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1.1

Documentation Overview

Preface

Documentation Overview

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

www.rohde-schwarz.com/product/FSV > "Downloads" > "Manuals"

Quick start guide

Introduces the R&S FSVA/FSV and describes how to set up and start working with the
product. Includes basic operations, typical measurement examples, and general infor-
mation, e.g. safety instructions, etc.. A printed version is delivered with the instrument.

Online help

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

Operating manuals

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

® Base unit manual
Contains the description of the graphical user interface, an introduction to remote
control, the description of all SCPI remote control commands, programming exam-
ples, and information on maintenance, instrument interfaces and error messages.
Includes the contents of the Quick Start Guide.

® Software option manuals
Contain the description of the specific functions of an option. Basic information on
operating the R&S FSVA/FSV is not included.

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

Describes the performance test for checking the rated specifications, module replace-
ment and repair, firmware update, troubleshooting and fault elimination, and contains
mechanical drawings and spare part lists.

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS, https://gloris.rohde-schwarz.com).
Instrument security procedures manual

Deals with security issues when working with the R&S FSVA/FSV in secure areas.


https://gloris.rohde-schwarz.com
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1.21

Conventions Used in the Documentation

Basic safety instructions

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

Data sheet and brochure

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

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.
Release notes and open source acknowledgment (OSA)

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

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

See www.rohde-schwarz.com/product/FSV > "Downloads" > "Firmware"

Application notes, application cards, white papers, etc.

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

Conventions Used in the Documentation

Typographical Conventions

The following text markers are used throughout this documentation:

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

quotation marks.

KEYS Key names are written in capital letters.

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

program code guished by their font.

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

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

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



http://www.rohde-schwarz.com/appnotes
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1.2.3

1.3

How to Use the Help System

Conventions for Procedure Descriptions

When describing how to operate the instrument, several alternative methods may be
available to perform the same task. In this case, the procedure using the touchscreen
is described. Any elements that can be activated by touching can also be clicked using
an additionally connected mouse. The alternative procedure using the keys on the
instrument or the on-screen keyboard is only described if it deviates from the standard
operating procedures.

The term "select" may refer to any of the described methods, i.e. using a finger on the
touchscreen, a mouse pointer in the display, or a key on the instrument or on a key-
board.

Notes on Screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as much as possible of the provided functions and
possible interdependencies between parameters.

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

How to Use the Help System

Calling context-sensitive and general help

» To display the general help dialog box, press the HELP key on the front panel.

The help dialog box "View" tab is displayed. A topic containing information about
the current menu or the currently opened dialog box and its function is displayed.

For standard Windows dialog boxes (e.g. File Properties, Print dialog etc.), no context-
sensitive help is available.

» If the help is already displayed, press the softkey for which you want to display
help.

A topic containing information about the softkey and its function is displayed.

If a softkey opens a submenu and you press the softkey a second time, the submenu
of the softkey is displayed.

Contents of the help dialog box

The help dialog box contains four tabs:



How to Use the Help System

® "Contents" - contains a table of help contents

® "View" - contains a specific help topic

® "Index" - contains index entries to search for help topics
® "Zoom" - contains zoom functions for the help display

To change between these tabs, press the tab on the touchscreen.

Navigating in the table of contents

® To move through the displayed contents entries, use the UP ARROW and DOWN
ARROW keys. Entries that contain further entries are marked with a plus sign.

® To display a help topic, press the ENTER key. The "View" tab with the correspond-
ing help topic is displayed.

® To change to the next tab, press the tab on the touchscreen.

Navigating in the help topics

® To scroll through a page, use the rotary knob or the UP ARROW and DOWN
ARROW keys.

® To jump to the linked topic, press the link text on the touchscreen.
Searching for a topic

1. Change to the "Index" tab.

2. Enter the first characters of the topic you are interested in. The entries starting with
these characters are displayed.

3. Change the focus by pressing the ENTER key.

4. Select the suitable keyword by using the UP ARROW or DOWN ARROW keys or
the rotary knob.

5. Press the ENTER key to display the help topic.
The "View" tab with the corresponding help topic is displayed.

Changing the zoom

1. Change to the "Zoom" tab.

2. Set the zoom using the rotary knob. Four settings are available: 1-4. The smallest
size is selected by number 1, the largest size is selected by number 4.

Closing the help window

» Press the ESC key or a function key on the front panel.



Notes for Users of R&S FSV 1307.9002Kxx Models

1.4 Notes for Users of R&S FSV 1307.9002Kxx Models

Users of R&S FSV 1307.9002Kxx models should consider the following differences to
the description of the newer R&S FSVA/FSV 1321.3008Kxx models:

® Functions that are based on the Windows7 operating system (e.g. printing or set-
ting up networks) may have a slightly different appearance or require different set-
tings on the Windows XP based models. For such functions, refer to the Windows
documentation or the documentation originally provided with the R&S FSV instru-
ment.

® The R&S FSV 1307.9002K03 model is restricted to a maximum frequency of
3 GHz, whereas the R&S FSVA/FSV1321.3008K04 model has a maximum fre-
quency of 4 GHz.

® The bandwidth extension option R&S FSV-B160 (1311.2015.xx) is not available for
the R&S FSV 1307.9002Kxx models. The maximum usable I/Q analysis bandwidth
for these models is 28 MHz, or with option R&S FSV-B70, 40 MHz.



2 Introduction

This document contains all information required for operation of an R&S FSVA/FSV
equipped with Application Firmware R&S FSVA/FSV. It covers operation via menus
and the remote control commands for WLAN measurements.

6 This option is not available for R&S FSVA/FSV 40 model 1307.9002K39.

This part of the documentation consists of the following chapters:

® Chapter 3.2, "Basic Measurement Examples", on page 13
Describes the measurement setup for WLAN TX measurements.

® Chapter 4, "Instrument Functions WLAN TX Measurements”, on page 62
Describes the overall instrument functions and provides further information

® Chapter 4.1, "Softkeys of the WLAN TX Menu", on page 63
Shows all softkeys available in the "WLAN" menu. This chapter also refers to the
remote control commands associated with each softkey function.

® Chapter 5, "Remote Commands for WLAN TX Measurements", on page 116
Describes all remote control commands defined for the power meter measurement.

This part of the documentation includes only functions of the Application Firmware
R&S FSV-K91/91n/91ac/91p. For all other descriptions, please refer to the description
of the base unit.
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3 WLAN TX Measurements

The R&S FSV-K91/91n/91ac/91p application extends the functionality of the

R&S FSVA/FSV signal analyzer to enable wireless LAN TX measurements in accord-
ance with IEEE standards 802.11 a, ac, b, g, j, n & p (assuming the required firmware
option is installed).

The following topics are described in this section:

3.1 Introduction to WLAN 802.11A, AC, B, G, J, N & P TX Tests.........ccecerrriierrriinnnnnns 12
3.2 Basic Measurement EXamples.........coooiiiiiiiiiiceiiemmmsssssssssssssssssse s e s s e sessssse s ssnssssssnns 13
3.2.1  Setting Up the MeasuremMent...........ccuueiiiiiiiiiii e 13
3.2.2 Performing the Main MeasuremMent..........c..oooiiiiiiiiiiiiii e 14
3.2.3 Setting up @ MIMO MEASUIEMENT......ccoiiuiiiiiiiiiiiie et 14
3.3 Signal Processing of the IEEE 802.11a Application...........cccoecuriiiiiinneiiniisnnnniiinnns 21
3.3.1 Understanding Signal Processing of the IEEE 802.11a Application.............cccoceeernne 22
3.3.2 Literature to the IEEE 802.11a Application...........ccouiiiiiiiiiii e 29
3.4 Signal Processing of the IEEE 802.11b Application............ccceenriimmmrnnsiinnnnnnnsinnenn 29
3.4.1 Understanding Signal Processing of the IEEE 802.11b Application............ccccoceeerne 30
3.4.2 Literature of the IEEE 802.11b Application...........ccouuiiiiiiiiii e 35
3.5 802.11b RF Carrier SUPPreSSION..... ..o sssssns e s e mmnnns 35
3.6 IEEE 802.11n/ac MIMO Measurements.........ccccvvreriinninmmsnnnsssssssnssss s ssssssssees 36
3.6.1 Trigger Synchronization Using an R&S®FS-Z11 Trigger Unit..........ccccovevrererrciennne 37
3.7 Signal Field Measurement (IEEE 802.11ac, n (SISO+MIMQO)).........ccccrriimmnrirrinnnnns 39
3.8 Optimized Signal Levels........ccccciimmiiiii s 43
3.9 Measurement Result TYPesS.....occviiiiiiiiiiiinii s 44
3.9.1  1Q IMPAITMENTS. ...ttt e e e b e e e e e e e e e nneeas 44
3.9.2  EVIM MEASUIEIMENT. ...ttt ettt et e e e e e s eas 48
3.9.3 Rise/Fall TIme MeasuremMeNnt..........ooii it 50
3.10 Measurement Settings and Result Displays........cccccorrriiiiiiiiiiinimrrrre s 50
3.10.1  Measurement SettiNgS.........cii i s 51
3.10.2  ResUlt SUMMArY LiSt.......eeiiiiiiiiiiie et 54
3.10.3  ResUlt DIisSplay Graph...........coooiiiiiiieiiie et 59
3.10.4  Title Bar INfOrmation........oooueiiiiii e 61
3.10.5 Status Bar INfOrmation.............ooiiiiiiiie e 61
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Introduction to WLAN 802.11A, AC, B, G, J, N & P TX Tests

3.1 Introduction to WLAN 802.11A, AC,B,G,J,N& P TX
Tests

The use of an R&S FSVA/FSV spectrum analyzer enables the accurate and reproduci-
ble TX measurement of a wireless LAN device under test (DUT) in accordance with the
standards specified for the device. The following test conditions are supported:
Modulation formats:
e |EEE 802.11j (10 MHz)
BPSK (3 & 4.5 Mbps)
QPSK (6 & 9 Mbps)
16QAM (12 & 18 Mbps)
64QAM (24 & 27 Mbps)
® |EEE 802.11a,j & g (OFDM), p
— BPSK (6 & 9 Mbps)
— QPSK (12 & 18 Mbps)
— 16QAM (24 & 36 Mbps)
— 64QAM (48 & 54 Mbps)
® |EEE 802.11b & g (single carrier mode)
DBPSK (1 Mbps)
DQPSK (2 Mbps)
CCK (5.5 & 11 Mbps)
PBCC (5.5, 11 & 22 Mbps)
e |EEE 802.11ac (SISO and MIMO)
- 16QAM
- 64QAM
-  256QAM

For IEEE 802.11n (MIMO) the modulation and data rates depend on the MCS
index

e |EEE 802.11n (OFDM), (SISO and MIMO)
— BPSK (6.5, 7.2, 13.5 & 15 Mbps)
— QPSK (13, 14.4, 19.5, 21.7, 27, 30, 40,5 & 45 Mbps)
—  16QAM(26, 28.9, 39, 43.3, 54, 60, 81 & 90 Mbps)
—  B4QAM(52, 57.8, 58.5, 65, 72.2, 108, 121.5, 135, 120, 135 & 150 Mbps)

For IEEE 802.11n (MIMO) the modulation and data rates depend on the MCS
index



Basic Measurement Examples

SISO vs MIMO

For most WLAN measurements, a single transmitter and a single receiver are used
(SISO = single in, single out). For measurements according to the IEEE 802.11n or ac
standards, the R&S FSVA/FSV can measure multiple data streams between multiple
transmitters and multiple receivers (MIMO = multiple in, multiple out).

For MIMO the modulation and data rates depend on the MCS index.

Modulation measurements

® Constellation diagram

® Constellation diagram for each OFDM carrier

® |/Q offset and I/Q imbalance

e Carrier and symbol frequency errors

® Modulation error (EVM) for each OFDM carrier or symbol

e Amplitude response and group-delay distortion (spectral flatness)

Further measurements and results

® Amplitude statistics (CCDF) and crest factor

® Transmit spectrum mask

® FFT, also over a selected part of the signal, e.g. preamble
® Payload bit information

® Freq/Phase Err vs. Preamble

3.2 Basic Measurement Examples

This section provides step-by-step instruction for working through an ordinary mea-
surement. The following steps are described:

1. Chapter 3.2.1, "Setting Up the Measurement", on page 13
2. Chapter 3.2.2, "Performing the Main Measurement", on page 14
In this example, a DUT using IEEE 802.11a is be used. The DUT is connected to the

R&S FSVA/FSV using the RF input of the R&S FSVA/FSV. The DUT generates a sig-
nal modulated using 16QAM.

3.2.1 Setting Up the Measurement

1. Activate the "WLAN" mode using the MODE > "WLAN" keys.

2. Press the "FREQ" key once to select and open the Demod Settings Dialog Box and
to activate the frequency input field.
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Demod Settings

Burst To Analyze
Signal Field Content |7
Burst Type Direct Link Burst |
Auto Demodulation 7

Equal Burst Length |_

Min Data Symbols 1

Max Data Symbols 1366
Channel Estimation Payload
Tracking

Phase |7
Timing |—
Level |—

3. Activate "Auto Demodulation" (see "Auto Demodulation (IEEE 802.11n, SISO)"
on page 100) to use the content of the signal inherent field to detect the modula-
tion type automatically.

3.2.2 Performing the Main Measurement

® Select single sweep measurements by pressing the RUN SINGLE hardkey.

® Select continuous measurements by pressing the RUN CONT hardkey.
During the measurement, the status message "Running" is displayed.
Leveling is done automatically.
Measurement results are updated once the measurement has completed. The
results are displayed in graphical form. The display can be toggled to a tabular list
of measurement points by pressing the "Display” softkey (in the "WLAN" menu or
"Trace" menu).

3.2.3 Setting up a MIMO measurement
For this example a 2 Tx MIMO DUT according to IEEE 802.11n is used.

1. The MIMO DUT is connected to the analyzers according to the following setup:
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Trigger Signal

LAN
Two
Channel RF Signal
SMU
LAN

LAM

Reterence Signal

Hubx

2. Connect the external reference REF OUT of the SMU with the external reference
REF IN of the analyzers. Switch on the external reference for both analyzers in the
spectrum analyzer base system.

3. Connect the marker output of the SMU with the EXT TRIGGER input of the ana-
lyzers.

4. Either connect the "Path A RF/Baseband" connector with one analyzer and the
"Path B RF/Baseband" connector with the other analyzer, or use the air interface
with appropriate antennas.

5. Connect the master and the slave anaylzer via LAN according to the figure above.
As an alternative, it is sufficient to connect master and slave with a cross LAN
cable. The analyzer with the R&S FSV-K91n option can be used as master. The
slave analyzer does not require a WLAN option.

6. Setup the SMU to generate a 2 Tx IEEE 802.11n (MIMO) signal.
For the SMU "Baseband A" select the "IEEE 802.11n ..." option. This opens the
"IEEE 802.11n WLAN A" dialog.
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7. Select the "Transmission Bandwidth" 40MHz.
In the "IEEE 802.11n WLAN A" dialog, press the "Frame Block Configuration ..."
button to open the "IEEE 802.11n WLAN A: Frame Blocks Configuration" dialog.
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config...
_|eorme- |
[~ On Iv |
Graphics BERT
config... | config...
[ on [~ on
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oo
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2.400 000 000 00fstz =} | -20.00}¢m ~|
2.400 000 000 00/ - | -20.00]¢em -

A: ALC-Auto | B: ALC-Auto

ESEE

8. Select "Antennas" 2.
In the "IEEE 802.11n WLAN A" dialog, press the "Frame Block Configuration ..."
button to open the "IEEE 802.11n WLAN A: Frame Blocks Configuration" dialog.
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A Frea 2.400 000 000 00/t | - . pep| -8.77 dBm tey -20.00]Em -]
B +eq[ 2.400 000 000 00]c+= | |aeee| &) eep[ 8.7 dBm tey -20.00cEm ]
|

A: ALC-Auto | B: ALC-Auto Infol
" Legacy
E Mixed Mode
Green Field
Sounding
Physical Idle Time DList Boost Data Rate ;I
Type Mode Tx Mode Frames ms Data pattern | /dB PPDU Mbps State
1> Data Mixed Mode HT-2UF.’IH1L| 1 0.100 PH 9 0.00 Config... 13
HT-20MHz
HT-40MHz
HT-Duplicate
HT-Upper
HT-Lower
Append | Insert | Delete | Copy | Paste |

9. Select "Tx Mode" HT-40MHz.
Press the "PPDU Config ..." button to open the "IEEE 802.11n WLAN A: PPDU
Configuration for Frame Block 1" dialog.
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Operating Manual 1176.7649.02 — 06 18



Basic Measurement Examples
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Data Length | 1024 | bytes ~|  Humber Of Data Symbols | 39
Preamble/Header Active [V On Guard ILong j
Scrambler IDn (User Init) ~|  scrambler Init (hex) | 01
Channel Coding IECC ~|  Encoders |1 v[ Rate |1f2 v[
Interleaver Active [V On Service Field (hex) I Qooo _|
Append | Insert | Delete | Copy | Paste |

10. Select "Spatial Streams" 2 and "Space Time Streams" 2.
Return to the "IEEE 802.11n WLAN A" dialog.
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A Fr=d 2.400 000 000 00|c#= -] - @ rer| -20.00 &&m ey -20.00|eem -]
B < 2.400 000 000 00[c+ -] [see] [o27 eee] -20.00 dBm Lo -20.00 e -]
| A: ALC-Auto | B: ALC-Auto ﬂl
502.11n WLAN A goe DIG I3 OUT
State off | F e
(s 0UT
Sl | bl | [Wonme A 1/Q Mod A
Data List Management... | Generate Waveform File... | config... | &l N m _?:’E_;_)
[~ On | o/ I On Iv |
Transmission Bandwidth |40 MHz vl e
[Connigure Baseband & from Baseband A |
Transmit Antennas Setup... | TX Antennas = 2 Graphics BERT
Frame Block Configuration... | config... conng...
[ on [~ on
Clipping... | Clip Off Graph A+B I BERT
TriggerMarker.. | Auto
p— WGN/IMP B I'Q Mod B
config... | —*| config... | Mﬂ RF B
Clock... | internal || - on J Ton | IO
P
w2ina | | | | | | | |

11. Check "Configure Baseband B from Baseband A". This will generate a IEEE
802.11n conform Tx 2 signal for path B of the SMU.

12. Toggle the "State" to On and make sure "RF/A Mod A" and "RF/B Mod B" are
switched on.
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A Frea 2.400 000 000 00/t | - . pep| -0.32 dBm tey| -20.00Em -]
B r=d[ 2.400 000 000 00s+= -] [seeu] [ e[ -0.37 dom ey 20,00 [ ]
|

A: ALC-Auto | B: ALC-Auto Infol

1] ar}-=r 1: Restart

2 Restart DIG I'Q OUT
3. Restart v
4 Restart (A raN-ly
AWGN/IP A
config... - RF &
o e I bl confg.. || fonta. || e
[~ On | o Iv | Iv |
IMp
Path A () ranhp
BB Input
config... | m
AVWGN/IMP B
config... RF B
[ on
IMP
1: Restart
2: Restart @
3 Restart
. Restart

M ar}=r

13. Using the "Graphics | Power Spectrum” display shows the power spectrum for both
antennas.

14. Now set up the spectrum analyzer with the R&S FSV-K91n option to perform the
WLAN MIMO measurements. Start the R&S FSV-K91n application.

15. Select "Standard" IEEE 802.11n (MIMO).
Set the "RF Frequency" the DUT is transmitting.

16. Set "Trigger Mode" to "External”.
Select the "STC/MIMQ" tab in the "General Settings" dialog box.

17. Select "DUT MIMO configuration” 2 Tx Antennas.

18. Set the "IP Address" of the slave in the "MIMO Measurement Setup" table and turn
the "State" of the slave to ON.

3.3 Signal Processing of the IEEE 802.11a Application

This description gives a rough view of the IEEE 802.11a application signal processing.
Details are disregarded in order to get a concept overview.
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3.3.1

Signal Processing of the IEEE 802.11a Application

® Chapter 3.3.1, "Understanding Signal Processing of the IEEE 802.11a Application",
on page 22
® Chapter 3.3.2, "Literature to the IEEE 802.11a Application”, on page 29

Abbreviations

a symbol at symbol | of subcarrier k

EVM, error vector magnitude of subcarrier k
EVM error vector magnitude of current packet
9 signal gain

Af frequency deviation between TX and RX

| symbol index | = [1, nof_Symbols]

nof_symbols number of symbols of payload

Hy channel transfer function of subcarrier k

k channel index k = [-31,32]

Kimod modulation-dependent normalization factor
4 relative clock error of reference oscillator
Nk subcarrier of symbol |

Understanding Signal Processing of the IEEE 802.11a Application

A diagram of the interesting blocks is shown in Figure 3-1. First the RF signal is down
converted to the IF frequency fr = 96 MHz. The resulting IF signal rg(t) is shown on the
left-hand side of the figure. After bandpass filtering, the signal is sampled by an Analog
to Digital Converter (ADC) at a sampling rate of fs; = 128 MHz. This digital sequence is
resampled. Thus the sampling rate of the down sampled sequence r(i) is the Nyquist
rate of f;3 = 20 MHz. Up to this point the digital part is implemented in an ASIC.

In the lower part of the figure the subsequent digital signal processing is shown. In the
first block the packet search is performed. This block detects the Long Symbol (LS)
and recovers the timing. The coarse timing is detected first. This search is implemen-
ted in the time domain. The algorithm is based on cyclic repetition within the LS after N
= 64 samples. Numerous treatises exist on this subject, e.g. [1] to [3].

Furthermore a coarse estimate A7, Of the Rx-Tx frequency offset Af is derived from
the metric in [6]. (The hat generally indicates an estimate, e.g. 7 is the estimate of x.)
This can easily be understood because the phase of r(i) A r* (i + N) is determined by
the frequency offset. As the frequency deviation Af can exceed half a bin (distance
between neighboring sub-carriers) the preceding Short Symbol (SS) is also analyzed in
order to detect the ambiguity.

After the coarse timing calculation the time estimate is improved by the fine timing cal-
culation. This is achieved by first estimating the coarse frequency response HtS),, with
k = [-26, 26] denoting the channel index of the occupied sub-carriers.
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First the FFT of the LS is calculated. After the FFT calculation the known symbol infor-
mation of the LS sub-carriers is removed by dividing by the symbols. The result is a
coarse estimate H, of the channel transfer function.

In the next step the complex channel impulse response is computed by an IFFT. Next
the energy of the windowed impulse response (the window size is equal to the guard
period) is calculated for every trial time. Afterwards the trail time of the maximum
energy is detected. This trial time is used to adjust the timing.

Now the position of the LS is known and the starting point of the useful part of the first
payload symbol can be derived. In the next block this calculated time instant is used to
position the payload window. Only the payload part is windowed. This is sufficient
because the payload is the only subject of the subsequent measurements.

In the next block the windowed sequence is compensated by the coarse frequency
estimate A7 ,,se- This is necessary because otherwise inter channel interference (ICI)

would occur in the frequency domain.
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Figure 3-1: Signal processing of the IEEE 802.11a application
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The transition to the frequency domain is achieved by an FFT of length 64. The FFT is
performed symbol-wise for every of the "nof_symbols" symbols of the payload. The
calculated FFTs are described by r; with:

® | =11, nof_symbols] as the symbol index

® k =[-31, 32] as the channel index

In case of an additive white Gaussian noise (AWGN) channel the FFT is described by
[41, [8]

(common) (timing)
1

+phase;

_ Jj(phase,
roo =Ko Xa x g xHy xe

+ n g
Equation 3-1: Equation (10)

with:

®  Knod: the modulation-dependant normalization factor

® a the symbol of sub-carrier k at symbol |

® g;: the gain at the symbol | in relation to the reference gain g = 1 at the long symbol
(LS)
® H,: the channel frequency response at the long symbol (LS)

e | (common): the common phase drift phase of all sub-carriers at symbol | (see Equa-
tion (11))

® phase, (iMn9); the phase of sub-carrier k at symbol | caused by the timing drift (see
Equation (11))

® ny the independent Gaussian distributed noise samples

The common phase drift in Equation (10) is given by:

Phase TN = Darw N N v,

res:rT ®i+ ':f}’}l

Equation 3-2: Equation (11)

with

® N, = 80: the number of Nyquist samples of the symbol period

® N = 64: the number of Nyquist samples of the useful part of the symbol

® Af. the (not yet compensated) frequency deviation

® dY ;: the phase jitter at the symbol |

In general, the coarse frequency estimate A7 ... (s€€) Signal processing of the IEEE
802.11a application) is not error-free. Therefore the remaining frequency error Af o
represents the frequency deviation in r;, not yet compensated. Consequently, the over-
all frequency deviation of the device under test (DUT) is calculated by:

Af = A7 coarse + Afrest

i

The only motivation for dividing the common phase drift in Equation (11) into two parts
is to be able to calculate the overall frequency deviation of the DUT.




