agilent B02.16 OFDMA - Spectrum Emission Mask

i el e 00 I | 7 NALIGN OFF  02:54:17 PM Aug 02, 2007

Center Freq 2.500000000 GHz CH Freq: 2.500000000 GH2
Trig: Free Run Profile:10 MHz

i
IFGain:Low ™ Atten: 10 dB (Elec 0} Radio Device: BS

Gate: LO Input: RF

Gate View Sweep Time 1.00 ms

Center 2.5 GHz

The Relative Pwr Ref result for an SEM measurement should look like Figure 3-9.
The text window shows the reference total power and the relative power levels in
dB which correspond to the frequency bands on both sides of the reference
channel.
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Figure 3-9

Spectrum Emission Mask Measurements

Step 13. Press View/Trace and select Abs Pwr Freq to display the Relative Power reference
view for the spectrum emission mask measurement.

Spectrum Emission Mask (Total Pwr) Measurement Result - Abs Pwr Ref

View

o Agilent B02.16 OFDMA - Spectrum Emission Mask
B e
Center Freq 2.500000000 GHz

Gate: LO

Input: RF

IFGain:Low

M\ ALIGH OFF

02:54:34 PM Aug 02, 2007

CHFreq: 2.560000000 GHz

) Trig: Free Run
Atten: 10 dB (Elec 0)

Profile:10 MHz
Radio Device: BS

Center 2.5 GHz

Gate View Sweep Time 1.00 ms

Spectrum Peak Ref
Lirr 1 Freg(Hz)
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Figure 3-10

Step 14.

Step 15.

Step 16.

Spectrum Emission Mask Measurements

Press View/Trace and select Integrated Power to display the Integrated Power view
for the spectrum emission mask measurement.

Spectrum Emission Mask (Total Pwr) Measurement Result - Integrated
Power View

T Agilent B0O2.16 OFDMA - Spectrum Emission Mask

R R ] 7 AAUIGH OFF  02:55:01PM Aug 02, 2007
Center Freq 2.500000000 GHz CH Freq: 2.500000000 GHz

Gate: LO Input: RF i Trig: Free Run Profile:10 MHz
IFGain:Low Atten: 10 dB (Elec 0) Radio Device: BS

Gate View Sweep Time 1.00 ms

Center 2.5 GHz Span 29.5 MHz

The Spectrum Emission Mask Integrated Power measurement result should look
like Figure 3-10. The text window shows the reference total power and the
integrated power levels which correspond to the frequency bands on both sides of
the reference channel.

Press the AMPLITUDE Y Scale, and up or down arrow keys to a just the Ref Value
until the spectrum trace is shown at a convenient scale for viewing.

To change other measurement parameters, press Meas Setup. For example, you can
change the Meas Type to PSD Ref:

Press Meas Setup, Meas Type, and select PSD Ref to display the Integrated Power
view for the spectrum emission mask measurement with a PSD reference. The
PSD reference is shown below the spectrum graph in dBm/Hz.

If you have a problem, and get an error message, see the “Error Messages Guide”.

For more information on Time Gating see “Making Time-Gated Measurements”
on page 81.
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Troubleshooting Hints

This spectrum emission mask measurement can reveal degraded or defective parts
in the transmitter section of the unit under test (UUT). The following examples are
those areas to be checked further.

* Faulty DC power supply control of the transmitter power amplifier.
* RF power controller of the pre-power amplifier stage.
* 1/Q control of the baseband stage.

* Some degradation in the gain and output power level of the amplifier due to the
degraded gain control or increased distortion, or both.

* Some degradation of the amplifier linearity or other performance
characteristics.

Power amplifiers are one of the final stage elements of a transmitter and are a
critical part of meeting the important power and spectral efficiency specifications.
Since spectrum emission mask measures the spectral response of the amplifier to a
complex wideband signal, it is a key measurement linking amplifier linearity and
other performance characteristics to the stringent system specifications.
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Figure 3-11

Spurious Emissions Measurement

Spurious Emissions Measurement

This section explains how to make Spurious Emission Measurements on a 802.16
OFDMA Base Station (BS) or Mobile Stations (MS). Spurious Emission (Spur)
measurements identify and determine the power level of spurious emissions
(spurs) in certain frequency bands.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
instrument. Connect the equipment as shown.

Spectrum Emission Mask Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 2.5 GHz
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Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

Spurious Emissions Measurement

Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.
Press Input/Output, RF Input, RF Coupling to toggle the RF Coupling to DC.

Press Meas, Spurious Emission to initiate the Spurious Emissions measurement.
Press More, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

Depending on the current settings, the instrument will begin making the spur
measurement. The resulting data is shown on the display or available for export.

A successful Spurious Emissions measurement result should look like Figure 3-12.
The spectrum window and the text window show the spurs that are within the
current value of the Marker Peak Excursion setting of the absolute limit. Any spur
that has failed the absolute limit will have an ‘F’ beside it.
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Figure 3-12 Spurious Emissions Measurement - Default Result

x a0 AL | SEMSE:EXT ALIGN AUTO |08:59:57 PM Apr 23, 2007
CH Freq: 2.500000000 GHz
Input: RF —w»- Trig:Free Run Profile:10 MH=z
IFGain:Low #Atten: 0 dB (Elec 0) Radio Device: BS

Mkr1 1.9497 GHz

Start 1.92 GHz

Range Frequency Amplitude

1.950 GHz -84.09 dBm -50.00 dBm
1.938 GHz -85.42 dBm -50.00 dBm
1.956 GHz -86.13 dBm -50.00 dBm
1.931 GHz -86.32 dBm -50.00 dBm
1.896 GHz -89.56 dBm -50.00 dBm

Step 7. The Spur measurement begins using the Examine measurement type, displaying
only Range 1 results. A marker is shown at the peak result. To view other ranges
press Meas Setup, Range Table, Range, and enter the number of the Range to
display, then press Enter. The Range Table View also allows you to access the
menus allowing you to set the range parameters for the Spurious Emissions
measurement.
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Figure 3-13

Spurious Emissions Measurement

The first Range Table menu should look like Figure 3-13. The parameters you can
set include turning individual Ranges On and Off, Start and Stop frequencies, Res
and Video BW, and Filter Type. The text window below the Spectrum display and
the keys both show the parameter settings available in this menu.

Spurious Emissions Measurement - Range Table View 1

S0Q AC | SEMSEEXT| | ALIGNAUTO | 09:00:26 PM Apr 23, 2007
CH Freq: 2.500000000 GHz

Range Table

Input: RF —— Trig: Free Run Profile:10 MHz
IFGain:Low #Atten: 0 dB (Elec 0) Radio Device:BS Range
Mkr1 1.9497 GHZJi on
-86.18 dBm
bog T T T T T T T T T ]

. " ° ;@@ [ ] StartFreq
1.920000000 GHz
G|
StopFreq
1.980000000 GHz
e e
Stop 1.98 GHz Res BW
1.2000 MHz
Auto Man
Range  StartFreq Stop Freq  Res BW Video BW Filter Type e
1 1.920 GHz 1.980 GHz  1.200 MHz 120.0 kHz Gaussian Video BW
2 1.894 GHz 1920 GHz  510.0 kHz 51.00 kHz Gaussian 120.00 kHz
3 2.100 GHz 2102 GHz  100.0 kHz 10.00 kHz Gaussian S Man
4 2.175 GHz 2180 GHz  1000kHz  10.00 kHz Gaussian [l | —
5 800.0 MHz 1.000 GHz  4.000 MHz  390.0 kHz Gaussian Filter Type,

8 ) Gaussian

7

8 [
!1’ More
1 10f3
e s

Step 8. Press More, 1 of 3 to access more menus allowing you to set the range parameters

for the Spurious Emissions measurement.

The second Range Table menu should look like Figure 3-14. The parameters you
can set include Abs Start and Stop Limits, Peak Excursion and Peak Threshold.
The text window below the Spectrum display and the keys both show the
parameter settings available in this menu.
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Figure 3-14

Step 9.

Spurious Emissions Measurement

Spurious Emissions Measurement - Range Table View 2

Input: RF ™ Trig: Free Run Profile:10 MHz
IFGain:Low #Atten: 0 dB (Elec 0) Radioc Device: BS

Stop 1.98 GHz

Start Limit  Stop Limit Pk Thrshold

-50.00 dBm -50.00 dBm -90.00 dBm
-50.00 dBm -50.00 dBm -90.00 dBm
-50.00 dBm -50.00 dBm -90.00 dBm
-50.00 dBm -50.00 dBm -90.00 dBm
-50.00 dBm -50.00 dBm -90.00 dBm

S aoe~NadghLN =

Press More, 2 of 3 to access more menus allowing you to set the range parameters
for the Spurious Emissions measurement.

The third Range Table menu should look like Figure 3-15. The parameters you can
set include Range On/Off by number, settings for Detectors 1 and 2, and Sweep
Time and number of Points in the sweep. The Spectrum display and the keys both
show the parameter settings available in this menu.
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Figure 3-15

Spurious Emissions Measurement

Spurious Emissions Measurement - Range Table View 3

Range

S 20NN PRWN =

50 @

Input: RF

IFGain:Low

AC

| SERMSE:EXT|

ALIGN AUTO |09:01:01 PM Apr 23, 2007

==

CH Freq: 2.500000000 GHz

Trig: Free Run
#Atten: 0 dB (Elec 0)

Profile:10 MHz
Radio Device: BS

Detector1

Detector2

Sweep Time

1.000 ms
1.000 ms
1.000 ms
1.000 ms
1.000 ms

Mkr1 1.9497 GHz
-86.18 dBm

Range Table

Range
1

On off

Detector 1
Peak

Detector 2 >
Off

Sweep Time
1.00 ms

Auto Man

IF Gain
Low Gain @
Man

Step 10. Press IF Gain to optimize the measurement for your signal level. If you have a very
high or low level signal, selecting Low Gain or High Gain can improve your
accuracy. The default is Auto.

Step 11. Press Meas, Setup, Meas Type, Full to view the entire range of frequencies set for
all Ranges in the spurious emission measurement.

If you have a problem, and get an error message, see the “Error Messages Guide”.
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NOTE

Figure 3-16

Occupied Bandwidth Measurements

Occupied Bandwidth Measurements

This chapter explains how to make Occupied Bandwidth measurements on 802.16
OFDMA Base Stations (BS) or Mobile Stations (MS). The instrument measures
power across the band, and then calculates its 99.0% power bandwidth.

Because OFDMA is bursted, you must use the Gate function to obtain valid results
when measuring 802.16 OFDMA signals. See the measurement procedure for
details.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the

instrument. Connect the equipment as shown.

Occupied Bandwidth Measurement System

SIGNAL GENERATOR CONTROLLER
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[o] =] [=]
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\_4
10 MHz OUT RF OUTPUT
Frequency RF OUT
Reference
EXT REF IN DUT
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=] IEEEEES
= == EEEE
== o=l
= @ EEE L Data/Test Interface )
Qloooooooooo @ ':“:'S
RF INPUT
MXA
Ba86wW

1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

5. Ifused, connect the external Gate trigger signal to a rear-panel connector like
External 1 or 2.
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

NOTE
Step 7.
Step 8.
Step 9.
TIP

Step 10.
Step 11.

Occupied Bandwidth Measurements

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 2.5 GHz
Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas, Occupied BW to initiate the occupied bandwidth measurement.
Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

The next several steps will set the Gate function to make a Channel Power
measurement in the data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Press Gate View and toggle it to On.
Press Gate View Sweep Time and set it to 1 ms.

Press Gate Delay and set it to 110 us. This sets Gate Start to begin after the
Preamble.

For best results, always set Gate Delay to position Gate Start after Max Fast
to allow the LO to “settle”.

Press Gate Length and set it to 110 us, about the length of an OFDMA symbol.

(Optional) Select your Gate Source trigger signal, if used. Instead of an external
signal, this measurement example uses the default gate source, the Periodic Timer
(Frame), which is set to a period of 5 ms, and synchronizes with the RF burst. If
you want to use another gate source, like an external trigger signal, you can select
the correct input, like External 1, under the Sweep/Control, Gate, More (1 of 2),
Gate Source menu. You will need to adjust the signal parameters under the same
menu.
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Step 12. Press Gate and toggle it to On.

The Occupied BW measurement result should look like the Figure 3-17.

Figure 3-17 Occupied Bandwidth Measurement - Gate View Result

Tl Agilent B02.16 OFDMA - Occupied BW.

B g AC SERSEINT| A\ BLIGN OFF 02:57:20PM Aug 02, 2007

Center Freq 2.500000000 GHz CH Freq: 2.500000000 GHz
— " Trig:Free Run Avg|Hold:>10/M0 Profile:10 MHz

HIFGain:Low i Atten: 10 dB (Elec 0) Radioc Device: BS

Gate: LO Input: RF

Gate View Sweep Time 1.00 ms

Ref -20 dBm

Center 2.5 GHz Span 20 MHz
#Res BW 100 kHz VBW 1 NMHz Sweep 2.4 ms

QOccupied Bandwidth Total Power -24.38 dBm
9.1170 MHz

Transmit Freq Error  51.1301 kHz Occ BW % Pwr 99,00 %

x dB Bandwidth 9.482 MHz* x dB -26.00 dB

Step 13. Press Meas Setup, IF Gain to optimize the measurement for your signal level. If
you have a very high or low level signal, selecting Low Gain or High Gain can
improve your accuracy. The default is Auto.

Step 14. Press Meas Setup, Occ BW % Pwr to change the value of the BW % to another
value to suit your test. The default is 99%.

If you have a problem, and get an error message, see the “Error Messages Guide”.

For more information on Time Gating see “Making Time-Gated Measurements”
on page 81.

Troubleshooting Hints

Any distortion such as harmonics or intermodulation, for example, produces
undesirable power outside the specified bandwidth.

Shoulders on either side of the spectrum shape indicate spectral regrowth and
intermodulation. Rounding or sloping of the top shape can indicate filter shape
problems.
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Figure 3-18

Power vs. Time Measurements

Power vs. Time Measurements

This section explains how to make Power vs. Time (PvT) measurements of 802.16
OFDMA Base Stations (BS) or Mobile Stations (MS). Measurement and display of
the modulation envelope in the time domain shows the separate rise and fall times
of the various bursts in an 802.16 OFDMA signal.

Configuring the Measurement System

The Base Station (DUT) under test has to be set to transmit the RF power remotely
through the system controller. This transmitting signal is connected to the
instruments RF input port. Connect the equipment as shown. An interfering or
adjacent signal may supplied as shown.

Waveform Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
of the DUT to the RF input of the instrument.

2. Connect the base transmission station simulator or signal generator to the DUT
through a circulator to initiate a link constructed with sync and pilot channels,
if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the instrument.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

5. Connect an external trigger, if needed. Press Mode Setup, Trigger to access a
menu to set up inputs and levels for all triggers. You must then select the
appropriate trigger under the Meas Setup, Trigger menu to direct the
measurement to use your trigger settings.
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.
Step 7.

Step 8.

Power vs. Time Measurements

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 2.5 GHz
Output Power:  —15 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press the SPAN key, enter a numerical span using the front-panel keypad, and press
the MHz key to set the measurement span in MHz.

Press Meas, Pwr vs Time to initiate the Power vs. Time measurement.

Press Meas Preset to preset the measurement. This will return the measurement
settings to a known state for only this measurement.

The Power vs. Time measurement result should look like Figure 3-19.
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Figure 3-19

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.

Power vs. Time Measurements

Power vs. Time Measurement Result - RF Envelope View

500 A [ SEMSEEAT] I ALIGNAUTO  [09:12:43 PM Apr 23, 2007

Center Freq 2.500000000 GHz CH Freq: 2500000000 GHz
Input: RF G0 Trig: RF Burst Profile:10 MHz

IFGain:Low Atten: 10 dB (Elec 0) Radio Device: BS

Wi
il

Info Bw 25.00 MHz FlatTop 2000 Samples

Power Ref: D BurstLength:  0.309633 ms 1st Error Point:
Region g [ tlin Pl Afrom Upper Limit A fre

dB

The graph window shows the time domain view and the text window shows the
power values across all regions. If the number of regions are greater than the
display area under the spectrum display, you can move the slider with a PC mouse
to see the entire table. If you don’t have a PC mouse, you can press the “next
window” key to move the focus to the data summary area, then press the “zoom”
key to expand the table view.

Because OFDMA is a bursted signal, to stabilize the measurement you may have
to use triggering. Press Trigger then choose a trigger mode, like RF Burst
(Wideband). In the trigger mode you can also set the delay, peak level and positive
or negative edge slope trigger. For more information on trigger settings see the
Trigger section.

Press the AMPLITUDE Y Scale, and down arrow keys until the waveforms are
shown at a convenient voltage scale for viewing.

Press the SPAN X Scale, and down arrow keys until the waveforms are shown at a
convenient time scale for viewing.

Press the Marker key to activate a marker. Rotate the knob until the marker is
shown at a desired time in the waveform for viewing the trace values at the time
position of the marker.

Press the Meas Setup keys to check the keys available to change the measurement
parameters from the default condition. You can change the Capture Length as well
as adjust Regions/Limits as necessary.
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Configuring the
Measurement
System

Figure 3-20

Modulation Analysis Measurements

Modulation Analysis Measurements

This section explains how to make Modulation Analysis measurements on 802.16
OFDMA Base Stations (BS) or Mobile Stations (MS). Modulation analysis
provides all the parameters necessary to determine the quality of modulation of an
802.16 OFDMA signal.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
analyzer. Connect the equipment as shown.

Channel Power Measurement System
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio, and generated using an Agilent MXG. The specific signal used is a
Downlink (TDD) having 1 DL PUSC Zone with 8 bursts, each having a different
modulation type. This allows the greatest range of the measurement to be shown.

Frequency: 2.5 GHz
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Step 1.

Step 2.

Step 3.

Step 4.

Step S.
Step 6.

Step 7.

Step 8.

Modulation Analysis Measurements

Output Power:  —15 dBm (at Signal Generator output)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press the Meas, More, Modulation Analysis keys to enable the Modulation Analysis
measurement.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

If the OFDMA signal you wish to analyze has more than 1 burst, you must Recall a
Zone Map to set up the Modulation Analysis measurement. This can be a Zone
Map you have saved from an earlier measurement, or you can make a new Custom
Zone Map by importing a Signal Studio OFDMA setup file. To make a new Zone
Map:

1. Use Agilent Signal Studio to create a new Custom Zone Map. You can
download the Agilent N7615B OFDMA Signal Studio program here:
http://www.agilent.com/find/signalstudio and select N7615A.

2. Install the N7615B OFDMA Signal Studio program and create the OFDMA
signal. You can use Signal Studio to view the Zone Map.

3. Save the Signal Studio setup file using “Save As” with a .SCP extension
(Settings file) to a convenient directory.

4. Copy the .SCP setup file to the analyzer. You can use LAN or the USB port.
The suggested location for Zone Map files is:
D:\Desktop\My Documents\WiMAXOFDMA.

5. Press Recall, Data, Open and the instrument will open a Windows Explorer
window. Browse to the WIMAXOFDMA directory and select the .SCP file you
copied there.

6. If the .SCP file is valid, the measurement should restart using the imported
settings.

If you have recalled a Zone Map or Signal Studio setup file, you need to make sure
that Mode-level settings agree with those of the recalled signal.

1. Press Preset Profile and select the BW used for your signal.

2. Make sure that the settings for FFT Size, BW Ratio, Guard Interval, Frame
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Figure 3-21

Modulation Analysis Measurements

Duration and Downlink Ratio agree with your signal:

Press Mode Setup, Radio Std, and select either 802.16e-2005 or WiBro. Using the
keys provided, set the values for FFT Size, BW Ratio, Guard Interval, Frame
Duration and Downlink Ratio. These settings will be in effect for all
measurements in the mode.

Step 9. The Modulation Analysis default measurement result should look like Figure 3-21.
For the OFDMA example signal, the Polar Vector view graph shows the ideal
constellation states for all the modulation types contained in the signal, including
BPSK, QPSK, QAM16 and QAM64. The data summary on the left side shows
RCE (EVM) and Pilot RCE results, and various error measurement results.

Modulation Analysis Measurement Result - IQ Measured Polar Constin

(Default) View
| | [ SENSEEXT ALIGNAUTO  [08/31:07 PM Aug (3, 2007
Mech Atten 6 dB CH Freq: 2.500000000 GHz
Input: RF Gy Trig:FreeRun Avg|Hold: 720 Profile:10 MHz
IFGain:Low #Atten: 6 dB Radio Device: BS

Non Avg/Pk Results
RCE (EVM):

4331dB  0.68 % rms
247 % pk

I'Q Measured Polar Vector

-4648dB 047 %
RSS5I:

-16.42 dBm

Frequency Error:

-150 mHz

The ideal constellation states are shown as circles, while the measured state traces
are colored to correspond to modulation type. See Table 3-3 on page 58. BPSK
traces (the 2 states on the outer right and left edges of the constellation) are colored
white, QPSK states are colored purple, QAMI16 states are green, and QAM64 are
blue
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Figure 3-22

Modulation Analysis Measurements

Table 3-3

IQ Measured Polar Constln State Trace Colors

Modulation Type Trace Color
BPSK White
QPSK Purple
QAMI16 Green
QAMO64 Blue

Step 10. Press View/Display, Zone & Data Burst Info to display a tri-pane view of the Zone
Burst graph window, the Zone List summary, and the Burst List summary result
window as in Figure 3-22. This is the information that was recalled in the Zone
Map, or Signal Studio setup file, displayed with the measured results for EVM (in
%) and RCE (in dB) by burst.

Modulation Accuracy Measurement Result - Zone & Data Burst Info View

Input: RF

[ SENSEEAT] [ ALIGN

AUTO

[02:31:17 PM Aug 03, 2007

CH Freq: 2.500000000 GHz

=) Trig: Free Run
IFGain:Low #Atten: 6 dB

Avg|Hold: 15/20

Profile:10 MHz

Radic Device: BS

Data Burst Map: Zone #1 PUSC

Syrnbol |

Data Burst List:

28

1

Symbol

Status: PRBS=0b00011111, ID Cell=0, Seg=0

Eurst ID | Burst Type | Mod Type | Boost | Chan Offs | Chan Intyl | Symb Offs | Symb Intyl | RCE(dB) | EVM{%)
#1 <FCH= GPSK 000 0 4 0 2 -42.4 076 F
"2 <DLMAP=  QPSK 000.. 4 0 0 52 -436 066 P

W 3 <ULMAP= QPSK 000.. 0 16 2 2 -430 070 P
#4 Burst#l QPSK 0.00 16 14 2 8 -437 165 F
fois] Burst2 GPSK 000 0 16 4 4 428 072 F
fais] Burst#3 QAaM16 000 0O 6 8 4 -43.0 07 P
#7 Burstid QAaM16 000 0O 16 12 4 -430 071 F
#3 Burstdh QAMB4 Q00 0 16 16 4 -429 072 P
Ha Burstht QAME4 000 0 16 20 4 -4349 0.64 F

W10 Burst#/ QOFSK 000.. 16 7 10 10 -435 067 P
#11 Bursths QAMIG 000, 23 7 10 16 -44.4 .60 F

The Zone map is displayed using color codes to indicate the different bursts. The
burst numbers are assigned in order of ascending Logical Subchannel number,
beginning at the top-left of the zone (subchannel number 1 at the top, and larger
numbers on the Y-axis below). The numbering continues first filling down, then to
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the right. The Bursts are color-coded to indicate Burst Number as follows:

Table 3-4

Step 11. Press View/Display, Symbol Error (Quad View) to display a 4-pane view of the

Zone Map Burst Color Codes

Modulation Analysis Measurements

Burst ID Burst Type Color Code
1 <FCH> Cyan
2 <DL MAC> Violet
3 <UL MAC> Blue
4 Burst 1 Aqua
5 Burst 2 Orange
6 Burst 3 Red
7 Burst 4 Purple
8 Burst 5 Dark Blue
9 Burst 6 Light Green
10 Burst 7 Dark Green
11 Burst 8 Light Blue

Symbol Error vs. Subcarrier (top left), the Symbol Error vs. Symbol (top right), the

I/Q Measured Polar Vector graph window (bottom left) and the Data Burst Map

graph window. See Figure 3-23.
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Figure 3-23 Modulation Accuracy Measurement Result - Symbol Error (Quad View)

S0Q B [ SEMSE:EXT] I ALIGNAUTO  I8:31:28PM Aug03, 2007
CH Freq: 2.500000000 GHz

Input: RF 58] Trig: Free Run Avg|Hold: 2120 Profile:10 MHz
IEGain:Low #Atten: 6 dB Radio Device: BS

Symbo -

Data Burst Map: Zone #1 PUSC

1 Symbol

/@ Measured Polar Vector
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Status: PRES=0b00011111, ID Cell=0, Seg=0
The color codes assigned for the Burst Map are also used in the other windows to
see the correlation between the bursts, subcarriers, and symbols.

Step 12. Press View/Display, Symbol Power (Quad View) to display a 4-pane view of the
Symbol Power vs. Subcarrier (top left), the Symbol Power vs. Symbol (top right),
the I/Q Measured Polar Vector graph window (bottom left) and the Data Burst Map
graph window. See Figure 3-24.

The color codes assigned for the Burst Map are also used in the other windows to
see the correlation between the bursts, subcarriers, and symbols.
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Figure 3-24

Modulation Analysis Measurements

Modulation Analysis Measurement Result - Symbol Power (Quad View)

[ SENSEEXT] [ ALIGNAUTO  [08:32:35PM Aug 03, 2007

Y Ref -44.

00 dBm

Input: RF

Trig

[
IFGain:Low

YRef -44 dBm

-lll‘

Sub Carrier

L E G H R
420

CH Fregq: 2.500000000 GHz

™ #Atten: 6 dB

Profile:10 MHz
Radio Device: BS

:Free Run Avg|Hold: 1720

Ref -44 dBm

Symbol

Data Burst Map: Zone #1 PUSC

1 Symbol

Status: PRBS=0b00011111, ID Cell=0, Seg=0

Step 13. Press View/Display, Peak/Avg Metrics to display the Modulation Analysis summary

result window. See Figure 3-25.
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Figure 3-25

Step 14. Press View/Display, Spectral Flatness to display a combination view of the

Modulation Analysis Measurements

Modulation Analysis Measurement - Peak/Avg Metrics View

S0 Q

Y Ref -44.00 dBm

AC

| SEMSEEXT|

ALTGN AUTO

[02:32:44 PM Aug D3, 2007

Input: RF

IFGain:Low

Peak/Average Metrics

RMS RCE (EVM):

Peak RCE (EVM):
(Pilot )

RCE - Pilot:

RCE - Unmod:

RCE - Preambile:

Freq Error:

Preamble Power (RSSI)
Preamble PCINR Rf1:
R3:

FFT Total Power:
Symbol Clock Err:
Sync Correlation:
Time Offset:

liG Offset:

Abs Flatness (Max):
{Min):
Diff Flathess (Max):
{Min):

Average
43.44 dB 0.67 %
3280dB  229%

-46.60 dB
£56.66 dB
-44.77 dB
-145.37 mHz

047 %
0.16 %
0.68 %

-16.40 dBm
41.41 dB
41.88 dB

-20.46 dBm
0.010 ppm
0.9475
283 ms
-40.82 dB

CH Freq: 2.500000000 GHz
Trig: Free Run

HAtten: 6 dB

Peak Hold
-43.37 dB
31.75dB

at S
-46.54 dB
£553 dB
4451 dB

238.67 mHz

-16.40 dBm
41.56 dB
41.95 dB

<20 dBm
0.011 ppm
0.9809
4.91 ms
-40.61 dB

@Subcarrier:
@Subcarrier:
{E@Subcarrier:
@Subcarrier:

Avg|Hold: 7120

0.68 %
259 %

Std Dev

86.72 dBm
385 dB
£.76 dB

Profile:10 MHz
Radio Device: BS

Absolute Flatness and Differential Flatness windows. In the data summary below
the graphs, the Abs. Max, Abs. Min, Differential Max and Min values are shown.