R&S® FSV-K91/91n/91ac/91p WLAN TX Measurements

The reason for the phase jitter dy | in Equation (11) may be different. The nonlinear
part of the phase jitter may be caused by the phase noise of the DUT oscillator.
Another reason for nonlinear phase jitter may be the increase of the DUT amplifier
temperature at the beginning of the burst. Note that besides the nonlinear part the
phase jitter, dy | also contains a constant part. This constant part is caused by the fre-
quency deviation A f..; not yet compensated. To understand this, keep in mind that the
measurement of the phase starts at the first symbol | = 1 of the payload. In contrast the
channel frequency response H, in Equation (10) represents the channel at the long
symbol of the preamble. Consequently, the frequency deviation A f.; not yet compen-
sated produces a phase drift between the long symbol and the first symbol of the pay-
load. Therefore, this phase drift appears as a constant value ("DC value") in dY ,.

Referring to the IEEE 802.11a measurement standard Chapter 17.3.9.7 "Transmit
modulation accuracy test" [6], the common phase drift phase, (¢°™™°") must be estima-
ted and compensated from the pilots. Therefore this "symbol-wise phase tracking"
(Tracking Phase) is activated as the default setting of the R&S FSV-K91/91n.

Furthermore, the timing drift in Equation (10) is given by:

phase™ =27 x N /| Nx&xkxl
Equation 3-3: Equation (12)
with €: the relative clock deviation of the reference oscillator

Normally, a symbol-wise timing jitter is negligible and thus not modeled in Equation
(12). However, there may be situations where the timing drift has to be taken into
account. This is illustrated by an example: In accordance to [6], the allowed clock devi-
ation of the DUT is up to & ..« = 20 ppm. Furthermore, a long packet with 400 symbols
is assumed. The result of Equation (10) and Equation (12), is that the phase drift of the
highest sub-carrier k = 26 in the last symbol | = nof_symbols is 93 degrees. Even in
the noise-free case, this would lead to symbol errors. The example shows that it is
actually necessary to estimate and compensate the clock deviation, which is accom-
plished in the next block.

Referring to the IEEE 802.11a measurement standard [6], the timing drift phase, ,(fmin9)
is not part of the requirements. Therefore the "time tracking" (Tracking Time) is not
activated as the default setting of the R&S FSV-K91/91n. The time tracking option
should rather be seen as a powerful analyzing option.

In addition, the tracking of the gain g, in Equation (10) is supported for each symbol in
relation to the reference gain g = 1 at the time instant of the long symbol (LS). At this
time the coarse channel transfer function HS), is calculated.

This makes sense since the sequence r| is compensated by the coarse channel trans-
fer function ALS), before estimating the symbols. Consequently, a potential change of
the gain at the symbol | (caused, for example, by the increase of the DUT amplifier
temperature) may lead to symbol errors especially for a large symbol alphabet M of the
MQAM transmission. In this case the estimation and the subsequent compensation of
the gain are useful.

| —
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Referring to the IEEE 802.11a measurement standard [6], the compensation of the
gain g, is not part of the requirements. Therefore the "gain tracking™ (Tracking Gain) is
not activated as the default setting of the R&S FSV-K91/91n.

How can the parameters above be calculated? In this application the optimum maxi-
mum likelihood algorithm is used. In the first estimation step the symbol-independent
parameters A f.; and ¢ are estimated. The symbol dependent parameters can be
neglected in this step, i.e. the parameters are set to g, = 1 and dy = 0. Referring to
Equation (10), the log likelihood function L must be calculated as a function of the trial
parameters 4~ and ¢. (The tilde generally describes a trial parameter. Example: * is
the trial parameter of x.)

wf _swmbols

Ji-'1 (&J?;;e:z" E:I = Z Z }ri.k - ':IF-.R- * HA.E;IS:l =
I=1

h=-21-7.7.21

2
gjiﬁﬂmé'rrmmri_'_ﬁmefrlrimug]

wWith
Fhasel™™ ™ = Do N, f Nxbf,, T x

rest
Fhase™RE) = D N N E xlexd
Equation 3-4: (13a)

The trial parameters leading to the minimum of the log likelihood function are used as
estimates ¥~ and ¢. In (13a) the known pilot symbols a, are read from a table.

In the second step, the log likelihood function is calculated for every symbol | as a func-
tion of the trial parameters & and #::

I T ] carer=m] nmo gl 2
Lig.dv)= 2, )".u; —ay,, Xé‘;XHfSJXQH?&M +fhasd
k=—21,-7.7.21
wWith

Fhasel ™™ = Darw N, { NxAf, T xl+d7,

Phasel™P 8 = 2w N, Nx & xhoxl
Equation 3-5: (13b)

Finally, the trial parameters leading to the minimum of the log likelihood function are
used as estimates §, and #:.

This robust algorithm works well even at low signal to noise ratios with the Cramer Rao
Bound being reached.

After estimation of the parameters, the sequence r is compensated in the compensa-
tion blocks.

In the upper analyzing branch the compensation is user-defined i.e. the user deter-
mines which of the parameters are compensated. This is useful in order to extract the
influence of these parameters. The resulting output sequence is described by: y's .

In the lower compensation branch the full compensation is always performed. This
separate compensation is necessary in order to avoid symbol errors. After the full com-
pensation the secure estimation of the data symbols & is performed. From Equation

| —
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________________________________________________________________________________________________________________________________________________________|

(10) it is clear that first the channel transfer function H, must be removed. This is ach-
ieved by dividing the known coarse channel estimate H(S), calculated from the LS.
Usually an error free estimation of the data symbols can be assumed.

In the next block a better channel estimate H®Y), of the data and pilot sub-carriers is
calculated by using all nof_symbols symbols of the payload (PL). This can be accom-
plished at this point because the phase is compensated and the data symbols are
known. The long observation interval of nof_symbols symbols (compared to the short
interval of 2 symbols for the estimation of H(-S),) leads to a nearly error-free channel
estimate.

In the following equalizer block ALS), is compensated by the channel estimate. The
resulting channel-compensated sequence is described by vz, . The user may either
choose the coarse channel estimate HS), (from the long symbol) or the nearly error-
free channel estimate A®PL), (from the payload) for equalization. If the improved esti-
mate HLS), is used, a 2 dB reduction of the subsequent EVM measurement can be
expected.

According to the IEEE 802.11a measurement standard [6], the coarse channel estima-
tion HS), (from the long symbol) has to be used for equalization. Therefore the default
setting of the R&S FSV-K91/91n is equalization from the coarse channel estimate
derived from the long symbol.

In the last block the measurement variables are calculated. The most important varia-
ble is the error vector magnitude of the sub-carrier "k" of the current packet:

1 nof _ packets
EVM = | ———— Z EVM *(counter)
nof — paCketS counter=l1

Equation 3-6: (14)

Furthermore, the packet error vector magnitude is derived by averaging the squared
EVM, versus k:

1 26
EVM = \/— > EVM|

k=-26(k=0)
Equation 3-7: (15)

Finally, the average error vector magnitude is calculated by averaging the packet EVM
of all nof_symbols detected packets:

1 nof _symbols . 2
EVM, = | —————r Z ‘rlk_Kmodxalk
nof _symbols 5 ’ ’

Equation 3-8: (16)

This parameter is equivalent to the so-called "RMS average of all errors": Errorgysg of
the IEEE 802.11a measurement commandment (see [6], ).

| —
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3.3.2 Literature to the IEEE 802.11a Application

[1] Speth, Classen, Meyr: "Frame synchronization of OFDM systems in frequency selective fading
channels", VTC '97, pp. 1807-1811

[2] Schmidl, Cox: "Robust Frequency and Timing Synchronization of OFDM", IEEE Trans. on Comm.,
Dec. 1997, pp. 1613-621

[3] Minn, Zeng, Bhargava: "On Timing Offset Estimation for OFDM", IEEE Communication Letters,
July 2000, pp. 242-244

[4] Speth, Fechtel, Fock, Meyr: "Optimum Receiver Design for Wireless Broad-Band Systems Using
OFDM — Part I", IEEE Trans. On Comm. VOL. 47, NO 11, Nov. 1999

[5] Speth, Fechtel, Fock, Meyr: "Optimum Receiver Design for Wireless Broad-Band Systems Using
OFDM — Part II", IEEE Trans. On Comm. VOL. 49, NO 4, April. 2001

[6] IEEE 802.11a, Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
specifications

3.4 Signal Processing of the IEEE 802.11b Application

This description gives a rough overview of the signal processing concept of the IEEE
802.11b application.

® Chapter 3.4.1, "Understanding Signal Processing of the IEEE 802.11b Application",
on page 30

® Chapter 3.4.2, "Literature of the IEEE 802.11b Application”, on page 35

Abbreviations

€ timing offset

A"f" frequency offset

AD phase offset

ARG{...} calculation of the angle of a complex value
EVM error vector magnitude

a estimate of the gain factor in the I-branch
Gq estimate of the gain factor in the Q-branch
Adq accurate estimate of the crosstalk factor of the Q-branch in the I-branch
hs(v) estimated baseband filter of the transmitter
Ry (v) estimated baseband filter of the receiver

o} estimate of the 1Q-offset in the I-branch

Oq estimate of the 1Q-offset in the I-branch
r(v) measurement signal

5(v) estimate of the reference signal
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5,(v) estimate of the power normalized and undisturbed reference signal
REAL{...} calculation of the real part of a complex value
IMAG{...} calculation of the imaginary part of a complex value

3.4.1 Understanding Signal Processing of the IEEE 802.11b Application

A block diagram of the measurement application is shown below in Figure 3-2. The
baseband signal of an IEEE 802.11b wireless LAN system transmitter is sampled with
a sampling rate of 44 MHz.

The first task of the measurement application is to detect the position of the bursts
within the measurement signal r4(v). The detection algorithm is able to find the posi-
tions of the beginning of short and long bursts and can distinguish between them. The
algorithm also detects the initial state of the scrambler. This is required if IEEE 802.11
signals should be analyzed, because this standard does not specify the initial state of
the scrambler.

With the knowledge of the start position of the burst, the header of the burst can be
demodulated. The bits transmitted in the header provide information about the length
of the burst and the modulation type used in the PSDU.

After the start position and the burst length is fully known, better estimates of timing off-
set, timing drift, frequency offset and phase offset can be calculated using the entire
data of the burst.

At this point of the signal processing a demodulation can be performed without deci-
sion error. After demodulation the normalized and undisturbed reference signal s(v) is
available.

If the frequency offset is not constant and varies with time, the frequency- and phase
offset in several partitions of the burst must be estimated and corrected. Additionally,
timing offset, timing drift and gain factor can be estimated and corrected in several par-
titions of the burst. These corrections can be separately switched off in the "Demod
Settings" menu.
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Figure 3-2: Signal processing of the IEEE 802.11b application
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Knowing the normalized power and undisturbed reference signal, the transmitter base-
band filter is estimated by minimizing the cost function of a maximume-likelihood-based
estimator:

2

L= Nzl (L) x g Y o gmE f‘ﬁj (1) %E,(v—i) -8, - jog
vl jmmI

Equation 3-9: (17)

where:

r(v): the oversampled measurement signal

§: the normalized oversampled power

n(v): the undisturbed reference signal

N: the observation length

L: the filter length

+7: the variation parameters of the frequency offset

»7: the variation parameters of the phase offset

&, %: the variation parameters of the 1Q-offset

Lor: the coefficients of the transmitter filter

The frequency-, the phase- and the 1Q-offset are estimated jointly with the coefficients
of the transmitter filter to increase the estimation quality.

Once the transmitter filter is known, all other unknown signal parameters are estimated
with a maximum-likelihood-based estimation, which minimizes the cost function:

N-1
L, =Y
v=0

Equation 3-10: (18)

o T 2
r(V_E)Xe_ﬂ"ZfV x e M -g; XSI(V)_]?Q XSQ(V)+A§Q XSQ(V)_5[ _jag

where:

&, 2 the variation parameters of the gain used in the 1/Q-branch
+%; the crosstalk factor of the Q-branch into the I-branch

s|(v), sq(v): the filtered reference signal of the I1/Q-branch.

The unknown signal parameters are estimated in a joint estimation process to increase
the accuracy of the estimates.

The accurate estimates of the frequency offset, the IQ-imbalance, the quadrature-mis-
match and the normalized 1Q-offset are displayed by the measurement software. The
IQ-imbalance is the quotient of the estimates of the gain factor of the Q-branch, the
crosstalk factor and the gain factor of the I-branch:
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ég"‘ﬁég
Er

IO — Imbalance =

Equation 3-11: (19)

The quadrature-mismatch is a measure for the crosstalk of the Q-branch into the I-
branch:

Quadrature — Mismateh = ARGIg , + < AZ )
Equation 3-12: (20)

The normalized 1Q-offset is defined as the magnitude of the 1Q-offset normalized by
the magnitude of the reference signal:

10— Offset =

Equation 3-13: (21)

At this point of the signal processing all unknown signal parameters such as timing-,
frequency-, phase-, IQ-offset and IQ-imbalance have been evaluated and the mea-
surement signal can be corrected accordingly.

Using the corrected measurement signal r(v) and the estimated reference signal §(v),
the modulation quality parameters can be calculated. The mean error vector magnitude
(EVM) is the quotient of the root-mean-square values of the error signal power and the
reference signal power:

\/Z_|r(v)—§<v>|2
EVM =

v=0

Ji S0y

v=0

Equation 3-14: (22)

Whereas the instant error vector magnitude is the momentary error signal magnitude
normalized by the root mean square value of the reference signal power:

_r»m=30)

EVM(v) =
,/z S0

Equation 3-15: (23)

In [2] a different algorithm is proposed to calculate the error vector magnitude. In a first
step the 1Q-offset in the I-branch and the |Q-offset of the Q-branch are estimated sepa-
rately:
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N-1
6, = %ZREAL{r(v)}
v=0

Equation 3-16: (24)

N-1
by = iZ IMAG §()}
N v=0
Equation 3-17: (25)

where r(v) is the measurement signal which has been corrected with the estimates of
the timing-, frequency- and phase offset, but not with the estimates of the IQ-imbalance
and 1Q-offset

With these values the 1Q-imbalance of the I-branch and the IQ-imbalance of the Q-
branch are estimated in a non-linear estimation in a second step:

R 1 N-1 .
& =~ 2REAL (=6, }
v=0
Equation 3-18: (26)
1 N-1

8y = NZ\IMAG{/(V)—%}

Equation 3-19: (27)

Finally, the mean error vector magnitude can be calculated with a non-data-aided cal-

culation:
Va:livjl
1 Ai=1 R i 1 1 ) N
et b0)-a)-2.1+ L pascto-af- 2]

1 [az, -2
= [g rtep ]9
2
Equation 3-20: (28)

The instant error vector magnitude is the error signal magnitude normalized by the root
mean square value of the estimate of the measurement signal power:

Verr(‘v’)

i J%UREAL{r(v)}—o’;\— & f +%HIMAG{r(v)}— bo|- gg]z

1. ~:
~leival]
2

Equation 3-21: (29)

The advantage of this method is that no estimate of the reference signal is needed, but
the 1Q-offset and IQ-imbalance values are not estimated in a joint estimation proce-
dure. Therefore, each estimation parameter is disturbing the estimation of the other
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3.5

802.11b RF Carrier Suppression

parameter and the accuracy of the estimates is lower than the accuracy of the estima-
tions achieved by (17). If the EVM value is dominated by Gaussian noise this method
yields similar results as (18).

Literature of the IEEE 802.11b Application

[1] Institute of Electrical and Electronic Engineers, Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications, IEEE Std 802.11-1999, Institute of Electrical and
Electronic Engineers, Inc., 1999.

[2] Institute of Electrical and Electronic Engineers, Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications: Higher-Speed Physical Layer Extensions in the
2.4 GHz Band, IEEE Std 802.11b-1999, Institute of Electrical and Electronic Engineers, Inc., 1999.

802.11b RF Carrier Suppression

Definition

The RF carrier suppression, measured at the channel center frequency, shall be at
least 15 dB below the peak SIN(x)/x power spectrum. The RF carrier suppression shall
be measured while transmitting a repetitive 01 data sequence with the scrambler dis-
abled using DQPSK modulation. A 100 kHz resolution bandwidth shall be used to per-
form this measurement.

Comparison to IQ offset measurement in R&S FSV-K91/91n list mode

The 1Q offset measurement in R&S FSV-K91/91n returns the actual carrier feed
through normalized to the mean power at the symbol timings. This measurement
doesn't need a special test signal and is independent of the transmit filter shape.

The RF carrier suppression measured according to the standard is inversely propor-
tional to the 1Q offset measured in R&S FSV-K91/91n list mode. The difference (in dB)
between the two values depends on the transmit filter shape and should be determined
with one reference measurement.

The following table lists exemplary the difference for three transmit filter shapes (0.5
db):

Transmit filter — 1Q-Offset [dB] — RF-Carrier-Suppression [dB]
Rectangular 11dB

Root raised cosine, "a" = 0.3 10 dB

Gaussian, "a" = 0.3 9dB
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IEEE 802.11n/ac MIMO Measurements

For measurements according to the IEEE 802.11n or ac standard, the R&S FSVA/FSV
can measure multiple data streams between multiple transmitters and multiple receiv-
ers (MIMO = multiple in, multiple out).

To understand which results come from which part of the data flow it is sensible to
have a look at the fundamental processing in transmitter and receiver. The following
figure shows the basic processing steps needed at the transmitter and the complemen-
tary blocks in reverse order applied at the receiver:
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Figure 3-3: Transmitter-Receiver block diagram

Especially of interest is the representation of specific results, i.e. for which sections of
the processing the results are shown. Usually results are calculated according to par-
ticular signal processing steps in the transmitter (except for the results “Burst Power”
and “Crest Factor” which refer tor the receive antennas):
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Figure 3-4: Possible results and Channel Representation (effective / physical)

For example EVM and Constellation results are calculated according to the spatial or
space time streams in the transmitter, i.e. by using the effective channel which includes
the spatial mapping. Since Space Time Block Encoding is only applied to data carriers
but pilot carriers are inserted without STBC, the EVM analysis is applied to spatial
streams (STBC decoded) for data carriers and to space time streams for pilot streams.
As a consequence we might get results (EVM and Constellation) for a different number
of streams for data and pilot carriers if STBC is applied. For example using 2x2 MIMO
with active STBC we get only pilot carriers in the second stream, because due to
STBC there is only one spatial (data) stream but 2 space time (pilot) streams.
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In contrast the 1/Q Offset, Gain Imbalance and Quadrature Offset results are calculated
for the transmit antenna signals. le they are corresponding to the physical channel.
Hppy = Hs#Q" le in order to determine the physical channel from the effective channel,
the precoding matrix Q (spatial mapping) must be invertible. Note that “transmit
antenna signals” means the ideal transmit signal so that the estimated channel transfer
functions include cross talk (between the antennas) introduced by the DUT, the con-
nection between DUT and Analyzer and the Analyzer itself (whereas we regard the
cross terms contributed by the cable connection and the Analyzer hardware as to be
negligible).

Furthermore the spectral results (channel flatness and group delay) are available for
the effective and the physical channel, i.e. based on streams or Tx antennas. Note that
the physical channel is not in any case derivable from the initially estimated effective
channel (but only if the precoding matrix is invertible) and thus the physical channel
results are only available under specific conditions. In contrast the effective channel
results are always available. This can be explained by the fact, that the channel esti-
mation is done on the HT-LTF fields of the preamble (see figure below), which are
transmitted by one individual (known) preamble symbol per each space time stream
and therefore allowing to estimate the channel map between Rx Antennas and space
time streams in the first step:
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Figure 3-5: Possible results and Channel Representation (effective / physical)

The so estimated effective channel (using HT-LTF fields as described above) can then
be transformed into the physical channel (map between Rx and Tx Antenna signals) by
applying the inverse mapping matrix Q. Now it is clear, that the physical channel can
only be calculated if Q can be inverted. For example this is not the case if the signal
contains less space time streams than Tx antennas.

3.6.1 Trigger Synchronization Using an R&S®FS-Z11 Trigger Unit
For simultaneous MIMO measurements, it is important to analyze the Tx antenna sig-
nals sent at the same instant of time from the Device Under Test (DUT). The R&S®FS-

Z11 Trigger Unit can ensure that all analyzers start capturing 1/Q data at the same
time.
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The trigger unit is connected to the DUT and all involved analyzers. Then the trigger
unit can be used in the following operating modes:

e External mode: If the DUT has a trigger output, the trigger signal from the DUT
triggers all analyzers simultaneously.
The DUT's TRIGGER OUTPUT is connected to the trigger unit's TRIG INPUT con-
nector. Each of the trigger unit's TRIG OUT connectors is connected to one of the
analyzers' TRIGGER INPUT connector.
The trigger unit routes the trigger signal from TRIG INPUT to TRIG OUT 1 to 4, and
thus to the the trigger inputs of the connected analyzers.

® Free Run mode: This mode is used if no DUT trigger signal is available or the
MIMO signals are simply to be captured at the same (random) time. No connection
to the trigger signal of the DUT is required. The master analyzer sends a trigger
impulse to the trigger unit - via the NOISE SOURCE CONTROL output - to start the
measurement as soon as all slave analyzers are ready to measure.
The NOISE SOURCE CONTROL output of the master analyzer is connected to the
trigger unit's NOISE SOURCE CONTROL input. Each of the trigger unit's TRIG
OUT connectors is connected to one of the analyzers' TRIGGER INPUT connector.
When the master analyzer sends a signal to the trigger unit via its NOISE
SOURCE CONTROL output, the trigger unit triggers all analyzers simultaneously
via its TRIGGER OUTPUTs.
Note: in Free Run mode you have to make sure the TRIG INPUT on the trigger unit
remains open, that is: not connected.

® Manual mode: a trigger is generated by the trigger unit and triggers all analyzers
simultaneously. No connection to the DUT is required.
Each of the trigger unit's TRIG OUT connectors is connected to one of the ana-
lyzers' TRIGGER INPUT connector. A trigger signal is generated when you press
(release) the "TRIG MANUAL" button on the trigger unit.
Note: in Manual mode you have to make sure the NOISE SOURCE CONTROL
INPUT on the trigger unit remains open, that is: not connected.

A trigger unit is activated in the General Settings.

For more detailed information on the R&S®FS-Z11 Trigger Unit and the required con-
nections, see the "R&S®FS-Z11 Trigger Unit Manual".

Connecting the R&S®FS-Z11 Trigger Unit

Connect the trigger unit with your measurement setup according to the following sche-
matic diagram:
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Figure 3-6: R&S®FS-Z11 Trigger Unit connections

1. Connect the EXT TRIG inputs of all analyzers (master and slaves) to the TRIG
OUT 1 to 4 (or 1 and 2 only for measurements on two Tx antennas) of the trigger
unit.

The order is irrelevant, that means you could also connect the master analyzer to
the TRIG OUT 2 output of the trigger unit, for example.

2. If necessary for the required operating mode (see above), connect the NOISE
SOURCE output of the master analyzer to the NOISE SOURCE CONTROL INPUT
of the trigger unit.