See Figure 3-26.
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In this example the Differential Flatness result has failed due to an over-limit
condition at subcarrier -122, visible as the spike above the limit line, to left
(negative) of 0 at the center of the lower graph.

Figure 3-26 Modulation Analysis Measurement Result - Spectral Flatness View

50 & AC | EEESERISEIESN| ALIGH AUTO D8:32:S3 PM &ug 03, 2007
CH Freq: 2.500000000 GHz
Input: RF ) Trig: Free Run Avg|Hold: 15/20 Profile:10 MHz
IFGain:Low #Atten: 6 dB Radio Device: BS

1/Q DC Offset (Subcarrier 0) Abs Flatness
-40.82dB P

mit P

Step 15. Press View/Display, Power vs. Time & Spectrum to display a combination view of
the Power vs. Time and Spectrum graph windows. The upper window is a
time-domain graph of the entire Zone data, which supports the use of markers. The
vertical red lines indicate the start and stop time of the bursts defined in the Zone
Map. While the green border indicates the focus is on this display the Span X Scale
key can be used to view individual bursts in the Zone. See Figure 3-27.

The lower window is a frequency domain display of the entire signal bandwidth as
set under the Mode Setup preset. While the green border indicates the focus is on
this display the Span X Scale key can be used to view individual subcarriers in the
Zone.
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Figure 3-27 Modulation Analysis Measurement Result - Power vs. Time and Spectrum
View

A [ SEMSEEXT] I ALGHAUTO  D2:33:00PM Aug 03, 2007
CH Freq: 2.500000000 GHz
Input: RF C, Trig:FreeRun Avg[Hold: 3720 Profile:10 MHz
IFGain:Low HAtten: 6 dB Radio Device: BS

10 dB/div Ref 0 dBm

1 |

.mmm w.ilmlmmmuhnm b o Ll
I B L
_I-I .
Center 2.5 GHz Span 10 M
Channel Power: -20.46 dBm OBW: 9.11 MHz

Step 16. Press Meas Setup, More, Burst Analysis, and select Single Burst. Using Single Bust
analysis you can confine the measurement to a single burst within the Zone Map
that is currently active. This especially helpful for a complicated signal that crowds
the displays with many subcarriers and bursts. The following example of Single
Burst Analysis uses the same Zone Map as was used for the previous Modulation
Analysis examples, but will be set to Burst ID #3, the UL MAC burst. Refer to the
“Modulation Accuracy Measurement Result - Zone & Data Burst Info View” on
page 58 for the settings necessary to define a single burst. Subchannel Offset can
be thought of as the “start” of the subchannel y-axis map definition, and
Subchannel Interval as the length of the subchannel assignments. Symbol Offset
can be thought of as the “start” of the Symbol X-axis definition, and the Symbol
Interval as the number of Symbols in the burst. In Figure 3-28 below, the
modulation scheme for the UL MAC burst is QPSK as shown in the constellation
display. The subcarrier error graph shows that the burst occurs across many
subcarriers, while the symbol error graph shows the burst consists of only 2
symbols.
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Figure 3-28

Step 17.

Modulation Analysis Measurements

Modulation Analysis Measurement Result - Single Burst Analysis View

Input: RF

SENSEIEAT] ALIGNAUTO __ DE/S0:11PM AugO3, 2007

CH Freq: 2500000000 GHz
Trig: Free Run

=
|FGaimLow — Atten: 10 dB (Elec 0}

Sub Carrier

I/Q Measured Polar Vector

Status: PRB5=0b00011111, ID Cell=0, Seg=0

Profile:10 MHz
Radio Device: BS

Symhbol

Data Burst Map: Zone #1 PUSC

1 Symbol

When the measurement is in Single Burst Analysis mode, all the views and
adjustments that are available using (whole) Burst Map Analysis mode can be

used.

Press View/Display, Zone & Data Burst Info to display a tri-pane view of the Zone
Burst graph window, the Zone List summary, and the Burst List summary result
window as in Figure 3-29. This is the information that was defined in the Single
Burst setup menu, displayed with the measured EVM and RCE results by burst.
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Figure 3-29 Modulation Accuracy Measurement Result - Zone & Data Burst Info (Single
Burst) View

X [ EmE AC SEWSE:EXT| ALIGH AUTO  [08:49:59PM Aug 03, 2007
CH Freq: 2.500000000 GHz

Input: RF ) Trig: Free Run Profile:10 MHz
PASS IFGain:Low Atten: 10 dB (Elec 0) Radio Device: BS
Data Burst Map: Zone #1 PUSC
Symbol

1

Symbol |
26

Status: PRBS=0b00011111, ID Cell=0, Seg=0

Data Burst List:

Burst 1D | Burst Type | Mod Type | Boost | Chan Offs | Chan Intd | Syrmb Offs | Syrnb [
#1 Single Qpsk_1.. 0.00.. 0

The Zone map is displayed using the same color codes to indicate the selected
burst as when other bursts are analyzed.

If you have a problem, and get an error message, see the “Error Messages Guide”.
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Figure 3-30

Power Statistics CCDF Measurements

Power Statistics CCDF Measurements

This section explains how to make Power Statistics Complementary Cumulative
Distribution Function (Power Stat CCDF) measurement on an 802.16 OFDMA
Base Station (BS). Power Stat CCDF curves characterize the higher level power
statistics of a digitally modulated signal.

The Base Station (DUT) under test must be set to transmit the RF power remotely
through the system controller. This transmitting signal is connected to the RF input
port of the instrument. Connect the equipment as shown.

Power Statistics (CCDF) Measurement System

SIGNAL GENERATOR CONTROLLER

\
/

o = 8888 ©
8 @ oo oo ©
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) I = 1 2 e )
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10 MHz OUT RF OUTPUT
Frequency RF OUT
Reference
EXT REF IN DUT
o o o o o [
=] IEEEEES
= == EEEE
=5 508 o2
= @ EEE Data/Test Interface y
Qfoooboooooono @ UDS
RF INPUT
MXA
Ba86wW

1. Using the appropriate cables, adapters, and circulator, connect the output signal
of the DUT to the RF input of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link constructed with the sync and pilot
channels, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 6 GHz
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Figure 3-31

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

Average Power

-80.32 dBm
33.99 % at 0dB

10.0 %

1.0 %
0.1%
0.01 %
0.001 %
0.0001 %
Peak

Step 7.

Step 8.

Power Statistics CCDF Measurements

Output Power:  —20 dBm (at analyzer input)

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 6, GHz to set the center frequency to 6 GHz.
Press Meas, Power Stat CCDF to initiate the power statistics CCDF measurement.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

The CCDF measurement result should look like Figure 3-31.

Power Statistics CCDF Result

S0Q AC SENSE:INT
CH Freq: 2.500000000 GHz
) Trig:Free Run Counts:314 ki10.0 Mpt

HFGainiLow — HAtten:6 dB Ext Gain: 0 dB

ALIGN 8UTC [11:18:28 AM Sep 26, 2006

Input: RF
Radio Device: BTS

3.73 dB
7.45 dB
9.56 dB

11.13 dB

12.11 dB

—dB

13.12 dB
-67.20 dBm

Info BW

.000 MHz

Press Span X Scale, Attenuation to add input attenuation if the power level of your
signal of interest is very high.

Press Meas Setup, IF Gain to optimize the measurement for your signal level. If
you have a very high or low level signal, selecting Low Gain or High Gain can
improve your accuracy. The default is Auto.
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If you have a problem, and get an error message, see the “Error Messages Guide”.

Troubleshooting Hints

The power statistics CCDF measurement can contribute in setting the signal power
specifications for design criteria for systems, amplifiers, and other components.
For example, it can help determine the optimum operating point to adjust each
code timing for appropriate peak or average power ratio, or both, throughout the
wide channel bandwidth of the transmitter for an OFDMA system.
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Monitor Spectrum Measurements

This chapter explains how to make Monitor Spectrum measurements on 802.16 OFDMA Base Stations (BS) or
Mobile Stations (MS). Monitor Spectrum measurements show a spectrum domain display of the 802.16
OFDMA signal.

NOTE Because OFDMA is bursted, you must use the Gate function to obtain valid results when
measuring 802.16 OFDMA signals. See the measurement procedure for details.

This example shows a DUT under test set up to transmit RF power, and controlled remotely by a system
controller. The transmitting signal is connected to the RF input port of the instrument. Connect the equipment as
shown.

Figure 3-32 Spectrum Measurement System
SIGNAL GENERATOR CONTROLLER
P N\ (
8 = 8888 ©
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g €]
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Frequency RF OUT
Reference
EXT REF IN DUT
o o o o o [
0| SB5588
i
==1([§=
=5 EEE Data/Test Interface )
Qloooooooooo @ ':“:'S
RF INPUT
MXA
Ba86wW

1. Using the appropriate cables, adapters, and circulator, connect the output signal from the DUT to the RF
input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT through the circulator to
initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator and the EXT REF IN port of the
analyzer.

4. Connect the system controller to the DUT through the data/test interface cable to control the DUT operation.

5. Ifused, connect the external Gate trigger signal to a rear-panel connector like External 1 or 2.

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal Studio. The specific signal used is
the Downlink (TDD) example documented in the N7615B OFDMB Help Tutorial, having 1 DL PUSC Zone
with 2 bursts.
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Frequency:

Output Power:

2.5GHz
—26 dBm (at analyzer input)

Measurement Procedure

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.
Step 6.

NOTE
Step 7.
Step 8.
Step 9.
TIP

Step 10.
Step 11.

Step 12.

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement settings to a
known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode Setup,
Radio Device, MS keys to enable OFDMA MS measurements. The default is BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.

Press Meas, Monitor Spectrum to initiate the Monitor Spectrum measurement.

Press Meas Setup, Meas Preset to preset the measurement. This will return the measurement
settings to a known state for only this measurement.

The next several steps will set the Gate function to make a Monitor Spectrum measurement

in the data burst of the OFDMA frame.

Gate settings made in any measurement persist for all measurements in the mode.

Press Gate View and toggle it to On.
Press Gate View Sweep Time and set it to 1 ms.

Press Gate Delay and set it to 110 us. This sets Gate Start to begin after the Preamble.

For best results, always set Gate Delay to position Gate Start after Max Fast to allow the
LO to “settle”.

Press Gate Length and set it to 110 us, about the length of an OFDMA symbol.

(Optional) Select your Gate Source trigger signal, if used. Instead of an external signal, this
measurement example uses the default gate source, the Periodic Timer (Frame), which is set
to a period of 5 ms, and synchronizes with the RF burst. If you want to use another gate
source, like an external trigger signal, you can select the correct input, like External 1, under
the Sweep/Control, Gate, More (1 of 2), Gate Source menu. You will need to adjust the signal
parameters under the same menu.

Press Gate and toggle it to On.

The Monitor Spectrum measurement result should look like Figure 3-33.
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Figure 3-33 Monitor Spectrum Measurement - Gate View

T Agilent B0O2.16 OFDMA - Monitor Spectrum

| B ) | I MALIGN OFF  [PS:31:01PM Aug 02, 2007

Avg/Hold Number 10 CH Freq: 2.500000000 GHz
Gate: LO Input: RF L Trig:FreeRun Profile:10 MHz

[
IFGain:Low ™ Atten: 10 dB (Elec 0} Radio Device: BS

Gate View Sweep Time 1.00 ms

Ref -30 dBm

Center 2.5 GHz Span 50 MHz
#Res BW 100 kHz #VBW 1 MHz Sweep 4.667 ms

Step 13. (Optional) To adjust the measurement span frequency press SPAN X Scale, enter a numerical
span using the front-panel keypad, and select a units key, such as MHz.

Step 14. (Optional) To move the “focus” to another pane in the view, press the “Next Window” key,
below the display.

Step 15. (Optional) Press the Meas Setup key to adjust Avg Number.
If you have a problem, and get an error message, see the “Error Messages Guide”.

For more information on Time Gating see “Making Time-Gated Measurements” on page 81.
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Configuring the
Measurement
System

Figure 3-34

Waveform (Time Domain) Measurements

Waveform (Time Domain) Measurements

This section explains how to make waveform (time domain) measurements of
802.16 OFDMA Base Stations (BS) or Mobile Stations (MS). Measurement of |
and Q modulated waveforms in the time domain disclose the voltages which
comprise the complex modulated waveform of a digital signal.

The DUT under test must be set to transmit the RF power remotely through the
system controller. This transmitting signal is connected to the RF input port of the
analyzer. Connect the equipment as shown.

Channel Power Measurement System

SIGNAL GENERATOR CONTROLLER
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1. Using the appropriate cables, adapters, and circulator, connect the output signal
from the DUT to the RF input port of the analyzer.

2. Connect the base transceiver station simulator or signal generator to the DUT
through the circulator to initiate a link, if required.

3. Connect a BNC cable between the 10 MHz OUT port of the signal generator
and the EXT REF IN port of the analyzer.

4. Connect the system controller to the DUT through the data/test interface cable
to control the DUT operation.

Setting the DUT (Example)

This example uses a signal generated using Agilent N7615B OFDMA Signal
Studio. The specific signal used is the Downlink (TDD) example documented in
the N7615B OFDMA Help Tutorial, having 1 DL PUSC Zone with 2 bursts.

Frequency: 2.5GHz
Output Power:  —20 dBm (at analyzer input)
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Step 1.

Step 2.

Step 3.

Step 4.

Step S.
Step 6.

Step 7.
Step 8.
Step 9.

Waveform (Time Domain) Measurements

Measurement Procedure

Press Mode, 802.16 OFDMA (WiMAX/Wibro) to enable the OFDMA
measurements.

Press Mode Preset to preset the Mode. Only do this to return the measurement
settings to a known state for all measurements in the OFDMA mode.

If your DUT is a MS, or your signal of interest is an uplink (UL), press the Mode
Setup, Radio Device, MS keys to enable OFDMA MS measurements. The default is
BS.

Press FREQ Channel, 2.5, GHz to set the center frequency to 2.5 GHz.
Press Meas, IQ Waveform to initiate the Waveform measurement.

Press Meas Setup, Meas Preset to preset the measurement. This will return the
measurement settings to a known state for only this measurement.

Press Trigger, RF Burst (Wideband) to set the measurement trigger.
Press RF Burst (Wideband) to access the RF Burst Setup menu.

Because OFDMA is a bursted signal, to stabilize the measurement you may have
to use triggering:

Press Trigger then choose a trigger mode, like RF Burst (Wideband).
Press Trigger Level to set the measurement trigger level.

In the trigger menu you can also set the delay, peak level and positive or negative
edge slope trigger. For more information on trigger settings see the Trigger section.

The Waveform measurement RF Envelope view result should look like Figure
3-36. The graph window shows the filter type and IF BW, and the text window
shows the mean and peak-to-mean power values.
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Figure 3-35 IQ Waveform Measurement Result - RF Envelope (Default View)

1 Agilent B0O2.16 OFDMA - 10 Waveform

M ALIGN OFF 11:19:35 AM Aug02, 2007

|| :
RF Burst Abs Trig Level -32.0 dBm CH Freq: 2.500000000 GHz
r. Trig: RF Burst Profile:10 MHz

IFGain: H|gh e Atten: 10 dB (Elec 0) Radio Device: BS

IFBYW 100.0000 kHz Gaussian 2728 Samples @ 733 33 ns

Mean Pwr (Entire Trace)

-41.7 dBm
Picto-Mean 9.41 dB

Step 10. Press View/Trace, IQ Waveform to see the individual I and Q components of the
signal.

Step 11. Press SPAN X Scale, Scale/Div, 50 us to display the waveform at a convenient time
scale for viewing.

Step 12. Press the AMPLITUDE Y Scale, Scale/Div, 1 mV to display the waveform at a
convenient time scale for viewing.

The IQ Waveform measurement result should look like Figure 3-35.
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Figure 3-36 IQ Waveform Measurement Result - IQ Waveform View

I Agilent 802,16 OFDMA - 1Q Waveform
[ SO | R : Ay ALIGH OFF 1L1:22:03 AM Aug 02, 2007

X Scale/Div 50.000 pys CH Freq: 2.500000000 GHz
. Trig: RF Burst Profile:10 MHz

IFGain:High = Atten: 10 dB (Elec 0) Radio Device: BS

H i

| ‘|

IF BW  100.00 kHz Gaussian

2728 Samples

Step 13. Press the Marker Function key to display the menu allowing selection of the
markers, including Band Power and Noise Power, as shown below:
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Figure 3-37 Waveform Measurement Result - Marker Example: Interval Power

T Agilent B02.16 OFDMA - 1) Waveform
e L SO0 | I : M ALIGH OFF 03:33/55 PM Aug 02, 2007

Ref Level 0.000V CH Freq: 2.500000000 GHz
= Trig: RF Burst Profile:10 MHz

=)
IFGain:High ™ Atten: 10 dB ({Elec 0} Radio Device: BS

MKkr1 455 ps
Interval Power -44.45 dBm

R
At i

IFBW 100.0000 kHz Gaussian 2728 Samples

Mean Pwr (Entire Trace)
-44.81 dBm
Pkto-Mean 9.372 dB

In the example above, the Interval Power marker is selected and the value is
displayed above the top reference graticule.

Step 14. Press the Meas Setup key to check the parameters available to change the selected
values for your measurement.

Chapter

79



Waveform (Time Domain) Measurements

80 Chapter



4 Making Time-Gated Measurements

81



Making Time-Gated Measurements
Generating a Pulsed-RF FM Signal

Generating a Pulsed-RF FM Signal

Traditional frequency-domain spectrum analysis provides only limited information for
certain signals. Examples of these difficult-to-analyze signal include the following:

Pulsed-RF

Time multiplexed

Interleaved or intermittent

Time domain multiple access (TDMA) radio formats
Modulated burst

The time gating measurement examples use a simple frequency-modulated, pulsed-RF
signal. The goal is to eliminate the pulse spectrum and then view the spectrum of the FM
carrier as if it were continually on, rather than pulsed. This reveals low-level modulation
components that are hidden by the pulse spectrum.

When performing these measurements you can us a digitizing oscillascope or your Agilent
X-Series Signal Analyzer (using Gate View) to setup the gated signal. Refer back to these
first three steps to setup the pulse signal, the pulsed-RF FM signal and the oscilloscope
settings when performing the gated LO procedure (page 89), the gated video procedure
(page 92) and gated FFT procedure (page 95).

For an instrument block diagram and instrument connections see “Connecting the
Instruments to Make Time-Gated Measurements” on page 87.

Step 1. Setup the pulse signal with a period of 5 ms and a width of 4 ms:

There are many ways to create a pulse signal. This example demonstrates how to
create a pulse signal using a pulse generator or by using the internal function
generator in the ESG. See Table 4-1. for setup information of a pulse generator
and Table 4-2. for setup information of the internal generator of the ESG. Select
either the pulse generator or a second ESG to create the pulse signal. You need
two ESGs if you want to use the ESG internal function generator to create a pulse
signal.

Table 4-1. 81100 Family Pulse Generator Settings

Period 5 ms (or pulse frequency equal to 200 Hz)
Pulse width 4 ms

High output level 25V

Waveform pulse

Low output level 25V

Delay 0 or minimum
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Table 4-2. ESG #2 Internal Function Generator (LF OUT) Settings

LF Out Source FuncGen
LF Out Waveform Pulse

LF Out Period 5 ms

LF Out Width (pulse 4 ms
width)

LF Out Amplitude 2.5Vp
LF Out On

RF On/Off Off

Mod On/Off On

Step 2. Set up ESG #1 to transmit a pulsed-RF signal with frequency modulation. Set the

FM deviation to 1 kHz and the FM rate to 50 kHz:

ESG #1 generates the pulsed FM signal by frequency modulating the carrier
signal and then pulse modulating the FM signal. The pulse signal created in step
1 is connected to the EXT 2 INPUT (on the front of ESG #1). The ESG RF OUTPUT
is the pulsed-RF FM signal to be analyzed by the spectrum analyzer.

Table 4-3. ESG #1 Instrument Connections

Frequency 40 MHz
Amplitude 0 dBm
Pulse On
Pulse Source Ext2 DC
FM On

FM Path 1

FM Dev 1 kHz
FM Source Internal
FM Rate 50 kHz
RF On/Off On

Mod On/Off On
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Step 3. If you are using your Agilent X-Series Signal Analyzer (using Gate View), set up
the analyzer to view the gated RF signal (see Figure 4-1. for an example of the
display):

1. Set the analyzer to the Spectrum Analyzer mode:
Press Mode, Spectrum Analyzer, Mode Preset.
2. Set the analyzer center frequency, span and reference level:

Press FREQ Channel, Center Freq, 40, MHz.
Press SPAN X Scale, Span, 500, kHz.
Press AMPTD Y Scale, Ref Level, 0, dBm.

3. Set the analyzer bandwidth:

Press BW, Res BW (Man), 100, kHz.
Press SPAN X Scale, Span, 500, kHz.
Press AMPTD Y Scale, Ref Level, 0, dBm.

4. Enable Gate View and Gate:

Press Sweep/Control, Gate, Gate (On).
Press Gate, Gate View (On).

5. Set the gate delay to 1.764 ms, the gate length to 1.350 ms, and gate sweep
time to 10 ms. Check that the gate trigger is set to edge:

Press Sweep/Control, Gate, Gate Delay, 1.764, ms.
Press Gate Length, 1.350, ms.

Press Gate View Sweep Time, 10, ms.

Press More, Control (Edge).

6. Set the gate method to the LO:
Press Sweep/Control, Gate, Gate Method, LO.
7. Set the gate source to the rear external trigger input:

Press Sweep/Control, Gate, More, Gate Source, External 1.
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Figure 4-1. Viewing the Gated RF Signal

AC | SENSE:INT| | A\ALIGNPARTIAL
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Res BW 100 kHz - Gate View Sweep Time 10.00 ms

Off|

Gate View
Off|

Gate View
Sweep Time
10.00 ms

Gate Delay
1.764 ms

Step 4. If you are using a digitizing oscillascope, set up the oscilloscope to view the

trigger, gate and RF signals (see Figure 4-2. for an example of the oscilloscope

display):

Table 4-4. Agilent Infiniium Oscilloscope with 3 or more input channels:
Instrument Connections

Timebase

1 ms/div

Channel 1

ON, 2 V/div, OFFSET =2V, DC coupled, 1 M Q input,
connect to the pulse signal (ESG LF OUTPUT or pulse
generator OUTPUT). Adjust channel 1 settings as
necessary.

Channel 2

ON, 500 mV/div, OFFSET = 2V, DC coupled, 1 M Q
input, connect to the signal analyzer TRIGGER 2 OUT
connector. Adjust channel 2 settings as needed when
gate is active.

Channel 3

ON, 500 mV/div, OFFSET = 0 V, Timebase =

20 ns/div, DC coupled, 50 Q input, connect to the ESG
RF OUTPUT pulsed-RF signal. Adjust channel 3
settings as necessary.

Channel 4

OFF

Trigger

Edge, channel 1, level = 1.5V, or as needed
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Figure 4-2. Viewing the Gate Timing with an Oscilloscope

Coi etup b Analyze He 12:45 Phi

File Control  Setup  Measure  Analyze  LUtlities  Help 12:35 P

Figure 4-2. oscilloscope channels:
1. Channel 1 (left display, top trace) - the trigger signal.

2. Channel 2 (left display, bottom trace) - the gate signal (gate signal is not active
until the gate is on in the spectrum analyzer).

3. Channel 3 (right display) - the RF output of the signal generator.
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Connecting the Instruments to Make Time-Gated
Measurements

Figure 4-3. shows a block diagram of the test setup. ESG #1 produces a pulsed FM signal
by using an external pulse signal. The external pulse signal is connected to the front of the
ESG #1 to the EXT 2 INPUT to control the pulsing. The pulse signal is also used as the
trigger signal. The oscilloscope is useful for illustrating timing interactions between the
trigger signal and the gate. The Gate View feature of the X-Series signal analyzer could be
used in place of the oscilloscope.

Using this measurement setup allows you to view all signal spectra on the spectrum
analyzer and all timing signals on the oscilloscope. This setup is helpful when you perform
gated measurements on unknown signals. If an oscilloscope is not available, begin by using
the Gate View feature to set up the gate parameters and then turn Gate View Off to view
the signal spectra.

Figure 4-3. Instrument Connection Diagram with Oscilloscope
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Figure 4-4. Instrument Connection Diagram without Oscilloscope
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Gated LO Measurement

This procedure utilizes gated LO to gate the FM signal. For concept and theory
information about gated LO see “How Time Gating Works” on page 149.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Set the analyzer to the Spectrum Analyzer mode:
Press Mode, Spectrum Analyzer, Mode Preset.
Set the analyzer center frequency, span and reference level:

Press FREQ Channel, Center Freq, 40, MHz.
Press SPAN X Scale, Span, 500, kHz.
Press AMPTD Y Scale, Ref Level, 0, dBm.

In Figure 4-6. (left), the moving signals are a result of the pulsed signal. Using
delta markers with a time readout, notice that the period of the spikes is at 5 ms
(the same period as the pulse signal). Using time gating, these signals well be
blocked out, leaving the original FM signal.

Set the gate source to the rear external trigger input:
Press Sweep/Control, Gate, More, Gate Source, External 1.

Set the gate delay to 2 ms, the gate length to 1 ms, and gate sweep time to 5 ms.
Check that the gate trigger is set to edge:

Press Sweep/Control, Gate, Gate Delay, 2, ms.
Press Gate Length, 1, ms.

Press Gate View Sweep Time, 5, ms.

Press More, Control (Edge).

Use the analyzer gate view display to confirm the gate “on” time is during the RF
burst interval (alternatively you could also use the oscilloscope to view the gate
settings):

Press Sweep/Control, Gate, Gate View (On).
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SENSEINT] [ /MALIGNPARTIAL

CTTESTRRT
Gate View|
Off

Gate View|
Sweep Time
5.000 ms

Gate Delay|
2,000 ms

Gate Length
1000 ms

Gate Method N
Lo

Center 40.000000 MHz Span 0 Hz

Res BW 4.7 kHz Gate View Sweep Time 5.000 ms|

In Figure 4-5. the blue vertical line (the far left line outside of the RF envelope)
represents the location equivalent to a zero gate delay.

In Figure 4-5. the vertical green parallel bars represent the gate settings. The
first (left) bar (GATE START) is set at the delay time while the second (right) bar
(GATE STOP) is set at the gate length, measured from the first bar. The trace of
the signal in this time-domain view is the RF envelope. The gate signal is
triggered off of the positive edge of the trigger signal.

When positioning the gate, a good starting point is to have it extend from 20% to
80% of the way through the pulse.

While gate view mode is on, move the gate delay, length and polarity around.
Notice the changes in the vertical gate bars while making your changes. Set the
gate delay, length and polarity back to the step 3 settings.

NOTE The analyzer time gate triggering mode uses positive edge, negative edge, and
level triggering.
Step 6. Turn the gate view off (see Figure 4-6.):

Press Sweep/Control, Gate, Gate View (Off).
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Figure 4-6. Pulsed-RF FM Signal
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Step 7. Enable the gate settings (see Figure 4-7.):
Press Gate (On).

Figure 4-7. Pulsed and Gated FM
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Gate Delay|
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Gate Length
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Gate Method N
Lo

Center 40.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz Sweep 27.3 ms (1001 pts)

Step 8. Turn off the pulse modulation on ESG #1 by pressing Pulse, Pulse so that Off is
selected.

Notice that the gated spectrum is much cleaner than the ungated spectrum (as
seen in Figure 4-6.). The spectrum you see with the gate on is the same as a
frequency modulated signal without being pulsed. The displayed spectrum does
not change and in both cases, you can see the two low-level modulation sidebands
caused by the narrow-band FM.
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Gated Video Measurement

This procedure utilizes gated video to gate the FM signal. For concept and theory
information about gated video see “How Time Gating Works” on page 157.

Step 1.

Step 2.

Step 3.

Set the analyzer to the Spectrum Analyzer mode:
Press Mode, Spectrum Analyzer, Mode Preset.
Set the analyzer center frequency, span and reference level:

Press FREQ Channel, Center Freq, 40, MHz.
Press SPAN X Scale, Span, 500, kHz.
Press AMPTD Y Scale, Ref Level, 0, dBm.

Set analyzer points to 401 and sweep time to 2000 ms:

Press Sweep/Control, Points, 401, Enter.
Press Sweep Time, 2000, ms.

For gated video, the calculated sweep time should be set to at least

(# sweep points — 1) x PRI (pulse repetition interval) to ensure that the gate is on at least once
during each of the 401 sweep points. In this example, the PRI is 5 ms, so you
should set the sweep time to 401 minus 1 times 5 ms, or 2 s. If the sweep time is
set too fast, some trace points may show values of zero power or other incorrect
low readings. If the trace seems incomplete or erratic, try a longer sweep time.

NOTE

Good practices for determining the minimum sweep time for gated
video:

In the event that the signal is not noisy, the sweep time can be set to less than
(# sweep points — 1) x PRI (pulse repetition interval) (as calculated above). Instead of using
PRI in the previous sweep time calculation, we can use the “gate off time”
where sweep time equals (# sweep points — 1) x gate off time . (Gate off time is defined
as PRI-GL, where GL = Gate Length.) In our example we could use a sweep
time of 400 points times 1 ms or 400 ms — (401 - 1) x (5ms —4ms) = 400ms . Increase
the width of video bandwidth to improve the probability of capturing the
pulse using “gate off time”. If trace points are still showing values of zero
power, increase the sweep time by small increments until there are no more
dropouts.
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Figure 4-8. V1ew1ng the Pulsed RF FM Slgnal (w1thout . gating)

TR PLIGNEARTIAL T 10

00
Sweep T|me 2.00 s Avg Type: Log-Pwr
ree Run

G
= Atten: 10 dB

Ref 0.00 dBm

Center 40.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz #Sweep 2.00 s (401 pts)

Step 4. Set the gate delay to 2 ms and the gate length to 1 ms. Check that the gate
control is set to edge:

Press Sweep/Control, Gate, More, Gate Control (Edge).
Press More, Gate Delay, 2, ms.
Press Gate Length, 1, ms.

Step 5. Turn the gate on:

Press Sweep/Control, Gate, Gate (On).

Figure 4-9. V1ew1ng the FM Slgnal of a Pulsed RF Signal using Gated Video

0o
Gate Length 1.000 ms
Gate: LO Input: RF PNO: >30k ()
IFGain:Low Atten: 10 dB

Ref 0.00 dBm

Gate View|
off|

Gate View|
Sweep Time,
8000 s

Gate Delay|
2,000 ms

Gate Length
1000 ms

Gate Method N
Lo

Center 40.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz #Sweep 2.00 s (401 pts)

Step 6. Notice that the gated spectrum is much cleaner than the ungated spectrum (as
seen in Figure 4-8.). The spectrum you see is the same as a frequency modulated
signal without being pulsed. To prove this, turn off the pulse modulation on ESG
#1 by pressing Pulse, Pulse so that Off is selected. The displayed spectrum does
not change.

Step 7. If you have used an oscilloscope, check the oscilloscope display and ensure that
the gate is positioned under the pulse. The gate should be set so that it is on
somewhere between 20% to 80% of the pulse. If necessary, adjust gate length and
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gate delay. Figure 4-10. shows the oscilloscope display when the gate is positioned
correctly (the bottom trace).

Figure 4-10. The Oscilloscope D

isplay
(1] = @r

ar
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Gated FFT Measurement

This procedure utilizes gated FFT to gate the FM signal. For concept and theory
information about gated FFT see “How Time Gating Works” on page 157.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Set the analyzer to the Spectrum Analyzer mode:
Press Mode, Spectrum Analyzer, Mode Preset.
Set the analyzer center frequency, span and reference level:

Press FREQ Channel, Center Freq, 40, MHz.
Press SPAN X Scale, Span, 500, kHz.
Press AMPTD Y Scale, Ref Level, 0, dBm.

Set the trigger to the external rear trigger input:
Press Trigger, External 1.
Set the Gate Method to FFT and Gate to On:

Press Sweep/Control, Gate, Gate Method, FFT
Press Gate (On).

Select the minimum resolution bandwidth required:

Press BW, Res BW (Auto).

Avg Type: Log-Pwr
Gate: FFT  Input: RF  PNO: >30k () 11ig: External
IFGain:Auto Atten: 10 dB

Ref 0.00 dBm

Gate View|
on off|

Gate View|
Sweep Time,
8000 s

Gate Delay|
57.70 s

Gate Method N
FFT

Center 40.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz Sweep (FFT) ~40 ms (1001 pts)

The duration of the analysis required is determined by the RBW. Divide 1.83 by
4 ms to calculate the minimum RBW. The pulse width in our case is 4 ms so we
need a minimum RBW of 458 Hz. In this case because the RBW is so narrow let
the analyzer choose the RBW for the current analyzer settings (span). Check that
the RBW is greater than 458 Hz.

With the above analyzer settings, the RBW should be 4.7 kHz. Note that the
measurement speed is faster than the gated LO example. Typically gated FFT is
faster than gated LO for spans less than 10 MHz.
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Vary the RBW settings and note the signal changes shape as the RBW transitions
from 1 kHz to 300 Hz.

NOTE If the trigger event needs to be delayed use the Trig Delay function under the
Trigger menu. It is recommended to apply some small amount of trigger delay
to allow time for the device under test to settle.
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During the execution of your measurement you may encounter problems which generate error codes.
Referring to the following common errors may be helpful.

If Err is shown in the annunciator bar, press the System, Show, Errors hard and soft keys to read the
detailed error information.

* Error Code 145 “Under Range”

If the input signal level is too low to make a valid measurement, this error may appear. If you cannot
increase the power into the tester, you need to increase the input sensitivity by adjusting the ADC
range.

Press Meas Setup, More (1 of 3), More (2 of 3), Advanced, ADC Range, and then Manual keys.
Increase the setting from None (default) to 6 dB, for example. Another option is to use the Auto
setting (the Auto setting is not used as the default to improve measurement speed).

Press Restart to make another measurement and observe the results. Re-adjust the ADC as necessary
to obtain a valid measurement.

* Error Code 217 “Burst Not Found”

This error indicates the burst signal cannot be detected because of inappropriate parameter settings or
an incorrect signal.

For CDMA signals this error means that the tester has failed to find any active channels in the input
signal as specified. To improve the correlation some critical parameters need to be adjusted, for
example, the input signal level or scramble code.

* Error Code 219 “Signal too noisy”

This error means that your input signal is too noisy to capture the correct I/Q components. To make a
more stable measurement the trigger source may need to be set to Frame, for example.

* Error Code 413 “ADC Input overload”

This warning means that your measurement has erroneous results due to the excessive input power
level. To correct this condition, the input signal level must be reduced by using the internal and/or
external attenuators.

Press the Mode Setup, Input, Input Atten keys to enter an attenuation value to reduce the
transmitted power from the MS. This allowable range is up to 40 dB.

If you want to attenuate more than 40 dB, connect your external attenuator between the RF INPUT
port and the DUT. Be sure to add its attenuation value to the readings of the measurement result.

To automate this calculation, press the Mode Setup, Input, Ext Atten keys to enter the additional
attenuation value. The allowable range is up to 100 dB. The power readings of the measurement take
into account the external attenuation value.

For more details consult the chapter in this book dedicated to the measurement in question, or see the
“Instrument Messages” manual.
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The programming examples were written for use on an IBM
compatible PC.

The programming examples use C, Visual Basic, or VEE
programming languages.

The programming examples use VISA interfaces (GPIB, LAN, or
USB).

Some of the examples use the IVI-COM drivers.

Interchangeable Virtual Instruments COM (IVI-COM) drivers:
Develop system automation software easily and quickly. IVI-COM
drivers take full advantage of application development
environments such as Visual Studio using Visual Basic, C# or Visual
C++ as well as Agilent's Test and Measurement Toolkit. You can now
develop application programs that are portable across computer
platforms and I/O interfaces. With IVI-COM drivers you do not need
to have in depth test instrument knowledge to develop sophisticated
measurement software. IVI-COM drivers provide a compatible
interface to all. COM environments. The IVI-COM software drivers
can be found at the URL:

http://www.agilent.com/find/ivi-com

* Most of the examples are written in C, Visual Basic, VEE, or
LabVIew using the Agilent VISA transition library.

The Agilent I/O Libraries Suite must be installed and the GPIB card,
USB to GPIB interface, or Lan interface USB interface configured.
The latest Agilent I/O Libraries Suite is available:
www.agilent.com/find/iolib

* The STATus subsystem of commands is used to monitor and query
hardware status. These hardware registers monitor various events
and conditions in the instrument. Details about the use of these
commands and registers can be found in the manual/help in the
Utility Functions section on the STATus subsystem.

Visual Basic is a registered trademark of Microsoft Corporation.
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Available Programing Examples

The following examples work with a Spectrum Analyzer. These
examples use one of the following programming languages: Visual

Basic® 6, Visual Basic. NET®, MS Excel®, C++, ANSI C, C#.NET, and
Agilent VEE Pro.

These examples are available in either the “progexamples” directory on
the Agilent Technologies Spectrum Analyzer documentation CD-ROM
or the “progexamples” directory in the analyzer. The file names for
each example is listed at the end of the example description. The
examples can also be found on the Agilent Technologies, Inc. web site at
URL:

http://www.agilent.com/find/sa_programming

These examples have all been test and validated as functional in the
Spectrum Analyzer mode. They have not been tested in all other modes.
However, they should work in all other modes except where exceptions
are noted.

Programming using Visual Basic® 6, Visual Basic. NET® and MS
Excel®:

* Transfer Screen Images from your Spectrum Analyzer using Visual
Basic 6

This example program stores the current screen image on the
instrument flash memory as “D:\PICTURE.PNG”. It then transfers
the image over GPIB or LAN and stores the image on your PC in the
current directory as “PICTURE. PNG”. The file “D: \PICTURE. PNG” is
then deleted on the instrument flash memory.

File name: screen.bas

* Binary Block Trace data transfer from your Spectrum Analyzer
using Visual Basic 6

This example program queries the IDN string from the instrument
and then reads the trace data in Spectrum Analysis mode in binary
format (Real,32 or Real,64 or Int,32). The data is then stored to a file
“bintrace.txt”. This data transfer method is faster than the
default ASCII transfer mode, because less data is sent over the bus.

File name: bintrace.bas
Programming using C++, ANSI C and C#.NET:
e Serial Poll for Sweep Complete using C++

This example demonstrates how to:
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1. Perform an instrument sweep.
2. Poll the instrument to determine when the operation is complete.
3. Perform an instrument sweep.

File name: _Sweep.c

¢ Service Request Method (SRQ) determines when a measurement is
done by waiting for SRQ and reading Status Register using C++.

This example demonstrates how:

1. Set the service request mask to assert SRQ when either a
measurement is uncalibrated or an error message has occurred,

2. Initiate a sweep and wait for the SRQ interrupt,

3. Poll all instruments and report the nature of the * interrupt on
the spectrum analyzer.

The STATus subsystem of commands is used to monitor and query
hardware status. These hardware registers monitor various events
and conditions in the instrument. Details about the use of these
commands and registers can be found in the manual/help in the
Utility Functions section on the STATus subsystem.

File name: _SRQ.C
* Relative Band Power Markers using C++

This example demonstrates how to set markers as Band Power
Markers and obtain their band power relative to another specified
marker.

File name: _BPM.c
* Trace Detector /Couple Markers using C++
This example demonstrates how to:

1. Set different types of traces (max hold, clear and write, min hold)
2. Set markers to specified traces
3. Couple markers

Note: The Spectrum Analyzer is capable of multiple simultaneous
detectors (i.e. peak detector for max hold, sample for clear and write,
and negative peak for min hold).

File name: _tracecouple.c
* Phase Noise using C++
This example demonstrates how to:

1. Remove instrument noise from the phase noise
2. Calculate the power difference between 2 traces

File name: _phasenoise.c

Programming using Agilent VEE Pro:
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¢ Transfer Screen Images from my Spectrum Analyzer using Agilent
VEE Pro

This example program stores the current screen image on the
instrument flash memory as “D:\scr.png”. It then transfers the
image over GPIB and stores the image on your PC in the desired
directory as “capture.gif”. The file “D: \scr.png” is then deleted on
the instrument flash memory.

File name: _ScreenCapture.vee
* Transfer Trace Data data transfer using Agilent VEE Pro

This example program transfers the trace data from your Spectrum
Analyzer. The program queries the IDN string from the instrument
and supports Integer 32, real 32, real 64 and ASCII data. The
program returns 1001 trace points for the signal analyzer.

File name: transfertrace.vee
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Programming Fundamentals

e “SCPI Language Basics” on page 104
¢ “Improving Measurement Speed” on page 111

* “Programming in C Using the VTL” on page 115
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SCPI Language Basics

This section is not intended to teach you everything about the SCPI
(Standard Commands for Programmable Instruments) programming
language. The SCPI Consortium or IEEE can provide that level of
detailed information. For more information refer to the websites for the
IEEE Standard 488.1 (IEEE Standard Digital Interface for
Programmable Instrumentation).

Topics covered in this chapter include:

¢ “Command Keywords and Syntax” on page 104
¢ “Creating Valid Commands” on page 104

* “Special Characters in Commands” on page 105
¢ “Parameters in Commands” on page 106

¢ “Putting Multiple Commands on the Same Line” on page 109

Command Keywords and Syntax

A typical command is made up of keywords set off by colons. The
keywords are followed by parameters that can be followed by optional
units.

Example: SENSe : FREQuency:STARt 1.5 MHZ

The instrument does not distinguish between upper and lower case
letters. In the documentation, upper case letters indicate the short form
of the keyword. The lower case letters, indicate the long form of the
keyword. Either form may be used in the command.

Example: Sens:Freq:Star 1.5 mhz

is the same as SENSE:FREQ:start 1.5 MHz

The command SENS : FREQU: STAR would not be valid because FREQU is
neither the short, nor the long form of the command. Only the short and
long forms of the keywords are allowed in valid commands.

Creating Valid Commands

Commands are not case sensitive and there are often many different
ways of writing a particular command. These are examples of valid
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commands for a given command syntax:

Command Syntax Sample Valid Commands

[SENSe:]BANDwidth[:RESolution] <freq> The following sample commands are all

identical. They will all cause the same result.

® Sense:Band:Res 1700

¢ BANDWIDTH:RESOLUTION 1.7e3
® sens:band 1.7KHZ

® GSENS:band 1.7E3Hz

® band 1.7kHz

® bandwidth:RES 1.7e3Hz

MEASure:SPECtrum[n] ? ® MEAS:SPEC?
® Meas:spec?
® meas:spec3?

The number 3 in the last meas example causes
it to return different results then the commands
above it. See the command description for more

information.

[:SENSe] :DETector [ : FUNCtion] .

NEGative|POSitive|SAMPle

DET:FUNC neg

Detector:Func Pos

INITiate:CONTinuous ON|OFF|1]|0

The sample commands below are identical.

INIT:CONT ON

init:continuous 1

Special Characters in Commands

Special
Character

Meaning

Example

A vertical stroke between
parameters indicates alternative
choices. The effect of the command
is different depending on which
parameter is selected.

Command: TRIGger:SOURce
EXTernal | INTernal | LINE

The choices are external, internal, and line.
Ex: TRIG:SOURCE INT

is one possible command choice.

A vertical stroke between
keywords indicates identical
effects exist for both keywords. The
command functions the same for
either keyword. Only one of these
keywords is used at a time.

Command:
SENSe:BANDWidth|BWIDth:OFFSet

Two identical commands are:
Ex1: SENSE : BWIDTH: OFFSET
Ex2: SENSE: BAND : OFFSET

Chapter 6
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Special Meaning Example
Character
[1] Keywords in square brackets are Command:
optional when composing the [SENSe:]BANDwidth [:RESolution] : AUTO
com mand. These 1mpl?ed keywords The following commands are all valid and
will be executed even if they are . . i
omitted have identical effects:
) Ex1: bandwidth:auto
Ex2: band:resolution:auto
Ex3: sense:bandwidth:auto
<> Angle brackets around a word, or Command: SENS:FREQ <freqgs>

words, indicates they are not to be
used literally in the command.

In this command example the word <freq>

They represent the needed item.

should be replaced by an actual frequency.

Ex: SENS:FREQ 9.7MHz.

Parameters in braces can
optionally be used in the command
either not at all, once, or several

times.

Command: MEASure:BW <freg>{,level}

A valid command is:

meas:BW 6MHz, 3dB, 60dB

Parameters in Commands

There are four basic types of parameters: booleans, keywords, variables
and arbitrary block program data.

OFFIONIO0I1
(Boolean)

keyword

Units

Variable

This is a two state boolean-type parameter. The
numeric value 0 is equivalent to OFF. Any numeric
value other than 0 is equivalent to ON. The numeric
values of 0 or 1 are commonly used in the command
instead of OFF or ON. Queries of the parameter always
return a numeric value of 0 or 1.

The keywords that are allowed for a particular
command are defined in the command syntax
description.

Numeric variables may include units. The valid units
for a command depend on the variable type being used.
See the following variable descriptions. The indicated
default units will be used if no units are sent. Units can
follow the numerical value with, or without, a space.

A variable can be entered in exponential format as well
as standard numeric format. The appropriate range of
the variable and its optional units are defined in the
command description.

The following keywords may also be used in commands,
but not all commands allow keyword variables.
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¢ DEFault - resets the parameter to its default value.
e UP - increments the parameter.
¢ DOWN - decrements the parameter.

¢ MINimum - sets the parameter to the smallest
possible value.

¢ MAXimum - sets the parameter to the largest
possible value.

The numeric value for the function MINimum,
MAXimum, or DEFault can be queried by adding the
keyword to the command in its query form. The
keyword must be entered following the question mark.

Example query: SENSE : FREQ: CENTER? MAX

Variable Parameters

<integer>
<real>

<freq>
<bandwidth>

<time>
<seconds>

<voltage>

<current>

<power>

<ampl>

<rel_power>

<rel_ampl>

<percent>

is an integer value with no units.

Is a floating point number with no units.

Is a positive rational number followed by optional units.
The default unit is Hertz. Acceptable units include: Hz,
kHz, MHz, GHz.

Is a rational number followed by optional units. The
default units are seconds. Acceptable units include: ks,
S, ms, Us, ns.

Is a rational number followed by optional units. The
default units are Volts. Acceptable units include: V, mV,
uv, nv

Is a rational number followed by optional units. The
default units are Amperes. Acceptable units include: A,
mA, UA, nA.

Is a rational number followed by optional units. The
default units are W. Acceptable units include: mAW,
kW, W, mW, uW, nW, pW.

Is a rational number followed by optional units. The
default units are dBm. Acceptable units include: dBm,
dBmV, dBuV.

Is a positive rational number followed by optional units.
The default units are dB. Acceptable units include: dB.

Is a rational number between 0 and 100. You can either
use no units or use PCT.
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<angle>
<degrees>

<string>

<bit_pattern>

Is a rational number followed by optional units. The
default units are degrees. Acceptable units include:
DEG, RAD.

Is a series of alpha numeric characters.

Specifies a series of bits rather than a numeric value.
The bit series is the binary representation of a numeric
value. There are no units.

Bit patterns are most often specified as hexadecimal
numbers, though octal, binary or decimal numbers may
also be used. In the SCPI language these numbers are
specified as:

¢ Hexadecimal, #Hdddd or #hdddd where ‘d’
represents a hexadecimal digit 0 to 9 and ‘a’ to ‘. So
#h14 can be used instead of the decimal number 20.

* QOctal, #Odddddd or #odddddd where ‘d’ represents
an octal digit 0 to 7. So #024 can be used instead of
the decimal number 20.

* Binary, #Bdddddddddddddddd or
#bdddddddddddddddd where ‘d’ represents a 1 or 0.
So #b10100 can be used instead of the decimal
number 20.

Block Program Data

Some parameters consist of a block of data. There are a few standard
types of block data. Arbitrary blocks of program data can also be used.

<trace>

Is an array of rational numbers corresponding to
displayed trace data. See FORMat:DATA for
information about available data formats.

A SCPI command often refers to a block of current trace
data with a variable name such as: Tracel, Trace2, or
Trace3, depending on which trace is being accessed.

<arbitrary block data> Consists of a block of data bytes. The first

information sent in the block is an ASCII header
beginning with #. The block is terminated with a
semi-colon. The header can be used to determine how
many bytes are in the data block. There are no units.
You will not get block data if your data type is ASCII,
using FORMat :DATA ASCII command. Your data will be
comma separated ASCII values.

Block data example: suppose the header is #512320.

* The first digit in the header (5) tells you how many
additional digits/bytes there are in the header.
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* The 12320 means 12 thousand, 3 hundred, 20 data
bytes follow the header.

* Divide this number of bytes by your current data
format (bytes/data point), either 8 (for real,64), or 4
(for real,32). For this example, if you are using
real64 then there are 1540 points in the block.

Putting Multiple Commands on the Same Line

Multiple commands can be written on the same line, reducing your code
space requirement. To do this:

* Commands must be separated with a semicolon (;).

¢ Ifthe commands are in different subsystems, the key word for the
new subsystem must be preceded by a colon (:).

¢ Ifthe commands are in the same subsystem, the full hierarchy of the
command key words need not be included. The second command can
start at the same key word level as the command that was just
executed.

SCPI Termination and Separator Syntax

All binary trace and response data is terminated with <NL><END>, as
defined in Section 8.5 of IEEE Standard 488.2-1992, IEEE Standard
Codes, Formats, Protocols and Common Commands for Use with
ANSI/IEEE Std 488.1-1987. New York, NY, 1992. (Although one intent
of SCPI is to be interface independent, <END> is only defined for IEEE
488 operation.)

The following are some examples of good and bad commands. The
examples are created from a theoretical instrument with the simple set
of commands indicated below:

[: SENSe]
: POWer
[:RF]
:ATTenuation 40dB

:TRIGger
[ : SEQuence]
:EXTernal [1]
:SLOPe
POSitive

[ :SENSe]
: FREQuency
:STARL
:POWer
[:RF]
:MIXer
: RANGe
[:UPPer]
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Bad Command

Good Command

PWR:ATT 40dB

POW:ATT 40dB

The short form of POWER is POW, not PWR.

FREQ:STAR 30MHz;MIX:RANG -20dBm

FREQ:STAR 30MHz; POW:MIX:RANG -20dBm

The MIX:RANG command is in the same : SENSE subsystem as FREQ, but executing the FREQ
command puts you back at the SENSE level. You must specify POW to get to the MIX : RANG

command.

FREQ:STAR 30MHz; POW:MIX RANG -20dBm

FREQ:STAR 30MHz; POW:MIX:RANG -20dBm

MIX and RANG require a colon to separate them.

:POW:ATT 40dB; TRIG:FREQ:STAR 2.3GHz

:POW:ATT 40dB; :FREQ:STAR 2.3GHz

:FREQ:STAR is in the : SENSE subsystem, not the : TRIGGER subsystem.

:POW:ATT? : FREQ:STAR?

:POW:ATT?; : FREQ: STAR?

: POW and FREQ are within the same : SENSE subsystem, but they are two separate commands, so
they should be separated with a semicolon, not a colon.

:POW:ATT -5dB; :FREQ:STAR 10MHz

:POW:ATT 5dB; :FREQ:STAR 10MHz

Attenuation cannot be a negative value.
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Improving Measurement Speed

There are a number of things you can do in your programs to make
them run faster:

“Turn off the display updates” on page 111

“Use binary data format instead of ASCII” on page 111
“Minimize the number of GPIB transactions” on page 112
“Consider using USB or LAN instead of GPIB” on page 112
“Minimize DUT/instrument setup changes” on page 112
“Avoid automatic attenuator setting” on page 113

“Avoid using RFBurst trigger for single burst signals” on page 113

Turn off the display updates

:DISPlay:ENABle OFF turns off the display. That is, the data may still
be visible, but it will no longer be updated. Updating the display slows
down the measurement. For remote testing, since the computer is
processing the data rather than a person, there is no need to display the
data on the analyzer screen.

Use binary data format instead of ASCII

The ASCII data format is the instrument default since it is easier for
people to understand and is required by SCPI for *RST. However, data
input/output is faster using the binary formats.

:FORMat : DATA REAL, 64 selects the 64-bit binary data format for all
your numerical data queries. You may need to swap the byte order if
you are using a PC rather than UNIX. NORMal is the default byte order.
Use :FORMat:BORDer SWAP to change the byte order so that the least
significant byte is sent first. (Real,32 which is smaller and somewhat
faster, should only be used if you do not need full resolution for your
data. Some frequency data may require full 64-bit resolution.)

When using the binary format, data is sent in a block of bytes with an
ASCII header. A data query would return the block of data in the
following format: #DNNN<nnn binary data bytess>

To parse the data:

* Read two characters (#D), where D tells you how many N characters
follow the D character.

¢ Read D characters, the resulting integer specifies the number of data
bytes sent.

* Read the bytes into a real array.

For example, suppose the header is #512320.
* The first character/digit in the header (5) tells you how many

Chapter 6 111



Programming Examples
Programming Fundamentals

additional digits there are in the header.

* The 12320 means 12 thousand, 3 hundred, 20 data bytes follow the
header.

* Divide this number of bytes by your current data format (bytes/data
point), 8 for real,64. For this example, there are 1540 data points in
the block of data.

Minimize the number of GPIB transactions

When you are using the GPIB for control of your instrument, each
transaction requires driver overhead and bus handshaking, so
minimizing these transactions reduces the time used.

* You can reduce bus transactions by sending multiple commands per
transaction. See the information on “Putting Multiple Commands on
the Same Line” in the SCPI Language Basics section.

¢ Ifyou are making the same measurement multiple times with small
changes in the measurement setup, use the READ command. It is
faster then using INITiate and FETCh.

Consider using USB or LAN instead of GPIB

USB and LAN allow faster data input and output. This is especially
important if you are moving large blocks of data. You will not get this
improved throughput using LAN if there is excessive LAN traffic (that
is, your test instrument is connected to a very busy enterprise LAN).
You may want to use a private LAN that is only for your test system.