3.7 Signal Field Measurement (IEEE 802.11ac, n (SISO
+MIMO))

For the IEEE 802.11 ac, n (SISO+MIMO) standards, an enhanced Signal Field mea-
surement is available, with an improved result display and additional information.

For each analyzed PPDU of the signal, the Signal Field measurement contains the HT-
SIG; and HT-SIG, as a bit sequence. Where appropriate this information is also provi-
ded in human-readable form beneath the bits.

The list header contains the following information:

® The first line indicates the HT-SIG field assigned to the corresponding bit sequence
(See IEEE Std 802.11n-2009 Figure 20-6—Format of HT-SIG1 and HT-SIG2).
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® The second line shows the R&S FSV-K91 parameters affecting which PPDUs take
part in the analysis and which do not (this functionality is referred as "logical filter").

® The value inside the white rectangle indicates the current "logical filter" setting.
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Figure 3-7: FSV-K91 Enhanced Signal Field measurement

Measurement settings

The settings for this measurement are defined in the "Demod Settings" for the IEEE
802.n standard, and in the "Advanced Demod Settings" for the IEEE 802.n (MIMO)
standard.

Note that for the IEEE 802.n standard, the "Use Signal Field Content" setting must be
activated for Signal Field measurements.

The following table indicates which PPDU properties are displayed in the result table of
the Signal Field measurement and which R&S FSV-K91 settings are used to obtain
these properties.

PPDU Property Setting for IEEE 802.n Setting for IEEE 802.n (MIMO)
Format PPDU Frame Format Burst type to measure
MCS Auto Demod ON: Auto, same type as first burst MCS Index to use

Auto Demod OFF:PSDU Mod to Analyze

Bandwidth PPDU Frame Format Channel BW to measure
HT Length Source of Payload Len Source of Payload Len
Gl Guard Interval Guard Interval Len
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Measurement results

The R&S FSV-K91 determines certain inconsistencies in the signal and informs the
user with an appropriate warning. If the signal was analyzed successfully the results —
indicated by a message - also contribute to the overall analysis results. The corre-
sponding PPDU in the Capture Memory is highlighted by an orange bar.

Spectrum WLAN 4 =1

v
Sig. Lvl Sat 4 dBm Time 50 Standard IEEE 802.11n {MIh
Frequency 2 Data Symbols 1, PPDU/MCS Indesx,/GI
F Samples 400 Burst
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1 et -1 Att/EN 1.00 7

Measurement Complete

Figure 3-8: The Signal Field measurement revealing a length conflict between the HT-SIG length and
the length estimated from the PPDU power profile

If a required property set by the user in the Demod Settings does not match the corre-
sponding PPDU property from the list, the PPDU is dismissed. An appropriate mes-
sage is provided. The corresponding PPDU in the Capture Memory in not highlighted.

Operating Manual 1176.7649.02 — 06 4



R&S® FSV-K91/91n/91ac/91p WLAN TX Measurements
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Figure 3-9: Mixed mode 20MHz signal with "Channel BW to measure" set to measure only 40MHz sig-
nals

Messages and warnings

The following messages are generated by the R&S FSV-K91 measurement applica-
tion:

Results contribute to overall results despite inconsistencies:

"Info: Comparison between HT-SIG Payload Length and Estimated Payload
Length not performed due to insufficient SNR"

The R&S FSV-K91 application compares the HT-SIG length against the length estima-
ted from the PPDU power profile. If the two values do not match, the corresponding
entry is highlighted orange. If the signal quality is very bad, this comparison is sup-
pressed and the message above is shown.

"Warning: HT-SIG of PPDU was not evaluated"

Decoding of the HT-SIG was not possible because there was to not enough data in the
Capture Memory (potential burst truncation).

"Warning: Mismatch between HT-SIG and estimated (SNR+Power) PPDU length"

The HT-SIG length and the length estimated by the R&S FSV application (from the
PPDU power profile) are different.

"Warning: Physical Channel estimation impossible / Phy Chan results not availa-
ble Possible reasons: channel matrix not square or singular to working preci-
sion"

e —
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3.8

The Physical Channel results could not be calculated for one or both of the following
reasons:

® The spatial mapping can not be applied due to a rectangular mapping matrix (the
number of space time streams is not equal to the number of transmit antennas).

® The spatial mapping matrices are singular to working precision.

PPDUs are dismissed due to inconsistencies
"Hint: PPDU requires at least one payload symbol”

Currently at least one payload symbol is required in order to successfully analyze the
PPDU. Null data packet (NDP) sounding bursts will generate this message.

"Hint: PPDU dismissed due to a mismatch with the PPDU format to be analyzed"
The properties causing the mismatches for this PPDU are highlighted.

"Hint: PPDU dismissed due to truncation”

The first or the last burst was truncated during the signal capture process, for example.
"Hint: PPDU dismissed due to HT-SIG inconsistencies"

One or more of the following HT-SIG decoding results are outside of specified range:
MCS index, Number of additional STBC streams, Number of space time streams
(derived from MCS and STBC), CRC Check failed, Non zero tail bits.

"Hint: PPDU dismissed because payload channel estimation was not possible"

The payload based channel estimation was not possible because the channel matrix is
singular to working precision.

"Hint: Channel matrix singular to working precision"

Channel equalizing (for Burst Length Detection, fully and user compensated measure-
ment signal) is not possible because the estimated channel matrix is singular to work-
ing precision.

Optimized Signal Levels

For best measurement results in respect to modulation accuracy and error vector mag-
nitude, the peak level of the measured input signal should be as close as possible to
the full scale level of the A/D converter. An automatic level function is available which
measures the required signal parameters prior to the start of each measurement
sweep. This ensures that the amplitude settings are adjusted to the signal optimally in
order to obtain accurate results. Note the auto leveling function slightly increases mea-
surement time. For constant signal levels, you can switch it off.

For IEEE 802.11 ac signals, and if the optional R&S FSVA/FSV-B160 bandwidth
extension is available, an additional IF attenuation is available. This setting allows for
the power levels provided at the A/D converter to be adjusted, thus optimizing mea-
surement accuracy further.

| —
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Figure 3-10: Basic leveling of an IEEE 802.11 ac VHT80, VHT160 signal

To determine optimal level settings for an IEEE 802.11 ac signal

During automatic level measurements, the optimal IF attenuation is determined by the
R&S FSVA/FSV. To determine the best level manually, perform the following steps:

1. For signals with an RMS power under -19 dBm, switch on the preamplifier (see
"Preamp On/Off" on page 93).
For all other signals, switch off the preamplifier.

2. Ensure the IF attenuation is set to its default value of 12 dB (see "160MHz IF-
Atten" on page 93).

3. Decrease or increase the RF attenuation (=MechAtt + EIAtt) to find the threshold
attenuation at which the OVLD message in the R&S FSVA/FSV status bar disap-
pears (see "Attenuation " on page 92).

4. Fine-tune the EVM by shifting the attenuation in steps of £+ 1 dB up to + 4 dB
between the Attenuation (=MechAtt+EIAtt) and the 160MHz IF-Atten (see Chap-
ter 3.10.2.1, "Result display for measurements on OFDM signals", on page 55).
The optimum settings are obtained when the best EVM is achieved without over-
loading the input (indicated by OVLD in the status bar).

3.9 Measurement Result Types

3.9.1 1Q Impairments

This chapter provides an overview over the 1/Q impairments for the R&S FSV-K91/91n.

® Chapter 3.9.1.1, "IQ Offset", on page 44
® Chapter 3.9.1.2, "Gain Imbalance", on page 45
® Chapter 3.9.1.3, "Quadrature Error", on page 46

3.9.1.1 1Q Offset

An IQ-Offset indicates a carrier offset with fixed amplitude. This results in a constant
shift of the |Q axes. The offset is normalized by the mean symbol power and displayed
in dB.
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3.9.1.2 Gain Imbalance

An ideal 1/Q modulator amplifies the | and Q signal path by exactly the same degree.
The imbalance corresponds to the difference in amplification of the | and Q channel
and therefore to the difference in amplitude of the signal components. In the vector dia-
gram, the length of the | vector changes relative to the length of the Q vector.

The entry is displayed in dB and %, where 1 dB offset is roughly 12 % according to the
following:

Imbalance [dB] = 20log (] GainQ |/| Gainl |)

Positive values mean that the Q vector is amplified more than the | vector by the corre-
sponding percentage:
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Negative values mean that the | vector is amplified more than the Q vector by the cor-
responding percentage:

3.9.1.3 Quadrature Error

An ideal I1/Q modulator sets the phase angle to exactly 90 degrees. With a quadrature
error, the phase angle between the | and Q vector deviates from the ideal 90 degrees,
the amplitudes of both components are of the same size. In the vector diagram, the
quadrature error causes the coordinate system to shift.

A positive quadrature error means a phase angle greater than 90 degrees:
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A negative quadrature error means a phase angle less than 90 degrees:
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3.9.2 EVM Measurement
The R&S FSV-K91 option provides two different types of EVM calculation.

Peak EVM (IEEE)

Peak EVM (IEEE) evaluates the EVM as defined in section 18.4.7.8 "Transmit modula-
tion accuracy" of the IEEE 802.11b standard. The measurement signal is corrected in
respect of frequency error and clock deviation before EVM calculation. Additionally the
specified calculation removes the dc offset of the measurement signal.

The standard does not specify a normalization factor for the error vector magnitude. To
get a level independent EVM value, the R&S FSV-K91 normalizes the EVM values, so
that an EVM of 100% indicates that the error power on the I- or Q-channels equals the
mean power on the I- or Q-channels respectively.

The Peak EVM is the maximum EVM over all chips of one burst. If more than one burst
is evaluated (several analyzed bursts in the capture buffer or with the help of Overall
Burst Count), the Min / Mean / Max columns show the minimum, mean or maximum
Peak EVM of all analyzed bursts.

The IEEE 802.11b standard allows a Peak EVM of less than 35%. In contrary to the
specification, the R&S FSV-K91 does not limit the measurement to 1000 chips length,
but searches the maximum over the whole burst.

| —
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Burst EVM (Direct)

Burst EVM (Direct) evaluates the root mean square EVM over one burst. That is the
square root of the averaged error power normalized by the averaged reference power:

M-1 5 M-l 5
z “xmaas (”) ~ Krer (”)‘ Z ‘E(F‘?)‘
EVM — n=1[ — n=[

A=l . A1 ,
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Before calculation of the EVM, the measurement signal is corrected in respect of fre-
quency error, clock deviation and |Q impairments.

If more than one burst is evaluated (several analyzed bursts in the capture buffer or
with the help of Overall Burst Count), the Min / Mean / Max columns show the mini-
mum, mean or maximum Burst EVM of all analyzed bursts.

Burst EVM is not part of the IEEE standard and no limit check is specified. Neverthe-
less, this commonly used EVM calculation can give some insight in modulation quality
and allows comparisons to other modulation standards.
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Figure 3-11: 1Q diagram for EVM calculation
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3.10

Measurement Settings and Result Displays

Rise/Fall Time Measurement

The rise/fall time is calculated according to the following algorithm:

® Apply a moving average filter over the burst power (adjustable average length)
e |f "Ref Pow Max" is set: Search maximum power Pmax over the whole burst. Set

Pref=Pmax

e |f "Ref Pow Mean" is set: Calculate mean power Pmean of the whole burst. Set
Pref=Pmean

® Risetime

Search the first crossing of 0.5xPref from the left.
Search backwards for the 10 % crossing 0.1xPref and note t10.

Search forward for the 90 % crossing 0.9xPref and note t90.
Return Trise=t90-t10.
® Falltime

— Search the first crossing of 0.5xPref from the right.

— Search forwards for the 10 % crossing 0.1xPref and note t10.
— Search backwards for the 90 % crossing 0.9xPref and note t90.
— Return Tfall=t10-t90.

Since the single carrier modes of 802.11b, g use linear modulation formats like BPSK
or QPSK, the transmit signal power varies between symbol sampling times. These
power variations are determined by the transmit filter, which is not defined in the stan-
dard. The R&S FSV-K91/91n allows fine tuning of the PVT measurements on signals
with high crest factors by an adjustable moving average filter and two different refer-
ence power settings.

The reference power equals the 100 % setting for the rise/fall time calculation. Either
the maximum burst power or the mean burst power can be chosen as reference power.
Using the mean burst power, rarely power peaks within the burst does not influence
the rise/fall time measurement.

The moving average filter smoothes the power trace and thus eliminates the modula-
tion. While a long average length leads to more stable measurement results, it natu-
rally increases the rise/fall times compared to no averaging.

Measurement Settings and Result Displays

The WLAN option provides two main measurement types:

Frequency sweep measurements

® Spectrum mask (see "Spectrum Mask (IEEE 802.11ac, b, g (Single Carrier)) /
Spectrum IEEE/ETSI (IEEE 802.11a, g, j, n (OFDM), p)" on page 78 softkey)

® Spectrum ACP/ACPR (see "Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo
Mode), n, p)/ Spectrum ACP (IEEE 802.11b)/ ACP Rel/Abs (IEEE 802.11j)"
on page 80
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Measurement Settings and Result Displays

I/Q measurements (based on captured 1Q data)

® Power vs Time (see "PVT" on page 64)

® EVM vs Symbol, EVM vs Carrier (see "EVM vs Symbol/Carrier" on page 69 soft-
key)

® Phase vs Preamble, Frequency vs Preamble (see "Error Frequency/Phase"
on page 71 softkey)

® Spectrum Flatness (see "Spectrum Flatness (IEEE 802.11a, ac, g, j, n (OFDM), p /
Group Delay (IEEE 802.11 n (MIMO))" on page 76 softkey)

® Spectrum FFT (see "Spectrum FFT" on page 79 softkey)

® Constellation vs Symbol, Constellation vs Carrier (see "Constell vs Symbol/Carrier"
on page 73 softkey)

® Conditional Cumulative Distribution Function (see "CCDF" on page 83 softkey)

® Bit Stream (see "Bitstream” on page 83 softkey)

® Signal Field (see "Signal Field (IEEE 802.11a, ac, g (OFDM), j, n, p)" on page 85
softkey)

When using the IEEE 802.11n standard, I/Q measurements are available both in SISO
mode (one antenna, one data stream), and MIMO mode (several antennas, several
data streams). For details see Chapter 3.6, "IEEE 802.11n/ac MIMO Measurements",
on page 36.

Measurement result display

The measurement result display is divided into two panes:

® Chapter 3.10.1, "Measurement Settings", on page 51

® Result displays

The results can be displayed in form of a list or a graph (see also "Display List/Graph"
on page 64 softkey).

® Chapter 3.10.2, "Result Summary List", on page 54

® Chapter 3.10.3, "Result Display Graph", on page 59

Saving results

The measurement results can be stored at any time using the SAVE/RCL key (see the
base unit description). Both the measured 1/Q data and the trace and table results can
be stored individually. Furthermore, any limit values modified in the result summary
can also be stored. Note that for trace and table results, the originally measured values
are always stored. The values are not updated after changes to the Demod Settings.
I/Q data, on the other hand, can be refreshed before it is stored.

Measurement Settings

The overall measurement settings used to obtain the current measurement results are
displayed in the channel bar:
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Figure 3-12: Measurement settings in the channel bar (example)

The following settings are listed:
Table 3-1: Measurement settings for IEEE 802.11a, p

Setting Description Restrictions
Sig. Lvl. Set The expected mean signal level for the input signal. | Turbo Mode only
Frequency The frequency of the measured input signal.

Time

Data Symbols Shows the minimum and maximum number of data | Turbo Mode only

symbols that a burst may have if it is to be consid-
ered in results analysis.

Samples

Standard Selected measurement standard

Burst Type The type of burst being analyzed.

Modulation Shows the active setting selected in the "Demod Turbo Mode only
Settings" dialog box: "Demodulator” or "PSDU Mod-
ulation to Analyze".

Burst x of y (z) In case statistic over bursts is switched on (Overall

Burst Count), x bursts of totally required y (No of
Bursts to Analyze) bursts have been analyzed so
far. The value z gives the number of analyzed
bursts by the last update of the statistic.

Table 3-2: Measurement settings for IEEE 802.11b+g

Setting Description Restrictions

Ext Att The attenuation (positive values) or gain (negative
values) applied to the signal externally (i.e. before
the RF or IQ connector of the signal analyzer), e.g.:

External Att = 10 dB means that before the RF con-
nector of the R&S FSVA/FSV a 10 dB attenuator is
used

External Att = -20 dB means that before the RF con-
nector of the R&S FSVA/FSV an amplifier with 20
dB gain is used

Frequency The frequency of the measured input signal.

Cap Time The spectrum analyzer samples the signal for this
time interval length.

PSDU Length Shows the minimum and maximum number of data
bytes that a burst may have if it is to be considered
in results analysis.
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Setting Description Restrictions
Samples

Standard Selected measurement standard

Preamble The type of preamble of analyzed bursts. Single Carrier only
Modulation Shows the active setting selected in the "Demod

Settings" dialog box: "Demodulator” or "PSDU Mod-
ulation to Analyze".

Burst x of y (z)

In case statistic over bursts is switched on (Overall
Burst Count), x bursts of totally required y (No of
Bursts to Analyze) bursts have been analyzed so
far. The value z gives the number of analyzed
bursts by the last update of the statistic.

Table 3-3: Measurement settings for IEEE 802.11j

Setting Description Restrictions
Sig Lvl Set The expected mean signal level for the input signal. | Turbo Mode only
Frequency The frequency of the measured input signal.

Time

Data Symbols

Shows the minimum and maximum number of data
symbols that a burst may have if it is to be consid-
ered in results analysis.

Turbo Mode only

Samples

Standard Selected measurement standard

Burst Type The type of burst being analyzed. Turbo Mode only
Modulation Shows the active setting selected in the "Demod

Settings" dialog box: "Demodulator" or "PSDU Mod-
ulation to Analyze".

Burst x of y (z)

In case statistic over bursts is switched on (Overall
Burst Count), x bursts of totally required y (No of
Bursts to Analyze) bursts have been analyzed so
far. The value z gives the number of analyzed
bursts by the last update of the statistic.

Table 3-4: Measurement settings for IEEE 802.11ac, n (SISO+MIMO)

Setting Description Restrictions
Sig Lvl Set The expected mean signal level for the input signal. | Turbo Mode only
Frequency The frequency of the measured input signal.

Fs Input sample rate

Time

Data Symbols

Shows the minimum and maximum number of data
symbols that a burst may have if it is to be consid-
ered in results analysis.

Turbo Mode only
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Setting Description Restrictions

Samples Number of samples for the "Capture Time" interval | SISO only
generated at Input Sample Rate "Fs".

Standard Selected measurement standard
PPDU/MCS The PPDU Type, MCS Index and Guard Interval
Index/Gl used for the analysis of the signal is displayed.

Depending on the Demod Settings, these values are
either automatically detected from the signal or the
user settings are applied.

Burst x of y (z) In case statistic over bursts is switched on (Overall
Burst Count), x bursts of totally required y (No of
Bursts to Analyze) bursts have been analyzed so
far. The value z gives the number of analyzed
bursts by the last update of the statistic.

3.10.2 Result Summary List

The result summary list shows the overall measurement results and provides limit
checking for result values in accordance with the selected standard. Result values
which are within the limit as specified by the standard are displayed in green. Result
values which are outside of the limits specified by the standard are displayed in red
with a ™" to the left. Results which have no limits specified by the standard are dis-
played in white. Limit values are displayed in white (not bold) and can be modified, if
focused, via the keypad. To reset the limit values to the values specified in the stan-
dard, use the "Lines" menu ( Chapter 4.8, "Softkeys of the Lines Menu — LINES key",
on page 113).

The results displayed in this list are for the entire measurement. If a specific number of
bursts have been requested which requires more than one sweep, the result summary
list is updated at the end of each sweep. The number of bursts measured and the num-
ber of bursts requested are displayed to show the progress through the measurement.
The Min/Mean/Max columns show the minimum, mean or maximum values of the burst
results.

For details on the displayed measurement results see Chapter 3.9, "Measurement
Result Types", on page 44.
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3.10.2.1 Result display for measurements on OFDM signals

Spectrum Analyzer

R&S FSV-K91 Wireless LAN IEEE 802.11a Settings

[ Demod |

Display

Limnit Unit \_List

E¥M |'
Constell

Spectrum |l

Statistics |>

10.07.2008
14:26:51

Figure 3-13: Result summary list for measurements on OFDM signals

e EVM All Carr, IEEE802.114, j, g, p
Shows the EVM (Error Vector Magnitude) over all carriers of the payload symbols
in % and in dB. For better orientation, the table also shows the corresponding limits
specified in the standard.

e EVM Data Carr, IEEE802.11a, j, g, p
Shows the EVM (Error Vector Magnitude) over all data carriers of the payload sym-
bols in % and in dB. For better orientation, the table also shows the corresponding
limits specified in the standard.

e EVM Pilot Carr, IEEE802.114a, j, g, p
Shows the EVM (Error Vector Magnitude) over all pilot carriers of the payload sym-
bols in % and in dB. For better orientation, the table also shows the corresponding
limits specified in the standard.

® |Q Offset, IEEE802.114, j, g, p
Shows the 1Q offset of the signal in dB. This is the transmitter center frequency
leakage relative to overall transmitted power. For better orientation, the table also
shows the corresponding limits specified in the standard.

® Gain Imbalance, IEEE802.11a, j, g, p

[
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Shows the gain imbalance of the signal in % as well as dB. This is the amplification
of the quadrature phase component of the signal relative to the in-phase compo-
nent.

® Quadrature Error, IEEE802.11a, j, g, p
Shows the quadrature error of the signal in degree. This is the deviation of the
quadrature phase angle from the ideal 90°.

® Frequency Error, IEEE802.114, j, g, p
Shows the frequency error between the signal and the current center frequency of
the R&S analyzer. The absolute frequency error is the sum of the frequency error
of the R&S analyzer and that of the DUT. If possible, the transmitter and the
receiver should be synchronized.
For better orientation, the table also shows the corresponding limits specified in the
standard.

® Symbol Clock Error, IEEE802.11a, j, g, p
Shows the clock error between the signal and the sample clock of the R&S ana-
lyzer in parts per million (ppm). For better orientation, the table also shows the cor-
responding limits specified in the standard.

® Burst Power, IEEE802.114, j, g, p
Shows the mean burst power in dBm.

® Crest Factor, IEEE802.11a, j, g, p
Shows the crest factor in dB. The crest factor is the ratio of the peak power to the
mean power of the signal (also called Peak to Average Power Ratio, PAPR).
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3.10.2.2 Result display for measurements on DSSS / CCK / PBCC signals

Spectrum WLAN <

Fre 1 GHz Standard IEEE 802.11b PSDU Len 1/4095 Bytes i
q ; Settings

Ref Level -6.54 dBmExt Att 0 dBb Preamble Samples : General :
[ Demod |

Att 4 dB Cap Time5 ms Modulation Burst —_—

SGL Gate Off Display

| — Graph__ |

Result Summary L List |

Bursts: Limit| Unit

Statistics |

25.05.2009
18:13:58

Figure 3-14: Result summary list for measurements on DSSS/CCK/PBCC signals

® Peak Vector Err, IEEE802.11b, g
Shows the peak vector error over the complete burst including the preamble in %
and in dB. The vector error is calculated according to the IEEE 802.11b definition
of the normalized error vector magnitude. For better orientation, the table also
shows the corresponding limits specified in the standard.

e Burst EVM, IEEE802.11b, g
Shows the EVM (Error Vector Magnitude) over the complete burst including the
preamble in % and dB.

® ]Q Offset
Shows the 1Q offset of the signal in dB. This is the 1Q offset magnitude relative to
the RMS magnitude at the chip timing.

® Gain Imbalance
see Chapter 3.10.2.1, "Result display for measurements on OFDM signals",
on page 55

® Quadrature Error
see Chapter 3.10.2.1, "Result display for measurements on OFDM signals",
on page 55

® Center Frequency Error
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see Chapter 3.10.2.1, "Result display for measurements on OFDM signals",
on page 55
® Chip Clock Error, IEEE802.11b, g

see Symbol Clock Error in Chapter 3.10.2.1, "Result display for measurements on
OFDM signals", on page 55

® Rise Time, IEEE802.11b, g
Shows the rise time of the pulsed signal in ps. This is the time period the signal
needs to increase its power level from 10% to 90% of the maximum resp. the aver-
age power depending on the reference power setting. For better orientation, the
table also shows the corresponding limits specified in the standard.