Minimize DUT/instrument setup changes

¢ Some instrument setup parameters are common to multiple
measurements. You should look at your measurement process with
an eye toward minimizing setup changes. If your test process
involves nested loops, make sure that the inner-most loop is the
fastest. Also, check if the loops could be nested in a different order to
reduce the number of parameter changes as you step through the
test.

* Are you are using the measurements under the Meas key?
Remember that if you have already set your Meas Setup parameters
for a measurement, and you want to make another one of these
measurements later, use READ:<meas>?. The MEASure:<meas>?.
command resets all the settings to the defaults, while READ changes
back to that measurement without changing the setup parameters
from the previous use.

* Are you are using the Measurements under the Meas key?
Remember that Mode Setup parameters remain constant across all
the measurements in that mode (for example, center/channel
frequency, amplitude, radio standard, input selection, trigger setup).
You do not have to re-initialize them each time you change to a
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different measurement.

Avoid unnecessary use of *RST

Remember that while *RST does not change the current Mode, it
presets all the measurements and settings to their factory defaults.
This forces you to reset your analyzer measurement settings even if
they use similar mode setup or measurement settings. See Minimize
DUT/instrument setup changes. (Also note that *RST may put the
instrument in single measurement/sweep for some modes.)

Avoid automatic attenuator setting

Many of the one-button measurements use an internal process for
automatically setting the value of the attenuator. It requires measuring
an initial burst to identify the proper attenuator setting before the next
burst can be measured properly. If you know the amount of attenuation
or the signal level needed for your measurement, just set it.

Note that spurious types of measurements must be done with the
attenuator set to automatic (for measurements like: output RF
spectrum, transmit spurs, adjacent channel power, spectrum emission
mask). These types of measurements start by tuning to the signal, then
they tune away from it and must be able to reset the attenuation value
as needed.

Avoid using RFBurst trigger for single burst signals

RFBurst triggering works best when measuring signals with repetitive
bursts. For a non-repetitive or single burst signals, use the IF (video)
trigger or external trigger, depending on what you have available.

RFBurst triggering depends on its establishment of a valid triggering
reference level, based on previous bursts. If you only have a single
burst, the peak detection nature of this triggering function, may result
in the trigger being done at the wrong level/point generating incorrect
data, or it may not trigger at all.

Are you making a single burst measurement? To get consistent
triggering and good data for this type of measurement application, you
need to synchronize the triggering of the DUT with the analyzer. You
should use the analyzer internal status system for this.

The first step in this process is to initialize the status register mask to
look for the “waiting for trigger” condition (bit 5). Use
:STATus:OPERation:ENABle 32

Then, in the measurement loop:

1. :STATus:0PERation:EVENt? This query of the operation event
register is to clear the current register contents.

2. :READ:PVT? initiates a measurement (in this example, for GSM
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power versus time) using the previous setup. The measurement will
then be waiting for the trigger.

Make sure the attenuation is set manually. Do NOT use automatic
attenuation as this requires an additional burst to determine the
proper attenuation level before the measurement can be made.

3. Create a small loop that will serial poll the instrument for a status
byte value of binary 128. Then wait 1 msec (100 ms if the display is
left on/enabled) before checking again, to keep the bus traffic down.
These two commands are repeated until the condition is set, so we
know that the trigger is armed and ready.

4. Trigger your DUT to send the burst.
5. Return the measurement data to your computer.

This process cannot be done with the current VXI plug-n-play driver
implementation. You will need to use the previous SCPI commands.
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Programming in C Using the VTL

The programming examples that are provided are written using the C
programming language and the Agilent VTL (VISA transition library).
This section includes some basic information about programming in the
C language. Note that some of this information may not be relevant to
your particular application. (For example, if you are not using VXI
instruments, the VXI references will not be relevant).

Refer to your C programming language documentation for more details.
(This information is taken from the manual “VISA Transition Library”,
part number E2090-90026.) The following topics are included:

“Typical Example Program Contents” on page 115
“Linking to VTL Libraries” on page 116

“Compiling and Linking a VTL Program” on page 116
“Example Program” on page 117

“Including the VISA Declarations File” on page 118
“Opening a Session” on page 118

“Device Sessions” on page 119

“Addressing a Session” on page 120

“Closing a Session” on page 122

Typical Example Program Contents

The following is a summary of the VTL function calls used in the
example programs.

visa.h This file is included at the beginning of the file to
provide the function prototypes and constants defined
by VTL.

ViSession The viSession is a VTL data type. Each object that
will establish a communication channel must be
defined as ViSession.

viOpenDefaultRM You must first open a session with the default
resource manager with the viOpenDefaultRM
function. This function will initialize the default
resource manager and return a pointer to that resource
manager session.

viOpen This function establishes a communication channel
with the device specified. A session identifier that can
be used with other VTL functions is returned. This call
must be made for each device you will be using.

viPrintf

viScanf These are the VTL formatted I/O functions that are
patterned after those used in the C programming
language. The viPrintf call sends the IEEE 488.2
*RST command to the instrument and puts it in a
known state. The viPrintf call is used again to query
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for the device identification (*IDN?). The viScanf call
is then used to read the results.

viClose This function must be used to close each session. When
you close a device session, all data structures that had
been allocated for the session will be de-allocated.
When you close the default manager session, all
sessions opened using the default manager session will
be closed.

Linking to VTL Libraries
Your application must link to one of the VTL import libraries:
32-bit Version:
C:\VXIPNP\WIN95\LIB\MSC\VISA32.LIB for Microsoft compilers
C:\VXIPNP\WIN95\LIB\BC\VISA32.LIB for Borland compilers
16-bit Version:
C:\VXIPNP\WIN\LIB\MSC\VISA.LIB for Microsoft compilers
C:\VXIPNP\WIN\LIB\BC\VISA.LIB for Borland compilers

See the following section, “Compiling and Linking a VTL Program” for
information on how to use the VTL run-time libraries.

Compiling and Linking a VTL Program

32-bit Applications

The following is a summary of important compiler-specific
considerations for several C/C++ compiler products when developing
WIN32 applications.

For Microsoft Visual C++ version 2.0 compilers:
* Select Project | Update All Dependencies from the menu.

* Select Project | Settings from the menu. Click on the C/C++
button. Select Code Generation from the Use Run-Time
Libraries list box. VTL requires these definitions for WIN32. Click
OK to close the dialog boxes.

¢ Select Project | Settings from the menu. Click on the Link
button and add visa32.1ib to the Object / Library Modules
list box. Optionally, you may add the library directly to your project
file. Click OK to close the dialog boxes.

* You may wish to add the include file and library file search paths.
They are set by doing the following:

1. Select Tools | Options from the menu.

2. Click Directories to set the include file path.
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3. Select Include Files from the Show Directories For list
box.

4. Click Add and type in the following:
C:\VXIPNP\WINS5\INCLUDE

5. Select Library Files from the Show Directories For list
box.

6. Click Add and type in the following:
C:\VXIPNP\WINS5\LIB\MSC

For Borland C++ version 4.0 compilers:

* You may wish to add the include file and library file search paths.
They are set under the Options | Project menu selection.
Double-click on Directories from the Topics list box and add the
following:

C:\VXIPNP\WIN95\INCLUDE
C:\VXIPNP\WIN9S\LIB\BC

16-bit Applications

The following is a summary of important compiler-specific
considerations for the Windows compiler.

For Microsoft Visual C++ version 1.5:
* To set the memory model, do the following:
1. Select Options | Project.

2. Click Compiler, then select Memory Model from the Category
list.

3. Click the Model list arrow to display the model options, and
select Large.

4. Click OK to close the Compiler dialog box.

¢ You may wish to add the include file and library file search paths.
They are set under the Options | Directories menu selection:

C:\VXIPNP\WIN\INCLUDE
C:\VXIPNP\WIN\LIB\MSC

Otherwise, the library and include files should be explicitly specified
in the project file.

Example Program

This example program queries a GPIB device for an identification
string and prints the results. Note that you must change the address.

/*idn.c - program filename */

#include "visa.h"
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#include <stdio.h>

void main ()

{

/*Open session to GPIB device at address 18 */

ViOpenDefaultRM (&defaultRM) ;

ViOopen (defaultRM, GPIBO::18::INSTR", VI NULL,
VI_NULL, &vi);

/*Initialize device */
viPrintf (vi, "*RST\n");

/*Send an *IDN? string to the device */
printf (vi, "*IDN?\n");

/*Read results */
viScanf (vi, "%t", &buf);

/*Print results */
printf ("Instrument identification string: %s\n", buf);

/* Close sessions */
viClose (vi);
viClose (defaultRM) ;

}
Including the VISA Declarations File

For C and C++ programs, you must include the visa.h header file at
the beginning of every file that contains VTL function calls:

#include “visa.h”

This header file contains the VISA function prototypes and the
definitions for all VISA constants and error codes. The visa.h header
file includes the visatype.h header file.

The visatype.h header file defines most of the VISA types. The VISA
types are used throughout VTL to specify data types used in the
functions. For example, the viOpenDefaultRM function requires a
pointer to a parameter of type ViSession. If you find ViSession in the
visatype.h header file, you will find that ViSession is eventually
typed as an unsigned long.

Opening a Session

A session is a channel of communication. Sessions must first be opened
on the default resource manager, and then for each device you will be
using. The following is a summary of sessions that can be opened:

* Aresource manager session is used to initialize the VISA system.
It is a parent session that knows about all the opened sessions. A
resource manager session must be opened before any other session
can be opened.
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* A device session is used to communicate with a device on an
interface. A device session must be opened for each device you will be
using. When you use a device session you can communicate without
worrying about the type of interface to which it is connected. This
insulation makes applications more robust and portable across
interfaces. Typically a device is an instrument, but could be a
computer, a plotter, or a printer.

All devices that you will be using need to be connected and in working
condition prior to the first VTL function call (viOopenDefaultRM). The
system is configured only on the first viOpenDefaultRM per process.
Therefore, if viOpenDefaultRM is called without devices connected and
then called again when devices are connected, the devices will not be
recognized. You must close ALL resource manager sessions and re-open
with all devices connected and in working condition.

Device Sessions

There are two parts to opening a communications session with a
specific device. First you must open a session to the default resource
manager with the viOpenDefaul tRM function. The first call to this
function initializes the default resource manager and returns a session
to that resource manager session. You only need to open the default
manager session once. However, subsequent calls to viOpenDefaul tRM
returns a session to a unique session to the same default resource
manager resource.

Next, you open a session with a specific device with the viOpen
function. This function uses the session returned from
viOpenDefaultRM and returns its own session to identify the device
session. The following shows the function syntax:

viOpenDefaultRM (sesn);
viOpen (sesn, rsreName, accessMode, timeout, vi);

The session returned from viOpenDefaultRM must be used in the sesn
parameter of the viOpen function. The viOpen function then uses that
session and the device address specified in the rsrcName parameter to
open a device session. The vi parameter in viOpen returns a session
identifier that can be used with other VTL functions.

Your program may have several sessions open at the same time by
creating multiple session identifiers by calling the viOpen function
multiple times.

The following summarizes the parameters in the previous function
calls:

sesn This is a session returned from the viOpenDefaultRM
function that identifies the resource manager session.
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rsrcName This is a unique symbolic name of the device (device
address).

accessMode This parameter is not used for VTL. Use VI_NULL.

timeout This parameter is not used for VTL. Use VI_NULL.

vi This is a pointer to the session identifier for this

particular device session. This pointer will be used to
identify this device session when using other VTL
functions.

The following is an example of opening sessions with a GPIB
multimeter and a GPIB-VXI scanner:

ViSession defaultRM, dmm, scanner;

viOpenDefaultRM(&defaultRM) ;

viOpen (defaultRM, "GPIBO::22::INSTR", VI NULL,
VI _NULL, &dmm) ;

viOpen (defaultRM, "GPIB-VXIO::24::INSTR", VI NULL,
VI _NULL, &scanner);

viClose (scanner);
viClose (dmm) ;
viClose (defaultRM) ;

The above function first opens a session with the default resource
manager. The session returned from the resource manager and a device
address is then used to open a session with the GPIB device at address
22. That session will now be identified as dmm when using other VTL
functions. The session returned from the resource manager is then used
again with another device address to open a session with the GPIB-VXI
device at primary address 9 and VXI logical address 24. That session
will now be identified as scanner when using other VTL functions. See
the following section for information on addressing particular devices.

Addressing a Session

As seen in the previous section, the rsrceName parameter in the viOpen
function is used to identify a specific device. This parameter is made up
of the VTL interface name and the device address. The interface name
is determined when you run the VTL Configuration Utility. This name
is usually the interface type followed by a number. The following table
illustrates the format of the rsrcName for the different interface types

Interface Syntax

VXI VXI [board]::VXI logical address[::INSTR]

GPIB-VXI GPIB-VXI [board]::VXI logical address[::INSTR]
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Interface Syntax

GPIB GPIB [board]:.primary address|::secondary address][::INSTR]

The following describes the parameters used above:

board This optional parameter is used if you have more than
one interface of the same type. The default value for
board is 0.

VSI logical

address This is the logical address of the VXI instrument.

primary

address This is the primary address of the GPIB device.

secondary

address This optional parameter is the secondary address of the

GPIB device. If no secondary address is specified, none
is assumed.

INSTR This is an optional parameter that indicates that you
are communicating with a resource that is of type
INSTR, meaning instrument.

If you want to be compatible with future releases of VIL and VISA, you
must include the INSTR parameter in the syntax.
The following are examples of valid symbolic names:

X10::24::INSTR Device at VXI logical address 24 that is of VISA type
INSTR.

VXI2::128 Device at VXI logical address 128, in the third VXI
system (VXI2).

GPIB-VXIO0::24 A VXI device at logical address 24. This VXI device is
connected via a GPIB-VXI command module.

GPIBO0::7::0 A GPIB device at primary address 7 and secondary
address 0 on the GPIB interface.

The following is an example of opening a device session with the GPIB
device at primary address23.

ViSession defaultRM, vi;

viOpenDefaultRM (&defaultRM) ;

viOpen (defaultRM, "GPIBO::23::INSTR", VI NULL,VI NULL,&vi);
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viClose(vi) ;

viClose (defaultRM);

Closing a Session

The viClose function must be used to close each session. You can close
the specific device session, which will free all data structures that had

been allocated for the session. If you close the default resource manager
session, all sessions opened using that resource manager will be closed.

Since system resources are also used when searching for resources
(viFindRsrc) or waiting for events (viWaitOnEvent), the viClose
function needs to be called to free up find lists and event contexts.
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This chapter explains the 802.16 OFDMA communications system including WiMAX and WiBro, and
details how various measurements are performed by the instrument. Suggestions for optimizing WiIMAX
measurements and troubleshooting WiMAX signal problems, as well as a list of reference documents for
further investigation, are provided.

WiMAX (Worldwide Interoperability for Microwave Access) refers to a communications system based
on the 802.16 standard that provides high-speed data services for point-to-point and point-to-multipoint
systems, for mobile and fixed transmission.The focus of the 802.16 OFDMA standard is mobile
transmission, which is also the focus of this chapter. WiMAX uses OFDMA (Orthogonal Frequency
Division Multiple Access) technology which enables rapid throughput, latency, spectral efficiency, and
advanced antennae support. WIMAX is designed to support “last mile” data and cellular
communications applications, to provide mobile service in less densely populated outlying metropolitan
areas that face cost barriers to installation of wired infrastructure. Among its advantages, WiMAX
Mobile supports the following services:

* Provides high-speed mobile data and telecommunications services, offering a wireless alternative to
cable for last mile broadband access.

* Enables non-line of- sight (NLOS) operation.

* Uses a scheduling MAC (Media Access Controller) that guarantees a subscriber must compete only
once for network access, in contrast to Wi-Fi, which uses a contention MAC, that can impair service
to more distant customers and reduces the quality of VoIP and IPTV.

* Provides backhaul for wireless LAN hot-spots or cellular base stations.
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802.16 OFDMA Overview

802.16 OFDMA supports both WiMAX and WiBro technologies, which are summarized below.
OFDMA (WiMAX Mobile) is an evolution of OFDM (WiMAX Fixed), and its structure is similar to
OFDM. This section describes aspects of the WIMAX framing structure that OFDMA and OFDM have
in common, then proceeds to explain those aspects of the WiMAX format that are specific to OFDMA.
The strong advantage of OFDMA over OFDM is that it enables multiple users simultaneously over time,
dramatically improving bandwidth efficiency. Note that both versions of WiMAX use OFDM signals, so
signals in this document are referred to as “OFDM” signals.
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IEEE 802.16 OFDMA Mobile

IEEE 802.16 OFDMA is a wireless standard that supports fixed and mobile wireless access (BWA)
systems for metropolitan area networks. IEEE 802.16 OFDMA is sometimes also referred to as
“WirelessMAN OFDMA”. The IEEE 802.16 standard supports many bandwidths (e.g. 1.25 MHz, 5
MHz, 10 MHz, and 20 MHz) with fixed subcarrier spacing using a scalable architecture. The scalable
architecture is based on a scalable subchannelization structure with variable Fast Fourier Transform
(FFT) sizes, where the FFT sizes scale with bandwidth to keep subcarrier spacing fixed.

WiBro

WiBro (Wireless Broadband) is a wireless broadband internet technology developed by the Korean
telecoms industry. WiBro base stations offer an aggregate data throughput of 30 to 50 Mbit/s and cover a
radius of 1-5 km, allowing for the use of portable internet usage within the range of a base station. WiBro
technology will also offer Quality of Service (QoS). The inclusion of QoS will allow for WiBro to
stream video content and other loss-sensitive data in a reliable manner. These appear to be the stronger
advantages that WiBro provides over the WiMAX-OFDMA standard, but the proprietary nature of
WiBro and its use of licensed spectrum, that may not be available across the globe, may keep it from
adoption as an international standard. While WiBro is exacting in its requirements, from spectrum use to
equipment design, WiMAX-OFDMA leaves many of these issues to the equipment provider, while
providing enough detail to ensure interoperability between designs
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The OFDMA Frame Structure

The OFDMA frame structure shares the following features with the frame structure of OFDM (WiMAX
Fixed): use of preambles, an FCH, UL and DL maps, and use of TTG and RTG transition gaps. The
critical difference between OFDM and OFDMA lies in its use of subchannels to enable transmission of
multiple bursts over the same symbol time period. OFDMA also enables the use of different modulation
schemes over the same symbol time.

Figure 7-1 OFDMA Frame Structure (Required Zones for TDD Mode Only Shown)
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In contrast to the OFDM frame structure, OFDMA uses data bursts that overlap in time, as is shown in
Figure 7-1. In addition, each increment in symbol time is defined in terms of “zones” (see “OFDMA
Zones” on page 130), as figure Figure 7-2 illustrates.

Figure 7-2 OFDMA Subframe Division into Zones
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OFDMA Slots

The minimum unit of data in OFDMA is a “slot”. A slot is defined by two parameters, symbol time and
subchannel number. Three slot sizes are most commonly used: 1 subchannel by 1 OFDMA symbol, 1
subchannel by 2 OFDMA symbols, and 1 subchannel by 3 OFDMA symbols, as shown in Table 7-3

Figure 7-3 Commonly Used Slot Arrangements

Different permutation zones (“OFDMA Zones” on page 130) use different slot sizes.
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OFDMA Subchannels and Bursts

Unlike OFDM (WiMAX Fixed), OFDMA uses multiple, layered subchannels. Carriers are organized
into logical subchannels. Each carrier consists in approximately 28 subcarriers. The
subchannel-to-subcarrier assignment changes for every symbol, based on a permutation formula affected
by variables such as Cell-ID, sector number, and so on. A MAC (Media Access Controller) layer assigns
user data to one or more logical subchannels to ensure there is enough symbol time to carry the required
number of bits.

The number of subchannels, and the symbol time length, can vary for each burst. Unlike OFDM, this
allows for maximum efficiency in the use of bandwidth, both in enabling the overlapping of bursts by
users, and in optimally allocating subchannel and symbol time usage.

Figure 7-4 Subchannels and Symbols Composing an OFDMA Burst
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OFDMA Burst

A data burst is a set of contiguous subchannels and symbols, as shown in Figure 7-4. The base station
assigns a data burst/region to a user to use to receive or transmit data.
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OFDMA Zones

An OFDMA zone, also referred to as a permutation zone, is a contiguous set of symbols that have a
consistent subchannel-to-tone mapping. A zone contains all subchannels but occurs over a variable
length in symbol time. The parameters for each zone vary so the mapping for each zone is variable,
except for the first DL zone, which always consists in a preamble, the FCH, a DL- and UL Map, as well
as data bursts. Figure 7-5 on page 130

Each zone contains independent pilot locations, pilot values, “data burst” definitions, and a subchannel
mapping algorithm. Pilot locations are not fixed, but recur in a pattern over multiple symbols. A “data
burst” occupies an abstract subchannel vs symbol grid. Note that the abstract mapping means that QPSK,
16QAM, and 64QAM can all be present in the same OFDMA symbol, separable only by use of the
correct “permutation equation”.

Among the types of zones that have been defined for use in OFDMA are the following:
» PUSC - Partial Usage of Subcarrier Channels

*  FUSC - Full Usage of Subcarrier Channels

*  OPUSC - Optional Partial Usage of Subcarrier Channels

e  OFUSC - Optional Partial Usage of Subcarrier Channels

* AAS - Adaptive Antenna System

« AMC _ Adaptive Modulation and Coding

Zones are used to help implement basestation functionality, such as beamforming, to assign subchannels
to different sectors of a single cell, and to define subchannelization that reduces basestation to
basestation interferences.

Figure 7-5 OFDMA Zones
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The table below contrasts OFDMA and OFDM features, and indicates the far greater complexity of

OFDMA.
Table 7-1

A Comparison of OFDMA and OFDM Features

Features OFDMA (Mobile WiMAX) OFDM (Fixed WiMAX)

Carriers OFDMA with 128, 512, 1024, or OFDM with 256 carriers, 17
2048 (but not 256) carriers, in BW options ranging from 1.25 -
1.25,5, 10, or 20 MHz BWs 20 MHz (with variable
respectively, and additional BW sub-carrier spacing).
options for European
implementation.

Coding CC is mandatory, CTC is required | CC is only mandatory coding
for WiBro, and STC and CTC are | scheme, STC is optional.
optional but frequently used.

Preambles Multiple preambles, with 114 Long and Short basic preambles
preambles available

Modulation Modulation series based on All carriers have same

per carrier segment and IDCell. modulation in one symbol

New features
with
OFDMA

Permutation zones: PUSC, FUSC,
OPUSC, AMC, OFUSC, TUSCI,
TUSC2

Bursts and zones allocated by
subchannel and symbol

Subchannel divided into segments
(BTS sectors).

Physical subchannels renumbered
to map to logical subchannels

Hybrid automatic repeat request
(HARQ)

Adaptive antenna system (AAS)
for beamforming.

Power Boosting
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Measuring the Frequency Spectrum

The analyzer can perform spectrum analysis using either a scalar (also called “stepped FFT
measurements”) or a vector measurement. Scalar measurements provide amplitude-only information
over the full frequency range of the instrument. Vector measurements provide both phase and amplitude
information over the processing bandwidth of the instrument.

Measuring the Wideband Spectrum

Analysis of a WiMAX signal typically starts with a wideband spectrum measurement. A wideband
spectrum measurement is used to verify the center frequency, nominal signal bandwidth, amplitude level,
and sidelobe level of the WiMAX signal. It is also an opportunity to verify the level of any spurs and
other interference signals present in the frequency band that may cause errors during digital
demodulation.

Verifying the spectral content is typically performed using a maximum-hold detection scheme. For peak
amplitude and spurious measurements of the OFDM signal, the analyzer is configured with a large
frequency span (perhaps using the scalar measurement mode) and max-hold averaging. Continuous
peak-hold averaging is a measurement function used by the analyzer to measure and display the largest
magnitude (determined over many measurements) for each frequency point in the span.

Measurement of low level spurious and interference signals should be performed using a Gaussian
window, which provides the highest dynamic range in the measurement. The Gaussian window offers
the lowest sidelobe level of any analyzer window at slightly reduced amplitude accuracy. Combining
peak hold averaging and Gaussian windowing is ideal to ensure that no significant signals are missed
either in the band or out.

Lastly, the analyzer’s input range must be correctly set in order to obtain accurate measurements. If the
input range testing is too low (more sensitive than necessary), the analyzer’s analog-to-digital converter
(ADC) circuitry is overloaded and introduces distortion into the measurement. If the range is set too high
(less sensitive than necessary), there may be a loss of dynamic range due to additional noise. If the
wideband spectrum for the WiMAX test signal is acceptable, the instrument can be re-configured for the
next analysis step, which is a measurement of the narrowband spectrum.

Measuring the Narrowband Spectrum

For narrowband spectrum analysis of the WiIMAX signal, the instrument’s frequency span should be set
to approximately 1.1 times the nominal bandwidth of the signal. Alternately the span can be configured
to match the bandwidth of a typical WiMAX front-end filter. Using a frequency span close to a typical
receiver’s RF bandwidth allows the analyzer measurements to be performed with similar input noise and
interference levels as would be seen in practice.

Narrowband measurements also provide improved frequency resolution and greater accuracy in setting
the center frequency of the instrument or verifying the center frequency of the signal under test. The
improved frequency resolution results from the inverse relationship between span and RBW. Accurate
amplitude measurements of the WiMAX signal are required for system verification, troubleshooting and
compliance with local regulations.

Amplitude measurements as a function of frequency for these noise-like signals should be performed
using RMS (video) averaging and RMS detection. The detection mechanisms in the analyzer are always
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RMS. The analyzer calculates the frequency spectrum using a Fast Fourier Transform (FFT) that directly
results in the true RMS power of the signal whether it is a single tone, noise, or any complex signal.
RMS averaging produces a statistical approximation of the true power level over the measured time
record(s), which includes on/off times and the transient effects of the bursted OFDM signal.

Time-variant signals such as WIMAX signals often require spectral analysis over a smaller portion of the
entire waveform, for example, during a subframe. In this case, the measurement needs to be stabilized
using the trigger control in the analyzer. Triggering the analyzer can easily be accomplished and the
details will be provided in the next section. The importance of triggering for a time-variant waveform
can be seen in Figure 7-6 on page 133, which shows the difference between the spectrum of a OFDM
signal when the instrument is not triggered (upper display) and when it is triggered (lower display). The
sidelobe levels for the untriggered response rapidly change from individual measurement to
measurement as the spectrum measurement is made on different parts of the time-variant waveform. In
comparison, the triggered response maintains the spectral shape as the instrument is triggered at the
beginning of each OFDM frame. Both measurements were made with the averaging disabled. Both
measurements are accurate, but the change in trigger conditions changes the portion of the signal that is
measured.

Figure 7-6 Frequency domain response of a OFDM signal without using an instrument
trigger (upper trace) and using a trigger to set the beginning of the downlink
frame (lower trace). (Example from the Agilent 89600).
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Finding Frames and Triggering Measurements

When first examining the pulsed characteristics of the WiMAX signal, it is often necessary to adjust the
time record length in order to see the entire frame or several frames within the waveform display.

A time-domain display using a large number of points and showing one to two frames can be used to
measure the subframe lengths and transition gaps. These measurements can also be used to verify the
measured OFDM frame duration against the IEEE 802.16-2005 standard.

Triggering the analyzer at specific time intervals within the WiMAX waveform will require setting the
trigger type and magnitude level. Once the analyzer is properly triggered, analysis of different parts
within the waveform can then be made using the trigger delay function of the instrument.

Figure 7-7 Measurement of RTG time using marker functions. Upper trace shows the
frequency of the displayed time domain time record (shown in the lower
trace). (Example from the Agilent 89600).
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Finding the Trigger Level

The trigger level is typically set (in linear voltage units) to a percentage of the total signal range. One
way to determine this level, prior to triggering, is to examine the time domain waveform in a linear
power format. This format is available when the Symbol Error vs Symbol or Symbol Error vs Subcarrier
view are selected when the Modulation Analysis measurement is accessed using the Meas menu, and
Lin is selected in the AMPTD Y Scale menu. A level setting that is 10 to 50 percent of the approximate
voltage maximum is a good start for bursted signals. This assumes that the voltage is close to zero during
the “off” times in the waveform. Note that once the trigger level is determined, changing the format back
to Log for subsequent time domain measurements provides the most useful display for examining the RF
envelope of this bursted signal. This format is available when the Symbol Error vs Symbol or Symbol
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Error vs Subcarrier view are selected, and Log is selected in the Y Scale menu.

Introducing a Trigger Delay

Trigger delay allows detailed measurements of specific parts of the signal. If trigger delay is zero, the
analyzer takes data immediately after the trigger conditions are satisfied and then processes the results. If
a trigger delay is positive (this is called a “post-trigger delay”) the analyzer waits through the duration of
the delay before data is acquired. The post-trigger delay allows the analyzer to begin the measurement at
any time into the waveform, for example, at the beginning of the first uplink frame. A trigger delay that
is negative, which is called a “pre-trigger delay”, allows measurement of the rising edge of the RF burst
including any transient effect that may occur prior to the trigger.

Stabilizing the displayed measurement using the trigger functions allows you to verify and troubleshoot
the OFDM signal using time and frequency domain analysis. For example, by measuring signal level
changes such as amplitude droop in the time domain or flatness and ripple effects in the frequency
domain, you may uncover thermal problems in the amplifiers power stages or improper analog or digital
filtering respectively. Unexpected frequency tilt and poor center frequency accuracy may be the result of
poor component or synthesizer performance. Turn on and turn-off transients may create demodulation
errors in the WiMAX receiver.

These may seem like very basic measurements, but a significant number of system problems can be
traced to these behaviors. Such problems may come from analog or digital circuits, or interactions
between them. Linking time and frequency measurements with proper triggering can provide a high
level of confidence in the signal quality before digital demodulation takes place.
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Capturing Signals In Real Time

An analyzer performing vector signal analysis is not a real-time receiver but rather is a block-mode
receiver. It captures a time record, and processes and displays the result before capturing the next block
of data. Typically the processing and analysis time is longer than the capture time so there may be a gap
between the end of one time record and the beginning of the next. Those gaps in time imply that the
analyzer is not a real-time processor. This also applies to an analyzer that is configured to trigger on an
event such as the change in the amplitude at the beginning of a burst. It may take the analyzer longer to
process the current record than the time it takes for the next trigger event to occur.

Here again, the analyzer is not operating in real-time. Fortunately, vector signal analyzers provide a way
to get real-time measurements for a limited length of time by using a time capture or recording of the
input waveform. Time capturing allows the storage of complete time records with no time gaps produced
in the record. The time capture is performed prior to data processing and once the waveform is captured,
the signal is played back for analysis.

The signal analyzer captures the time record directly from the measurement hardware and stores the
record in memory for immediate analysis or future use. Capturing the time record has the added benefit
that the same signal can be analyzed over many different combinations of instrument settings including
all the time and frequency measurements discussed in this section. One benefit of starting with a good set
of vector measurements is the ability to choose a time capture length that is long enough for complete
analysis, but not so long as to cause slow transfer due to excessively large capture files.
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Verifying OFDMA signal Impairments

Performing vector measurements can provide verification of the quality of the OFDMA signal,
providing the groundwork for proper instrument configuration and successful signal analysis. These
measurement techniques can also be used to uncover signal problems that may create difficulties when
demodulating a WIMAX or WiBro waveform. In the tables below you will find a summary of some of
the measurements and signal impairments that can be analyzed using basic frequency and time domain
measurements. The associated analyzer function or instrument configuration is listed in the column to
the right.

Table 7-2 Frequency Domain Analysis
Bandwidth Marker Offset, OBW
Center frequency OBW
Sidelobe level Marker, Peak Hold
Spurious Marker, Peak Hold
Amplitude level and flatness Marker, Band Power, PeakHold
Table 7-3 Time Domain Analysis
Frame timing Marker Offset, Triggering
DL subframe timing Marker Offset, Triggering
UL subframe timing Marker Offset, Triggering
TTG timing Marker Offset, Triggering
RTG timing Marker Offset, Triggering
Symbol timing Marker Offset, Triggering
Symbol power Band Power, Triggering
Pulse droop Marker Offset, Triggering
Turn-on and turn-off transients Marker Offset, Triggering
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Demodulating and Troubleshooting the Subframe

Configuring the Signal Analyzer for Demodulating a WiMAX Signal

The complex and flexible burst type frame of the WiMAX signal can be challenging to analyze using
general-purpose test equipment. Fortunately, signal analyzers with vector modulation capability offer
automatic and adaptable measurements including digital demodulation for IEEE 802.16e-2005 and
WiBro compliant waveforms.

A few basic analyzer settings, such as center frequency, frequency span, and input range must be
configured before beginning digital demodulation. Following a well-organized measurement approach,
it is suggested that vector signal analysis should begin with basic time domain and spectrum
measurements. Once spectrum analysis is complete, the analyzer will generally have the proper
frequency and amplitude settings that are required to proceed to the demodulation mode of operation.

In addition, these preliminary measurements can uncover problems such as malformed or missing
preambles that would prevent successful demodulation but are harder to see in digital demodulation
mode. Digital demodulation begins with the assumption that the center frequency, span, and input range
are configured correctly for the OFDM signal under test.

Several properties should be configured based on the OFDM signal under test. These include selecting
the appropriate standard, nominal bandwidth, and guard interval. Properly configuring these three
parameters is necessary for the analyzer to lock on to and demodulate the test signal. In cases where
there is some question about the correct value for a parameter, different values can be used on a trial
basis (such as the guard interval) or the actual values for a parameter can be determined through the time
and frequency domain analysis approaches discussed earlier in this section.

Configuring User Selectable Settings

As part of the demodulation process, you must configure three parameters: the applicable version of the
IEEE standard, the nominal bandwidth, and the guard interval.

To begin select 802.16 OFDMA from the Mode menu. Using the Mode Setup key, select the Radio Std
menu, which allows you to choose either of two WiMAX formats, 802.16e-2005 or WiBro. Next, the
nominal bandwidth for the signal under test must be entered using the front-panel BW key, or the Preset
Profile key in the menu for the radio standard you have selected. There are two ways to enter the value
for nominal bandwidth; the first allows the user to manually enter the value into the property box and the
second technique allows use of the Up/Down and rotary knob. Finally, you can set the guard interval
through use of the Guard Interval key found in the 802.16e-2005 and WiBro menus.

You can also enter one of eleven standard preset values for 802.16e- 2005 and 3 standard presets for
WiBro. For the 802.16e-2005 standard, preset bandwidths range from 1.25 to 28 MHz. For WiBro,
preset bandwidths range from 4.375 to 17.5 MHz. See the Mode Setup table on page 189 which
indicates the values for each WiMAX standard, that you will need to enter for FFT size, BW Ratio,
Guard Interval, Frame Duration, and Downlink Ratio. Each of these parameters is accessed through the
menu for the WIMAX format you have selected, either through the 802.16e- 2005 or WiBro menu.

The specified nominal bandwidths are related to the carrier spacing, symbol time, guard interval, and
sampling factor. Entering the nominal bandwidth will automatically set the value of several test
parameters including the subcarrier spacing and sampling factor (Fs/BW). The nominal bandwidth is a
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descriptive term and its value is slightly larger than the actual bandwidth of the outermost carriers of the
signal.

If the nominal bandwidth of the signal is not known, a basic spectrum measurement can be used to
determine the value. The analyzer has several measurement tools, such as the occupied bandwidth
calculation, that can be used when determining the nominal bandwidth.

The guard interval is another parameter that must be set based on the properties of the OFDM signal. In
the menu for the WiMAX mode you have selected, you will find the Guard Interval key, which accesses
a menu of guard interval selections. The default setting is 1/8. If the value is unknown, it can be
measured in the time domain using the measured length of the long or short preamble. A preamble
symbol has a power level that is 3 dB higher than the data symbol. When examining the beginning of a
subframe, it is possible to visually pick out the portion of the preamble from the rest of the subframe. A
measurement of the preamble length can be used to determine the guard interval by comparing the
measured preamble length to the guard interval selections on the WiMAX Frequency and Time
Parameter Table (see “Appendix A” on page 186).

Observing the Automatic Demodulation Parameters

The analyzer provides defaults for the sampling factor and data subcarrier modulation parameters for the
802.16 OFDMA and WiBro versions of WIMAX. As a rule, in 802.16 OFDMA multiples of 1.25 MHz,
1.5 MHz, 2 MHz, and 2.75 MHz are set to a ratio of 28/25, while multiples of 1.75 MHz, and other
bandwidth settings, are set to a ratio of 8/7, which is also the setting for all WiBro bandwidths. The
Sampling Factor, identified as BW Ratio, is related to the ratio of OFDM sampling rate to the selected
nominal bandwidth. The IEEE 802.16-2005 specification defines this parameter using a set of ratios
related to integer multiples of a frequency value. See Table 7-4 on page 140.
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Table 7-4 BW Ratio Settings for 802.16 OFDMA and WiBro
WiMAX Mode BW FFT Size BW Ratio
802.16 OFDMA 1.25 MHz 128 28/25
5 MHz 512
10 MHz 1024
15 MHz 1024
20 MHz 2048
3.5 MHz 512 8/7
7 MHz 1024

8.75 MHz 1024

14 MHz 1024

17.5 MHz 2048

28 MHz 2048

WiBro 4.375 MHz 512

8.75 MHz 1024

17.5 MHz 2048

The analyzer automatically selects the appropriate ratio based on the user input for nominal bandwidth.
For example, if the nominal bandwidth is selected as 7 MHz then the sampling ratio will be 8/7, based on
the fact that 7 MHz is an integer multiple of 1.75 MHz. The analyzer also provides the option for manual
selection of the sampling ratio when prior knowledge of the exact sampling ratio is known for the OFDM
signal under test.

The data subcarrier modulation for a OFDM signal can vary between four different modulation types:
BPSK, QPSK, 16QAM, and 64QAM. The analyzer is capable of automatically detecting the modulation
types within the OFDM burst and displaying the measured results using various traces views such as the
constellation display and the Peak/Average Metrics table.

Viewing the Demodulated Data

For a complex signal such as WiMAX, there is a considerable amount of measurement data available
once the analyzer has successfully demodulated the OFDM signal. The analyzer provides colorful
multi-trace displays that allow you to quickly verify the proper operation of the signal and rapidly
identify any problems that may exist. Numerical measurement of modulation quality and visual
evaluation of potential errors are easier with the use of these multiple simultaneous displays. Linking
measurements across multiple domains also provides a powerful verification and troubleshooting tool.
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Verifying and Troubleshooting the Demodulated OFDM signal

Verification that proper demodulation has occurred usually begins with examining a few measurement
traces such as the Constellation trace and Symbols/Errors table. A clear constellation is an excellent
starting point for indicating a successful demodulation.

Compared to traditional digital modulation formats, the WiMAX constellation may appear to have an
unusual configuration. Depending on the structure of the subframe and the number of symbols used in
the analysis, the constellation may be comprised of an overlay of BPSK, QPSK, 16QAM, and 64QAM.
The analyzer uses a color coding scheme to visually show the different multi-modulation formats
simultaneously in the same constellation trace. Here, the constellation is color coded by modulation type.
For example, the QPSK part of the constellation is displayed in one color and the BPSK pilot 10 element
has another. This color-coding is consistent across different measurement displays, providing valuable
troubleshooting insights through correlation of different error measurements as shown below.

Circles are placed around the ideal constellation locations for each modulation type. This size of the
circles represents the error vector magnitude (EVM) as a percentage. By default, the circles are setto a 5
percent EVM and this can be adjusted as desired. Measurement points that fall outside the circles are
indicative of problems within the OFDM signal or in the demodulation process. As a measurement
example, Figure 7-8 on page 142 shows the constellation of a DL subframe containing all possible
modulation types over the total of 42 symbols. This constellation is representative of a valid
demodulation result but reveals significant errors for the symbols using a 64QAM format. When
examining the expanded view in Figure 7-8, it is observed that BPSK pilot and 16QAM data-modulated
symbols fall inside the 5 percent EVM circles but none of the 64QAM symbols fall inside the
appropriate circles.

This display indicates errors possibly resulting from limiting, scaling, or compression problems that only
affect the 64QAM symbols. In this case, it was later found that scaling errors in the DSP resulted in
improper amplitude levels for all the 64QAM data symbols, though these scaling errors did not affect the
other modulation types. There are several clues to the problem in the constellation, and in other
measurements. In the constellation, for example, it can be seen that amplitude errors are proportional to
the signal’s amplitude (represented by the distance from the center of the constellation) and are not larger
for higher-amplitude states such as the corner ones. If the errors were due to amplitude compression in an
amplifier, the errors would be much larger for the corner states than for the center ones, and other
modulation types would be affected. In addition, the effects of pilot amplitude tracking (see “Pilot
Tracking” on page 149) would provide other information about this error and the modulation with which
it is associated.
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Figure 7-8 Constellation trace for a WiMAX downlink subframe including a close-up
showing large errors for symbols using the 64QAM format (example from the
Agilent 89600)
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Examining the Peak/Average Metrics Table

The Peak/Average Metrics table is a very useful display. It will help you verify the operation of the
analyzer demodulator and the modulation quality of the OFDM signal. This display shows several error
statistics for all the demodulated symbols included in the analysis.

Figure 7-9 Peak/Average Metrics Table
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One of the most powerful statistics for determining the modulation quality of the signal is the measured
value for Relative Constellation Error (RCE). RCE is defined in the IEEE 802.16 standard as the RMS
value of the EVM over the entire burst. The RCE is calculated using all preamble and data symbols in
the burst. The RCE is shown as a percentage and as a value in decibels (dB). The 802.16 standard lists
the RCE for specific modulation types and coding rates but the RCE value supplied in this summary
table provides an overall figure of merit of the modulation quality for the entire WiMAX burst.

The peak level of EVM is shown on this table as Peak RCE. Peak RCE provides both the percentage
RCE and the specific value in dB.Peak values that deviate substantially from the total RCE may indicate
problems with only a few symbols within the burst.

The Peak/Average table also displays statistics based on errors found within the pilot subcarriers. Pilot
subcarriers are used for a continuous demodulation reference during the burst, and therefore it is
important to verify the performance of these transmitted subcarriers using composite statistical values
such as Pilot RCE.

The frequency error (Freq Error) reported in the table is the value determined from the final frequency
estimation based on the channel estimation sequence and any frequency error detected in the pilot
tracking. Errors in RF frequency, LO frequency, or digitizer clock rate could all appear as carrier
frequency error.

1Q Offset, also displayed in the Peak/Average Metrics view, indicates the magnitude of the carrier feed
through. The DC offset tends to reduce the dynamic range of the receiver as well as introduce noise into
each subcarrier signal, particularly for high data rate systems. Carrier feed through can also result in
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degraded performance in systems that use zero-IF architectures, as the down converted carrier may result
in a large DC offset, which would reduce dynamic range in the A/D converters.

OFDM signals differ from single-carrier modulated signals in that these errors cause each subcarrier to
interfere with adjacent subcarriers, which can result in the spreading of each constellation point.
Spreading of the constellation points results in an increase in EVM and reduced system performance. In
some cases, state spreading will spread the points into a distorted miniature picture of the entire
constellation, though the structure of the spread points may be impossible to recognize, especially for
higher-order modulation types and where the data on frequency-symmetrical carriers is uncorrelated.

The Peak/Average Metrics table also provides a value for the Symbol Clock Frequency Error (Symbol
Clock Err), which is the difference between the ideal and actual symbol clock frequency in ppm. A
symbol clock frequency that is lower than specified will make the OFDM symbol time longer than
required and cause the OFDM subcarrier spacing to decrease. A symbol clock frequency that is greater
than specified will make the symbol times shorter than required and cause the OFDM subcarrier spacing
to increase. In either case this creates subcarrier interference and increases the signal’s EVM. In many
cases this will produce a distinctive V-shaped error vector spectrum display if “Track Timing” is not
enabled in the pilot tracking of the analyzers demodulator. This pilot tracking function is described in the
section Pilot Tracking on page 149.

The Peak/Average Metrics table also shows a figure of merit indicating the quality of the preamble
segment used for synchronization and is termed the Sync Corr. Sync Corr is a cross correlation between
the measured signal and an ideal signal using the synchronization segment of the preamble. A value of 1
indicates perfect correlation and a value of 0 indicates no correlation. Large frequency errors
(approximately 100 kHz or more) may cause the analyzer to show incorrect low Sync Corr values.

These values are a result of frequency error and do not necessarily indicate poor signal quality.
Therefore, for low Sync Corr values you always need to validate the cause of the low Sync Corr data
result. If the Sync Corr is low and the frequency error is large, check the RCE. If the RCE is low, the
measured signal data is good and the low Sync Corr value can generally be ignored. To correct for
frequency errors, adjust the center frequency of the analyzer or the transmitter so that the freq err
decreases to approximately 0 Hz. If the Sync Corr increases in value, then the contributing factor to the
initial low Sync Corr value was the frequency error and not the measured signal.

Verifying and Troubleshooting OFDM signals

Demodulating a complex signal such as WiMAX can lead to problems locking to and troubleshooting
the signal under test. Demodulation problems may result from problems found in two categories:
problems associated with an improper setting of the instrument and problems inherent to the signal itself.
The following troubleshooting information may be useful when problems occur during the initial
demodulation setup of the analyzer. It is assumed that basic spectrum and time domain measurements
have been successfully made prior to activating signal demodulation.

Uncovering Demodulation Problems

The following is a partial list of possible problems that may be observed when attempting to demodulate
a OFDM signal for the first time. Demodulation problems may occur due to signal-related problems or to
an incorrectly configured instrument. Incorrect instrument settings often result in a failure to lock onto
the signal and result in a poor constellation trace. If the analyzer’s center frequency and span, and input
range are set correctly, signal-related issues that create problems during digital demodulation can
typically be discovered by examining the Peak/Average Metrics table, as well as other views, such as the
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Constellation, Symbol Power vs. Subcarrier, and Zone definition views.

This list does not cover all possible causes for demodulation problems but should serve as a guide into
the process for uncovering issues with OFDM demodulation. Keep in mind that a well-organized
approach to analyzer measurements begins with basic time and spectrum analysis (vector
measurements). It has been shown that performing vector measurements prior to digital demodulation
can verify the quality of the OFDM signal and ensure that the analyzer has been properly configured.

Table 7-5 WiMAX Problems and Troubleshooting Table

Problem:

Symptom:

Examine:

Solution:

Demodulation fails to lock on signal

Bad constellation trace and very high RCE (EVM), but time & spectrum measurements
OK.

The Sync Corr in the Peak/Average Metrics table. If the Sync Corr value is close to then
it is possible that the “Guard Interval” is incorrectly set.

Modify the guard interval.

Problem:
Symptom:

Examine:

Solution:

Signal is transmitting incorrect pilot bits
RCE (EVM) larger than expected.

The CPE level will be high both in the Pilot RCE in the Peak/Average Metrics table, and
in the Common Pilot Error trace.

Turn off PilotTracking, and possibly Pilot Phase Tracking.

Problem:
Symptom:
Examine:

Solution:

Signal has longer transition gaps between symbols than expected
RCE (EVM) larger than expected.

The TTG and RTG timing using a time domain trace.

Change Symbol Timing Adjustment to be more negative. Symbol timing can be
modified by accessing the Symbol Timing Adjust parameter, which is located at Meas
Setup, More, More, Advanced

Problem:
Symptom:
Examine:

Solution:

Signal amplitude varies during burst
RCE (EVM) larger than expected.
The Error Vector Time trace shows an increase in EVM from beginning to end of burst.

Turn on Pilot Amplitude Tracking. Pilot tracking is covered in “Pilot Tracking” on
page 149

Problem:
Symptom:

Examine:

Solution:

Center frequency of signal not correct
Sync Corr value is low, Freq Err is large but RCE is good.

The Freq Err in the Peak/Average Metrics table, large frequency errors result when the
instrument’s center frequency does not match the signals.

Adjust the center frequency of the analyzer.
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Troubleshooting Symbols and Improving Demodulation

Demodulating Specific Time and Frequency Intervals

Time and frequency (vector) analysis of a WiMAX waveform can be easily performed by this signal
analyzer. This analyzer is capable of demodulating the RF burst and measuring the signal quality in
multiple domains including subcarrier frequency and symbol-time. Analysis of specific time and
frequency intervals can also provide isolation of signal errors or impairments within the complex
structure of the WiIMAX waveform.

Analyzing Specific Time Intervals

Demodulation of specific time intervals can be used to identify impulsive, intermittent, or periodic
sources of errors.

As a measurement example, Figure 7-10 on page 147 shows the Constellation, Error Vector Time, Error
Vector Spectrum, and Symbols/Errors traces for the eight pilot subcarriers in the FCH symbol. As
WiMAX uses these pilots to correct for time varying errors in the received signal (and thus the
demodulation is performed relative to the pilots), it is important that the modulation quality of these
symbols be very high.

Analyzing Specific Frequency Intervals

Demodulation of specific frequency intervals within the WiMAX subframe is another powerful analytic
and troubleshooting tool. This feature provides the isolation of errors down to the individual subcarrier
as a function of symbol time and can be used to identify such problems as interference, spurious, and
DSP errors.

When selecting the option for a specific subcarrier, it is also necessary to enter the subcarrier index from
among the 200 possible subcarriers used in the WiMAX subframe. The subcarrier indexing begins at
—100 and ends at 100. The index equal to zero is not used as this value represents the RF carrier of the
signal and contains only a leakage term. Demodulating the individual subcarriers allows for the
comparison of data subcarriers with pilot subcarriers.

This technique is very useful when troubleshooting DSP problems. As a measurement example, Figure
7-10 on page 147 shows the Error Vector Time and Error Vector Spectrum for a single subcarrier from
an UL subframe. The upper two traces show the errors for a single pilot subcarrier with index = —88.

Here, the Error Vector Time trace (upper left) shows a maximum EVM value of 2.7 percent. Also note
that the EVM as a function of symbol- time does not change significantly over the complete subframe.

As a comparison, the lower two traces show the errors for the data subcarrier with index = 10. The Error
Vector Time trace (lower left) for this data subcarrier has a large EVM peak error of approximately 12
percent. Also note that this trace shows a large jump in the EVM for the symbols at the end of the
subframe. This figure confirms that errors are occurring in the selected data sub carrier and not the pilot
subcarrier. It can also be determined using the analyzer’s modulation specific color-coding scheme, that
the large errors are confined to the 64QAM symbols at the end of the subframe. It was later discovered
that these errors are related to scaling problems in the DSP. This technique is also a very useful tool when
troubleshooting OFDM signals when problems arise as a result of time-variant effects such as turn on/off
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settling, thermal, and power supply related problems.

Figure 7-10

Error Vector Time and Error Vector Spectrum traces using a single WiMAX
frequency subcarrier. The upper pair of traces shows the results for the pilot
subcarrier at index = —88. The lower pair shows the results for a data
subcarrier at index = 10 (example from Agilent 89600)
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Correcting Signal Imperfections

As in many OFDM-based communications systems, the IEEE 802.16 standard includes specific
provisions for adaptive equalization and pilot tracking within the receiver. These provisions improve
receiver performance by correcting for linear errors, including impairments such as amplitude and delay
distortion. These errors can arise from phenomena such as multipath that may occur in the wireless
channel between the transmitter and the receiver, or by frequency response problems in the transmitter or
receiver circuitry.

Adaptive equalization is initially used during the demodulation process to correct for frequency
dependent errors contained in the received signal. Conversely, pilot tracking continuously corrects for
time-varying errors that occur over the length of the OFDM subframe. Adaptive equalization and pilot
tracking are particularly useful for broadband OFDM signals where the nominal bandwidth can be as
large as 28 MHz and the opportunity for frequency response problems is correspondingly greater than
that for more narrowband signals. Adaptive equalization and pilot tracking are designed to work together
in the receiver, and to be complimentary, enabling the use of denser constellations and thus yielding
higher data rates.

These features also work together in this signal analyzer providing important signal information and
troubleshooting tools as shown in the following examples.

Training the Equalizer

In the WIMAX system, a training sequence composed of predetermined values is modulated onto the
OFDM subcarriers at a specific time in the subframe called “channel estimation”. The receiver can
improve the quality of the demodulated data by adaptively adjusting coefficients in the equalizer based
on prior knowledge of the transmitted signal. The coefficients correct for linear amplitude and phase
errors that occur as a result of multipath in the wireless channel or problems that may occur in the
transmitter or receiver circuitry.

Equalization of the DL subframe usually occurs during the second symbol of the long preamble. This
OFDM symbol is comprised of 100 subcarriers placed at every even index value. The UL subframe also
uses 100 subcarriers placed at even indexes and is transmitted as a single OFDM symbol in the short
preamble. Midambles may also be present and useful for updating the equalizer coefficients during the
subframe.

The use of an explicit training sequence is not the only way for a receiver to compute equalizer
coefficients. In some cases the transmitted data itself can be analyzed to determine the characteristics of
the channel and transmitter. This technique is sometimes called data-directed equalization. For some
systems, data directed equalization in a receiver provides many useful advantages.

In general, the quality of the calculated equalizer coefficients is better if more data is used to calculate
them. Specifically, if signal variance due to noise is the primary mechanism limiting the quality of the
calculations, the noise in the received signal that impairs the ability of the receiver to calculate
coefficients is proportional to the square root of the number of independent samples of data in the
training sequence.

For example, using 25 data symbols from a subframe would be significantly better than using the one
channel estimation sequence of a DL subframe, as the noise variance would be 3.5 times smaller. Note
that the DL channel estimation sequence actually consists of two repetitions of a waveform in time,
therefore the noise variation falls by the square root of the ratio 25/2.

The analyzer supports three ways to initialize, or “train,” the instrument’s equalizer. One is based on the
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Channel Estimation Sequence Only. The second is based on using both the Channel Estimation Sequence
and the Data. The third is based on using both the Channel Estimation Sequence and the Pilot. Switching
between the three training types can help isolate problems contributing to increased RCE (EVM). For
example, the measured RCE of a signal with a malformed preamble would be much larger when only the
preamble was used to train the equalizer. To access Equalizer training selections follow this path: Meas
Setup, More, Advanced, Equalizer Training.

The Chan Estimation Seq Only option on this analyzer results in training the equalizer coefficients on the
channel estimation sequence in the preamble, and holds the coefficients constant while demodulating the
rest of the subframe. This option models how a typical WiMAX receiver would train its coefficients. In
this case, the measured RCE (EVM) more accurately reflects the signal quality seen by a typical OFDM
receiver. This method also complies with the IEEE 802.16 standard for testing the transmitter
constellation error. The disadvantage of this method is that the measured RCE (EVM) value may be
higher for signals whose impairments change during the burst.