® Fall Time, IEEE802.11b, g
Shows the fall time of the pulsed signal in ys. This is the time period the signal
needs to decrease its power level from 90% to 10% of the maximum resp. the
average power depending on the reference power setting. For better orientation,
the table also shows the corresponding limits specified in the standard.

® Mean Power, IEEE802.11b, g
Shows the mean burst power in dBm.

® Peak Power, IEEE802.11b, g
Shows the maximum burst power in dBm.

® Crest Factor

® Rise Time, IEEE802.11b, g
Shows the rise time of the pulsed signal in ps. This is the time period the signal
needs to increase its power level from 10% to 90% of the maximum resp. the aver-
age power depending on the reference power setting. For better orientation, the
table also shows the corresponding limits specified in the standard.

All parameters and their calculations are described in detail in chapter 1 of this manual,
'Advanced Measurement Examples'

3.10.2.3 Result Display for MIMO Measurements

For MIMO measurements (IEEE 802.11ac or n (MIMO) only) the results are provided
as an overview of all data streams in the Global Result Summary (List 1), and for the
individual streams in separate result summaries (List 2). To switch between the two
views, use the "Display Graph/List1/List2" softkey. To view more details for the individ-
ual summaries, select the table and then press the "Split Screen/Maximize Screen" key
(E=D).
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Spectrum WLAN

Time Standard
Data Symbols 171366 PPDUSMCS Index/GI
Samples Burst

BV Pilot Ca

Figure 3-15: MIMO Global result summary

Spectrum WLAN

Sig. Lvl Set -11.6 dBm Time Standard
Frequency 4 Data Symbols 5 PPDU/MCS Index/GI
Fs 20 MHz Samples 0 Burst

Figure 3-16: MIMO result summary: overview of 2 streams

3.10.3 Result Display Graph

Additionally to the selected graphical result display, the Magnitude Capture Buffer dis-
play is provided for all I/Q measurements. The individual result displays are described
with the corresponding softkey.

|
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The Magnitude Capture Buffer display shows the complete range of captured data for
the last sweep. All analyzed bursts are identified with a green bar at the bottom of the
Magnitude Capture Buffer display. If, in the "Demod Settings" dialog box, the "Signal
Field Content" option is activated, only bursts that match the required criteria are
marked with a green bar (see "Signal Field Content (IEEE 802.11a, g (OFDM), j & n
(SISO), p)" on page 98).

SGL

Screen A: Capture Buffer

IEEE 802.11a Settings
[General |
|

. _Demod |

Display
[_Graph |
_|_ List _|_

5.0000 ms Al
statistics |»

Screen B: Constellation vs Symbol

Marker[1] Q 5.0382 I 3.0067

| - Measurement Complete |:|:|:|:|:|:|:|I| 10104?3%]022

Figure 3-17: Magnitude capture buffer results (example)

I/Q measurements

All I/Q measurements process the same signal data and as such all I/Q measure-
ment results are available after a single 1/Q measurement execution.

I/Q measurements can be run in split screen mode (allowing both the Magnitude
Capture Buffer display and the selected I/Q measurement results to be displayed
simultaneously) or in full screen mode (with either the Magnitude Capture Buffer
display or the selected 1/Q measurement results displayed).

Frequency sweep measurements

The frequency sweep measurements use different signal data to I/Q measure-
ments and as such it is not possible to run an I/Q measurement and then view the
results in the frequency sweep measurements and vice-versa. Also because each
of the frequency sweep measurements uses different settings to obtain signal data
it is not possible to run a frequency sweep measurement and view the results of
another frequency sweep measurement.

All frequency sweep measurements are run in full screen mode.

|
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® For MIMO measurements (IEEE 802.11ac or n (MIMO) only) the results for each
data stream are displayed in a separate graph.

WLAN

Sig. Lvl Set -11.6 d&m Time 1 ms Standard IEEE 802.11n (MIMO)
Frequency 2 z Data Symbols PPOUSMCS Index /G
samples Burst 5(5)

la apture Memory / dBm__ Rxl raf - i ALL/EL 11.0

W_W-'M—WH_W-

0.0000 s 0.1000 L0000 s

B f.:pture Memory / dBm Rx2 Ref -1.58 Att/El 11.00 /0.00 dB

0.0000 ms

§ . EEmE L
WI-MW'MI"WH

G Constellation vs Symbol D Gonstellation vs Symbaol

Marker[1] 0 7.0016 Marker[1]| O
7.00 e apelate =

Figure 3-18: MIMO data stream results (example)

3.10.4 Title Bar Information

The title bar displays the following information:

® wireless LAN standard applicable to the current measurement.

3.10.5 Status Bar Information

® The status bar displays the same information as the base device (see the "Quick
Start Guide").

Operating Manual 1176.7649.02 — 06 61



4 |nstrument Functions WLAN TX Measure-
ments

To open the WLAN menu

e |f the "WLAN" mode is not the active measurement mode, press the MODE key
and select the "WLAN" softkey

To exit the "WLAN" measurement mode, select another option.

Menu and softkey description

® Chapter 4.1, "Softkeys of the WLAN TX Menu", on page 63

® Chapter 4.4, "Softkeys of the Sweep Menu — SWEEP key ", on page 110

® Chapter 4.6, "Softkeys of the Marker Menu — MKR key (WLAN)", on page 112

® Chapter 4.7, "Softkeys of the Marker To Menu — MKR-> key", on page 112

® Chapter 4.8, "Softkeys of the Lines Menu — LINES key", on page 113

® Chapter 4.5, "Softkeys of the Trace Menu — TRAC key", on page 111

® Chapter 4.9, "Softkeys of the Input/Output Menu for WLAN Measurements",
on page 114

The "Span", "Bandwidth", "Marker Function", and "Auto Set" menus are not available in
the WLAN mode.

The FREQ, AMPT, and TRIG keys open the "General Settings" or the "Demod Set-
tings" dialog box. For details refer to the "Settings General/Demod" on page 64 soft-
key description ("WLAN" menu).

To display help to a softkey, press the HELP key and then the softkey for which you
want to display help. To close the help window, press the ESC key. For further infor-
mation refer to Chapter 1.3, "How to Use the Help System", on page 7.

Further information

This chapter provides further information about the measurements and result displays
for the WLAN application.

4.1 Softkeys of the WLAN TX MENU......ccccermrririeiiiiiissessssssssssesesesssssssssssssssssssssssssesssssssases 63
4.2 General Settings Dialog BoX (K91)........iicciiiiiimmemrrrreeinssssssscssssessssee s se s ssssssssssmnssnsees 87
421 GeNEIal SEHINGS. .. uuviiiiiiiiiieie ettt e e e e e e e e e e e e e aae e e e e e e aaaaranes 88
4.2.2 AdVaANCEA SEINGS....ociii ittt a e e e e 91
4.2.3 STC/MIMO Settings (IEEE 802.11ac, n (MIMO) ONly)......cccoeeeiiiiiiiiiiiiiieeeeee e 94
4.3 Demod Settings Dialog BOX........ccccermmrrmmmmiiiniisssssssssssereeesssssssssssssssssssssssssessssssssssnnnns 97
4.3.1  DemOd SetliNgGS.....ccciiiiiitiiee ettt e e e e e e raaaaaaaaaaan 98
4.3.2 Advanced Demod Settings (IEEE 802.11ac, n (MIMO) only)........ccccvvvveiiieeeeeeieiiinnns 104
4.3.3 MIMO Settings (IEEE 802.11ac, n (MIMO) ONIY).....ccoeiiiiiiiiiiiiiieeeee e 109
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4.4 Softkeys of the Sweep Menu — SWEEP Key .....ccccoocivmmmriiiiemnnnsienn e 110
4.5 Softkeys of the Trace Menu — TRAC Key.......ccccrinrinmmmmnnsimmssnnnens s 111
4.6 Softkeys of the Marker Menu — MKR key (WLAN)........ccccommnnimmmmmnnsssne e 112
4.7 Softkeys of the Marker To Menu — MKR-> KeY........ccccceriirinmmrrsssssmmeessessmeesssessnneenas 112
4.8 Softkeys of the Lines Menu — LINES Key.........ccccourimmmminniimmnns e 113
4.9 Softkeys of the Input/Output Menu for WLAN Measurements..........cccccceeeeerennnee 114

4.1 Softkeys of the WLAN TX Menu

The following table shows all softkeys available in the "WLAN" menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in
the corresponding softkey description.

Settings General/DemO. ... ..ccooo i 64
DisSplay LiSt/Graph......coue e 64
Y PSPPI 64
L FUI BUSE. .ttt 65
L RISING & FalliNG.....vcvveeeeeeeeeeeeeeeeeeeecee ettt s e esenan e 65
L Ramp Up/Down/Up & Down (IEEE 802.11b, g — Single Carrier.................... 66
L Ref Pow Max/Mean (IEEE 802.11b, g — Single Carrier)..........cccccevevurururueunnee. 67
L Average Length (IEEE 802.11b, g — Single Carrier)........ccccceeeveveeeeevvererennns. 67
L Gating Settings On/Off ((IEEE 802.11a, b, G, j, P)errererererererrrrerereeesrneeereeeesenn. 67
L DO ettt n ettt nen et eaene 68
L XD ettt ettt ettt et e e e e 68
L R&S SUPPOM. ..ttt ettt ettt e et e s s s e s e sesea e eeeeans 69
EVIM CONSEEIL. ..ttt ettt e e e e e e e e e e e e e e e e e e e e e aaas 69
L Settings GEneral/DEmMO............c.ccueueueueueeeeeeeeeeeeeeeaeaeaeeeseesseseseeesesessasaeseaeens 69
L DiSplay LiSUGIaph..........ccveveereeeeeeeeeeeeteteeeeeeeeesesessesaeaeaeesesesssseseeesensasaessesanees 69
L EVM VS SYMDOI/CAITIEN. ...ttt 69
L ErTOr FreQUENCY/PRESE. ......eeeeeeeeeeeeeeeeeee et en e e en e 71
L Constell VS SYMDOI/CAITIEN........cueeeeeeeeeeee ettt eee s en 73
L Carrier Selection (IEEE 802.11a, ac, g, j, N (OFDM), P)...cveveveveerrereceerenennns 75
L Gating Settings ON/Off.........ocucueueeeeeeeeeeeeeeeeeeeeeeeeeeeae e e e ee e s enaeanaeaeaeann, 75
L 11T oo 12 FEO TR 75
L oo L5 AU 75
L Y AXIS/DIV.. oottt 75
L R&S SUPPOM. .ttt eeeee et et ee s e e e e et e s s en e et s se e ee e nenen e 76
ST o1=Tex 10 [ o O TSP PUUURRRRR 76
L Settings General/DEmMO............c.ccueueueueueeeeeeeeeeeeeaeaeaeaeaeeiesesesenesesensaeseseseses 76
L DiSPlay LISYGIaPN......c.ccveeeeeeceeeeee ettt 76
L Spectrum Flatness (IEEE 802.11a, ac, g, j, n (OFDM), p / Group Delay (IEEE
802.11 N (MIMO))..ce ettt e e s 76
L Spectrum Mask (IEEE 802.11ac, b, g (Single Carrier)) / Spectrum IEEE/ETSI
(IEEE 802.11a, g, j, N (OFDM), P)eeiuteeeiiiieeiiee ettt 78
L SPECIIUM FF Tttt ettt e e e ea e 79
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L Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo Mode), n, p)/ Spectrum

ACP (IEEE 802.11b)/ ACP Rel/Abs (IEEE 802.11j)..ccccccveeeenerieeair e 80

L Gating Settings ON/Off..........occueueueeeeeeeeeeeeeeeeeeeseeeesee e seeeeeennaneneeeeeeeeens 81
L SEM SEHNGS...evcveeeere et eee ettt ee e ee et e en e e e s e e e sees 81
L SEM QCCOTAING 10.....eeeeeseeeeeeeeeeeeee e e eeee et eeees e enenee s s 81

L File NAME....ceeceecect ettt 81

L Trace REAUCHON. .........ccovivieeeeeceeeeeee e e et aeneens 82

L TX CRANNEL. ...ttt 82

L SEM CONfIQUIALION. ........oeeerececececeeteteeeeeieeee et eeenenananans 82

L CREN SEl..uuiiiiiiieeieeie ettt 82
L IO ettt ettt n ettt n e e 82
L EXPOM. .ttt e et et n et et e e n et et e s eenen e eeneneeeean 82
L R&S SUPPOM. ..ttt ettt et ee et et e s s e s en s ea e aeeens 82
R = 1S3 oS UURTRT 82
L Settings General/DEmMO............c.ccueueueueueeeeeeeeeeereaeaeaeeaeeeeseeeeeseresennasaeseseees 82
L DiSplay LiSU/GIaph..........ccoeveereeeeeeeeeeeeteteeeeeeeeeseeessssssaesesesesssesessnesessasaseseeseees 82
L OO e 83
L BIESITEAM. ...eeeceeeeeeeee ettt e s see ettt ee s se s n s et e teenas 83
L Signal Field (IEEE 802.11a, ac, g (OFDM), j, N, P)eveverreeereeeeereeseeeeeseee e 85
L Gating Settings ON/Off.........c.cceeeeeeeeeeeeeee et seses e s se s seeeseeens 86
L PLCP Header (IEEE 802.11b, g — Single Carrier).........ccccoceveeruruerererereeenennnn. 86

Settings General/Demod

Opens the "General Settings" or the "Demod Settings" dialog box. For details see
Chapter 4.2, "General Settings Dialog Box (K91)", on page 87 or Chapter 4.3,
"Demod Settings Dialog Box", on page 97.

Alternatively, the "General Settings" dialog box is opened as follows:

® FREQ key, with focus on the "Frequency" field
® AMPT key, with focus on the "Signal Level" ("RF") field
® TRIG key, with focus on the "Trigger Mode" field

Display List/Graph
Configures the result display. The measurement results are displayed either in form of
a list of measurement points or as a graphical trace.

For MIMO measurements (IEEE 802.11ac or n (MIMO) only) the results are provided
as an overview of all data streams in the Global Result Summary (List 1), and for the
individual streams in separate result summaries (List 2).

Remote command:
DISPlay[:WINDow<n>] :TABLe on page 165
For result queries see Chapter 5.8, "FETCh Subsystem (WLAN)", on page 168

PVT
Opens the PVT submenu to select the Power vs Time measurement results.

The PVT result displays show the minimum, average and maximum levels measured
over the full range of the measured input data, or over complete PPDUs displayed
within the gating lines if gating is switched on. The results are displayed as a single
PPDU. Using screen B in full screen provides additional power information during this
measurement.
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For IEEE 802.11b and g (single carrier), the PVT results are displayed as percentage
values of the reference power. The reference can be set to either the max or mean
power of the PPDU. For both rising and falling edges two time lines are displayed,
which mark the points 10 % and 90 % of the reference power. The time between these
two points is compared against the limits specified for the rising and falling edges.

For further details see also Chapter 3.9.3, "Rise/Fall Time Measurement”, on page 50

Remote command:
CONFigure:BURSt:PVT[:IMMediate] on page 148

Full Burst — PVT
Displays the PVT results in a single graph with all PPDU data being displayed.

IEEE 802.11a Settings

| _Demod |

Display

|__Graph |
SGL Gate Off \i List
Screen A: Capture Buffer

Full Burst

Rising &
Falling

Gating

-

10.07.2008
14:41:14

For further details refer to the "PVT" on page 64 softkey.

Remote command:
CONFigure:BURSt:PVT:SELect on page 149

Rising & Falling < PVT
Displays the PVT results in two separate graphs, the left hand side showing the rising
edge and the right hand side showing the falling edge.
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IEEE 802.11a Settings

| _Demod |
ALt Display
SGL & )
Screen A: Capture Buffer
Full Burst
H B
| B N
1 kg A
" | ]

Gating

Remote command:
CONFigure:BURSt:PVT:SELect on page 149

Ramp Up/Down/Up & Down (IEEE 802.11b, g — Single Carrier) — PVT
Sets the display of the rising/falling edge graph:

Up Displays the rising edge graph.
Down Displays the falling edge graph.
Up & Down Displays the rising and falling edge graph.

|
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IEEE 802.11b Settings

| Demod |

Displa
Att 0dB Ref Level - e,
SGL Gate O I List

Screen A: Capture Buffer

Ramp

Up & Down

Ref Power
Max | Mean

Average
Length
11

10.07.2008
14:47:00

For further details refer to the "PVT" on page 64 softkey.

Remote command:
CONFigure:BURSt:PVT:SELect on page 149

Ref Pow Max/Mean (IEEE 802.11b, g — Single Carrier) < PVT
Sets the reference for the rise and fall time calculation to the maximum or mean PPDU
power.

For further details refer to the "PVT" on page 64 softkey.

Remote command:
CONFigure:BURSt:PVT:RPOWer on page 149

Average Length (IEEE 802.11b, g — Single Carrier) — PVT
Opens an edit dialog box to enter the number of samples in order to adjust the length
of the smoothing filter.

For further details refer to the "PVT" on page 64 softkey.

Remote command:
CONFigure:BURSt:PVT:AVERage on page 149

Gating Settings On/Off ((IEEE 802.11a, b, g, j, p) — PVT
Activates or deactivates gating, and opens the "Gate Settings" dialog box to specify
range of captured data used in results calculation.

|
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On Uses only the specified range of captured data in results calculation. In the Magnitude Capture
Buffer trace, two vertical lines mark the specified range.

Off Uses all the captured data in results calculation.

In the "Gate Settings" dialog box, the following parameters are set:

Delay Start point of captured data to be used in results calculation, i.e. the delay from the start of
the captured data in time or samples. If the delay is specified in time, the number of sam-
ples is updated accordingly, and vice versa.

Length Amount of captured data to be used in results calculation. If the length is specified in time,
the number of samples is updated accordingly, and vice versa.

Mode Sets the type of triggering (level or edge) by the external gate signal.

Link Gate and | If activated, the position of the marker and the gate lines are linked. The marker is posi-
Mark tioned half way between gate start and end. The marker position alters when the gate is
modified, and the gate lines move with the marker when the marker position is altered.

The gate settings are defined for following measurements: PVT, Spectrum FFT, CCDF,
Spectrum Mask, Spectrum ACPR.

If a frequency sweep measurement is active (Spectrum Mask and Spectrum ACP) the
result display is switched to the Magnitude Capture Buffer display in order to allow the
gate to be set the correct part of the sweep.

Remote command:

SWE : EGAT ON

SWE :EGAT:HOLD 125us, SWE:EGAT:HOLD:SAMP 2500 (Delay)
SWE:EGAT:LENG 20ms, SWE:EGAT:LENG:SAMP 200000 (Length)

SWE :EGAT: TYPE EDGE (Mode)

SWE : EGAT : LINK ON (Link Gate and Mark), see [SENSe: ] SWEep:EGATe: LINK

on page 203

Import — PVT
Opens the "Choose the file to import" dialog box.

Select the |Q data file you want to import and press ENTER. The extension of data
files is *.iqw.
This function is not available while a measurement is running.

Remote command:
MMEMory:LOAD: TQ:STATe on page 181

Export — PVT
Opens the "Choose the file to export" dialog box.

Enter the path and the name of the 1/Q data file you want to export and press ENTER.
The extension of data files is *.iqw. If the file cannot be created or if there is no valid
I/Q data to export an error message is displayed.

This function is not available while a measurement is running.

Remote command:
MMEMory:STORe: 1Q:STATe on page 181
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R&S Support — PVT
Stores useful information for troubleshooting in case of errors.

This data is stored in the C:\R_S\Instr\user\Support directory on the instru-
ment.

If you contact the Rohde&Schwarz support to get help for a certain problem, send
these files to the support in order to identify and solve the problem faster.

EVM Constell
Opens a submenu to select the error vector magnitude (EVM) or the constellation
result displays.

Settings General/Demod < EVM Constell
See "Settings General/Demod" on page 64

Display List/Graph < EVM Constell
See "Display List/Graph" on page 64

EVM vs Symbol/Carrier — EVM Constell
Selects the EVM vs Symbol or EVM vs Carrier result displays.

® EVM vs Symbol
This result display shows the EVM measured over the full range of the measured
input data. The results are displayed on a per-symbol basis, with blue vertical lines
marking the boundaries of each PPDU. Note that PPDU boundary lines are only
displayed if the number of analyzed PPDUs is less than 250.
For IEEE 802.11a, j, g (OFDM) n & p the minimum, average, and maximum traces
are displayed.
For IEEE 802.11b, g (Single Carrier) two EVM traces are displayed. The trace
labeled with VEC ERR IEEE shows the error vector magnitude as defined in the
IEEE 802.11b, g standards. For the trace labeled with EVM a commonly used EVM
definition is applied, which is the square root of the momentary error power normal-
ized by the averaged reference power.
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R&S® FSV-K91/91n/91ac/91p
- |

Spectrum Analyzer

R&S FSV-K91 Wireless LAN IEEE 802.11a Settings
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® EVM vs Carrier (IEEE 802.11a, g, j — OFDM),n & p
This result display shows all EVM values recorded on a per-carrier basis over the

full set of measured data. An average trace is also displayed.

| —
70
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P ——
IEEE 802.11a Settings
|
| _Demod |
\ 3 0 111366
- - — Display
Att 0dB Ref Level 2 il Burst 11 (11}

[ Graoh |

56L Gate OF [ List |
Screen A: Capture Buffer EVM vs

Carrier |

Error

[ Phase |

Constell vs
[Swmbol |
[__carrier__||

Carrier
- Selection
Screen B: Phase Error vs Preamble (*) i All

Remote command:
CONFigure:BURSt:EVM:ESYMbol [:IMMediate] on page 148
CONFigure:BURSt:EVM:ECARrier[:IMMediate] on page 147

Error Frequency/Phase — EVM Constell
Selects the Rel. Frequency Error vs Preamble or the Phase Error vs Preamble result
displays.

These result displays show the error values recorded over the preamble part of the
PPDU. A minimum, average and maximum trace are displayed. The results display
either relative frequency error or phase error.

|
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IEEE 802.11a Settings

| _Demod |
- . Display
Att 0dB Ref Lewvel - dBm Capture Time |
SGL Gate Off \ List
E¥M vs

carrier

Error

Phase

Constell vs

carrier

Carrier
Selection
All

Measurement Complete

|
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IEEE 802.11a Settings

[ Demod |
—
Displa
At 0dB Ref Level - Ims _spay
SGL Gate O ‘_List

Screen A: Capture Buffer

Carrier

3.0000 ms .
Selection

10.07.2008

Measurement Complete 15:51:39

Remote command:
CONFigure:BURSt:PREamble[:IMMediate] on page 148
CONFigure:BURSt:PREamble:SELect on page 148
CONFigure:BURSt:PREamble:SELect on page 148

Constell vs Symbol/Carrier < EVM Constell
Selects the Constallation vs Symbol or the Constellation vs Carrier result displays.