The second option for training the equalizer coefficients is the Chan Estimation Seq & Data method. For
this option the equalizer is trained by analyzing the entire subframe, which includes the channel
estimation sequence (contained in the preamble) and all the data symbols. This type of training generally
results in a more accurate estimate of the true frequency response of the transmission channel. In
addition, the RCE (EVM) is typically lower because noise and other forms of distortion, such as turn-on
transients, have less of an impact when calculating the filter coefficients in the equalizer. The
disadvantage of this method is that it is less likely to accurately reflect the performance of a typical
OFDMA receiver.

The third option for training the equalizer coefficients is the Chan Estimation Seq & Pilot method. For
this option the equalizer is trained by analyzing the entire OFDMA burst, which includes the channel
estimation sequence (contained in the preamble) and the Pilot symbols. This type of training, like the
Chan Estimation Seq & Data method, results in a more accurate estimate of the response of the
transmission channel, and has the additional advantage of being in compliance with IEEE 802.16e-2005,
section 8.4.12.3.2. However, this method also is less likely to reflect the performance of a typical
OFDMA receiver, and is also more complicated, and may be less cost-efficient, for application with
practical receivers.

Conventional single-carrier systems often require complex equalization techniques in order to overcome
multipath-induced ISI and signal fading. The OFDM multi-carrier based system uses a cyclic prefix and
long symbol times relative to the channel impulse response in order to overcome multipath effects. In
addition, frequency selective fading in the wireless channel is typically localized to a subset of carriers
(each of which experiences essentially flat fading) that are relatively easy to equalize in comparison to a
single-carrier modulated system.

Once calculated, the equalizer coefficients remain fixed for the duration of the subframe. For signal
variations within the subframe, the 802.16 standard provides a method of tracking these variations using
the pilot subcarriers. Pilots are present in each OFDM symbol including the FCH and all data bursts. The
next section will show the performance improvements that can be achieved using pilot tracking.

Pilot Tracking

When demodulating an OFDM burst, the equalizer response computed from the preamble is used to
correct many flaws in the received OFDM signal. Because the equalizer response is not perfect and
because some signal impairments are not correctable through equalization, pilot tracking is used to
correct for imperfections in the equalizer response and for imperfections that change over the length of
the burst. These pilots are used, in part, to create a continuous series of amplitude and phase references
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throughout the subframe. Demodulation is then performed relative to these pilot subcarriers and allows a
variety of signal impairments to be corrected continuously throughout the RF burst. For example, once
the frequency reference of the receiver is set by the signals in the preamble, pilot-tracking algorithms can
continuously adjust the receiver phase reference to track out close-in phase noise. The same is true for
amplitude errors, where the receiver ALC is set during the preamble and time-dependent amplitude
changes due to thermal effects or droop are tracked out during the rest of the burst.

In each WiMAX OFDM symbol, eight subcarriers are dedicated to pilot signals in order to make the
coherent detection robust against frequency offsets and symbol timing variations or phase noise. These
pilots occupy subcarrier indexes of —88, —63, —38, —13, 13, 38, 63, and 88 and always use BPSK
modulation. Pilot subcarriers are transmitted with a known data sequence. This information is used to
determine the difference, or error, between an ideal signal and the actual received signal. Because the
data is complex, the analyzer can calculate the phase, amplitude, and timing errors in the received data
and then use this information to correct both pilot and data imperfections.

The error vector magnitude of the eight pilot subcarriers is reported as the Pilot Relative Constellation
Error (RCE) in the Peak/Average Metrics table using the signal analyzer. The IEEE 802.16 standard uses
the term RCE instead of EVM, but the computed values are exactly the same. The Pilot RCE is
calculated as the RMS value of the EVM (in dB) of the eight pilot subcarriers for all symbols over the
entire burst. The value reported for Pilot RCE is determined after equalization and pilot tracking have
been applied.

This analyzer provides the capability to select a tracking type using the amplitude, phase, and timing, or
any combination of the three. These pilot tracking features are accessed through the Meas Setup, More
Advanced, Pilot Tracking keys.

As discussed previously, the Pilot RCE shows the resulting EVM after equalization and tracking have
been applied to the demodulated pilot signals. Alternatively, the actual errors or impairments that result
from tracking the pilot subcarriers are collectively called Common Pilot Error (CPE). The CPE is
expressed as a function of symbol-time showing how the amplitude and phase error of the pilots can
change over the OFDM burst. Ideally, the CPE trace data has a magnitude of one and phase of zero. The
CPE trace data is measured at each symbol-time over all eight pilot subcarriers. The errors from ideal are
averaged together producing a single complex value at each symbol-time.

Fortunately, close-in phase noise can be tracked out of the signal using the pilot tracking function. The
amplitude response of the CPE shows an increase in the pilot error during the early part of this subframe.
This rapid increase in the pilot amplitude error is the result of amplitude droop occurring over the
subframe. Possible causes for this error could be thermal or power supply related problems in the RF
amplifier of the WiIMAX transmitter. A marker placed on the amplitude response shows that the
maximum CPE occurs at symbol 29 with a value of 0.35 dB. A marker placed on the peak phase
response shows a value of 0.4 degrees at symbol 19 showing that peak errors are not necessarily
coincident between the various responses.

In addition to selecting amplitude and phase tracking of the pilots, it is also possible to track timing.
Timing errors may be caused by both analog and digital sources. For example, oscillator frequency errors
or DSP errors such as an improper number of samples in the guard interval or improper sample rate may
create large timing errors, which often require pilot tracking to correct. The Pilot Track Timing
parameter specifies whether the analyzer tracks timing changes in the pilot subcarriers. When Pilot Track
Timing is selected the analyzer applies pilot subcarrier timing error correction (frequency offset
correction) to the pilot and data subcarriers.
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The analyzer provides one additional timing adjustment at the point of demodulation in the OFDM
symbol: the Symbol Timing Adjust adjustment. The OFDM symbol time consists of a guard interval plus
an FFT length. The Symbol Timing Adjust parameter allows the user to move the FFT length’s starting
position within the full OFDM symbol. No specific time position is called out in the IEEE 802.16
standard, and different timing settings may affect the measured demodulation quality. In particular, if ISI
or multipath signals affect the guard interval, certain offsets in symbol timing may result in improved
signal demodulation.

Using the analyzer, the Symbol Timing Adjust parameter is expressed as a percentage of the TFFT
length. This parameter makes the point of demodulation within the symbol time back up into the symbol
and guard interval. The minimum value in percentage is equal to —(Guard Interval value) x 100 and the
maximum value is zero. The default value is —3.125 percent if the guard interval is 1/16 or greater and
—(Guard Interval value) x 100 + 2, if less than 1/16. The Symbol Time Adjust parameter can be accessed
by following this path: Meas Setup, More, More, Advanced.

Uncovering IQ Errors

Digitally modulated systems that use IQ vector modulators to impress the information onto an RF carrier
all experience some level of signal distortion due to imperfections in the IQ modulator and associated
components. Impairments such as IQ gain imbalance, IQ quadrature skew and IQ channel mismatch will
all lead to distortion in the received signal that may reduce the overall system performance.

It is important to note that the observed effects resulting from IQ impairments will often look different
for single-carrier modulated signals when compared to OFDM modulated signals.

Analog 1Q modulators always have some degree of imbalance of amplitude and phase between the I and
Q channels. Gain mismatch or gain imbalance will result in the amplitude of one channel being smaller
that the other.

Gain imbalance will alter the constellation of an OFDM modulated signal much differently from that of
a single-carrier modulated signal. In a single-carrier modulated signal, the gain imbalance results in a
visible distortion in the constellation, as a square constellation would become rectangular. In an OFDM
modulated signal, the imbalance will result in a spreading of the constellation points similar to a signal
experiencing noisy conditions.

An imbalance in an OFDM modulator produces two error terms in the transmitted signal. The first error
occurs at one subcarrier frequency (+kth index) and the second error occurs at the frequency
mirror-image subcarrier (— kth index). As the data is generally uncorrelated on these subcarriers and the
constellation points for OFDM signals is a function of subcarrier frequency rather than time, the
randomness in error terms results in the spreading of the constellation states in a noise-like fashion.

As a measurement example showing the effects of IQ imbalance, Figure 7-11 on page 153 shows
constellation plots for a single-carrier modulated waveform (upper trace) and an OFDM modulated
waveform (lower trace). Both waveforms use 64QAM data modulation. As shown, the single carrier
modulated signal shows a distortion in the constellation, as the values along the Q-axis become larger
than values along the I-axis resulting in a rectangular-shaped constellation.

Alternately, the constellation points for the OFDM —modulated signal show a more noise- like
distribution. Also shown on the lower trace are the pilot subcarriers that are present in all OFDM
symbols. It is shown that the distribution of constellation points for the pilot subcarriers follow a linear
pattern along the [-axis when there exists an IQ imbalance. As the pilot subcarriers use BPSK
modulation and do not contain an imaginary term, the imbalance errors introduce a linear spreading
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along the I-axis as shown in Figure 7-11.

152 Chapter7



Concepts

Troubleshooting Symbols and Improving Demodulation

Figure 7-11 Constellation traces for single-carrier (upper trace) and OFDM (lower traces)
modulated signals with I1Q gain imbalance. Single-carrier Modulation OFDM
Modulation pilot subcarriers (example from the Agilent 89600.)
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Quadrature Skew Error (Quad Err) is another IQ modulator impairment that indicates an orthogonal
error between the [ and Q signals. Ideally, I and Q channels should be exactly orthogonal (90 degrees
apart). For small angular errors, it can be shown that the resulting error is orthogonal to the data. As with
gain imbalance, the error generates energy at the subcarrier and its mirror image and the resulting
constellation for data subcarriers again appears to have a noise-like distribution. For the BPSK pilots, the
error again produces a linear distribution but this time in the orthogonal axis or Q-axis.

1Q Offset, also called “I/Q origin offset” or “carrier leakage”, indicates the magnitude of the carrier feed
through and is measured during the channel estimation sequence portion of the preamble. IQ Offset can
be observed as an offset in the constellation or shown as a single value in dB in the Peak/Average
Metrics view. When there is no carrier feed through, the 1Q offset is zero (-infinity dB).

Additional IQ modulator impairments can be analyzed by examining their effects on the constellation
trace using the analyzer. Table 7-6 shows a variety of impairments and the anticipated effect on the
measurement trace. The table includes waveforms using OFDM and single-carrier modulation, noting
that errors in the constellation may have a different appearance for each modulation type.
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Signal Impairments and their Effect on the Displayed Constellation

Impairment OFDM Single-carrier modulation
1Q gain balance State spreading Distortion of constellation
(uniform/carrier)
Distortion of
constellation

1Q quadrature skew

State spreading
(uniform/carrier)

Distortion of constellation

1Q channel mismatch

State spreading
(nonuniform/carrier)

State spreading

Uncompensated frequency error

State spreading

Spinning constellation

Phase noise

State spreading
(uniform/carrier)

Constellation phase arcing

Nonlinear distortion

State spreading

State spreading (may be
more pronounced on outer
states)

Linear distortion

Usually no effect
(equalized)

State spreading if not
equalized

Carrier leakage

Offset constellation for
center carrier only (if
used)

Offset constellation

Frequency error

State spreading

Constellation phase arcing

Amplifier droop Radial constellation Radial constellation
distortion distortion
Spurious State spreading or State spreading, generally
shifting of affected circular
carrier
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Time Gating Concepts

Introduction: Using Time Gating on a Simplified Digital Radio Signal

This section shows you the concepts of using time gating on a simplified digital radio signal. The section
on Making Time-Gated Measurements demonstrates time gating examples.

Figure 1. shows a signal with two radios, radio 1 and radio 2, that are time-sharing a single frequency
channel. Radio 1 transmits for 1 ms then radio 2 transmits for 1 ms.

Figure 1. Simplified Digital Mobile-Radio Signal in Time Domain

We want to measure the unique frequency spectrum of each transmitter.

A signal analyzer without time gating cannot do this. By the time the signal analyzer has completed its
measurement sweep, which lasts about 50 ms, the radio transmissions switch back and forth 25 times.
Because the radios are both transmitting at the same frequency, their frequency spectra overlap, as shown
in Figure 2. The signal analyzer shows the combined spectrum; you cannot tell which part of the
spectrum results from which signal.

Figure 2. Frequency Spectra of the Combined Radio Signals
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Time gating allows you to see the separate spectrum of radio 1 or radio 2 to determine the source of the
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spurious signal, as shown in Figure 3.

Figure 3.

Figure 4.
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Time-Gated Spectrum of Radio 1
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Time-Gated Spectrum of Radio 2
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Time gating lets you define a time window (or time gate) of when a measurement is performed. This lets
you specify the part of a signal that you want to measure, and exclude or mask other signals that might

interfere.
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How Time Gating Works

Time gating is achieved by the signal analyzer selectively interrupting the path of the detected signal,

with a gate, as shown in Figure 7. and Figure 6. The gate determines the times at which it captures
measurement data (when the gate is turned “on,” under the Gate menu, the signal is being passed,
otherwise when the gate is “off,” the signal is being blocked). Under the right conditions, the only signals
that the analyzer measures are those present at the input to the analyzer when the gate is on. With the
correct signal analyzer settings, all other signals are masked out.

There are typically two main types of gating conditions, edge and level:

* With edge gating, the gate timing is controlled by user parameters (gate delay and gate length)
following the selected (rising or falling) edge of the trigger signal. The gate passes a signal on the
edge of the trigger signal (after the gate delay time has been met) and blocks the signal at the end of
the gate length.

With edge gating, the gate control signal is usually an external periodic TTL signal that rises and falls
in synchronization with the rise and fall of the pulsed radio signal. The gate delay is the time the
analyzer waits after the trigger event to enable the gate (see Figure 5.).

* With level gating, the gate will pass a signal when the gate signal meets the specified level (high or
low). The gate blocks the signal when the level conditions are no longer satisfied (level gating does
not use gate length or gate delay parameters).

Figure 5. Edge Trigger Timing Relationships
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With Agilent signal analyzers, there are three different implementations for time gating: gated LO, gated
video and gated FFT.

Gated Video Concepts

Gated video may be thought of as a simple gate switch, which connects the signal to the input of the
signal analyzer. When the gate is “on” (under the Gate menu) the gate is passing a signal. When the gate
is “off,” the gate is blocking the signal. Whenever the gate is passing a signal, the analyzer sees the
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signal. In Figure 6. notice that the gate is placed after the envelope detector and before the video
bandwidth filter in the IF path (hence “gated video”).

The RF section of the signal analyzer responds to the signal. The selective gating occurs before the video
processing. This means that there are some limitations on the gate settings because of signal response
times in the RF signal path.

With video gating the analyzer is continually sweeping, independent of the position and length of the
gate. The analyzer must be swept at a minimum sweep time (see the sweep time calculations later in this
chapter) to capture the signal when the gate is passing a signal. Because of this, video gating is typically
slower than gated LO and gated FFT.

Figure 6. Gated Video Signal Analyzer Block Diagram
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Gated LO Concepts

Gated LO is a very sophisticated type of time gating that sweeps the LO only while the gate is “on” and
the gate is passing a signal. See Figure 7. for a simplified block diagram of gated LO operation. Notice
that the gate control signal controls when the scan generator is sweeping and when the gate passes or
blocks a signal. This allows the analyzer to sweep only during the periods when the gate passes a signal.
Gated LO is faster than Gated Video because Gated Video must constrain sweep time so that each point
is long enough to include a burst event. On the other hand, when in Gated LO, multiple points may be
swept during each gate.
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Figure 7. Gated LO Signal Analyzer Block Diagram
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Gated FFT Concepts

Gated FFT (Fast-Fourier Transform) is an FFT measurement which begins when the trigger conditions
are satisfied.

The process of making a spectrum measurement with FFTs is inherently a “gated” process, in that the
spectrum is computed from a time record of short duration, much like a gate signal in swept-gated
analysis.

Using the analyzer in FFT mode, the duration of the time record to be gated is:

1.83

FFT Time Record (to be gated) =
RBW

The duration of the time record is within a tolerance of approximately 3% for resolution bandwidths up
through 1 MHz. Unlike swept gated analysis, the duration of the analysis in gated FFT is fixed by the
RBW, not by the gate signal. Because FFT analysis is faster than swept analysis (up to 7.99 MHz), the
gated FFT measurements can have better frequency resolution (a narrower RBW) than swept analysis for
a given duration of the signal to be analyzed.
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Figure 8. Gated FFT Timing Diagram
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Time Gating Basics (Gated LO and Gated Video)
The gate passes or blocks a signal with the following conditions:

» Trigger condition - Usually an external transistor-transistor logic (TTL) periodic signal for edge
triggering and a high/low TTL signal for level triggering.

* QGate delay - The time after the trigger condition is met when the gate begins to pass a signal.
» QGate length - The gate length setting determines the length of time a gate begins to pass a signal.

To understand time gating better, consider a spectrum measurement performed on two pulsed-RF signals
sharing the same frequency spectrum. You will need to consider the timing interaction of three signals
with this example:

* The composite of the two pulsed-RF signals.
* The gate trigger signal (a periodic TTL level signal).

* The gate signal. This TTL signal is low when the gate is “oft” (blocking) and high when the gate is
“on” (passing).
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The timing interactions between the three signals are best understood if you observe them in the time
domain (see Figure 9.).

The main goal is to measure the spectrum of signal 1 and determine if it has any low-level modulation or
spurious signals.

Because the pulse trains of signal 1 and signal 2 have almost the same carrier frequency, their spectra
overlap. Signal 2 will dominate in the frequency domain due to its greater amplitude. Without gating,
you won't see the spectrum of signal 1; it is masked by signal 2.

To measure signal 1, the gate must be on only during the pulses from signal 1. The gate will be off at all
other times, thus excluding all other signals. To position the gate, set the gate delay and gate length, as
shown in Figure 9., so that the gate is on only during some central part of the pulse. Carefully avoid
positioning the gate over the rising or falling pulse edges. When gating is activated, the gate output
signal will indicate actual gate position in time, as shown in the line labeled “Gate.”

Figure 9. Timing Relationship of Signals During Gating

#1 #2 #1 #2

Signal

Trigger
! 1

1
| Gate | Gate |
| Del;ay I Delay
Gate ©) (0)
Gate Gate
Length Length
L) (L)

Once the signal analyzer is set up to perform the gate measurement, the spectrum of signal 1 is visible
and the spectrum of signal 2 is excluded, as shown if Figure 11. In addition, when viewing signal 1, you
also will have eliminated the pulse spectrum generated from the pulse edges. Gating has allowed you to
view spectral components that otherwise would be hidden.

Figure 10.  Signal within pulse #1 (time-domain view)
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Figure 11.  Using Time Gating to View Signal 1 (spectrum view)
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Moving the gate so that it is positioned over the middle of signal 2 produces a result as shown in Figure

13. Here, you see only the spectrum within the pulses of signal 2; signal 1 is excluded.

Figure 12.  Signal within pulse #2 (time-domain view)
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Figure 13.  Using Time Gating to View Signal 2 (spectrum view)
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Measuring a Complex/Unknown Signal

NOTE The steps below help to determine the signal analyzer settings when using time gating.
The steps apply to the time gating approaches using gated LO and gated video.

This example shows you how to use time gating to measure a very specific signal. Most signals requiring
time gating are fairly complex and in some cases extra steps may be required to perform a measurement.

Step 1. Determine how your signal under test appears in the time domain and how it is synchronized
to the trigger signal.

You need to do this to position the time gate by setting the delay relative to the trigger signal.
To set the delay, you need to know the timing relationship between the trigger and the signal
under test. Unless you already have a good idea of how the two signals look in the time
domain, you can examine the signals with an oscilloscope to determine the following
parameters:

» Trigger type (edge or level triggering)

» Pulse repetition interval (PRI), which is the length of time between trigger events (the
trigger period).

e Pulse width, or t

» Signal delay (SD), which is the length of time occurring between the trigger event and
when the signal is present and stable. If your trigger occurs at the same time as the signal,
signal delay will be zero.

Figure 14.  Time-domain Parameters
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In Figure 14., the parameters are:
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* Pulse repetition interval (PRI) is 5 ms.
* Pulse width (1) is 3 ms.
» Signal delay (SD) is 1 ms for positive edge trigger (0.6 ms for negative edge trigger).
* Gate delay (D) is 2.5 ms.
*  Setup time (SUT) is 1.5 ms.
Step 2. Set the signal analyzer sweep time:

Gated LO: Sweep time does not affect the results of gated LO unless the sweep time is set too
fast. In the event the sweep time is set too fast, Meas Uncal appears on the screen and the
sweep time will need to be increased.

Gated Video: Sweep time does affect the results from gated video. The sweep time must be
set accordingly for correct time gating results. The recommended sweep time is at least the
number of sweep points — 1 multiplied by the PRI (pulse repetition interval). Measurements
can be made with sweep times as fast as (sweep points—1)*(PRI-1).

Step 3. Locate the signal under test on the display of the signal analyzer. Set the center
frequency and span to view the signal characteristics that you are interested in
measuring. Although the analyzer is not yet configured for correct gated
measurements, you will want to determine the approximate frequency and span in
which to display the signal of interest. If the signal is erratic or intermittent, you
may want to hold the maximum value of the signal with Max Hold (located under
the Trace/Detector menu) to determine the frequency of peak energy.

To optimize measurement speed in the Gated LO case, set the span narrow enough so that the display
will still show the signal characteristics you want to measure. For example, if you wanted to look for
spurious signals within a 200 kHz frequency range, you might set the frequency span to just over 200
kHz.

Step 4. Determine the setup time and signal delay to set up the gate signal. Turn on the
gate and adjust the gate parameters including gate delay and gate length as shown
below.

Generally, the gate should be positioned over a part of the signal that is stable, not over a pulse
edge or other transition that might disturb the spectrum. Starting the gate at the center of the
pulse gives a setup time of about half the pulse width. Setup time describes the length of time
during which that signal is present and stable before the gate comes on. The setup time (SUT)
must be long enough for the RBW filters to settle following the burst-on transients. Signal
delay (SD) is the length of time after the trigger, but before the signal of interest occurs and
becomes stable. If the trigger occurs simultaneously with the signal of interest, SD is equal to
zero, and SUT is equal to the gate delay. Otherwise, SUT is equal to the gate delay minus SD.
See Figure 15.
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Figure 15.  Positioning the Gate
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There is flexibility in positioning the gate, but some positions offer a wider choice of
resolution bandwidths. A good rule of thumb is to position the gate from 20 % to 90 % of the
burst width. Doing so provides a reasonable compromise between setup time and gate length.

Figure 16.  Best Position for Gate
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As a general rule, you will obtain the best measurement results if you position the gate
relatively late within the signal of interest, but without extending the gate over the trailing
pulse edge or signal transition. Doing so maximizes setup time and provides the resolution
bandwidth filters of the signal analyzer the most time to settle before a gated measurement is
made. “Relatively late,” in this case, means allowing a setup time of at least 3.84/resolution
bandwidth (see step 5 for RBW calculations).

As an example, if you want to use a 1 kHz resolution bandwidth for measurements, you will
need to allow a setup time of at least 3.84 ms.

Note that the signal need not be an RF pulse. It could be simply a particular period of
modulation in a signal that is continuously operating at full power, or it could even be during
the off time between pulses. Depending on your specific application, adjust the gate position
to allow for progressively longer setup times (ensuring that the gate is not left on over another
signal change such as a pulse edge or transient), and select the gate delay and length that offer
the best representation of the signal characteristics of interest on the display.

If you were measuring the spectrum occurring between pulses, you should use the same (or
longer) setup time after the pulse goes away, but before the gate goes on. This lets the
resolution bandwidth filters fully discharge the large pulse before the measurement is made on
the low-level interpulse signal.
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Figure 17.  Setup Time for Interpulse Measurement

Signal

Gate Sut

Step 5. The resolution bandwidth will need to be adjusted for gated LO and gated video. The video
bandwidth will only need to be adjusted for gated video.

Resolution Bandwidth:

The resolution bandwidth you can choose is determined by the gate position, so you can trade
off longer setup times for narrower resolution bandwidths. This trade-off is due to the time
required for the resolution-bandwidth filters to fully charge before the gate comes on. Setup
time, as mentioned, is the length of time that the signal is present and stable before the gate
comes on.

Figure 18.  Resolution Bandwidth Filter Charge-Up Effects
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Because the resolution-bandwidth filters are band-limited devices, they require a finite
amount of time to react to changing conditions. Specifically, the filters take time to charge
fully after the analyzer is exposed to a pulsed signal.

Because setup time should be greater than filter charge times, be sure that: SUT > R3—38;1V
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where SUT is the same as the gate delay in this example. In this example with SUT equal to
1.5 ms, RBW is greater than 2.56 kHz; that is, RBW is greater than 1333 Hz. The resolution
bandwidth should be set to the next larger value, 2.7 kHz.

Video Bandwidth:

For gated LO measurements the VBW filter acts as a track-and-hold between sweep times.
With this behavior, the VBW does not need to resettle on each restart of the sweep.

Adjust span as necessary, and perform your measurement.

The analyzer is set up to perform accurate measurements. Freeze the trace data by activating
single sweep, or by placing your active trace in view mode. Use the markers to measure the
signal parameters you chose in step 1. If necessary, adjust span, but do not decrease resolution
bandwidth, video bandwidth, or sweep time.
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“Quick Rules” for Making Time-Gated Measurements

This section summarizes the rules described in the previous sections.

Table 1. Determining Signal Analyzer Settings for Viewing a Pulsed RF Signal

Signal Signal Analyzer Setting Comments

Analyzer

Function

Sweep Time Set the sweep time to be equal to or Because the gate must be on at least once per

(gated video greater than trace point, the sweep time should be set such

only) (number of sweep points - 1) X pulse that the sweep time for each trace pomI is

o greater than or equal to the pulse repetition
repetition interval (PRI): :
interval.

Gate Delay The gate delay is equal to the signal The gate delay must be set so that the gating
delay plus one-fourth the pulse captures the pulse. If the gate delay is too short
width: or too long, the gating can miss the pulse or
Gate Delay = Signal Delay + 7/5 include resolution bandwidth transient

responses.

Gate Length The gate length minimum is equal to | If the gate length is too long, the signal display
one-fourth the pulse width can include transients caused by the signal
(maximum about one-half): analyzer filters.

Gate Length = 0.7 x t/4 The recommendation for gate placement can be
between 20 % to 90 % of the pulse width.

Resolution Set the resolution bandwidth: The resolution bandwidth must be wide enough

Bandwidth so that the charging time for the resolution
RBW = 19.5/t bandwidth filters is less than the pulse width of

the signal.
Figure 19.  Gate Positioning Parameters
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Most control settings are determined by two key parameters of the signal under test: the pulse repetition
interval (PRI) and the pulse width (7). If you know these parameters, you can begin by picking some
standard settings. Table 2. summarizes the parameters for a signal whose trigger event occurs at the same
time as the beginning of the pulse (in other words, SD is 0). If your signal has a non-zero delay, just add
it to the recommended gate delay.