® Constellation vs Symbol (all standards)
This result display shows the in-phase and quadrature phase results over the full
range of the measured input data. The ideal points for the selected modulations
scheme are displayed for reference purposes.
The amount of data displayed in the Constellation result display can be reduced by
selecting the carrier or carriers for which data is to be displayed ("Carrier Selection
(IEEE 802.11a, ac, g, j, n (OFDM), p)" on page 75 softkey).

|
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IEEE 802.11a Settings

wternal Att [ Demod |

- Display
[_Graph |
Marker[1] Q 50382 I 3.0067| ([  List |

PYT |>I

E¥ ¥ |'
Constell

Spectrum |»

Statistics |

Measurement Complete [ | [[[[[]]] mi?;;::'gggg
® Constellation vs Carrier (IEEE 802.11a, g, j — OFDM),n & p
This result display shows the in-phase and quadrature phase results over the full
range of the measured input data plotted on a per-carrier basis. The magnitude of

the in-phase and quadrature part is shown on the y-axis, both are displayed as
separate traces (I-> trace 1, Q-> trace 2).
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Spectrum Analyzer WLAN <

IEEE 802.11a Settings
. [_General |
| _Demod |
Display
[_Graph |
[ List |

E¥M vs
[_Svmbol |
[ Carrier |

———— Error

| |
J [ Phase |
L T e o

Constell vs
[_Swmbol |

[ carrier |

—— i —— e — e —— ———

U S S -

26 Carrier

Remote command:
CONFigure:BURSt:CONStellation:CSYMbol[:IMMediate] on page 147
CONFigure:BURSt:CONStellation:CCARrier[:IMMediate] on page 147

Carrier Selection (IEEE 802.11a, ac, g, j, n (OFDM), p) — EVM Constell
Opens a dialog box to select the carrier for data display. Either a specific carrier num-
ber, pilots only or all carriers can be selected.

Remote command:
CONFigure:BURSt:CONStellation:CARRier:SELect on page 146

Gating Settings On/Off — EVM Constell
See "Gating Settings On/Off ((IEEE 802.11a, b, g, j, p)" on page 67.

Import < EVM Constell
See "Import" on page 68.

Export — EVM Constell
See "Export" on page 68.

Y-Axis/Div < EVM Constell
Opens a dialog box to modify the y-axis settings:
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Auto Scaling If activated, the scaling of the y-axis is calculated automatically.
Per Division Specifies the scaling to be used if Auto Scaling is deactivated.
Unit Specifies the y-axis unit. With the unit is dB, Auto Scaling is always activated.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :AUTO on page 165
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :PDIVision on page 166

R&S Support — EVM Constell
See "R&S Support" on page 69.

Spectrum
Opens a submenu for frequency measurements.

Settings General/Demod — Spectrum
See "Settings General/Demod" on page 64

Display List/Graph — Spectrum
See "Display List/Graph" on page 64

Spectrum Flatness (IEEE 802.11a, ac, g, j, n (OFDM), p / Group Delay (IEEE
802.11 n (MIMO)) «— Spectrum
Sets the Spectrum Flatness result display.

This result display shows the spectrum flatness and group delay values recorded on a
per-carrier basis over the full set of measured data. An average trace is also displayed
for each of the result types. An upper and lower limit line representing the limits speci-
fied for the selected standard are displayed and an overall pass/fail status is displayed
for the obtained (average) results against these limit lines.



R&S® FSV-K91/91n/91ac/91p Instrument Functions WLAN TX Measurements

IEEE 802.11a Settings
: |

| _Demod |

Display
Screen B: Spectrum Flatness ABS/dB _|

Markper[1]
ESULT

Spectrum
Mask

Spectrum
FFT

e

1| Spectrum
ACPR

e

Figure 4-1: Spectrum flatness result for IEEE 802.11a standard measurement

For IEEE 802.11ac or n (MIMO) you can select between the physical and effective
channel model for the spectrum flatness and group delay measurement (see "Chan
Sel" on page 82).
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Spectrum WLAN

Time Standard
Data Symbols 171366 PPDUSMCS Index/GI
Samples Burst

Figure 4-2: Spectrum flatness result for IEEE 802.11n (MIMO) with 2 streams

Remote command:

CONFigure:BURSt:SPECtrum:FLATness [:IMMediate] on page 150
IEEE 802.11n (MIMO): CONFigure:BURSt:SPECtrum:FLATness:SELect
on page 151

Spectrum Mask (IEEE 802.11ac, b, g (Single Carrier)) / Spectrum IEEE/ETSI (IEEE
802.11a, g, j, n (OFDM), p) < Spectrum
Sets the Spectrum Mask result display.

This result display shows power against frequency. The span of the results is 100 MHz
for IEEE and 500 MHz for ETSI around the specified measurement frequency. A limit
line representing the spectrum mask specified for the selected standard is displayed
and an overall pass/fail status is displayed for the obtained results against this limit
line.

The number of sweeps is set in the General Settings dialog box, Sweep Count field. If
the measurement is performed over multiple sweeps both a max hold trace and an
average trace are displayed.
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950 MHz 0 M 1050 MHz

Remote command:
CONFigure:BURSt:SPECtrum:MASK([:IMMediate] on page 151

CONFigure:BURSt:SPECtrum:MASK:SELect on page 152

Spectrum FFT «— Spectrum
Sets the Spectrum FFT result display.

This result display shows the Power vs Frequency results obtained from a FFT per-
formed over the range of data in the Magnitude Capture Buffer which lies within the

gate lines.

|
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Spectrum Analyzer WLAN <

P —
Settings
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111366

| Demod |

Display
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Spectrum
Mask

Spectrum
FFT

Spectrum
ACPR

Gating
|_Settings_|
L. On | Off |

Remote command:
CONFigure:BURSt:SPECtrum:FFT[:IMMediate] on page 150

Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo Mode), n, p)/ Spectrum ACP
(IEEE 802.11b)/ ACP Rel/Abs (IEEE 802.11j) < Spectrum
Sets the ACP (Adjacent Channel Power) result display.

This result display is similar to the Spectrum Mask measurement, and provides infor-
mation about leakage into adjacent channels. The results show the absolute or relative
power measured in the three nearest channels either side of the measured channel.
This measurement is the same as the adjacent channel power measurement provided
by the signal analyzer.

The number of sweeps is set in the General Settings dialog box, Sweep Count field. If
the measurement is performed over multiple sweeps both a max hold trace and an
average trace are displayed.

|
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Remote command:

CONFigure:BURSt:SPECtrum:ACPR[:IMMediate] on page 150
CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult[:CURRent]?

on page 144
CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult:MAXHold? on page 144

Gating Settings On/Off — Spectrum
See "Gating Settings On/Off ((IEEE 802.11a, b, g, j, p)" on page 67.

SEM Settings <— Spectrum
Displays the "SEM Settings" dialog box that contains the following editable settings:

SEM according to < SEM Settings < Spectrum
Specifies how the Spectrum Emission Mask settings and limits are applied. The follow-
ing standards are supported:

"ETSI" Settings and limits are as specified in the standard

"IEEE" Settings and limits are as specified in the IEEE Std 802.11n™-2009
Figure 20-17—Transmit spectral mask for 20 MHz transmission. For
other IEEE standards see Table 5-1 in the remote command descrip-
tion.

"User" Settings and limits are configured via an XML file

Remote command:
[SENSe: ] POWer : SEM on page 199

File Name — SEM Settings — Spectrum

When "SEM according to":"User" settings are specified, "File Name" shows the name
of the loaded XML file. Clicking the arrow switches to the File Manager to locate an
XML file, and automatically selects "SEM according to":"User".

When using "ETSI" or "IEEE" standards, "File Name" indicates the name of the built-in
configuration.

|
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Remote command:
MMEMory:LOAD:SEM: STATe 1, on page 181

Trace Reduction — SEM Settings — Spectrum

During the Spectrum Emission Mask (SEM) measurement data is acquired and trace
data is selected according to the trace detector setting from the SEM xml definition file
for each frequency range. Alternatively, the peak detector can be used regardless of
the setting in the SEM definition file.

"Peak" For each frequency range, the peak detector is used to determine the
corresponding trace value. This was the behaviour for the SEM mea-
surement in R&S FSV-K91 versions before 1.70.

"Trace detec-  For each frequency range, the trace detector defined in the SEM xml
tor" file is used to determine the corresponding trace value.

Remote command:
[SENSe: ] POWer:SEM: TRACe :REDuction on page 201

TX Channel — SEM Settings — Spectrum
The bandwidth and RBW of the transmission channel are displayed for reference only.

SEM Configuration < SEM Settings <— Spectrum
The table shows the settings and limits applied over specified frequency ranges around
the TX channel.

Chan Sel — Spectrum
Selects the channel model for the Spectrum Flatness measurement.

"Effective" The composition of the physical channel and the MIMO encoder.
"Physical" Physical channel

Remote command:
CONFigure:BURSt:SPECtrum:FLATness:CSELect on page 151

Import < Spectrum
See "Import" on page 68.

Export — Spectrum
See "Export" on page 68.

R&S Support — Spectrum
See "R&S Support" on page 69.

Statistics
Opens a submenu to display statistics measurement results.

Settings General/Demod — Statistics
See "Settings General/Demod" on page 64

Display List/Graph — Statistics
See "Display List/Graph" on page 64
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CCDF  Statistics
Sets the CCDF result display.

This result display shows the probability of an amplitude within the gating lines exceed-
ing the mean power measured between the gating lines. The x-axis displays power rel-
ative to the measured mean power.

IEEE 802.11a Settings
[_General |

| _Demod |

Display
|

| Graph |
List |

CCDF
Bitstream

Signal
Field

Gating
[ -
on_|

Remote command:
CONFigure:BURSt:STATistics:CCDF[:IMMediate] on page 152

Bitstream « Statistics
Sets the Bitstream result display. This result display shows the demodulated data

stream.

e |EEE 802.114a, j, g (OFDM), n, p:
The results are grouped by symbol and carrier.

[
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Spectrum Analyzer WLAN <

R&S FSV-K91 Wireless LAN IEEE 802.11a Settings

Signal
Field

110111 111110 010100
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ooo101 010001 1 101101 001011 ooo1in
100100 100101 101001 111101 101011 oilii00
111001 010010 110100 111001 u] oooo1l
101111 101111 oo1111 111100

e |EEE 802.11b or g (Single Carrier)
The results are grouped by PPDU.
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Spectrum Analyzer

IEEE 802.11b Settings

| _Demod |

p—
. — — Display
Capture Time 10 ms No. Samples 4400 Burst P
List
{bars mark analyzed bursts)

[Markerl}] —20.19dBm 0 s
|
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r

10010111 01010001 10101101

01000010 00110000 10011100 10101011 Q0001101
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*  Measurement Complete I:[[D:[DII

Remote command:
CONFigure:BURSt:STATistics:BSTReam]:IMMediate] on page 152

Signal Field (IEEE 802.11a, ac, g (OFDM), j, n, p) < Statistics
Sets the "Signal Field" result display.

This result display shows the decoded data from the signal field of the PPDU. There-
fore it is only available if, in the "Demod Settings" dialog box, the "Signal Field Content"
option is activated.

For the IEEE 802.11ac, n standards an enhanced Signal Field measurement is availa-
ble, see Chapter 3.7, "Signal Field Measurement (IEEE 802.11ac, n (SISO+MIMO))",
on page 39.
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Spectrum Analyzer WLAN <

IEEE 802.11a Settings

| _Demod |

: P —
Att 0dB Ref Level -11.2 dBm |D— |
SGL Gate O [ List ]
Screen A: Capture Buffer

CCDF

Bitstream

Signal
Field

Screen B: Signal Field

0011
640AM S4Mbit/=s
oo11
644N 54Mb
oo11
640AM S4Mbit/=s
oo11
S54Mha
oo11
S54Mod

10.07.2008
16:02:29

Remote command:
CONFigure:BURSt:STATistics:SFIeld|[:IMMediate] on page 152

Gating Settings On/Off — Statistics
See "Gating Settings On/Off ((IEEE 802.11a, b, g, j, p)" on page 67.

PLCP Header (IEEE 802.11b, g — Single Carrier) < Statistics
This result display shows the decoded data from the PLCP header of the PPDU. The
following details are listed:

Column header Description Example
PPDU number of the decoded PPDU Burst 1
A colored block indicates that the PPDU was successfully deco-
ded.
Signal signal field 00010100
The decoded data rate is shown below. 2 MBits/s
Service service field 00000000
The currently used bits are highlighted. The text below explains ==/~
the decoded meaning of these bits.

| —
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PSDU Length length field 000000000111100
The decoded time to transmit the PSDU is shown below. 0
120 ys
CRC CRC field 111010011100111
The result is displayed below (OK for passed or Failed). 0
OK

Spectrum Analyzer

IEEE 802.11b Settings
|

Demod |
PSOU Len: 144084 —
Display

Att  0dB Ref Level -16.1 dBm Capture Time 10 ms No. Samples 440000 3 i |
SGL Gate Off i List L
Screen A: Capture Buffer

Fiarker 1] z05ldBm 0|  GCDF
|
|

Screen B: PLCP Header
3 nal

10110 001010

1011010110001010

01101110 0000001011101001 1011010110001010
11 Mbit/s Loc 745 us

10.07.2008
16:09:00

Remote command:
CONFigure:BURSt:STATistics:SFIeld[:IMMediate] on page 152

4.2 General Settings Dialog Box (K91)

In the General Settings dialog box, all settings related to the overall measurement can
be modified.

The "STC/MIMO" settings are only available if the IEEE 802.11ac or n (MIMO) stan-
dard is selected.

@ General SEHINGS....ccccuiieieieii et e e aaa e e 88
@  AdVanCed SetliNgS....ccceeiiiiiicciieiie e e e e e 91
e STC/MIMO Settings (IEEE 802.11ac, n (MIMO) ONlY)......ceveriiiiiieeiiiiieeeeeciieeeeeas 94
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4.2.1 General Settings

=1 Lo = T o [ PR 88
Yo [ U= o3 PP POT 88
(07 0 F=T o 01T I o USRI 88
Signal Level / Reference LeVel..........coi ittt 88

L AULO vttt 89
A N | SRR 89
(07T o] (1] (=00 1112 1Y 89
L 5 16 I 0o T o | SRR 89
ANGIYZE PPDUS ..ottt e et e s e e s snr e e e s e e e s anee 89
TS o I 0o 1H | o | USRS 89
THGEN MOTE ...ttt e e sttt e e e s b b e e e e s s nbeeeeeeaas 90
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POWET LEVEI ...ttt et e e e e e e e e e e e e e e e e e e e e aeaan 91

L AU ettt 91
o] o 10 TP URRPPR 91
Standard

Displays a list of all installed standards to select the wireless LAN standard. This is
necessary to ensure that the measurements are performed according to the specified
standard with the correct limit values and limit lines.

Remote command:
CONFigure:STANdard on page 154

Frequency
Specifies the center frequency of the signal to be measured. If the frequency is modi-
fied, the "Channel No" field is updated accordingly.

Remote command:
[SENSe: ] FREQuency:CENTer on page 198

Channel No
Specifies the channel to be measured. If the "Channel No" field is modified, the fre-
quency is updated accordingly.

Remote command:
CONFigure:CHANnel on page 153

Signal Level / Reference Level
Specifies the expected mean level of the RF input signal. If an automatic level detec-
tion measurement has been executed (see Auto), the signal level (RF) is updated.

For all standards other than IEEE 802.11b & g (Single Carrier), the reference level is
set 10 dB higher than the signal level (RF) because of the expected crest factor of the
signal. For standards IEEE 802.11b & g (Single Carrier), the reference level is set to
the signal level (RF).
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Remote command:
CONFigure:POWer:EXPected:RF on page 154

Auto — Signal Level / Reference Level
Activates or deactivates the automatic setting of the reference level for measurements.

"ON" The reference level is measured automatically at the start of each
measurement sweep. This ensures that the reference level is always
set at the optimal level for obtaining accurate results but will result in
slightly increased measurement times.

"OFF" The reference level is defined manually in the "Signal Level / Refer-
ence Level" on page 88 field.

Remote command:
CONFigure:POWer:AUTO on page 153
CONFigure:POWer:AUTO: SWEep: TIME on page 153

Ext Att

Specifies the external attenuation or gain applied to the RF signal. A positive value
indicates attenuation, a negative value indicates gain. All displayed power level values
are shifted by this value.

Remote command:
INPut:ATTenuation on page 177

Capture Time
Specifies the time (and therefore the amount of data) to be captured in a single mea-
surement sweep.

Remote command:
[SENSe: ] SWEep: TIME on page 204

PPDU Count
Activates or deactivates a specified number of PPDUs for capture and analysis.

On The data analysis is performed over a number of consecutive sweeps until the required number of
PPDUs has been captured and analyzed.

Off The data analysis is performed on a single measurement sweep.

Remote command:
[SENSe: ] BURSt:COUNt:STATe on page 186

Analyze PPDUs
Specifies the number of PPDUs to be measured, if the "PPDU Count" option is activa-
ted.

Remote command:
[SENSe: ] BURSt :COUNt on page 186

Sweep Count

Specifies the number of sweeps to be performed for Spectrum ACP/ACPR and Spec-
trum Mask measurements.



General Settings Dialog Box (K91)

Remote command:
[SENSe: ] SWEep:COUNt on page 201

Trigger Mode

Sets the source of the trigger for the data capture process of the measurement.

"Free Run" The measurement sweep starts immediately.

"External" The measurement sweep starts if the external trigger signal meets or

exceeds the external trigger level (a fixed value that cannot be
altered) at the input connector EXT TRIGGER/GATE IN on the rear
panel.

"IF Power" The measurement sweep starts when the signal power meets or
exceeds the specified power trigger level. This trigger mode is not
available for Spectrum Mask measurements in ETSI standard. If it is
set and then the Spectrum Mask measurement in ETSI standard is
selected, it automatically changes to "Free Run".

"RF Power" The next measurement is triggered by the first intermediate frequency
of the RF signal.

"Power Sensor"
The next measurement is triggered by the external power sensor
(requires R&S FSV-K9 option).

"External Using FS-Z11"
If activated, the next measurement is triggered by the signal at the
external trigger input connected to the R&S®FS-Z11 trigger unit. This
allows for data to be captured from all connected analyzers synchro-
nously for MIMO measurements.
For details see Chapter 3.6.1, "Trigger Synchronization Using an
R&S®FS-711 Trigger Unit", on page 37.

Remote command:
TRIGger [ :SEQuence] :MODE on page 219

Trigger Offset

Specifies the time offset between the trigger signal and the start of the sweep. A nega-
tive value indicates a pre-trigger. This field is not available in the "Free Run" trigger
mode.

Remote command:
TRIGger[:SEQuence] : HOLDoff on page 218

Trigger Holdoff
Defines the value for the trigger holdoff. The holdoff value in s is the time which must
pass before triggering, in case another trigger event happens.

This softkey is only available if "IFPower", "RF Power" or "BBPower" is the selected
trigger source.

Remote command:
TRIGger<n>[:SEQuence] : IFPower : HOLDoff on page 218
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Trigger Hysteresis

Defines the value for the trigger hysteresis for "IF power" or "RF Power" trigger sour-
ces. The hysteresis in dB is the value the input signal must stay below the power trig-
ger level in order to allow a trigger to start the measurement. The range of the value is
between 3 dB and 50 dB with a step width of 1 dB.

Remote command:
TRIGger<n>[:SEQuence] : IFPower:HYSTeresis on page 219

Ext. Trigger Lvl
Specifies the external trigger level if trigger mode "External” is used.

Remote command:
TRIGger<n>[:SEQuence] :LEVel [ :EXTernal] on page 219

Power Level
Specifies the trigger level if one of the "Power" trigger modes is set.

Remote command:
TRIGger [ :SEQuence] : LEVel: POWer on page 220

Auto < Power Level

Activates or deactivates the automatic measurement of the IF power trigger level.

"ON" The power trigger level is measured automatically at the start of each
measurement sweep. This ensures that the power trigger level is
always set at the optimal level for obtaining accurate results but will
result in a slightly increased measurement times.

"OFF" The power trigger level is defined manually in the "Power Level "
on page 91 field.

Remote command:
TRIGger [:SEQuence] : LEVel: POWer : AUTO on page 221

Input
The following signal sources are supported:

® RF Input
® Baseband Digital (only with Digital Baseband Interface, R&S FSV-B17)

Remote command:
INPut:SELect on page 180

4.2.2 Advanced Settings
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Meas Range (IEEE 802.11D, )..uetiiiiiiiiieiiiei et 94
Swap IQ

Activates or deactivates the inverted 1/Q modulation.

On I and Q signals are interchanged.

Off Normal 1/Q modulation.

Remote command:
[SENSe: ] SWAPigon page 201

Input Sample Rate
Defines the sample rate of the digital 1/Q signal source. This sample rate must corre-
spond with the sample rate provided by the connected device, e.g. a generator.

Remote command:
INPut:DIQ:SRATe on page 179

Full Scale Level
The "Full Scale Level" defines the level that should correspond to an 1/Q sample with
the magnitude "1".

The level is defined in Volts.

Remote command:
INPut:DIQ:RANGe [ :UPPer] on page 178

Auto Level Time
Specifies the sweep time used for the automatic level measurements (see "Auto”
on page 89).

Remote command:
CONFigure:POWer:AUTO: SWEep: TIME on page 153

Ref Level

Specifies the reference level to use for measurements. If the reference level is modi-
fied, the signal level is updated accordingly (depending on the currently selected stan-
dard and measurement type). This field is only editable if the Auto is deactivated.

Remote command:
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] :RLEVel? on page 166

Attenuation

Specifies the settings for the attenuator. This field is only editable if the Auto option is
deactivated. If the Auto option is activated, the RF attenuator setting is coupled to the
reference level setting.

Remote command:
INPut:ATTenuation on page 177
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Preamp On/Off
Switches the preamplifier on and off. If enabled, a nominal gain of 15 dB is applied.

If option R&S FSV-B22 is installed, the preamplifier is only active below 7 GHz.
If option R&S FSV-B24 is installed, the preamplifier is active for all frequencies.

This function is only available for R&S FSVA/FSV instruments using the IEEE 802.11
ac standard.

This function is not available if any of the following conditions apply:
® |nput from the R&S Digital I/Q Interface (option R&S FSV-B17).
® The "Channel Bandwidth to measure" is set to one of the following settings (see
"Channel Bandwidth to measure" on page 105):
— "Meas only 20 MHz Signal"
— "Meas only 40 MHz Signal"
— "Demod all as 20 MHz Signal"
— "Demod all as 40 MHz Signal"

Note: Regardless of the state of this setting, the Signal Level / Reference Level > Auto
function uses the preamplifier, if installed.

Remote command:
INPut:GAIN:STATe on page 179

160MHz IF-Atten

Defines an additional attenuation to be used during an auto level measurement in
order to optimize the signal level at the A/D converter (see also Chapter 3.8, "Opti-
mized Signal Levels", on page 43).

This function is only available for R&S FSVA/FSV instruments with a R&S FSVA/FSV-
B160 bandwidth extension option installed, using the IEEE 802.11 ac standard.

This function is not available if any of the following conditions apply:
® Input from the R&S Digital 1/Q Interface (option R&S FSV-B17).
® The "Channel Bandwidth to measure" is set to one of the following settings (see
"Channel Bandwidth to measure" on page 105):
— "Meas only 20 MHz Signal"
— "Meas only 40 MHz Signal"
— "Demod all as 20 MHz Signal"
— "Demod all as 40 MHz Signal"

Remote command:
INPut:ATTenuation: IFWideband on page 178

Sample Rate
Specifies the sample rate used for IQ measurements.

For IEEE 802.11a, p: the Input Sample Rate can be chosen continuously.
For IEEE 802.11n: 20 MHz, 40 MHz, 80 MHz*

For IEEE 802.11ac. 20 MHz, 40 MHz, 80 MHz*, 160 MHz*

*) requires bandwidth extension option

Remote command:
TRACe:IQ:SRATe on page 211
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Meas Range (IEEE 802.11b, g)
Defines the measurement range for the peak vector error.

"All Symbols"  Peak Error Vector results are calculated over the complete PPDU
"PSDU only" Peak Error Vector results are calculated over the PSDU only

Remote command:
CONFigure:WLAN:PVERror:MRANge on page 161

STC/MIMO Settings (IEEE 802.11ac, n (MIMO) only)
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DUT MIMO configuration
Defines the number of Tx antennas of the device under test (DUT). Currently up to 4
Tx antennas are supported.

Remote command:
CONFigure:WLAN:DUTConfig on page 156

Signal Capture
Defines the MIMO method used by the analyzer(s) to capture data from multiple TX
antennas sent by one device under test (DUT).

All modes support RF and Analog Baseband signal input.

"Simultaneous" Simultaneous normal MIMO operation
The number of Tx antennas set in DUT MIMO configuration defines
the number of analyzers required for this measurement setup.

"Sequential Sequential using open switch platform

using OSP A single analyzer and the Rohde & Schwarz OSP Switch Platform

switch" (with at least one fitted R&S®OSP-B101 option) is required to mea-
sure the number of DUT Tx Antennas as defined in DUT MIMO con-
figuration.

"Sequential Sequential using manual operation

manual” A single analyzer is required to measure the number of DUT Tx

Antennas as defined in DUT MIMO configuration. Data capturing is
performed manually via the analyzer's user interface.
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Remote command:
CONFigure:WLAN:MIMo [ :CAPTure] : TYPe on page 159

Simultaneous Signal Capture Setup
For each RX antenna from which data is to be captured simultaneously, the settings
are configured here.

State — Simultaneous Signal Capture Setup

Switches the corresponding slave analyzer On or Off. In On state the slave analyzer
captures data. This data is transferred via LAN to the master for analysis of the MIMO
system.

Remote command:
CONFigure:WLAN:ANTMatrix:STATe<RecPath> on page 156

Analyzer IP Address < Simultaneous Signal Capture Setup
Defines the IP addresses of the slaves connected via LAN to the master.

Remote command:
CONFigure:WLAN:ANTMatrix:ADDRess<RecPath> on page 155

Assignment — Simultaneous Signal Capture Setup

Assignment of the expected antenna to an analyzer. For a wired connection the
assignment of the Tx antenna connected to the analyzer is a possibility. For a wired
connection and Direct Spatial Mapping the Spectrum Flatness traces in the diagonal
contain the useul information, in case the signal transmitted from the antennas
matches with the expected antennas. Otherwise the secondary diagonal will contain
the useful traces.

Remote command:
CONFigure:WLAN:ANTMatrix:ANTenna<RecPath> on page 155

Joined RX Sync and Tracking < Simultaneous Signal Capture Setup
This command configures how PPDU synchronization and tracking is performed for
multiple captured antenna signals.

"ON" RX antennas are synchronized and tracked together.
"OFF" RX antennas are synchronized and tracked separately.

Remote command:
CONFigure:WLAN:RSYNc:JOINed on page 161

Sequential Using OSP Switch Setup

A single analyzer and the Rohde & Schwarz OSP Switch Platform (with at least one
fitted R&S®OSP-B101 option) is required to measure the number of DUT Tx Antennas
as defined in DUT MIMO configuration.

Note: For sequential MIMO measurements the DUT has to transmit identical PPDUs
over time! The signal field, for example, has to be identical for all PPDUs.

This setup requires the analyzer and the OSP switch platform to be connected via
LAN. A connection diagram is shown to assist you in connecting the specified number
of DUT Tx antennas with the analyzer via the Rohde & Schwarz OSP switch platform.

| —
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: General Settings

General Settings STCIMIMO | Advanced Setlingsl
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Figure 4-3: Connection instructions for sequential MIMO using an OSP switch

The diagram shows an R&S®OSP-B101 option fitted in one of the three module slots
at the rear of the OSP switch platform. The DUT Tx antennas, the OSP switching box
and the analyzer have to be connected as indicated in the diagram.

® Blue colored arrows represent the connections between the Tx antennas of the
DUT and the corresponding SMA plugs of the R&S®OSP-B101 option.

® Green colored arrows represent auxiliary connections of SMA plugs of the
R&S®OSP-B101 option.

® Yellow colored arrows represent the connection between the SMA plug of the
R&S®OSP-B101 option with the RF or analog baseband input of the analyzer.

OSP IP Address «— Sequential Using OSP Switch Setup

The analyzer and the R&S OSP switch platform have to be connected via LAN. Enter
the IP address of the OSP switch platform.

When using an R&S®0OSP130 switch platform, the IP address is shown in the front dis-
play.

When using a R&S®OSP120 switch platform, connect an external monitor to get the IP
address or use the default IP address of the OSP switch platform. For details read the
OSP operation manual.

An online keyboard is displayed to enter the address in dotted IPV4 format.

Remote command:
CONFigure:WLAN:OSP:ADDRess on page 160

| —
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4.3

OSP Switch Module «— Sequential Using OSP Switch Setup

The R&S®OSP-B101 option is fitted in one of the three module slots at the rear of the
OSP switch platform. The DUT Tx antennas are connected with the analyzer via the
R&S®OSP-B101 module fitted in the OSP switch platform. Select the R&S®OSP-B101
module that is used for this connection.

Remote command:
CONFigure:WLAN:OSP:MODule on page 160

Manual Sequential MIMO Data Capture

Note: For sequential MIMO measurements the DUT has to transmit identical PPDUs
over time! The signal field, for example, has to be identical for all PPDUs. Otherwise,
manual data capture will not return reasonable measurement results.

For this MIMO method you must connect each Tx antenna of the WLAN DUT with the
analyzer and start data capturing manually (see "Capture” on page 97).

The dialog box shows a preview of the 4 capture memories (one for each RX
antenna).The PPDUs detected by the application are highlighted by the green bars.

Remote command:

CONF :WLAN:MIMO:CAPT:TYP MAN
CONF :WLAN:MIMO:CAPT RX1
INIT:IMM

CALC:BURS:IMM

Capture «— Manual Sequential MIMO Data Capture
For each Rx antenna the contents of the capture memory are displayed. Press the
"Capture" button for the corresponding antenna to start a new data capture.

Remote command:
INITiate<n>[:IMMediate] on page 177

Analyze < Manual Sequential MIMO Data Capture
Calculates the results for the captured antenna signals.

Remote command:
CALCulate<n>:BURSt[:IMMediate] on page 120

Clear — Manual Sequential MIMO Data Capture
Clears all the capture memory previews.

Demod Settings Dialog Box

In the "Demod Settings" dialog box, the settings associated with the signal modulation
can be modified. The settings under "PPDU to Analyze" specify the characteristics of
the PPDUs to be considered in the measurement results. Only the PPDUs which meet
the criteria specified in this group will be included in measurement analysis if the "Use
Header Content" option is activated. The tracking settings allow various errors in mea-
surement results to be compensated for.

| —
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Demod Settings (IEEE 802.ac, n (MIMO) only)
Determines whether the settings are defined automatically or manually.

"Auto All" Automatically sets all Advanced demodulation settings to "Auto, same
as first PPDU".
"Manual" Restores all settings to the state prior to activating "Auto All".

Remote command:
[SENSe: ] DEMod: FORMat [ : BCONtent] : AUTO on page 195

Signal Field Content (IEEE 802.11a, g (OFDM), j & n (SISO), p)
Activates or deactivates the decoding of the captured PPDU data.
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"ON" Only the PPDUs are included in the results analysis whose modula-
tion format specified in the signal symbol field matches the modula-
tion format specified in the "Analyze PSDU Mod (IEEE 802.11n,
SISO)" on page 100 field.

"OFF" The data is demodulated according to the modulation scheme speci-
fied in the "Demodulator (IEEE 802.11a, b, g, j, p)" on page 100 field.
If any of the analyzed data has a modulation different to that specified
the results will be of limited use.

Remote command:
[SENSe: ] DEMod: FORMat : SIGSymbol on page 197

Use Header Content (IEEE 802.11b, g — Single Carrier)
Activates or deactivates the PLCP header field decoding of the captured PPDU data.

"ON" Only the PPDUs are included in the results analysis whose modula-
tion format specified in the signal symbol field matches the modula-
tion format specified in the "Analyze PSDU Mod (IEEE 802.11n,
SISO)" on page 100 field.

"OFF" The data is demodulated according to the modulation scheme speci-
fied in the "Demodulator (IEEE 802.11a, b, g, j, p)" on page 100 field.
If any of the analyzed data has a modulation different to that specified
the results will be of limited use.

Remote command:
[SENSe: ] DEMod: FORMat : SIGSymbol on page 197

PPDU Type (IEEE 802.11a, g (OFDM, Single Carrier), j, n, p)
Specifies the type of PPDU to be included in measurement analysis. Only one PPDU
type can be selected for the measurement results. The following PPDU types are sup-

ported:

"Direct Link PPDU" IEEE 802.11a, j,n, p
"OFDM" IEEE 802.11g

"Long DSSS"-"OFDM" IEEE 802.11g
"Short DSSS"-"OFDM" IEEE 802.11g

"Long PLCP" IEEE 802.11g
"Short PLCP" IEEE 802.11g

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze: BTYPe on page 189

Preamble Type (IEEE 802.11b)
Specifies the type of PPDU which should be included in measurement analysis. The
following PPDU types are supported: Short PLCP, Long PLCP.

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze:BTYPe on page 189
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PPDU Frame Format (IEEE 802.11n, SISO)
Specifies the type of PHY Protocol Data Unit (PPDU) which should be included in mea-
surement analysis. The following PPDU formats are supported:

Mixed 20MHz
® Green Field 20MHz
e Mixed 40MHz
® Green Field 40MHz

Remote command:
[SENSe: ] DEMod: FORMat :BANalyze:BTYPe on page 189

Auto Demodulation (IEEE 802.11n, SISO)

Activates or deactivates the automatic detection of the modulation. If activated, the
modulation applied to the input data is determined from the modulation type of the first
complete PPDU within the captured data. This option automatically activates the "Sig-
nal Field Content" option.

Remote command:
[SENSe: ]DEMod: FORMat [ : BCONtent] : AUTO on page 195

Analyze PSDU Mod (IEEE 802.11n, SISO)

Specifies the modulation of the PPDUs to be analyzed. Only PPDUs using the selected
modulation are considered in measurement analysis. This option is only available if the
"Use Signal Field Content" or the "Use Header Content" option is activated.

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze on page 188

Demodulator (IEEE 802.11a, b, g, j, p)

Specifies the modulation to be applied to the measured data. If the captured data uses
a different modulation scheme than specified by this field the results will be of limited
use. This field is only available if the "Signal Field Content" or the "Use Header Con-
tent" option is deactivated.

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze on page 188

Auto Guard Interval (IEEE 802.11n, SISO)
Specifies whether the Guard interval of the measured data should be automatically
detected or not

If enabled, the Guard Interval is detected from the input signal.

If disabled, the guard interval of the input signal can be specified with the "Guard Inter-
val" parameter.

Remote command:
CONFigure:WLAN:GTIMe:AUTO on page 157

Guard Interval (IEEE 802.11n, SISO)
Specifies the guard interval of the input signal.

When "Auto Guard Interval” is set to "ON" then "Guard Interval" is read only and dis-
plays the detected guard interval.
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"Short" Only the PPDUs with short guard interval are analyzed.
"Long" Only the PPDUs with long guard interval are analyzed.

Remote command:
CONFigure:WLAN:GTIMe:SELect on page 158

Equal PPDU Length
Activates or deactivates the PPDU selection for measurement analysis according to
the range or specific number of data symbols/bytes.

Standard State | Description

IEEE 802.11a, ac, j,n,p | On Only PPDUs with exactly the number of symbols specified in the "Data
Symbols" field are considered for measurement analysis (see "Data
Symbols (IEEE 802.11a, ac, j, n, p)" on page 101).

Off Only PPDUs within the range of data symbols specified by the "Min
Data Symbols" and "Max Data Symbols" fields are considered for mea-
surement analysis. (See "Min Data Symbols (IEEE 802.11a, ac, j, n,
p)" on page 101 and "Max Data Symbols (IEEE 802.11a, ac, j, n, p)"
on page 102)

IEEE 802.11b, g (Single | On Only PPDUs with exactly the number of data bytes or duration speci-
Carrier) fied in the "Payload Length" field are considered for measurement
analysis. (See "Payload Length (IEEE 802.11b, g)" on page 102)

Off Only PPDUs within the range of data bytes or duration specified by the
"Min Payload Length" and "Max Payload Length" fields are considered
for measurement analysis. (See "Min Payload Length (IEEE 802.11b,
g)" on page 102 and "Max Payload Length (IEEE 802.11b, g)"

on page 102)

IEEE 802.11g (OFDM) On Only PPDUs with exactly the number of data symbols or duration
specified in the "Payload Length" field are considered for measure-
ment analysis. (See "Payload Length (IEEE 802.11b, g)" on page 102)

Off Only PPDUs within the range of data symbols or duration specified by
the "Min Payload Length" and "Max Payload Length" fields are consid-
ered for measurement analysis. (See "Min Payload Length (IEEE
802.11b, g)" on page 102 and "Max Payload Length (IEEE 802.11b,
g)" on page 102)

Remote command:

[SENSe: ] DEMod: FORMat :BANalyze:SYMBols:EQUal on page 193
[SENSe: ] DEMod: FORMat :BANalyze:DBYTes:EQUal on page 191
[SENSe: ]DEMod: FORMat :BANalyze:DURation:EQUal on page 192

Data Symbols (IEEE 802.11a, ac, j, n, p)
Specifies the number of data symbols of a PPDU to be considered in measurement
analysis. This field is only available if the "Equal PPDU Length" option is activated.

Remote command:
[SENSe: ] DEMod:FORMat :BANalyze:SYMBols :MIN on page 194

Min Data Symbols (IEEE 802.11a, ac, j, n, p)

Specifies the minimum number of data symbols of a PPDU to be considered in mea-
surement analysis. This field is only available if the "Equal PPDU Length" option is
deactivated.
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Remote command:
[SENSe: ] DEMod: FORMat : BANalyze: SYMBols:MIN on page 194

Max Data Symbols (IEEE 802.11a, ac, j, n, p)

Specifies the maximum number of data symbols of a PPDU to be considered in mea-
surement analysis. This field is only available if the "Equal PPDU Length" option is
deactivated.

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze: SYMBols:MAX on page 194

Channel Estimation Range (IEEE 802.11a, ac, g (OFDM), j, n, p)
Specifies how accurately the EVM results are calculated.

"Preamble” The channel estimation is performed in the preamble as required in the standard.

"Payload" The channel estimation is performed in the payload.

Remote command:
[SENSe: ] DEMod:CESTimation on page 187

Payload Length (IEEE 802.11b, g)

Specifies the number of symbols, bytes or duration of a PPDU to be considered in
measurement analysis. This field is only available if the "Equal PPDU Length" option is
activated.

Remote command:
[SENSe: ] DEMod: FORMat :BANalyze:DBYTes :MIN on page 191
[SENSe: ] DEMod: FORMat : BANalyze:DURation:MIN on page 193

Min Payload Length (IEEE 802.11b, g)

Specifies the minimum number of symbols, bytes or duration of a PPDU to be consid-
ered in measurement analysis. This field is only available if the "Equal PPDU Length"
option is deactivated.

Remote command:
[SENSe: ] DEMod: FORMat : BANalyze:DBYTes :MIN on page 191
[SENSe: ] DEMod: FORMat :BANalyze:DURation:MIN on page 193

Max Payload Length (IEEE 802.11b, g)

Specifies the maximum number of symbols, bytes or duration of a PPDU to be consid-
ered in measurement analysis. This field is only available if the "Equal PPDU Length"
option is deactivated.

Remote command:
[SENSe: ] DEMod: FORMat :BANalyze:DBYTes :MAX on page 191
[SENSe: ] DEMod: FORMat : BANalyze:DURation:MAX on page 192

Filter adjacent channels (IEEE 802.11ac, n (MIMO))

If activated, only the useful signal is analyzed, all signal data in adjacent channels is
filtered out by the RBW filter.
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This setting improves the signal to noise ratio and thus the EVM results for narrow sig-
nals.

Remote command:
[SENSe: ]BANDwidth[:RESolution] :FILTer on page 186

Phase
Activates or deactivates the compensation for phase error. If activated, the measure-
ment results are compensated for phase error on a per-symbol basis.

Remote command:
[SENSe: ] TRACking:PHASe on page 204

Timing
Activates or deactivates the compensation for timing error. If activated, the measure-
ment results are compensated for timing error on a per-symbol basis.

Remote command:
[SENSe: ] TRACking: TIME on page 205

Level
Activates or deactivates the compensation for level error. If activated, the measure-
ment results are compensated for level error on a per-symbol basis.

Remote command:
[SENSe: ] TRACking:LEVel on page 204

Pilots for Tracking (IEEE 802.11n, ac (SISO+MIMO))
In case tracking is used, the used pilot sequence has an effect on the measurement
results.

"Accordingto  The pilot sequence is determined according to the corresponding

standard" WLAN standard. In case the pilot generation algorithm of the device
under test (DUT) has a problem, the erroneous pilot sequence might
affect the measurement results or the WLAN measurement applica-
tion might not synchronize at all onto the signal generated by the
DUT.

"Detected" The pilot sequence detected in the WLAN signal to be analyzed is
used by the WLAN measurement application. In case the pilot gener-
ation algorithm of the device under test (DUT) has a problem, the
erroneous pilot sequence will nott affect the measurement results. In
case the pilot sequence generated by the DUT is correct, it is recom-
mended that you use the "According to Standard" setting because it
generates more accurate measurement results.

Remote command:
[SENSe: ] TRACking:PILots on page 205

Filters (IEEE 802.11b, g)
Filter settings are only available for standards IEEE 802.11b, g.

Transmit Filter — Filters (IEEE 802.11b, g)
Specifies the transmit filter to be used
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4.3.2

Demod Settings Dialog Box

The settings provided by default are:

® Auto — Specifies the default filter
o DefRecieve — default receive filter
® DefTransimt — default transmit filter

See also Chapter 3.4, "Signal Processing of the IEEE 802.11b Application”,
on page 29

Remote command:
[SENSe:]DEMod:FILTer :MODulation on page 188

Receive Filter — Filters (IEEE 802.11b, g)
Specifies the receive filter to be used

The settings provided by default are:

® Auto — Specifies the default filter
® DefRecieve — default receive filter
® DefTransimt — default transmit filter

See also Chapter 3.4, "Signal Processing of the IEEE 802.11b Application”,
on page 29

Remote command:
[SENSe: ] DEMod:FILTer :MODulation on page 188

Equalizer Filter Len. — Filters (IEEE 802.11b, g)
Specifies the length of the equalizer filter in chips

Remote command:
[SENSe:]DEMod:FILTer :EFLength on page 188

FFT Start Offset (IEEE 802.11a, g, j, p)
This command specifies the FFT start offset.

"AUTO" The FFT start offset is automatically chosen to minimize the intersym-
bol interference.

"Guard Interval Guard Interval Center: The FFT start offset is placed to the center of
Cntr" the guard interval.

"Peak" The peak of the fine timing metric is used to determine the FFT start
offset.

Remote command:
[SENSe: ] DEMod: FFT:OFFSet on page 187

Advanced Demod Settings (IEEE 802.11ac, n (MIMO) only)

The Advanced Demod settings allow you to specify the PPDUs to be analyzed. It also
provides settings to adapt the synchronisation to the channel conditions.

This tab is only available if the standard IEEE 802.11ac or n (MIMO) is selected.

PPDU fOrmat t0 MEASUIE.......eee ettt e e e e e e e e e e e e e e s 105
Channel Bandwidth t0 MEaASUIE.........couuiiiieeiieeeee et e e e 105
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Extension spatial streams (sounding) (IEEE 802.11ac or n (MIMO) only).................. 108
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PPDU format to measure
Defines the PPDU formats included in the analysis.

"Auto, same All PPDUs identical to the first recognized PPDU are analyzed.
type as first
PPDU"

"Auto, individu- All PPDUs are analyzed
ally for each
PPDU"

"Meas only Only mixed mode PPDUs are analyzed
Mixed Mode"

"Meas only Only Greenfield mode PPDUs are analyzed.
Greenfield"

"Demod allas  All PPDUs are analyzed as Mixed Mode PPDUs
Mixed Mode"

"Demod allas  All PPDUs are analyzed as Greenfield PPDUs.
Greenfield"

Remote command:
[SENSe: ] DEMod: FORMat :BANalyze:BTYPe:AUTO: TYPE on page 190

Channel Bandwidth to measure
Defines the channel bandwidth of the PPDUs taking part in the analysis.

"Auto, same The channel bandwidth of the first valid PPDUs is detected and sub-

type as first sequent PPDUs are analyzed only if they have the same channel
PPDU" bandwidth.

"Auto, individu- All PPDUs are analyzed regardless of their channel bandwidth
ally for each

PPDU"

"Meas only Only PPDUs with a channel bandwidth of x MHzare analyzed

x MHz signal:"

"Demod allas  All PPDUs are analyzed as x MHz channel bandwidth PPDUs.

x MHz signal:"

Remote command:
[SENSe: ] BANDwidth:CHANnel :AUTO: TYPE on page 185



Demod Settings Dialog Box

MCS Index to use
Defines the Modulation and Coding Scheme (MCS) index of the PPDUs taking part in
the analysis.

"Auto, same All PPDUs using the MCS index identical to the first recognized
type as first PPDU are analyzed.
PPDU:"

" Auto, individ-  All PPDUs are analyzed
ually for each
PPDU"

"Meas only the Only PPDUs with the MCS index specified in the MCS index field are
specified MCS" analyzed

"Demod all The MCS index of the MCS index field is applied to all PPDUs.
with specified
MCs"

Remote command:
[SENSe: ] DEMod: FORMat :MCSIndex :MODE on page 196

MCS Index

define the Modulation and Coding Scheme (MCS) index, of the PPDUs taking part in
the analysis, manually. This field is enabled for "MCS index to use" = "Meas only the
specified MCS" or "Demod all with specified MCS".

Remote command:
[SENSe: ] DEMod: FORMat : MCSIndex on page 195

Nsts to use (IEEE 802.11 ac only)
Defines the the PPDUs taking part in the analysis depending on their Nsts.

Note: The terms in brackets in the following description indicate how the setting is
referred to in the "Signal Field" result display ("NSTS" column).

"Auto, same All PPDUs using the Nsts identical to the first recognized PPDU are
type as first analyzed.
PPDU:"(A1st)"

" Auto, individ-  All PPDUs are analyzed
ually for each
PPDU"(AI)"

"Meas only the Only PPDUs with the Nsts specified for the Nsts (IEEE 802.11ac
specified only) setting are analyzed
Nsts™(M ...)"

"Demod all The Nsts (IEEE 802.11ac only) setting is used for all PPDUs.
with specified
Nsts"'(D ...)"

Remote command:
[SENSe: ] DEMod: FORMat : NSTSindex : MODE on page 197



Demod Settings Dialog Box

Nsts (IEEE 802.11ac only)

Defines the Nsts of the PPDUs taking part in the analysis. This field is enabled for Nsts
to use (IEEE 802.11 ac only) = "Meas only the specified Nsts" or "Demod all with
specified Nsts".

Remote command:
[SENSe: ] DEMod: FORMat : NSTSindex on page 196

STBC field
Defines the Space-Time Block Coding (STBC) field content of the PPDUs taking part in
the analysis.

"Auto, same All PPDUs using a STBC field content identical to the first recognized
type as first PPDU are analyzed.
PPDU"™(A1st)"

"Auto, individu- All PPDUs are analyzed.
ally for each
PPDU"(AI)"

"Meas only if Only PPDUs with the specified STBC field content are analyzed.
STBC field = 1

(+1

Stream)"™(M1)"

(IEEE

802.11N)

"Meas only if Only PPDUs with the specified STBC field content are analyzed.
STBC field = 2

(+2

Stream)""(M2)"

(IEEE

802.11N)

"Demod allas  All PPDUs are analyzed assuming the specified STBC field content.
STBC field =

1""(D1)"(IEEE

802.11N)

"Demod allas  All PPDUs are analyzed assuming the specified STBC field content.
STBC field =

2"(D2)"(IEEE

802.11N)

"Meas only if Only PPDUs with the specified STBC field content are analyzed.
STBC =1

(Nsts =

2Nss)"™'(M1)"(l

EEE

802.11AC)
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"Demod allas  All PPDUs are analyzed assuming the specified STBC field content.
STBC =1

(Nsts =

2Nss)"™(D1)"(l

EEE

802.11AC)

Remote command:
CONFigure:WLAN:STBC:AUTO: TYPE on page 163

Guard Interval Length
Defines the guard interval length of the PPDUs taking part in the analysis.