Table 2. Suggested Initial Settings for Known Pulse Width (t) and Zero Signal

Delay
Pulse width (7) Gate Delay Resolution Bandwidth | Gate Length
(SD + 1/5) (>19.5/7) (0.7 x 1/4)
4 us 0.8 us 4.875 MHz 0.7 us
10 ps 2 us 1.95 MHz 1.753 us
50 us 10 us 390 kHz 8.75 us
63.5 us 12.7 ps 307 kHz 11.11 ps
100 ps 20 us 195 kHz 17.5 us
500 us 100 ps 39 kHz 87.5 us
1 ms 200 ps 19.5 kHz 0.175 us
5 ms 1 ms 3.9kHz 0.875 ms
10 ms 2 ms 1.95 kHz 1.75 ms
16.6 ms 3.32 ms 1.175 kHz 2.905 ms
33 ms 6.6 ms 591 Hz 5.775 ms
50 ms 10 ms 390 Hz 8.75 ms
100 ms 20 ms 195 Hz 17.5 ms
2130 ms 26 ms 151 Hz 22.75 ms
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Table 3. If You Have a Problem with the Time-Gated Measurement

Symptom

Possible Causes

Suggested Solution

Erratic analyzer trace with
dropouts that are not removed
by increasing analyzer sweep
time; oscilloscope view of gate
output signal jumps erratically
in time domain.

Gate Delay may be greater than
trigger repetition interval.

Reduce Gate Delay until it is less than
trigger interval.

Check Gate View to make sure the gate
delay is timed properly.

Gate does not trigger.

1) Gate trigger voltage may be
wrong.

2) Gate may not be activated.
3) Gate Source selection may
be wrong.

With external gate trigger: ensure that the
trigger threshold is set near the midpoint
of the waveform (view the waveform on
and oscilloscope using high input
impedance, not 50 Q).

With RF Burst Gate Source: ensure that
the start and stop frequencies are within
10 MHz of the center frequency of the
carrier.

Check to see if other connections to
trigger signal may be reducing voltage. If
using an oscilloscope, check that all
inputs are high impedance, not 50 Q.

Display spectrum does not
change when the gate is turned
on.

Insufficient setup time.

Increase setup time for the current
resolution bandwidth, or increase
resolution bandwidth.

Displayed spectrum too low in
amplitude.

Resolution bandwidth or video
bandwidth filters not charging
fully.

Widen resolution bandwidth or video
bandwidth, or both.
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Using the Edge Mode or Level Mode for Triggering

Depending on the trigger signal that you are working with, you can trigger the gate in one of two
separate modes: edge or level. This gate-trigger function is separate from the normal external trigger
capability of the signal analyzer, which initiates a sweep of a measurement trace based on an external
signal.

Edge Mode

Edge mode lets you position the gate relative to either the rising or falling edge of a trigger signal. The
left diagram of Figure 20. shows triggering on the positive edge of the trigger signal while the right
diagram shows negative edge triggering.

Example of key presses to initiate positive edge triggering:
Press Sweep, Gate, More, Polarity (Pos).

Figure 20.  Using Positive or Negative Edge Triggering
Positive Edge Trigger Negative Edge Trigger

Signal

Trigger J —l
I I
l I
I l

Gate

i I i I
—> |¢— Delay —>le—No Delay —»] le— Delay —>}e«— No Delay

Level Mode

In level gate-control mode, an external trigger signal opens and closes the gate. Either the TTL high level
or TTL low level opens the gate, depending on the setting of Trig Slope. Gate delay affects the start of
the gate but not the end. Gate length is applicable when using level mode triggering. Level mode is
useful when your trigger signal occurs at exactly the same time as does the portion of the signal you want
to measure.
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Noise Measurements Using Time Gating

Time gating can be used to measure many types of signals. Noise and noise-like signals are often a
special case in spectrum analysis. With the history of gated measurements, these signals are especially
noteworthy.

The average detector is the best detector to use for measuring noise-like signals because it uses all the
available noise power all the time in its measurement. The sample detector is also a good choice because
it, too, is free from the peak biases of the peak detector, normal and negative peak detectors.

When using the average or sample detector, noise density measurements using the noise marker or
band/interval density marker can be made without any consideration of the use of gating--gated
measurements work just as well as non-gated measurements. Thus, the average detector is recommended
for noise density measurements.

Older analyzers only had the gated video version of gating available, and these only worked with the
peak detector, so the rest of this section will discuss the trade-offs associated with trying to replicate
these measurements with an MXA.

Unlike older analyzers, MXA can make competent measurements of noise density using the noise
marker with all detectors, not just those that are ideal for noise measurements. Thus, MXA can make
noise density measurements with peak detection, compensating for the extent to which peak detection
increases the average response of the analyzer to noise. When comparing a gated video measurement
using the noise marker between MXA and an older analyzer where both use the peak detector, the MXA
answer will be approximately correct, while the older analyzer will need a correction factor. That
correction factor is discussed in Agilent Technologies Application Note 1303, Spectrum Analyzer
Measurements and Noise, in the section on Peak-detected Noise and TDMA ACP Measurements.

When making measurements of Band/Interval Power or Band/Interval Density, the analyzer does not
make compensations for peak detection. For best measurements with these marker functions, average or
sample detection should be used.
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802.16 OFDMA Measurement Concepts

The following concept sections explain the purpose, and provide descriptions of the measurement
method, for the following:

* Adjacent Channel Ratio Measurement

* Channel Power Measurement

o 1Q Waveform Measurement

* Modulation Analysis Measurement

*  Monitor Spectrum Measurement

*  Occupied Bandwidth Measurement

* Power Stat CCDF Measurement

* Power vs. Time Measurement

* Spectrum Emission Mask Measurement
* Spurious Emissions Measurement

See page 185 at the end of this section for a list of sources for further information relevant to WiMAX
measurements. Also see “References” on page 204.

Adjacent Channel Power Ratio (ACPR/ACLR) Measurement Concepts

Purpose

Adjacent Channel Power Ratio (ACPR) is the power contained in a specified frequency channel
bandwidth relative to the total carrier power. It may also be expressed as a ratio of power spectral
densities between the carrier and the specified offset frequency band. This is also called Adjacent
Channel Leakage power Ratio (ACLR).

As a composite measurement of out-of-channel emissions, ACPR combines both in-band and
out-of-band specifications to provide useful figures-of-merit for spectral regrowth and emissions
produced by components and circuit blocks without the rigor of performing a full spectrum emissions
mask measurement.

To maintain a quality call by avoiding channel interference, it is important to measure and reduce any
adjacent channel leakage power transmitted from a mobile phone. The characteristics of adjacent
channel leakage power are mainly determined by the transmitter design, particularly the low-pass filter.

What Is Adjacent Channel Interference?

Depending on the context, the acronym ACP(R) has been taken to mean either adjacent channel power
(ratio), which is a transmitter measurement or adjacent channel protection (ratio), which is a receiver
measurement. To resolve this ambiguity, 3GPP has introduced three new terms: adjacent channel leakage
power ratio (ACLR), adjacent channel selectivity (ACS), and adjacent channel interference ratio
(ACIR).
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ACLR is a measure of transmitter performance. It is defined as the ratio of the transmitted power to the
power measured after a receiver filter in the adjacent RF channel. This is what was formerly called
adjacent channel power ratio.

ACS is a measure of receiver performance. It is defined as the ratio of the receiver filter attenuation on
the assigned channel frequency to the receiver filter attenuation on the adjacent channel frequency.

ACIR is a measure of overall system performance. It is defined as the ratio of the total power transmitted
from a source (BS or UE) to the total interference power resulting from both transmitter and receiver
imperfections affecting a victim receiver. ACIR is mainly of interest in network simulation where the
total amount of interference, rather than the source of the interference, is the primary concern.

The following equation shows the relationship between ACIR, ACLR, and ACS:

Equation 7-1 Relationship Between ACIR, ACLR, and ACS
_ 1
ACIR = —8 ——
1 + 1
ACLR ACS

The main source of adjacent channel leakage (ACL) is non-linear effects in the power amplifiers (PA). It
directly affects the co-existing performance of systems on adjacent channels. Power leakage is a general
noise pollution and degrades performance of the system in the adjacent channel. If sufficiently bad, it
causes the so called “near-far” problem, where a UE simply cannot communicate with a far away BS
because of high ACL from a nearby adjacent channel UE. Network planning can address this problem,
but the associated costs depend directly on the stringency of the ACLR specification. So, we have
conflicting needs. From an equipment design perspective, a relaxed ACLR specification is attractive,
whereas from a network planning perspective, low ACL is very desirable.

Measurement Method

This ACPR measurement analyzes the total power levels within the defined carrier bandwidth and at

given frequency offsets on both sides of the carrier frequency. This measurement requires the user to

specify measurement bandwidths of the carrier channel and each of the offset frequency pairs up to 5.
Each pair may be defined with unique measurement bandwidths.

It uses an integration bandwidth (IBW) method that performs a time domain data acquisition and applies
FFT to get a frequency domain trace. In this process, the channel integration bandwidth is analyzed using
the automatically defined resolution bandwidth (RBW), which is much narrower than the channel
bandwidth. The measurement computes an average power of the channel over a specified number of data
acquisitions, automatically compensating for resolution bandwidth and noise bandwidth.

ACLR (or ACPR) is commonly measured using a signal analyzer or measuring receiver. In the
measurement, filtering is applied to both the power in the main frequency channel and the power in the
adjacent channel. An important factor for ACLR is the specification of the measurement filter, including
its bandwidth and shape.

If Total Pwr Ref is selected as the measurement type, the results are displayed as relative power in dBc
and as absolute power in dBm. If PSD Ref (Power Spectral Density Reference) is selected, the results are
displayed as relative power in dB, and as absolute power in dBm/Hz.
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Channel Power Measurement Concepts

Purpose

The Channel Power measurement is a common test used in the wireless industry to measure the total
transmitted power of a radio within a defined frequency channel. This procedure measures the total
power within the defined channel bandwidth. This measurement is applied to design, characterize,
evaluate, and verify transmitters and their components or devices for base stations and mobile stations.

Measurement Method

The Channel Power measurement reports the total transmitted power within the selected channel
integration bandwidth. The measurement acquires a number of points representing the input signal in the
time domain. It transforms this information into the frequency domain using FFT and then calculates the
channel power. The effective resolution bandwidth of the frequency domain trace is proportional to the
number of points acquired for FFT. The fastest FFT process is achieved using a number of acquired
points that is a power of 2 (for example: 64, 128, 512).

Since the measurement is optimized for speed and accuracy, you are permitted to change only the
number of acquired data points in powers of 2, not the actual resolution bandwidth which is shown in
gray. However, if absolute sweep time is required, it can be changed to the user’s specific value at the
expense of reduced speed. At no time will both sweep time and data points be set to manual because of
conflicting parameter settings. This flexibility is available through the Advanced menu of the channel
power measurement.

To improve repeatability, you can increase either the number of averages or the number of data points
with longer time record length. The channel power graph is shown in the graph window, while the
absolute channel power in dBm and the mean power spectral density in dBm/Hz are shown in the text
window.

I1Q Waveform (Time Domain) Measurement Concepts

Purpose

The waveform measurement is a generic measurement for viewing the input signal waveforms in the
time domain. This measurement is how the instrument performs the zero span functionality found in
traditional spectrum analyzers.

Basic mode waveform measurement data may be displayed using either a Signal Envelope window, or an
I/Q window which shows the I and Q signal waveforms in parameters of voltage versus time. The
advantage of having an I/Q view available while making a waveform measurement is that it allows you
to view complex components of the same signal without changing settings or measurements.

For the E4406A, an 1/Q Polar display is also available to view the I and Q waveforms in a polar plot.
This display shows the instantaneous relationship between the I and Q waveform voltages.

The waveform measurement can be used to perform general purpose power measurements in the time
domain with excellent accuracy.

Measurement Method

The instrument makes repeated power measurements at a set frequency, similar to the way a swept-tuned
spectrum analyzer makes zero span measurements. The input analog signal is converted to a digital
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signal, which then is processed into a representation of a waveform measurement. The measurement
relies on a high rate of sampling to create an accurate representation of a time domain signal.

Modulation Analysis Concepts

Purpose

The Modulation Analysis measurement provides a full set of demodulation analysis properties that
support OFDM scalable parameters including data tone modulation, frame length, nominal bandwidth,
BW ratio, guard interval, and FFT size. The analyzer is designed to support downlink and uplink
subframe modulation analysis. This measurement provides an overall indication of the performance level
of the transmitter that is designated as the UUT (unit under test).

This measurement takes into account all possible error mechanisms in the entire transmission chain
including: baseband filtering, I/Q modulation anomalies, filter amplitude and phase non-linearities, and
power amplifier distortions.

This measurement covers the following metrics:

* IQ Meas constellation measurement data (includes multiple formats when present)
e Auto detected format: BPSK, QPSK, 16QAM, 64QAM (color coded for display)

* Subchannelization supported

* RCE vs. Time and Frequency

* Preamble Frequency err (used to show frequency settling)

* Data burst information (modulation format, size and burst power)

Measurement Method

To understand the measurement method used in generating modulation analysis results it will be useful
to consider two elements of the modulation process that are involved in WiMAX modulation analysis:
EVM calculations and OFDM data burst analysis.

EVM Calculations The modulation analysis measurement relies heavily on EVM calculations. The
instrument samples the transmitter output in order to capture the actual phase trajectory. This is
demodulated, then the ideal phase trajectory is mathematically derived using detected bits and channel
filtering. Subtracting one from the other results in a phase error signal.

Figure 7-12 demonstrates how EVM is calculated. The phase error of the unit under test is measured by
computing the difference between the phase of the transmitted signal and the phase of a theoretically
perfect signal.
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EVM (rms) = % x 100 (%)

Magnitude Error =V1,"+ Q.

Phase Error = tan” (Q/1.)

OFDMA Data Burst Analysis The modulation analysis measurement supports two schema of data
burst analysis. One schema detects the modulation/encoding scheme of every data burst using
DL-MAP/UL-MAP and DCD/UCD messages. The other specifies data burst definitions through a MAP
file, which is manually defined or imported by the user.

Downlink and uplink burst allocation maps are transmitted with DL-MAP and UL-MAP messages.
Information for the DL-MAP is contained in the DL Frame Prefix in the FCH. This measurement

analyzes the FCH (frame control header).

Figure 7-13 OFDMA Frame Structure
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The FCH is transmitted using QPSK rate 1/2 with 4 repetitions using the mandatory coding scheme (e.g.,
the FCH information will be sent on four adjacent subchannels) in a PUSC zone. The FCH contains the
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DL Frame Prefix message, and specifies the length of the DL-MAP message that immediately follows
the DL_Frame Prefix and the repetition coding used for the DL-MAP message. Detail of
DL _Frame_ Prefix can be gotten from section 8.4.4.3 of IEEE Std 802.16.

User Definition Using a Map File The user specifies data burst definitions through a MAP file. This
MAP file may be defined by the user through the GUI or may be imported from a different user. One or
more data bursts within a single zone are defined using a subchannel by symbol index grid.

Figure 7-13 on page 177 shows an example of a typical IEEE802.16 OFDMA frame structure. The
OFDMA frame consists of one or more zones, and each zone have one or more data bursts. A zone spans
over physically adjacent symbol intervals. In 802.16-OFDMA, a DL-MAP or UL-MAP message in the
PHY layer defines the data bursts present in the frame, and all bursts’ modulation and encoding scheme
is described in a DCD message.

Spectral Flatness The WiIMAX Modulation Analysis measurement is particularly useful for analysis of
spectral flatness across all subcarriers, using the preamble as a basis for specifying spectral flatness. See
Table 7-7, “Specifications for WiMAX Spectral Flatness,” on page 178 for specifications for monitor
spectrum flatness.

During normal system operation, all uplink and downlink transmissions begin with a preamble. The
preamble is critical because receivers rely on these preambles to synchronize with the transmitter and
perform various channel estimation and equalization processes. The preamble uses QPSK modulation
and has no embedded BPSK pilots. Because of this, the preamble is ideally suited to specify spectral
flatness across all the subcarriers. The 802.16-2004 standard states that data shall be taken from the
“channel estimation step”, which is the preamble. The specification states, “the absolute difference
between adjacent subcarriers shall not exceed 0.1 dB”. In the preamble, because only half or one-fourth
of the 200 subcarriers are actually used, adjacent carrier spacing in the preamble is wider than data
bursts.

Table 7-7 Specifications for WiMAX Spectral Flatness
Spectral Lines Spectral Flatness
Spectral Lines from -50 to -1 and +1 to +50 +/-2 dB from the measured energy averaged

over all active tones

Spectral Lines from -100 to -1 and +1 to +100 | +/-2 dB /-4 dB from the measured energy
averaged over all active tones

Adjacent Subcarriers +/- 0.1 dB

Monitor Spectrum Measurement Concepts

Purpose

The monitor spectrum measurement provides spectrum analysis capability for the instrument. The
control of the measurement was designed to be familiar to those who are accustomed to using traditional
swept spectrum analyzers. An example is shown in Figure 7-14 on page 179.

This measurement is FFT (Fast Fourier Transform) based. The FFT-specific parameters are located in the
Advanced menu. Also available under basic mode spectrum measurements is an I/Q window, which
shows the I and Q signal waveforms in parameters of voltage versus time.
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Figure 7-14 Monitor Spectrum Measurement Result w/ RF Burst Trigger
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Measurement Method

The measurement uses digital signal processing to sample the input signal and convert it to the frequency
domain. With the instrument tuned to a fixed center frequency, samples are digitized at a high rate,
converted to [ and Q components with DSP hardware, and then converted to the frequency domain with
FFT software.

Troubleshooting Hints

Changes made by the user to advanced spectrum settings, particularly to ADC range settings, can
inadvertently result in spectrum measurements that are invalid and cause error messages to appear. Care
needs to be taken when using advanced features.

Occupied Bandwidth Measurement Concepts

Purpose

Occupied bandwidth measures the bandwidth containing 99.0 of the total transmission power.

Measurement Method

The instrument uses digital signal processing (DSP) to sample the input signal and convert it to the
frequency domain. With the instrument tuned to a fixed center frequency, samples are digitized at a high
rate with DSP hardware, and then converted to the frequency domain with FFT software.

The total absolute power within the measurement frequency span is integrated for its 100% of power.
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The lower and upper frequencies containing 0.5% each of the total power are then calculated to get
99.0% bandwidth.

Power Stat CCDF Measurement Concepts

Purpose

Many of the digitally modulated signals now look noise-like in the time and frequency domain. This
means that statistical measurements of the signals can be a useful characterization. Power
Complementary Cumulative Distribution Function (CCDF) curves characterize the higher level power
statistics of a digitally modulated signal. The curves can be useful in determining design parameters for
digital communications systems.

The power statistics CCDF measurement can be affected by many factors. For example, modulation
filtering, modulation format, combining the multiple signals at different frequencies, number of active
codes, and correlation between symbols on different codes with spread spectrum systems will all affect
measurement results. These factors are all related to modulation and signal parameters. External factors
such as signal compression and expansion by nonlinear components, group delay distortion from
filtering, and power control within the observation interval also affect the measurement.

Both the amplifier designer and the system integrator must make sure that the PA (and other
components) can handle the PAR that the signal exhibits for the different data rates, while maintaining a
good ACL performance. You can use the complementary cumulative distribution function to help you
with this job.

The complementary cumulative distribution function (CCDF) fully characterizes the power statistics of a
signal [15].

CCDF curves can help you in several situations:
* To determine the headroom required when designing a component.

* To confirm the power statistics of a given signal or stimulus. CCDF curves allow you to verify if the
stimulus signal provided by another design team is adequate. For example, RF designers can use
CCDF curves to verify that the signal provided by the digital signal processing (DSP) section is
realistic.

* To confirm that a component design is adequate or to troubleshoot your subsystem or system design,
you can make CCDF measurements at several points of a system. For example, if the ACLR of a
transmitter is too high, you can make CCDF measurements at the input and output of the PA. If the
PA design is correct, the curves will coincide. If the PA compresses the signal, the PAR of the signal
is lower at the output of the PA.

Measurement Method

The power measured in power statistics CCDF curves is actually instantaneous envelope power defined
by the equation:

P = (1"+Q)/Z,

(where I and Q are the quadrature voltage components of the waveform and Zo is the characteristic
impedance).
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A CCDF curve is defined by how much time the waveform spends at or above a given power level. The
percent of time the signal spends at or above the level defines the probability for that particular power
level. For capturing a lower probability down to 0.0001%, this measurement is made in the single mode
by setting Measure under Meas Control to Single. To make the power statistics CCDF measurement,
the instrument uses digital signal processing (DSP) to sample the input signal in the channel bandwidth.

The Gaussian distribution line as the band-limited Gaussian noise CCDF reference line, the
user-definable reference trace, and the currently measured trace can be displayed on a semi-log graph. If
the currently measured trace is above the user reference trace, it means that the higher peak power levels
against the average power are included in the input signal.

Power vs. Time Measurement Concepts

Purpose

The Power vs. Time measurement examines the time domain burst shape to determine if the incoming
signal satisfies the test limit profile (called the “limit mask™) as it is defined according to the selected
mode. The limit mask is configurable

Measurement Method

This measurement acquires the signal in the time domain using the 1Q data capture method, then
calculates the power vector (magnitude square vector) from the I/Q vector. The measurement algorithm
then searches the power vector for a burst that specifies the given burst detection parameters.

If a customer wants to verify the signal against an external timing source, the burst detection function
can be disabled. In this case, the customer provides an external trigger signal to the instrument, and the
measurement uses the timing of the external trigger as the reference of the burst position.

Once the burst is detected and its timing is located, the algorithm then applies upper and lower limit
masks to the power vector. If the limit mask is defined as the relative power to the reference power, the
algorithm calculates the average power of the reference region and draws the limit mask using the
reference power. If the limit mask is defined as the absolute power, the algorithm draws the limit mask
using the absolute power settings.

The limit mask is highly configurable to allow various types of limit mask.

After the mask position is determined, the algorithm verifies if the signal’s power vector is within the
limit mask. If it satisfies the limit for the entire capture length, the instrument reports “PASS”. If the
signal’s power vector exceeds the limit mask at a single sample point, the measurement reports “FAIL”
and conveys information about where the signal exceeds the test limit.

Upon averaging, the measurement calculates the ensemble average of power vectors from multiple
acquisitions. The burst position in the acquired data, however, can be different from acquisition to
acquisition. This is called “burst wobbling”. Therefore, simply calculating the ensemble average over
power vectors can yield meaningless result. This is especially true if Free Run trigger is used for the
acquisition.

To avoid this problem, the algorithm uses averaging that ensures that the reference point of the burst
comes to the exact same timing. This is called the anti-wobbling function. It yields a meaningful average
and also stabilizes the displayed trace as the averaging continues.

In the process of burst detection, the timing of a burst is obtained. The time period from trigger to the

Chapter 7 181



Concepts
802.16 OFDMA Measurement Concepts

reference position of the burst is called “T0”. This measurement returns the TO result value as well. The
burst detection algorithm always searches a burst from the beginning of the capture data and picks up the
first one that satisfies the burst detection parameters. For example, if there are two valid bursts in the
captured data, the second one will be ignored.

For applications such as the WiMAX-OFDMA uplink measurement, the captured TDD (Time Division
Duplex) signal can contain both downlink and uplink bursts. In this case, a customer must use external
trigger and set an appropriate trigger delay so that the uplink or downlink burst comes to the beginning of
the captured data selectively.

Spectrum Emission Mask Measurement Concepts

Purpose

This measurement measures the spectral profile of the transmitter to verify that the device is not
transmitting excessive energy outside its assigned channel bandwidth. Most WiMAX deployments will
be in frequency bands that are controlled by local regulations. Because these regulations vary widely, the
802.16 specification does not attempt to specify spectral mask for any operation, other than as
“unlicensed”. The measurement procedure defined here is the same, however specific limits must be
determined by the user and will depend on where the device will be deployed. Figure 7-15 shows the
spectral mask specification for 802.16 “unlicensed” operations.

Figure 7-15 Spectral Mask for 802.16 Unlicensed Operation
0dBr

-25 dBr

-32 dBr

50 dBr : MHz
f. A B c D

Channelization

(MHz) A B c D

20 9.5 10.9 19.5 29.5
10 4.75 5.45 9.75 14.75

The Spectrum Emission Mask measurement includes the in-band and out-of-band spurious emissions.
This is the power contained in a specified frequency bandwidth at certain offsets relative to the total
carrier power. It may also be expressed as a ratio of power spectral densities between the carrier and the
specified offset frequency band.

This spectrum emission mask measurement is a composite measurement of out-of-channel emissions,
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combining both in-band and out-of-band specifications. It provides useful figures-of-merit for the
spectral regrowth and emissions produced by components and circuit blocks, without the rigor of
performing a full spectrum emissions mask measurement.

Measurement Method

The spectrum emission mask measurement measures spurious signal levels in up to five pairs of
offset/region frequencies and relates them to the carrier power. The reference channel integration
bandwidth method is used to measure the carrier channel power and offset/region powers. When Offset
is selected, spectrum emission mask measurements are made, relative to the carrier channel frequency
bandwidth. When Region is selected, spurious emission absolute measurements are made, set by
specifying start and stop RF frequencies. The upper frequency range limit is 3.678 GHz.

This integration bandwidth method is used to perform a data acquisition. In this process, the reference
channel integration bandwidth (Meas BW) is analyzed using the automatically defined resolution
bandwidth (Res BW), which is much narrower than the channel bandwidth. The measurement computes
an average power of the channel or offset/region over a specified number of data acquisitions,
automatically compensating for resolution bandwidth and noise bandwidth.

This measurement requires the user to specify the measurement bandwidths of carrier channel and each
of the offset/region frequency pairs up to 5. Each pair may be defined with unique measurement
bandwidths. The results are displayed both as relative power in dBc, and as absolute power in dBm.

Spurious Emissions Measurement Concepts

Purpose

A typical RF output section uses filtering devices to suppress unwanted “internal” signals from being
transmitted. The internal signals are unwanted by-products of the normal signal creation process (such as
mixing, modulation, or amplification). These are typically classified as either harmonics or spurious
signals. Harmonics are integer multiples of the primary transmitter frequency and therefore the
frequency at which they will appear is very predictable. Spurious signals are typically image frequencies
caused by internal mixing of an oscillator or clock frequency with the primary transmitter output
frequency.

Understanding the block diagram of a device is helpful to understand potential sources of spurious
energy; however, it is still common to use “spur searches” to scan the entire output spectrum of the
device to look for spurious energy. Signal analyzers with spectrum analysis capability are ideal
instruments to be used to identify both harmonic and spurious measurements. Typically harmonics are
measured to at least the Sth harmonic - implying for a 3.5 GHz signal, for example, a spectrum analyzer
that extends to 17.5 GHz is required.

Measurement Method

This measurement uses the Peak Excursion and Peak Threshold values to determine which spurs to
report. For each range that is specified, the analyzer scans the band using the specified Range Table
settings. As each band is swept, any signal that is above the Peak Threshold value and has a peak
excursion that exceeds the Peak Excursion value will be entered on a list of spurs which is displayed in
the lower results window in the display.

A total of 200 spurs can be recorded for one measurement, with a limit of 10 spurs per frequency range.
From the spurs in the list, each of those with a peak amplitude greater than the Absolute Limit for that
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range will be logged as a measurement failure and denoted by a red ‘F’ in the ‘Amplitude’ column of the
table.