"Auto, same All PPDUs using the guard interval length identical to the first recog-
type as first nized PPDU are analyzed.
PPDU:"

"Auto, individu- All PPDUs are analyzed.
ally for each
PPDU: "

"Meas only Only PPDUs with short guard interval length are analyzed.
Short"

"Meas only Only PPDUs with long guard interval length are analyzed.
Long"

"Demod allas  All PPDUs are demodulated assuming short guard interval length.
short"

"Demod allas  All PPDUs are demodulated assuming long guard interval length.
long "

Remote command:
CONFigure:WLAN:GTIMe:AUTO:TYPE on page 157

Extension spatial streams (sounding) (IEEE 802.11ac or n (MIMO) only)
defines the Ness field content of the PPDUs taking part in the analysis.

"Auto, same All PPDUs using a Ness value identical to the first recognized PPDU
type as first are analyzed.
PPDU"

"Auto, individu- All PPDUs are analyzed.
ally for each
PPDU"

"Meas only if Only PPDUs with the specified Ness value are analyzed.
Ness = <x>"

"Demod allas  All PPDUs are analyzed assuming the specified Ness value.
Ness = <x>"

Remote command:
CONFigure:WLAN:EXTension:AUTO:TYPE on page 156

Source of Payload Length
Defines how the payload length of the PPDUs to analyze is determined.



Demod Settings Dialog Box

"Estimate from The payload length is estimated by the measurement application from
Signal" the signal.

"Take from HT- The payload length information from the HT-Signal field is used.
SIG"

Remote command:
CONFigure:WLAN:PAYload:LENgth:SRC on page 160

Power Interval Search (IEEE 802.11ac only)

If enabled, the R&S FSVA/FSV WLAN application initially performs a coarse burst
search on the input signal in which increases in the power vs time trace are detected.
Further time-consuming processing is then only performed where bursts are assumed.
This improves the measurement speed for signals with low duty cycle rates.

However, for signals in which the PPDU power levels differ significantly, this option
should be disabled as otherwise some PPDUs may not be detected.

Remote command:
[SENSe: ] DEMod: TXARea on page 198

FFT Start Offset
This command specifies the FFT start offset.

"AUTO" The FFT start offset is automatically chosen to minimize the intersym-
bol interference.

"Guard Interval Guard Interval Center: The FFT start offset is placed to the center of
Cntr" the guard interval.

Remote command:
[SENSe: ]| DEMod:FFT:0FFSet on page 187

4.3.3 MIMO Settings (IEEE 802.11ac, n (MIMO) only)

The MIMO settings define the mapping between streams and antennas.

This tab is only available if the standard IEEE 802.11ac or n (MIMO) is selected.

Spatial Mapping MOGE........ueeeiiiiieiee e e e e e e e e e eeaaeeees 109
POWET NOIMAIISE. ... eeeiiiiiiiieie ettt et e e e e e e e e e s s e nnrne e e e e e e eeeeeeeaaannns 110
User Defined Spatial Mapping.......ccccccuiiiiiiieieee e sccciieteee e e e e e e e s sseneeeeeeeeee e e e e e e ennnnns 110

Spatial Mapping Mode
Defines the mapping between streams and antennas.
"Direct" The mapping between streams and antennas is the identity matrix.

See also section "20.3.11.10.1 Spatial Mapping" of the IEEE 802.11n
WLAN standard.

"Spatial For this mode all streams contribute to all antennas. See also section
Expansion:" "20.3.11.10.1 Spatial Mapping" of the IEEE 802.11n WLAN standard.

"User defined" The mapping between streams and antennas is defined by the User
Defined Spatial Mapping table.
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Softkeys of the Sweep Menu — SWEEP key

Remote command:
CONFigure:WLAN:SMAPping:MODE on page 161

Power Normalise
Specifies whether an amplification of the signal power due to the spatial mapping is
performed according to the matrix entries.

"On" Spatial mapping matrix is scaled by a constant factor to obtain a pas-
sive spatial mapping matrix which does not increase the total trans-
mitted power.

"Off" Normalization step is omitted

Remote command:
CONFigure:WLAN:SMAPping:NORMalise on page 162

User Defined Spatial Mapping
Define your own spatial mapping between streams and antennas.

For each antenna (TX1..4), the complex element of each STS-Stream is defined. The
upper value is the real part part of the complex element. The lower value is the imagi-
nary part of the complex element.

Additionally, a "Time Shift" can be defined for cyclic delay diversity (CSD).

The stream for each antenna is calculated as:

Tx, — Stream Ix,STS.1 . . Tx,STS4 )\ STS - Stream,

Ix, — Stream Ix,,STS.1 . . Tx,,STS.4 )\ STS— Stream,

Remote command:

CONFigure:WLAN:SMAPping:TX<1...4> on page 162
CONFigure:WLAN:SMAPping:TX<1l...4>:STReam<1...4>on page 162
CONFigure:WLAN:SMAPping:TX<1...4>:TIMeshift on page 163

Softkeys of the Sweep Menu — SWEEP key

The following table shows all softkeys available in the "Sweep" menu in "WLAN" mode
(SWEEP key). It is possible that your instrument configuration does not provide all soft-
keys. If a softkey is only available with a special option, model or (measurement)
mode, this information is delivered in the corresponding softkey description.

RUN SINGIE/CONT. ... e e e e e e e e e e et rreeereeaaaaeenan 110
F XU L (o IS N 111
R (1] o TN 111

Run Single/Cont
Selects the sweep mode.

"Single" single sweep mode
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4.5

"Cont" continuous sweep mode

Remote command:
INITiate<n>:CONTinuous on page 176

Auto Level

Starts a single automatic level detection measurement. If this softkey is pressed while
a measurement is running, the current measurement is aborted and the automatic level
detection measurement is started. If the aborted measurement was a continuous mea-
surement, it is resumed after the automatic level detection is completed.

To perform a level detection measurement automatically before each data acquisition,
use the "Power Level - Auto" function (see "Auto" on page 91).

Remote command:
CONFigure:POWer:AUTO on page 153

Refresh

Updates the current measurement results with respect to the current gate settings.
This softkey is only available if the measurement results are effected by the gate set-
tings (Spectrum FFT, PVT and CCDF) and if the gate settings are modified after a
measurement result has been obtained.

Softkeys of the Trace Menu — TRAC key

The following table shows all softkeys available in the "Trace" menu in "WLAN" mode
(TRACE key). It is possible that your instrument configuration does not provide all soft-
keys. If a softkey is only available with a special option, model or (measurement)
mode, this information is delivered in the corresponding softkey description.

Display List/Graph
Configures the result display. The measurement results are displayed either in form of
a list of measurement points or as a graphical trace.

For MIMO measurements (IEEE 802.11ac or n (MIMO) only) the results are provided
as an overview of all data streams in the Global Result Summary (List 1), and for the
individual streams in separate result summaries (List 2).

Remote command:
DISPlay[:WINDow<n>] :TABLe on page 165
For result queries see Chapter 5.8, "FETCh Subsystem (WLAN)", on page 168

Screen Focus A/B
Selects the active screen for IQ measurement results in split and full screen mode.
Only the markers of an active screen can be controlled.

Remote command:
DISPlay[:WINDow<n>]:SSELect on page 164

Screen Size Full/Split
Changes the display between split and full screen for IQ measurement results. Fre-
quency sweep measurement results are always displayed in full screen.

| —
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4.7

Softkeys of the Marker To Menu — MKR-> key

Remote command:
DISPlay[:WINDow<n>] [:SUBWindow<m>]:SIZE on page 164

Softkeys of the Marker Menu — MKR key (WLAN)

The following table shows all softkeys available in the "Marker" menu in "WLAN" mode
(MKR key). It is possible that your instrument configuration does not provide all soft-
keys. If a softkey is only available with a special option, model or (measurement)
mode, this information is delivered in the corresponding softkey description. Close all
settings dialog boxes before opening the "Marker" menu.

Marker 1

Opens a dialog box to adjust the marker. The contents of the dialog box depend on the
type of graph the marker is adjusted to. After every change, the marker position in the
trace and the marker information are updated.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 139
CALCulate<n>:MARKer<1l>:X on page 142
CALCulate<n>:MARKer<1>:Y on page 143
CALCulate<n>:MARKer<l>:SYMBol on page 141
CALCulate<n>:MARKer<1>:CARRier on page 140

Unzoom
Cancels the marker zoom.

Remote command:
CALCulate<n>:MARKer<1>:FUNCtion:z0O0M on page 145

Marker Zoom

Opens an edit dialog box to select the magnification factor for the zoom. The zoom
facility is provided for the following result displays: Magnitude Capture Buffer, PVT,
Constellation vs Symbol, Constellation vs Carrier. The maximum magnification
depends on the type of result display.

Remote command:
CALCulate<n>:MARKer<1l>:FUNCtion:Z00M on page 145

Marker Off
Switches off all makers in the active result display.

Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 139

Softkeys of the Marker To Menu — MKR-> key

The following table shows all softkeys available in the "Marker To" menu in "WLAN"
mode (MKR-> key). It is possible that your instrument configuration does not provide all



Softkeys of the Lines Menu — LINES key

softkeys. If a softkey is only available with a special option, model or (measurement)
mode, this information is delivered in the corresponding softkey description.

Peak (Spectrum Flatness result display)
Sets the marker to the peak value of the assigned trace.

Remote command:
CALCulate<n>:MARKer<1>:MAXimum on page 141

Min (Spectrum Flatness result display)
Sets the marker to the minimum value of the assigned trace.

Remote command:
CALCulate<n>:MARKer<l>:MINimum on page 141

MKR -> Trace
Opens an edit dialog box to enter the number of the trace, on which the marker is to be
placed. This softkey is available for all result displays with more than one trace.

Remote command:
CALCulate<n>:MARKer<l1>:TRACe on page 142

4.8 Softkeys of the Lines Menu — LINES key

The following table shows all softkeys available in the ""Lines"" menu in ""WLAN""
mode (LINES key). It is possible that your instrument configuration does not provide all
softkeys. If a softkey is only available with a special option, model or (measurement)
mode, this information is delivered in the corresponding softkey description.

This menu is only available if the results are displayed in form of a list (for details see
Chapter 3.10.2, "Result Summary List", on page 54 and the "Display Graph/List" soft-
key, "Display List/Graph" on page 64).

(L= = 1011 A O1 U T (=10 ST 113
(L= = 10100 A | TR 113

Default Current
Resets all limits for the current modulation scheme to the values specified in the
selected standard.

Remote command:
Chapter 5.4, "CALCulate:LIMit Subsystem (WLAN)", on page 121

Default All
Resets all limits for all modulation schemes to the values specified in the selected stan-
dard.

Remote command:
Chapter 5.4, "CALCulate:LIMit Subsystem (WLAN)", on page 121
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4.9 Softkeys of the Input/Output Menu for WLAN Mea-
surements

The following chapter describes all softkeys available in the "Input/Output" menu for
WLAN measurements.

Note that the digital baseband functions are only available if the optional Digital Base-
band Interface (R&S FSV-B17) is installed.

For details see the base unit description.

EXIQ ettt ettt ettt ettt e et et n ettt nen e eeen 114
L 1= 13 To - 114
L RX SEINGS. ..ttt ettt sttt sttt e e ns 114
ST 0L 1 e YOO 114
L FirmMWare UPAAte.........cuoeeeueeeeeeeeee et eeeeee e e s e s s s eeeennann 115
L R&S SUPPO....eeeeceeeee ettt s s et enneae 115
L 01T (07 TR 115

EXIQ

Opens a configuration dialog box for an optionally connected R&S EX-IQ-BOX and a
submenu to access the main settings quickly.

Note: The EX-IQ-Box functionality is not supported for R&S FSV models
1307.9002Kxx.

If the optional R&S DiglConf software is installed, the submenu consists only of one
key to access the software. Note that R&S DiglConf requires a USB connection
(not LAN!) from the R&S FSVA/FSV to the R&S EX-IQ-BOX in addition to the R&S
Digital I/Q Interface connection. R&S DiglConf version 2.10 or higher is required.

For typical applications of the R&S EX-IQ-BOX see also the description of the R&S
Digital 1/Q Interface (R&S FSV-B17) in the base unit manual.

For details on configuration see the "R&S®EXx I/Q Box - External Signal Interface Mod-
ule Manual".

For details on installation and operation of the R&S DiglConf software, see the
"R&S®EX-IQ-BOX Digital Interface Module R&S®DiglConf Software Operating Man-
ual".

TX Settings — EXIQ
Opens the "EX-IQ-BOX Settings" dialog box to configure the R&S FSVA/FSV for digital
output to a connected device ("Transmitter" Type).

RX Settings — EXIQ
Opens the "EX-IQ-BOX Settings" dialog box to configure the R&S FSVA/FSV for digital
input from a connected device ("Receiver" Type).

Send To — EXIQ
The configuration settings defined in the dialog box are transferred to the R&S EX-IQ-
BOX.

| —
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Firmware Update — EXIQ

If a firmware update for the R&S EX-IQ-BOX is delivered with the R&S FSVA/FSV firm-
ware, this function is available. In this case, when you select the softkey, the firmware
update is performed.

R&S Support — EXIQ
Stores useful information for troubleshooting in case of errors.

This data is stored in the C:\R_S\Instr\user\Support directory on the instru-
ment.

If you contact the Rohde&Schwarz support to get help for a certain problem, send
these files to the support in order to identify and solve the problem faster.

DiglConf — EXIQ
Starts the optional R&S DiglConf application. This softkey is only available if the
optional software is installed.

To return to the R&S FSVA/FSV application, press any key on the front panel. The
application is displayed with the "EXIQ" menu, regardless of which key was pressed.

For details on the R&S DiglConf application, see the "R&S®EX-IQ-BOX Digital Inter-
face Module R&S®DiglConf Software Operating Manual".

Note: If you close the R&S DiglConf window using the "Close" icon, the window is
minimized, not closed.

If you select the "File > Exit" menu item in the R&S DiglConf window, the application is
closed. Note that in this case the settings are lost and the EX-IQ-BOX functionality is
no longer available until you restart the application using the "DiglConf" softkey in the
R&S FSVA/FSV once again.

Remote command:

Remote commands for the R&S DiglConf software always begin with SOURce : EBOX.
Such commands are passed on from the R&S FSVA/FSV to the R&S DiglConf auto-
matically which then configures the R&S EX-IQ-BOX via the USB connection.

All remote commands available for configuration via the R&S DiglConf software are
described in the "R&S®EX-IQ-BOX Digital Interface Module R&S®DiglConf Software
Operating Manual".

Example 1:

SOURce :EBOX: *RST

SOURce : EBOX: *IDN?

Result:

"Rohde&Schwarz,DiglConf,02.05.436 Build 47"

Example 2:

SOURce:EBOX:USER:CLOCk:REFerence:FREQuency 5MHZ

Defines the frequency value of the reference clock.

| —
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5 Remote Commands for WLAN TX Measure-
ments

This section describes the remote commands specific to the WLAN TX Measurements
option (R&S FSV-K91/91n/91ac/91p). The abbreviation WLAN stands for the Wireless
LAN operating mode. For details on conventions used in this chapter refer to Chap-
ter 5.1, "Notation", on page 117 at the beginning of this chapter.

For further information on analyzer or basic settings commands, refer to the corre-
sponding subsystem in the base unit description.

Subsystems of the WLAN TX Measurements option

5.1 NOAtioN.....oi i —————————— 117
5.2 ABORt SUDSYSteM.......coiiiiiiiniiiirr s ————————— 120
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5.1 Notation

In the following sections, all commands implemented in the instrument are first listed
and then described in detail, arranged according to the command subsystems. The
notation is adapted to the SCPI standard. The SCPI conformity information is included
in the individual description of the commands.

Individual Description

The individual description contains the complete notation of the command. An example
for each command, the *RST value and the SCPI information are included as well.

The options and operating modes for which a command can be used are indicated by
the following abbreviations:
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Abbreviation Description

A spectrum analysis

A-F spectrum analysis — span > 0 only (frequency mode)

A-T spectrum analysis — zero span only (time mode)

ADEMOD analog demodulation (option R&S FSV-K7)

BT Bluetooth (option R&S FSV-K8)

CDMA CDMA 2000 base station measurements (option R&S FSV-K82)

EVDO 1xEV-DO base station analysis (option R&S FSV-K84)

GSM GSM/Edge measurements (option R&S FSV-K10)

1Q I1Q Analyzer mode

OFDM WiMAX IEEE 802.16 OFDM measurements (option R&S FSV-K93)

OFDMA/WiBro WiMAX IEEE 802.16e OFDMA/WiBro measurements (option R&S FSV-K93)

NF Noise Figure measurements (R&S FSV-K30)

PHN Phase Noise measurements (R&S FSV-K40)

PSM Power Sensor measurements (option R&S FSV-K9)

SFM Stereo FM measurements (optionR&S FSV-K7S)

SPECM Spectogram mode (option R&S FSV-K14)

TDS TD-SCDMA base station / UE measurements (option R&S FSV-K76/K77)

VSA Vector Signal Analysis (option R&S FSV-K70)

WCDMA 3GPP Base Station measurements (option R&S FSV-K72), 3GPP UE measure-
ments (option R&S FSV-K73)

WLAN WLAN TX measurements (option R&S FSV-K91)

The spectrum analysis mode is implemented in the basic unit. For the other modes, the
corresponding options are required.

Upper/Lower Case Notation

Upper/lower case letters are used to mark the long or short form of the key words of a
command in the description. The instrument itself does not distinguish between upper
and lower case letters.

Special Characters

| A selection of key words with an identical effect exists for several commands. These keywords
are indicated in the same line; they are separated by a vertical stroke. Only one of these key-
words needs to be included in the header of the command. The effect of the command is inde-
pendent of which of the keywords is used.

Example:
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SENSe:FREQuency:CW| :FIXed

The two following commands with identical meaning can be created. They set the fre-
quency of the fixed frequency signal to 1 kHz:

SENSe:FREQuency:CW 1E3
SENSe:FREQuency:FIXed 1E3

A vertical stroke in parameter indications marks alternative possibilities in the sense of
"or". The effect of the command differs, depending on which parameter is used.

Example: Selection of the parameters for the command

[SENSe<l..4>:]AVERage<l..4>:TYPE VIDeo | LINear

i} Key words in square brackets can be omitted when composing the header. The full command
length must be accepted by the instrument for reasons of compatibility with the SCPI standards.

Parameters in square brackets can be incorporated optionally in the command or omitted as
well.

{3 Parameters in braces can be incorporated optionally in the command, either not at all, once or
several times.

Description of Parameters

Due to the standardization, the parameter section of SCPI commands consists always
of the same syntactical elements. SCPI has therefore specified a series of definitions,
which are used in the tables of commands. In the tables, these established definitions
are indicated in angled brackets (<...>) and is briefly explained in the following.

For details see the chapter "SCPI Command Structure" in the base unit description.

<Boolean>

This keyword refers to parameters which can adopt two states, "on" and "off". The "off"
state may either be indicated by the keyword OFF or by the numeric value 0, the "on"
state is indicated by ON or any numeric value other than zero. Parameter queries are
always returned the numeric value 0 or 1.

<numeric_value> <num>

These keywords mark parameters which may be entered as numeric values or be set
using specific keywords (character data). The following keywords given below are per-
mitted:

e MaXimum: This keyword sets the parameter to the largest possible value.
® MINimum: This keyword sets the parameter to the smallest possible value.
® DEFault: This keyword is used to reset the parameter to its default value.
® yp: This keyword increments the parameter value.

® DOWN: This keyword decrements the parameter value.
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5.3

CALCulate:BURSt Subsystem (WLAN)

The numeric values associated to MAXimum/MINimum/DEFault can be queried by
adding the corresponding keywords to the command. They must be entered following
the quotation mark.

Example:
SENSe:FREQuency:CENTer? MAXimum

Returns the maximum possible numeric value of the center frequency as result.

<arbitrary block program data>

This keyword is provided for commands the parameters of which consist of a binary
data block.

ABORt Subsystem

ABORt
This command aborts a current measurement and resets the trigger system.
Example: ABOR; INIT:IMM

Mode: all

CALCulate:BURSt Subsystem (WLAN)

The CALCulate:BURSt subsystem checks the I/Q measurement results.
CALCulate<n>BURSH[:IMMEIAIE].....cceeeeeeeeeeeeeeeeieeeeeeeeeeerete e ee e e e e s e e e e eeeaeaeeeeeeeeeeeeees 120

CALCulate<n>:BURSt[:IMMediate]

This command forces the I/Q measurement results to be recalculated according to the
current settings.

Suffix:
<n> 1.4
irrelevant
Example: CALC1:BURS
Starts the recalculation of the IQ measurement results.
Usage: Event
Mode: WLAN

Manual operation: See "Analyze" on page 97
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5.4 CALCulate:LIMit Subsystem (WLAN)

The CALCulate:LIMit subsystem contains commands for the limit lines and the corre-
sponding limit checks.