If no spurs are reported, but the measured trace exceeds the limit line for any range, the fail flag is set to
fail.

This measurement has the ability to display two traces using different detectors on the display

simultaneously. All spur detection and limit line testing are only applied to the trace associated with
Detector 1.
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Other Sources of Measurement Information

Additional measurement application information is available through your local Agilent Technologies
sales and service office. The following application notes treat digital communications measurements in
much greater detail than discussed in this section.

* Application Note 1298

Digital Modulation in Communications Systems - An Introduction
Agilent part number 5965-7160E

* Application Note

Characterizing Digitally Modulated Signals with CCDF Curves
Agilent part number 5968-5858E

* Application Note

HSDPA RF Measurements for User Equipment
Agilent part number 5989-4099EN

Instrument Updates at www.agilent.com

These web locations can be used to access the latest information about the instrument, including the
latest firmware version.

http://www.agilent.com/find/mxa
http://www.agilent.com/find/exa
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Agilent WiMAX Frequency and Time Parameter Table

The WiMAX frequency and time parameter table provides signal information useful for evaluating and
troubleshooting the physical layer of IEEE 802.16-2005 OFDMA signals. Most of these parameters are
directly measurable by an analyzer with vector analysis capabilities or a high performance spectrum

analyzer in zero span.To successfully demodulate a WiMAX signal, most analyzers require the following
minimum parameter settings: center frequency, nominal bandwidth, sampling factor, and guard interval.

Following are explanations for some terms used on the parameter table:

Nominal bandwidth: A descriptive term for the bandwidth of the WiMAX signal; it is not the actual
bandwidth of the signal.

200 carrier bandwidth: The actual bandwidth of the WiMAX signal. If you examine the frequency and
time parameter table, you will see that a 5 MHz nominal bandwidth signal should have a 200 carrier
(actual) bandwidth of 4.5 MHz. Measuring this parameter also provides an indirect measure of the
sampling factor.

Carrier spacing: The correct spacing between each carrier in the WiMAX signal. Measuring the carrier
spacing provides an indirect measure of the symbol time.

Guard interval: Three different guard intervals are allowed for each nominal bandwidth.

OFDMA symbol time: The sum of the symbol time and a guard interval. Longer OFDMA symbol times
are generally more immune to multi-path interference. Shorter symbol times have higher data
bandwidths.

Long preamble: Measuring the duration of the long preamble provides an indirect measure of the
OFDMA symbol time. Subtract Symbol time from the OFDMA symbol time to find the guard interval.
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Figure 7-16 Agilent WIMAX Frequency and Time Parameter Table

256 200 Guard OFDM
Nominal Sampling carrier carrier Carrier Symbol Guard interval symbol Long Short
BW factor BW (Fs) BW (Fs x spacing time interval time Tg time preamble preamble
(Fs/BW) 200/256) DF = Tb = G =G x Tb Ts = (DL = 2 (UL =

Fs/256 1/DF Tb + x Ts) Ts)
Tg

MHz MHz MHz kHz uSec uSec uSec uSec uSec
28.00 8/7 32.00 25.00 125.00 8.00 1/4 2.00 10.00 20.00 10.00
1/8 1.00 9.00 18.00 9.00
1/16 0.50 8.50 17.00 8.50
1/32 0.25 8.25 16.50 8.25
24.00 | 86/75 | 27.52 ]| 21.50 | 107.50 | 9.30 1/4 2.33 11.63 23.26 11.63
1/8 1.16 10.47 20.93 10.47
1/16 0.58 9.88 19.77 9.88
1/32 0.29 9.59 19.19 9.59
20.00 | 144/125 | 23.04 | 18.00 | 90.00 | 11.11 1/4 2.78 13.89 27.78 13.89
1/8 1.39 12.50 25.00 12.50
1/16 0.69 11.81 23.61 11.81
1/32 0.35 11.46 22.92 11.46
15.00 | 86/75 | 17.20 | 13.44 | 67.19 | 14.88 1/4 3.72 18.60 37.21 18.60
1/8 1.86 16.74 33.49 16.74
1/16 0.93 15.81 31.63 15.81
1/32 0.47 15.35 30.70 15.35
14.00 | 8/7 | 16.00 | 12.50 | 62.50 | 16.00 1/4 4.00 20.00 40.00 20.00
1/8 2.00 18.00 36.00 18.00
1/16 1.00 17.00 34.00 17.00
1/32 0.50 16.50 33.00 16.50
12.00 | 86/75 | 13.76 | 10.75 | 53.75 | 18.60 1/4 4.65 23.26 46.51 23.26
1/8 2.33 20.93 41.86 20.93
1/16 1.16 19.77 39.53 19.77
1/32 0.58 19.19 38.37 19.19
11.00 | 316/275 | 12.64 | 9.88 | 49.38 | 20.25 1/4 5.06 25.32 50.63 25.32
1/8 2.53 22.78 45.57 22.78
1/16 1.27 21.52 43.04 21.52
1/32 0.63 20.89 41.77 20.89
10.00 | 1447125 | 11.52 | 9.00 | 45.00 | 22.22 1/4 5.56 27.78 55.56 27.78
1/8 2.78 25.00 50.00 25.00
1/16 1.39 23.61 47.22 23.61
1/32 0.69 22.92 45.83 22.92
7.00 | s/7 | s.00 | e.25 | 31.25 | 32.00 1/4 8.00 40.00 80.00 40.00
1/8 4.00 36.00 72.00 36.00
1/16 2.00 34.00 68.00 34.00
1/32 1.00 33.00 66.00 33.00
6.00 | 86/75 | 6.88 | 5.38 | 26.88 | 37.21 1/4 9.30 46.51 93.02 46.51
1/8 4.65 41.86 83.72 41.86
1/16 2.33 39.53 79.07 39.53
1/32 1.16 38.37 76.74 38.37
5.50 | 316/275 | 6.32 | 4.94 | 24.69 | 40.51 1/4 10.13 50.63 101.27 50.63
1/8 5.06 45.57 91.14 45.57
1/16 2.53 43.04 86.08 43.04
1/32 1.27 41.77 83.54 41.77
5.00 | 144/125 | s5.76 | 4.50 | 22.50 | 44.44 1/4 11.11 55.56 111.11 55.56
1/8 5.56 50.00 100.00 50.00
1/16 2.78 47.22 94 .44 47.22
1/32 1.39 45.83 91.67 45.83
3.50 | 8/7 ] 4.00 | 3.13 ] 15.63 | 64.00 1/4 16.00 80.00 160.00 80.00
1/8 8.00 72.00 144.00 72.00
1/16 4.00 68.00 136.00 68.00
1/32 2.00 66.00 132.00 66.00
3.00 | 86/75 | 3.44 | 2.69 | 13.424 | 74.42 1/4 18.60 93.02 186.05 93.02
1/8 9.30 83.72 167.44 83.72
1/16 4.65 79.07 158.14 79.07
1/32 2.33 76.74 153.49 76.74
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Figure 7-17 Agilent WIMAX Frequency and Time Parameter Table (2)
256 200 Guard OFDM
Non:\LJ.na Sampling carrrJ.e carrier Carrrz.e Symbol Guard J.nia::rv symbol Long Short
BW factor BW BW (Fs x spacin time interval time time preamble preamble
(Fs/BW) (Fs) 200/256) gDF = | T = G Tg = G | Ts = (DL = 2 (UL =
Fs/256 1/DF x Tb Tb + x Ts) Ts)
Tg

MHz MHz MHz kHz usSec nSec nSec nSec usSec
2.50 144/125 2.88 2.25 11.25 88 .89 1/4 22.22 111.11 222.22 111.11
1/8 11.11 100.00 200.00 100.00

1/16 5.56 94.44 188.89 94.44

1/32 2.78 91.67 183.33 91.67

1.75 | 8/7 2.00 | 1.56 | 7.81 | 128.00 1/4 32.00 160.00 320.00 160.00
1/8 16.00 144.00 288.00 144.00

1/16 8.00 136.00 272.00 136.00

1/32 4.00 132.00 264.00 132.00

1.50 | 86/75 | 37.21 | 186.05 | 372.09 | 186.05 1/4 37.21 186.05 372.09 186.05
1/8 18.60 167.44 334.88 167.44

1/16 9.30 158.14 316.28 158.14

1/32 4.65 153.49 306.98 153.49

1.25 | 144/125 | 44.44 | 222.22 | 444.44 | 222.22 1/4 44.44 222.22 444 .44 222.22
1/8 22.22 200.00 400.00 200.00

1/16 11.11 188.89 377.78 188.89

1/32 5.56 183.33 366.67 183.33
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Figure 7-18 Mode Setup Preset Values Table
Standard selection preset values
The following parameters are preset when the standard selection is made.
When 802.16 OFDMA 28MHz2 is selected, measurement that uses 1Q acquisition such as Modulation
Analysis, CCDF, Power vs Time will be grayed out.
Please note that the values provided in the following tables may be changed in the future.
Mode Setup
Standard FFT size | BW Ratio Guard Interval | Frame Duration | Downlink
Ratio
802.16 OFDMA 1.25MHz | 128 28/25 1/8 5ms 50.0 %
802.16 OFDMA 3.5MHz | 512 8/7 1/8 5ms 50.0 %
802.16 OFDMA 5MHz | 512 28/25 1/8 5ms 50.0 %
802.16 OFDMA 7MHz | 1024 8/7 1/8 4 ms 50.0 %
802.16 OFDMA 8.75MHz | 1024 8/7 1/8 5ms 50.0 %
802.16 OFDMA 10MHz | 1024 28/25 1/8 5ms 50.0 %
802.16 OFDMA 14MHz | 1024 8/7 1/8 4 ms 50.0 %
802.16 OFDMA 15MHz | 1024 28/25 1/8 5ms 50.0 %
802.16 OFDMA 17.5MHz | 2048 8/7 1/8 5ms 50.0 %
802.16 OFDMA 20MHz | 2048 28/25 1/8 5ms 50.0 %
802.16 OFDMA 28MHz | 2048 8/7 1/8 4 ms 50.0 %
WiBro 4.375MHz | 512 8/7 1/8 5ms 63.952 %
WiBro 8.75MHz | 1024 8/7 1/8 5ms 63.952 %
WiBro 17.5MHz | 2048 8/7 1/8 5ms 63.952 %
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Figure 7-19 Channel Power and Occupied Bandwidth Standard Preset Values Table
Channel Power, Occupied Bandwidth
Standard RBW VBW Span IBW (CHP only)
802.16 OFDMA 1.25MHz | 24kHz 240kHz 2.5MHz 1.25MHz
802.16 OFDMA 3.5MHz | 68kHz 680kHz 7MHz 3.5MHz
802.16 OFDMA 5MHz | 91kHz 910kHz 10MHz 5MHz
802.16 OFDMA 7MHz | 130kHz 1.3MHz 14MHz 7MHz
802.16 OFDMA 8.75MHz | 160kHz 1.6MHz 17.5MHz 8.75MHz
802.16 OFDMA 10MHz | 180kHz 1.8MHz 20MHz 10MHz
802.16 OFDMA 14MHz | 270kHz 2.7TMHz 28MHz 14MHz
802.16 OFDMA 15MHz | 270kHz 2.7TMHz 30MHz 15MHz
802.16 OFDMA 17.5MHz | 330kHz 3MHz 35MHz 17.5MHz
802.16 OFDMA 20MHz | 390kHz 4MHz 40MHz 20MHz
802.16 OFDMA 28MHz | 510kHz 5MHz 56MHz 28MHz
WiBro 4.375MHz | 82kHz 820kHz 8.756MHz 4.375MHz
WiBro 8.75MHz | 160kHz 1.6MHz 17.5MHz 8.75MHz
WiBro 17.5MHz | 330kHz 3MHz 35MHz 17.5MHz
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Figure 7-20 CCDF Presets Value Tables

CCDF

Standard Info BW Note
802.16 OFDMA 1.25MHz | 2MHz

802.16 OFDMA 3.5MHz | 5MHz
802.16 OFDMA 5MHz | 6MHz
802.16 OFDMA 7MHz | 10MHz

802.16 OFDMA 8.75MHz | 10MHz

802.16 OFDMA 10MHz | 10MHz

802.16 OFDMA 14MHz | 25MHz Need B25 opt
802.16 OFDMA 15MHz | 25MHz
802.16 OFDMA 17.5MHz | 25MHz Need B25 opt
802.16 OFDMA 20MHz | 25MHz Need B25 opt
802.16 OFDMA 28MHz | --- Not availale
WiBro 4.375MHz | 6MHz
WiBro 8.75MHz | 25MHz Need B25 opt
WiBro 17.5MHz | 25MHz Need B25 opt
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Spectrum Emission Mask

Spectrum Emissions Mask Standard Presets Value Tables (1)

Mea
Start Stop Res Rel Rel .
Standard Span R Freq Freq BW Start Stop Fail ; W
A0 0.59M | 100K | 0 0 Rel |1
802.16 OFDMA B | 0.59M 0.68M 100K | O -25 Rel |1
3.68MHz
1.25MHz C |0.68M |122M | 100K | 25 |-32 |Rel |1
D |[122M |1.84M |100K |-32 |-50 |Rel |1
A0 166M | 100K |0 0 Rel |1
B |1.66M | 1.91M | 100K |0 25 |Rel |1
802.16 OFDMA | 0 o0
3.5MHz C |[1.91M [341M | 100K | 25 |-32 |Rel |1
D |341M |516M |100K |-32 |-50 |Rel |1
A0 2.38M | 100K | 0 0 Rel |1
B |2.38M |2.73M | 100K |0 25 |Rel |1
802.16 OFDMA | ) o0
SMHz C |273M [4.88M | 100K | 25 |-32 |Rel |1
D |488M |7.38M |100K |-32 |-50 |Rel |1
A0 3.33M | 100K |0 0 Rel |1
B |3.33M |3.82M | 100K |0 25 |Rel |1
802.16 OFDMA | ;0 o0
7MHz C | 382M [6.82M | 100K | 25 |-32 |Rel |1
D |6.82M |10.33M | 100K |-32 |-50 |Rel |1
A0 416M | 100K | O 0 Rel |1
B |4.15M |4.77M | 100K |0 25 |Rel |1
802.16 OFDMA | e
8.75MHz C |477M [853M | 100K | 25 |-32 |Rel |1
D |853M |12.91M | 100K |-32 |-50 |Rel |1
A |0 4.75M | 100K | 0 0 Rel |1
802.16 OFDMA 29 5MHz B | 4.75M 5.45M 100K | O -25 Rel |1
10MHz | = C |5.45M |9.75M | 100K | 25 |-32 |Rel |1
D |9.75M | 14.75M | 100K |-32 |-50 |Rel |1
A0 6.65M | 100K | 0 0 Rel |1
802.16 OFDMA 41.5MHz B | 6.65M 7.63M 100K | O -25 Rel |1
14MHz | = C |763M |13.65M | 100K | 25 |-32 | Rel | 1
D | 13.65M | 20.65M | 100K |-32 |-50 |Rel |1
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Figure 7-22 Spectrum Emissions Mask Standard Presets Value Table
Spectrum Emission Mask - 2

Mea

Start Stop Res Rel Rel .
Standard Span R Freq Freq BW Start Stop Fail ;SW

0 713M | 100K | O 0 Rel

7.13M | 8.18M | 100K |0 -25 Rel

802.16 OFDMA 44.26MHz
15MHz

8.18M | 14.63M | 100K | -25 -32 Rel
14.63M | 22.13M | 100K | -32 -50 Rel
0 8.31M | 100K | O 0 Rel
8.31M |[9.54M | 100K |0 -25 Rel
9.54M | 17.06M | 100K | -25 -32 Rel
17.06M | 25.81M | 100K | -32 -50 Rel

802.16 OFDMA

17 5MHz 51.62MHz

oM 9.5M 100K |0 0 Rel
802.16 OFDMA 9.5M 10.9M 100K | O -25 Rel
20MH 59MHz
z 10.9M 19.5M 100K | -25 -32 Rel
19.5M | 29.5M 100K | -32 -50 Rel
oM 13.3M 100K |0 0 Rel
13.3M 15.26M | 100K | O -25 Rel
802.16 OFDMA 82 6MHz

28MHz 15.26M | 27.3M | 100K | -25 |-32 | Rel

273M | 41.3M | 100K | -32 -50 Rel
0 2.08M | 100K | O 0 Rel
2.08M |[238M | 100K |0 -25 Rel
2.38M |4.27M | 100K | -25 -32 Rel
427M |6.45M | 100K | -32 -50 Rel
0 4.16M | 100K |0 0 Rel
4.15M | 4.77M | 100K |0 -25 Rel
4.77TM | 8.53M | 100K | -25 -32 Rel
8.53M | 12.91M | 100K | -32 -50 Rel
0 8.31M | 100K | O 0 Rel
8.31M |[9.54M | 100K |0 -25 Rel
9.54M | 17.06M | 100K | -25 -32 Rel
17.06M | 25.81M | 100K | -32 -50 Rel

WiBro 4.375MHz | 12.9MHz

WiBro 8.75MHz | 25.82MHz

WiBro 17.5MHz | 51.62MHz

O O W >» O O W » O O W >» O O W » O O W >» O O W » O O W >»
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Power vs. Time Standard Preset Values Table

Power vs Time

Regio | On/ | Info | Star | Sto Upper Lower
n off | BW t p
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto Aut | Mas | Star | Sto | Aut | Star | Sto | Aut Kk
t [ o/M t P o/M k t p o/M t [ o/M
Standa an an an an
rd
dB dB dB dB dB dB dB dB
m m m m
s s
A On 2M -1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA [ D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
1.25MH -6 e-6 200
z
E On 500 | 2.5e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 (O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL | Off 0 0 0 0 0 0 REL | O 0 0 0 REL
A On 5M -1.0 | - 0 0 -25 0 REL | - 0 0 0 ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA | D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
3.5MHz -6 e-6 200
E On 500 | 2.5e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 4.8e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtoL | Off 0 0 0 0 A 0 0 A REL | 0O 0 A 0 0 A REL
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Figure 7-24 Power vs. Time Standard Preset Values Table
Power vs Time - 2
Regio | On/ | Info | Star | Sto Upper Lower
n off | BW t P
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto | Aut k
t p o/M t p o/M k t p o/M t p o/M
Standa an an an an
rd
dB dB dB dB dB | dB dB dB
m m m m
S S
A On 6M -1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
6 200
802.16
OFDMA | D On 50e | 500 | 0 0 A [16 |0 A | REL |- 0 A |0 0 A | ABS
5MHz -6 e-6 200
E On 500 | 2.5e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 |-3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 0 0 REL | O 0 0 0 REL
A On 10M | -1.0 | - 0 0 25 |0 REL | - 0 0 0 ABS
Hz 50e 200
6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA | D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
7MHz -6 e-6 200
E On 500 | 25e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
3 3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
Chapter 7 195



Concepts
Appendix B

Figure 7-25 Power vs. Time Standard Preset Values Table

Power vs Time - 3

Regio | On/ | Info | Star | Sto Upper Lower
n Off BW t P
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto Aut Kk
t p o/M t p o/M k t p o/M t p o/M
1 an an an an
dB dB dB dB dB dB dB dB
m m m m
s s
A On 10M | -1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
5}
AlD On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
1 6 e-6 200
z
E On 500 | 25e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 | -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48¢ |10 | 200 |0 A 200 | O A AB | - 0 A 0 0 A ABS
-3 S 200
HtoL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
A On 10M | -1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
8
zn| D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
2 -6 e-6 200
E On 500 | 25e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 |-3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
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Figure 7-26 Power vs. Time Standard Preset Values Table
Power vs Time - 4
Regio | On/ | Info | Star | Sto Upper Lower
n off | BW t p
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto | Aut k
t p o/M t p o/M k t p o/M t p o/M
Standa an an an an
rd
dB dB dB dB dB dB dB dB
m m m m
S S
A On 25M | 1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
(03 On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA | D On 50e | 500 | 0 0 A 16 |0 A | REL|- 0 A |o 0 A | ABS
14MHz -6 e-6 200
E On 500 | 2.5e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 |-3 200
F Off 25e | 48e | O 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 0 0 REL | O 0 0 0 REL
A On 252 | 1.0 | - 0 0 -25 0 REL | - 0 0 0 ABS
MH 50e 200
z -6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA | D On 50e | 500 | 0 0 A 16 |0 A | REL|- 0 A |o 0 A | ABS
15MHz -6 e-6 200
E On 500 | 2.5e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 | -3 200
F Off 25e | 48e | O 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
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Figure 7-27 Power vs. Time Standard Preset Values Table

Power vs Time -5

Regio | On/ | Info | Star | Sto Upper Lower
n off | BW t P
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto | Aut k
t p o/M t p o/M k t p o/M t p o/M
Standa an an an an
rd
dB dB dB dB dB | dB dB dB
m m m m
s S
A On 25M | 1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
Cc On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16
OFDMA | D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
17.5MH -6 e-6 200
z
E On 500 | 25e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
A On 25M | 1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
802.16 |7 On 50e 500 |0 |0 |A |16 |0 |A |REL|- 0 |A |0 |0 [A |ABS
OFDMA 6 |eb6 200
20MHz
E On 500 | 25e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
3 3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtolL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
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Figure 7-28 Power vs. Time Standard Preset Values Table
Power vs Time - 6
Regio | On/ | Info | Star | Sto Upper Lower
n Off | BW t p
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto Aut Kk
t p o/M t p o/M k t [ o/M t P o/M
Standa an an an an
rd
dB dB dB dB dB dB dB dB
m m m m
s s
A On 6M -1.0 | - 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
6
C On 0 50e | 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
6 200
WiBro
D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
4.375M 6 |eb 200
Hz
E On 500 | 2.5e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
e-6 -3 200
F Off 25e | 48 | 0 0 A 25 |0 A REL | - 0 A 0 0 A ABS
3 |3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
3 s 200
HtoL | Off 0 0 0 0 0 0 REL | O 0 0 0 REL
A On 25M | 1.0 | - 0 0 -25 0 REL | - 0 0 0 ABS
Hz 50e 200
6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
6 200
D On 50e | 500 | 0 0 A 16 |0 A REL | - 0 A 0 0 A ABS
6 |e6 200
E On 500 | 25e | 0 0 A 7 0 A REL | - 0 A 0 0 A ABS
WiBro e-6 -3 200
875MH | F Off 25¢ | 48¢ | 0 0 A 25 |0 A REL | - 0 A 0 0 A ABS
2 3 |3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtoL Off 0 0 0 0 0 0 A REL | O 0 0 0 REL
E On 500 | 25e | 0 0 7 0 REL | - 0 0 0 ABS
e6 | -3 200
F Off 25e | 48¢e | 0 0 A -25 0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 48e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtoL Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
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Power vs Time -7
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Power vs. Time Standard Preset Values Table

Regio | On/ | Info | Star | Sto Upper Lower
n off | BW t p
Abs Rel Fail Abs Rel Fail
Tim | Tim Mas
e e Star | Sto | Aut | Star | Sto | Aut | Mas | Star | Sto | Aut | Star | Sto | Aut Kk
t p o/M t p o/M k t p o/M t p o/M
Standa an an an an
rd
dB dB dB dB dB dB dB dB
m m m m
s s
A On 25M | -1.0 | - 0 0 A 25 |0 A REL | - 0 A 0 0 A ABS
Hz 50e 200
-6
B On - 0 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
50e 200
-6
C On 0 50e | 0 0 A 16 0 A REL | - 0 A 0 0 A ABS
-6 200
WiBro
D On 50e | 500 | O 0 A 16 0 A REL | - 0 A 0 0 A ABS
17.5MH -6 e-6 200
z
E On 500 | 2.5e | O 0 A 7 0 A REL | - 0 A 0 0 A ABS
e6 | -3 200
F Off 25e | 48e | 0 0 A 25 |0 A REL | - 0 A 0 0 A ABS
-3 -3 200
G On 4.8e | 1.0 200 | O A 200 | O A AB - 0 A 0 0 A ABS
-3 S 200
HtoL | Off 0 0 0 0 A 0 0 A REL | O 0 A 0 0 A REL
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Figure 7-30 Power vs. Time Standard Preset Values Table
Power vs Time - 8
Info Info Power Time Burst Search Burst Slope Burst Slope Time IF Gain Note
BW BW Threshold Threshold Detect Intvl Reference
Referenc | Referenc Offset
Filter e e Level
Standar sec
d ABS | Leve dB/ms us
or |
REL
MHz
802.16 | 3.1 Flattop | D RISE REL | - 2.0 10 0 Auto
OFDMA 20d
1.25MHz B
802.16 | 6.7 Flattop | D RISE REL | - 2.0 10 0 Auto
OFDMA 20d
3.5MHz B
802.16 | 8.0 Flattop | D RISE REL | - 20 10 0 Auto
OFDMA 20d
5MHz B
802.16 | 10.0 Flattop | D RISE REL | - 2.0 10 0 Auto
OFDMA 20d
7MHz B
802.16 | 10.0 Flattop | D RISE REL | - 20 10 0 Auto
OFDMA 20d
8.75MHz B
802.16 | 10.0 Flattop | D RISE REL | - 2.0 10 0 Auto
OFDMA 20d
10MHz B
802.16 | 25.0 Flattop | D RISE REL | - 2.0 10 0 Auto Need B25
OFDMA 20d opt
14MHz B
802.16 | 25.0 Flattop | D RISE REL | - 2.0 10 0 Auto Need B25
OFDMA 20d opt
15MHz B
802.16 | 25.0 Flattop | D RISE REL | - 2.0 10 0 Auto Need B25
OFDMA 20d opt
17.5MHz B
802.16 | 25.0 Flattop | D RISE REL | - 2.0 10 0 Auto Need B25
OFDMA 20d opt
20MHz B
802.16 Not availale
OFDMA
28MHz
WiBro | 10.0 Flattop D RISE REL - 2.0 10 0 Auto
20d
4.375MH B
z
WiBro | 10.0 Flattop | D RISE REL | - 2.0 10 0 Auto
20d
8.75MHz B
WiBro | 25.0 Flattop | D RISE REL | - 2.0 10 0 Auto Need B25
20d opt
17.5MHz B
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Glossary

OFDM - orthogonal frequency division multiplexing

OFDMA - orthogonal frequency division multiple access

MAC - medium access control

TDMA - time division multiple access

TDM - time division multiplexing

TDD - time division duplex

FDD - frequency division duplex

H-FDD - half-duplex frequency division duplex
BPSK - binary phase shift keying

QPSK - quadrature phase shift keying

QAM - quadrature amplitude modulation

IEEE - Institute of Electrical and Electronics Engineers
BS - base station

SS - subscriber station

TTG - transmit/receive transition gap

RTG - receive/transmit transition gap

BWA - broadband wireless access

MCM - multi-carrier modulation

PHY - physical layer

FEC - forward error correction

LAN - local area network

MAN - metropolitan area network

NLOS - non-line-of-sight

LOS - line-of-sight

RS - Reed-Solomon block code

CP - cyclic prefix

DL - downlink (base station to subscriber transmission)
UL - uplink (subscriber to base station transmission)

FCH - frame control header
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BER - bit error rate

PMP - point-to-multipoint

RCE - relative constellation error
EVM - error vector magnitude

CPE - common pilot error

DLFP - downlink frame prefix
HCS - header check sequence
DIUC - downlink interval usage code
DCD - downlink channel descriptor
STC - space-time coding

AAS - adaptive antenna system

ISI - inter-symbol interference
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