CALCulate<n>:LIMit<1>:ACPOWEACHENNEI?.......coueeeeieeeeeee e 122
CALCulate<n>:LIMit<k>:ACPower:ACHanNel:RESUIt............euveruruiiiiiieieieieeeeeeeeeeeeeeeeeeeees 122
CALCulate<n>:LIMit<1>:ACPOWErALTEINAE?.........ceeverererrrrrrnrnnnieieieseeeeeeeeeeeeeeserereeeeenns 123
CALCulate<n>:LIMit<k>:ACPower:ALTernate<channel>[:RELative].............ccevvvrereerrrernnnnn. 123
CALCUlate<n>:LIMIt<1>:BURSEALL.....cceiiieerieeeeeeeeeeeeeeeeeeteeeeeeeeetie e e e e eeeeaeeeeesersanaeeaees 124
CALCulate<n>:LIMit<1>:BURSEALL:IRESUIR?....ceieee e 124
CALCulate<n>:LIMit<1>:BURSt:EVM[:AVERAQGE]. ... et 124
CALCulate<n>:LIMit<1>:BURSt:EVM[:AVERage]:RESUI?......c.ovieiiiiieieii e, 125
CALCulate<n>:LIMit<1>:BURSEEVM:ALL[AVERAQGE]........cceevieiieeeeeeeereinreieneee e e s e e e 125
CALCulate<n>:LIMit<1>:BURSt:EVM:ALL[:AVERaQE]:RESUIt?......cccvvereeeeiiiiiiiiieeeeeee e, 126
CALCulate<n>:LIMit<1>:BURSt:EVM:ALL:MAXIMUM......ccouiieieeiiiiiiiieeeeeeiiieeeeeeeeeieeeeeeeeeens 126
CALCulate<n>:LIMit<1>:BURSt:EVM:ALL:MAXimum:RESUIt?........cccoeviiiiiiiiiiiieeieieeeen. 126
CALCulate<n>:LIMit<1>:BURSt:EVM:DATA[:AVERAGE].....utieuiiiiieiiiieeeeeeeee e 127
CALCulate<n>:LIMit<1>:BURSt:EVM:DATA[:AVERage]:RESUIt?.........ccoeeiiiiiiiiiiiiiieieee, 127
CALCulate<n>:LIMit<1>:BURStEVM:DATA:MAXIMUM...ccuiiiiieiieeeieeeeirereneeteeeereeeneeneanns 128
CALCulate<n>:LIMit<1>:BURSt:EVM:DATA:MAXIiMUM:RESUIt?..........covvrereerererririiieennn, 128
CALCulate<n>:LIMit<1>:BURStE:EVM:MAXIMUM....ouuiiieiiiiiiiieeeeeeiiiieieeeeeerieeeeeeeeeraaeeeaeeeens 128
CALCulate<n>:LIMit<1>:BURSt:EVM:MAXIMUM:RESUI?.......ccvueiieeiieiiieeeeeeeeieee e 129
CALCulate<n>:LIMit<1>:BURSt:EVM:PILOt[:AVERAQE]......ctvtrueieeiiriiiiieeeereeiiieieeeeeeinnaneaes 129
CALCulate<n>:LIMit<1>:BURSt:EVM:PILot[:AVERage]:RESUI?.......ccomiiiiiiiiiiiiiieeeeee 129
CALCulate<n>:LIMit<1>:BURStEVM:PILOt:MAXIMUM.....ouiiiiiiii e e eans 130
CALCulate<n>:LIMit<1>:BURSt:EVM:PILot:MAXimUum:RESUIt?......ccoeeeeeeeiiieiiiieeeeeeeeveeiiian, 130
CALCulate<n>:LIMit<1>:BURSt:FERROIM:AVERAQGE].........ceeveereiieeeeeerereinrcene e e s e e e e e 131
CALCulate<n>:LIMit<1>:BURSt:FERROI[:AVERAQE]:RESUIt?......cuvururieiiieieieeeeeeeeeeeeeeeeeees 131
CALCulate<n>:LIMit<1>:BURSt:FERROIMAXIMUM.......ciiiiiiiiiieeei e eeaaes 131
CALCulate<n>:LIMit<1>:BURSt:FERRor:MAXimum:RESUIt?..........coimmmiiiiiieieeeeeieeeeen, 131
CALCulate<n>:LIMit<1>:BURSt:IQOFfSEt[:AVERAGE]. cceerrrrrenruennaaaaaaa e eeeeeeeeaaaeeeeeeeeceeeenens 132
CALCulate<n>:LIMit<1>:BURSt:IQOFfset[:AVERage]:RESUIt?.........cceeeeeeeiieiieeeeeeeeeeiieeee 132
CALCulate<n>:LIMit<1>:BURSt:IQOFfSet:MAXIMUM.......coiiiiiiiiiieee et e e e eeran s 132
CALCulate<n>:LIMit<1>:BURSt:IQOFfset:MAXIimUM:RESUI?.........covveierieiiiiicc e 133
CALCulate<n>:LIMit<1>:BURSt:SYMBOIerror;AVERAGE].......uuuueeiiiieieieeeeeeeeeeeeeeeeeeeeeenennnns 133
CALCulate<n>:LIMit<1>:BURSt:SYMBolerror[:AVERage:RESUIt?.........cccceiirieriirninieereennen 133
CALCulate<n>:LIMit<1>:BURSt:SYMBolerror:MAXIMUM...........coueeimiieeeiiie e 133
CALCulate<n>:LIMit<1>:BURSt:SYMBolerror:MAXimum:RESUI?.........ccccoveveiiiiiiiiieiceieenee, 134
CALCulate<n>:LIMit<1>:BURSt TFALIELAVERAGE]. . .vveeereesereesereeseseeseseesessesessesesseseesesenn. 134
CALCulate<n>:LIMit<1>:BURSt:TFALI[:AVERAGE]:RESUR?.......ouvvvueieeieieieeeeeeeeeeeeeeeeeeeees 134
CALCulate<n>:LIMit<1>:BURSt:TFALEMAXIMUM....uuuiiiiiiiiiiieeeeeeeeitiee e e et eeeeeeeeaneaeeeeens 134
CALCulate<n>:LIMit<1>:BURSt: TFALEMAXIiMUM:RESUIt?.....c..oiiiiiiiiiieeiieeeeee e, 135
CALCulate<n>:LIMit<1>:BURSt:TRISE[:AVERAQGE]......uciiieiiriiiiieieeeiiiiie e e eeeeriie s e e e eenanaeeeees 135
CALCulate<n>:LIMit<1>:BURSt:TRISe[:AVERage]:RESUI?........coouiiiiiiiiiiiiiieeeeee 135
CALCulate<n>:LIMit<1>:BURSETRISE:MAXIMUM.....iiiiiiiieii et e e e enns 136
CALCulate<n>:LIMit<1>:BURSt:TRISe:MAXIiMUM:RESUIt?.....cccoeeeiieiieieieeeeeeeeeeeeveeen 136
CALCulate<n>:LIMit<1>:CONTIOIDAT A ccceie it eeeeeeeeeeeeeeeeeeeeeeer e e e e e e e e e eaaaeeeeeeeenes 136
CALCUIAtESN> LIMItSK> IFALL? ot e ieeeeeetiee e et e e e ettt s e e e e et ee e e e s e ee b e e e e eeasba e eeeeernnanss 137
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CALCulate<n>:LIMit<1>:SPECtrum:MASK:CHECK:X? ...ttt eve e e e e 137
CALCulate<n>:LIMit<1>:SPECtrum:MASK:CHECK:Y 2. .neiiiii ettt 138
CALCulate<n>:LIMit<1>IUPPEIT:DATA]L. ..u ettt ettt ettt e e e e e e e ea e 138

CALCulate<n>:LIMit<1>:ACPower:ACHannel?
This command returns the ACP adjacent channel limit for IEEE 802.11j if defined.

Suffix:
<n> 1.4
irrelevant
Return values:
<Result> numeric value in dB
Example: CALC:LIM:ACP:ACH?
Returns the IEEE 802.11j ACP adjacent channel limit.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<k>:ACPower:ACHannel:RESult

This command queries the result of the limit check for the upper/lower adjacent chan-
nel when adjacent channel power measurement is performed.

If the power measurement of the adjacent channel is switched off, the command pro-
duces a query error.

Suffix:
<n> Selects the measurement window.
<k> irrelevant

Return values:

Result The result is returned in the form <result>, <result> where
<result> = PASSED | FAILED, and where the first returned value
denotes the lower, the second denotes the upper adjacent chan-
nel.
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Example: CALC:LIM:ACP:ACH 30DB, 30DB
Sets the relative limit value for the power in the lower and upper
adjacent channel to 30 dB below the channel power.
CALC:LIM:ACP:ACH:ABS -35DBM, -35DBM
Sets the absolute limit value for the power in the lower and
upper adjacent channel to -35 dB.
CALC:LIM:ACP ON
Switches on globally the limit check for the channel/adjacent
channel measurement.
CALC:LIM:ACP:ACH:STAT ON

Switches on the limit check for the adjacent channels.
INIT; *WAT

Starts a new measurement and waits for the sweep end.
CALC:LIM:ACP:ACH:RES?
Queries the limit check result in the adjacent channels.

CALCulate<n>:LIMit<1>:ACPower:ALTernate?
This command returns the ACP alternate channel limit for IEEE 802.11j if defined.

Suffix:
<n> 1..4
irrelevant
Return values:
<Result> numeric value in dB
Example: CALC:LIM:ACP:ALT?
Returns the IEEE 802.11j ACP alternate channel limit.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<k>:ACPower:ALTernate<channel>[:RELative] <LowerLimit>,
<UpperLimit>

This command defines the limit for the alternate adjacent channels for adjacent chan-
nel power measurements. The reference value for the relative limit value is the mea-
sured channel power.

Suffix:
<n> Selects the measurement window.
<k> irrelevant
<Channel> 1...11
the alternate channel
Parameters:
<LowerLimit>, first value: 0 to 100dB; limit for the lower and the upper alternate
<UpperLimit> adjacent channel

*RST: 0DB
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Example: CALC:LIM:ACP:ALT2 30DB, 30DB
Sets the relative limit value for the power in the lower and upper
second alternate adjacent channel to 30 dB below the channel
power.

CALCulate<n>:LIMit<1>:BURSt:ALL
This command sets or returns all the limit values.

Suffix:
<n> 1.4
irrelevant

Return values:
<Results> The results are input or output as a list of values separated by "'
in the following (ASCII) format:
<average frequency error>, <max frequency error>,
<average symbol error>, <max symbol error>,
<average |Q offset>, <maximum IQ offset>,
<average EVM all bursts>, <max EVM all bursts>,
<average EVM data carriers >, <max EVM data carriers >
<average EVM pilots >, <max EVM pilots >
The units for the EVM results are specified with the UNIT: EVM

command.
Example: CALC:LIM:BURS:ALL?
All limit values are returned
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:ALL:RESUIt?

This command returns all the limit results.

Suffix:

<n> 1.4
irrelevant

Return values:

<Results> For details on formats refer to FETCh : BURSt : ALL?
on page 170.

Example: CALC:LIM:BURS:ALL:RES?
All limit values are returned

Usage: Query only

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM[:AVERage] <Value>

This command sets the average error vector magnitude limit for the IEEE 802.11b
standard.
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Suffix:

<n> 1.4
irrelevant

Parameters:

<Value> numeric value in dB

Example: CALC:LIM:BURS:EVM -25.0
Average EVM limit is set to -25 dB

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM[:AVERage]:RESult?

This command returns the average error vector magnitude limit result for the IEEE
802.11b standard.

Suffix:
<n> 1..4
irrelevant
Return values:
<Results> 0]1
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:RES?
Average EVM limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:ALL[:AVERage] <Value>

This command sets the average error vector magnitude limit. This is a combined figure
that represents the pilot, data and the free carrier.

Suffix:
<n> 1..4
irrelevant
Parameters:
<Value> numeric value in dB
Example: CALC:LIM:BURS:EVM:ALL -25.0
Average EVM for all carrier limit is set to -25.0 dB
Mode: WLAN
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CALCulate<n>:LIMit<1>:BURSt:EVM:ALL[:AVERage]:RESult?

This command returns the average error vector magnitude limit result. This is a com-
bined figure that represents the pilot, data and the free carrier.

Suffix:
<n> 1..4
irrelevant
Return values:
<Results> 011
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:ALL:RES?
Average EVM for all carrier limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:ALL:MAXimum <Value>

This command sets the maximum error vector magnitude limit. This is a combined fig-
ure that represents the pilot, data and the free carrier.

Suffix:

<n> 1..4
irrelevant

Parameters:

<Value> numeric value in dB

Example: CALC:LIM:BURS:EVM:ALL:MAX?
Maximum EVM for all carrier limit is returned

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:ALL:MAXimum:RESult?

This command returns the maximum error vector magnitude limit result. This is a com-
bined figure that represents the pilot, data and the free carrier.

Suffix:
<n> 1..4
irrelevant



CALCulate:LIMit Subsystem (WLAN)

Return values:
<Results> 011

0
PASSED

1
FAILED

Example: CALC:LIM:BURS:EVM:ALL:MAX:RES?
Maximum EVM for all carrier limit result is returned

Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:DATA[:AVERage] <Value>

This command sets the average error vector magnitude limit summary for the data car-

rier.
Suffix:
<n> 1..4
irrelevant
Parameters:
<Value> numeric value in dB
Example: CALC:LIM:BURS:EVM:DATA -30.0
Average EVM for data carrier limit is set to -30.0 dB
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:DATA[:AVERage]:RESult?

This command returns the average error vector magnitude limit result summary for the
data carrier.

Suffix:
<n> 1.4
irrelevant
Return values:
Results 011
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:DATA:RES?
Average EVM for data carrier limit result is returned
Usage: Query only
Mode: WLAN
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CALCulate<n>:LIMit<1>:BURSt:EVM:DATA:MAXimum <Value>

This command sets the maximum error vector magnitude limit summary for the data

carrier.

Suffix:

<n> 1.4
irrelevant

Parameters:

<Value> numeric value in dB

Example: CALC:LIM:BURS:EVM:DATA:MAX?
Maximum EVM for data burst limit is returned

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:DATA:MAXimum:RESult?

This command returns the maximum error vector magnitude limit result summary for
the data carrier.

Suffix:
<n> 1.4
irrelevant
Return values:
<Results> 011
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:DATA:MAX:RES?
Maximum EVM for data carrier limit result is returned Character-
istics.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:MAXimum <Value>

This command sets the maximum error vector magnitude limit for the IEEE 802.11b

standard.
Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> numeric value in dB
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Example: CALC:LIM:BURS:EVM:MAX?
Maximum EVM limit is returned
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:MAXimum:RESult?

This command returns the maximum error vector magnitude limit result for the IEEE
802.11b standard.

Suffix:
<n> 1.4
irrelevant
Return values:
<Results> 011
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:MAX:RES?
Maximum EVM limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:PILot[:AVERage] <Value>

This command sets the average error vector magnitude limit summary for the pilot car-

riers.
Suffix:
<n> 1..4
irrelevant
Parameters:
<Value> numeric value in dB
Example: CALC:LIM:BURS:EVM:PIL -8.0
Average EVM for pilot carrier limit is set to -8.0 dB
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:PILot[:AVERage]:RESult?

This command returns the average error vector magnitude limit result summary for the
pilot carriers.

Suffix:
<n> 1.4
irrelevant
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Return values:
<Results> 011

0
PASSED

1
FAILED

Example: CALC:LIM:BURS:EVM:PIL:RES?
Average EVM for pilot carrier limit result is returned

Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:PILot:MAXimum <Value>

This command sets the maximum error vector magnitude limit summary for the pilot

carriers.
Suffix:
<n> 1..4
irrelevant
Parameters:
<Value> numeric value in dB
Example: CALC:LIM:BURS:EVM:PIL:MAX?
Maximum EVM for pilot carrier limit is returned
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:EVM:PILot:MAXimum:RESult?

This command returns the maximum error vector magnitude limit result summary for
the pilot carriers.

Suffix:
<n> 1.4
irrelevant
Return values:
<Results> 011
0
PASSED
1
FAILED
Example: CALC:LIM:BURS:EVM:PIL:MAX:RES?
Maximum EVM for pilot carrier limit result is returned
Usage: Query only
Mode: WLAN
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CALCulate<n>:LIMit<1>:BURSt:FERRor[:AVERage] <Value>

This command sets the average frequency error limit.

Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> numeric value in Hertz
Example: CALC:LIM:BURS:FERR 10000
The average frequency error limit is set to 10 kHz
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:FERRor[:AVERage]:RESult?

This command returns the average frequency error limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:FERR:RES?
Average frequency error limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:FERRor:MAXimum <Value>

This command sets the maximum frequency error limit.

Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> numeric value in Hertz
Example: CALC:LIM:BURS:FERR:MAX?
Maximum frequency error limit is returned
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:FERRor:MAXimum:RESult?
This command returns the maximum frequency error limit result.

Suffix:
<> 1.4
irrelevant
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Example: CALC:LIM:BURS:FERR:MAX:RES?

Maximum frequency error limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:IQOFfset[:AVERage] <Value>

This command sets the average 1Q Offset error limit.

Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> Range: -1000000 to 1000000
Default unit: dB
Example: CALC:LIM:BURS:IQOF -10.0
Average 1Q Off set error limit is set to -10.0 dB
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:IQOFfset[:AVERage]:RESult?

This command returns the average |Q Offset error limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:IQOF:RES?
Average 1Q Offset error limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:IQOFfset:MAXimum <Value>

This command sets the maximum 1Q Offset error limit.

Suffix:
<> 1.4
irrelevant
Parameters:
<Value> Range: -1000000 to 1000000
Default unit: dB
Example: CALC:LIM:BURS:IQOF:MAX 15.0
Maximum 1Q Off set error limit is set to -15.0 dB
Mode: WLAN



CALCulate:LIMit Subsystem (WLAN)

CALCulate<n>:LIMit<1>:BURSt:IQOFfset:MAXimum:RESult?

This command returns the maximum IQ Offset error limit result.

Suffix:
<n> 1.4
irrelevant
Example: CALC:LIM:BURS:IQOF:MAX:RES?
Maximum 1Q Offset error limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:SYMBolerror[:AVERage] <Value>

This command sets the average symbol error limit.

Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> numeric value in Hertz
Example: CALC:LIM:BURS:SYMB 10000
The average symbol error limit is set to 10kHz
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:SYMBolerror[:AVERage]:RESult?

This command returns the average symbol error limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:SYMB:RES?
Average symbol error limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:SYMBolerror:MAXimum <Value>

This command sets the maximum symbol error limit.

Suffix:
<n> 1.4
irrelevant
Parameters:
<Value> numeric value in Hertz
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Example: CALC:LIM:BURS:SYMB:MAX?
Maximum symbol error limit is returned
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:SYMBolerror:MAXimum:RESult?

This command returns the maximum symbol error limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:SYMB:MAX:RES?
Maximum symbol error limit result is returned.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:TFALI[:AVERage] <Value>

This command sets the average fall time limit.

Suffix:

<n> 1.4
irrelevant

Parameters:

<Value> numeric value in seconds

Example: CALC:LIM:BURS:TFAL 0.000001
The average fall time limit is set to 1 «cs

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt: TFALI[:AVERage]:RESult?

This command returns the average fall time limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:TFAL1:RES?
Average fall time limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt: TFALI:MAXimum <Value>

This command sets the maximum fall time limit.
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Suffix:

<n> 1.4
irrelevant

Parameters:

<Value> numeric value in seconds

Example: CALC:LIM:BURS:TFAL1:MAX 0.000001
The maximum fall time limit set to 1 «s.

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt: TFALI:MAXimum:RESult?

This command returns the maximum fall time limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:TRIS:MAX:RES?
Maximum fall time limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:TRISe[:AVERage] <Value>

This command sets the average rise time limit.

Suffix:

<n> 1..4
irrelevant

Parameters:

<Value> numeric value in seconds

Example: CALC:LIM:BURS:TRIS 0.000001
The average rise time limit is setto 1 «s

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:TRISe[:AVERage]:RESult?

This command returns the average rise time limit result.

Suffix:
<n> 1.4
irrelevant
Example: CALC:LIM:BURS:TRIS:RES?
The average rise time limit result is returned
Usage: Query only
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Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt:TRISe:MAXimum <Value>

This command sets the maximum rise time limit.

Suffix:

<n> 1.4
irrelevant

Parameters:

<Value> numeric value in seconds

Example: CALC:LIM:BURS:TRIS:MAX 0.000001
Maximum rise time limit is set to 1 «s

Mode: WLAN

CALCulate<n>:LIMit<1>:BURSt: TRISe:MAXimum:RESult?

This command returns the maximum rise time limit result.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:BURS:TRIS:MAX:RES?
Maximum rise time limit result is returned
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:CONTrol[:DATA] <Value>

This command defines the X-axis values (frequencies) of the upper or lower limit lines.
The number of values for the CONTrol axis and for the corresponding UPPer limit line

has to be identical. Otherwise default values are entered for missing values or unnec-

essary values are deleted.

Parameters:

<Value>

Example: CALC:LIM2:CONT 1MHz,30MHz,100MHz, 300MHz, 1GHz
Defines 5 reference values for the X-axis of limit line 2
CALC:LIM2:CONT?
Outputs the reference values for the X-axis of limit line 2 separa-
ted by a comma.

Mode: WLAN
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CALCulate<n>:LIMit<k>:FAIL?
This command queries the result of a limit check.

Note that for SEM measurements, the limit line suffix <k> is irrelevant, as only one spe-
cific SEM limit line is checked for the currently relevant power class.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single sweeps.

Suffix:
<n> irrelevant
<k> limit line
For option WLAN TX Measurements, R&S FSV-K91/91n, see
table below
Return values:
<Result> 0
PASS
1
FAIL
Example: INIT; *WAT

Starts a new sweep and waits for its end.
CALC:LIM3:FATIL?

Queries the result of the check for limit line 3.
Usage: Query only

For option WLAN TX Measurements, R&S FSV-K91/91n, the numeric suffix <k> speci-
fies the limit lines as follows:

Suffix Limit

1t02 These indexes are not used

3 ETSI Spectrum Mask limit line

4 Spectrum Flatness (Upper) limit line
5 Spectrum Flatness (Lower) limit line
6 IEEE Spectrum Mask limit line

7 PVT Rising Edge max limit

8 PVT Rising Edge mean limit

9 PVT Falling Edge max limit

10 PVT Falling Edge mean limit

CALCulate<n>:LIMit<1>:SPECtrum:MASK:CHECk:X?

This command returns the X-value at the maximum overstepping of the spectrum mask
limits.
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Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:SPEC:MASK:CHEC:X?
Returns the frequency at the maximum overstepping.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:SPECtrum:MASK:CHECk:Y?

This command returns the Y-value at the maximum overstepping of the spectrum mask
limits.

Suffix:
<n> 1..4
irrelevant
Example: CALC:LIM:SPEC:MASK:CHEC:Y?
Returns the power at the maximum overstepping.
Usage: Query only
Mode: WLAN

CALCulate<n>:LIMit<1>:UPPer[:DATA] <Value>

This command defines the values for the upper limit lines independently of the mea-
surement window. The number of values for the CONTrol axis and for the correspond-
ing UPPer limit line has to be identical. Otherwise default values are entered for miss-
ing values or unnecessary values are deleted.

Suffix:

<n> 1.4
irrelevant

Parameters:

<Value>

Example: CALC:LIM2:UPP -10,0,0,-10,-5
Defines 5 upper limit values for limit line 2 in the preset unit.
CALC:LIM2:UPP?
Outputs the upper limit values for limit line 2 separated by a
comma.

Mode: WLAN

CALCulate:MARKer Subsystem (WLAN)

The CALCulate:MARKer subsystem checks the marker functions of the instrument.
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5.5.1

CALCulate:MARKer Subsystem (WLAN)

The following subsystem is included:

Chapter 5.5.2, "CALCulate:MARKer:FUNCtion Subsystem (WLAN, R&S FSV-
K91/91n)", on page 144

Description of the CALCulate:MARKer Subsystem (WLAN, R&S FSV K91/91n)....... 139
CALCulate:MARKer:FUNCtion Subsystem (WLAN, R&S FSV-K91/91n)..........ccc... 144

Description of the CALCulate:MARKer Subsystem (WLAN, R&S
FSV K91/91n)

CALCUIate<n>:MARKEIr<MS>[:STATE]....cceutuiieeeeiieiieeeeeeetieaeeeeeeeaae e eeeseetaaeeeeseestaaeeesereans 139
CALCulate<n>:MARKEr<m>:AOFF ...ttt et eeenaas 139
CALCulate<n>:MARKEr<1>:BSYMDOL......ccoeuiiiiiiiiiee et et a e 140
CALCulate<n>:MARKEIr<T>:CARRIB . .....uuciieeeeeeee ettt ettt e e e e e e eaeeeeaans 140
CALCulate<n>:MARKEr<1>:MAXIMUM........cceeeeeieieiiiiieieeeteererireeaeseeeeeeeaeaaaasesseseeeeeeeees 141
CALCulate<n>:MARKEr<1>:MINIMUM .. .0uuuuuutneiiieeeieieeeeeeeeeeerereeeereeeerrsrarern s 141
CALCUIate<n>:MARKEI<1>:SYMBOL.....ceeeiiiriiieeeeitiieeeeeeetteeeeeeeetateeeeeseetaaeeeeeeestaaaaaeens 141
CALCUIate<n>:MARKEI<T>TRACE. .. uuieeeeieetieeeee ettt e eeeeeeaee e e e e e eeteaeeeeeeastaaseeesretaaaeaeens 142
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CALCulate<n>:MARKer<m>[:STATe] <State>
This command turns markers on and off.

If the corresponding marker number is currently active as a deltamarker, it is turned
into a normal marker.

Suffix:
<n> Selects the measurement window.
<m> depends on mode
Selects the marker.
Parameters:
<State> ON | OFF
*RST: OFF
Example: CALC:MARK3 ON

Switches on marker 3 or switches to marker mode.

Manual operation: See "Marker 1" on page 112

CALCulate<n>:MARKer<m>:AOFF

This command all markers off, including delta markers and marker measurement func-
tions.

Suffix:
<n> Selects the measurement window.
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<m> depends on mode
irrelevant
Example: CALC:MARK:AOFF

Switches off all markers.
Usage: Event

Manual operation: See "Marker Off" on page 112

CALCulate<n>:MARKer<1>:BSYMbol <BurstNumber>, <SymbolNumber>

This command positions the selected marker to the indicated symbol in the indicated
burst.

This command only applies to 802.11b standard for the following result displays:

® Constellation vs Symbol
® EVM vs Symbol

Suffix:
<n> 1.4
irrelevant
Parameters:
<BurstNumber>, The first numeric value is the burst number and the second

<SymbolNumber> numeric value is the symbol number.

Example: CALC:MARK1:BSYM 2,10

Positions marker 1 to symbol 10 of burst 2.
CALC:MARK1 :BSYM?

Outputs the burst and symbol values of marker 1.

Mode: WLAN

CALCulate<n>:MARKer<1>:CARRier <Carrier>
This command positions the selected marker to the indicated carrier.
This command is query only for the following result displays:

® Constellation vs Symbol
® Constellation vs Carrier

Suffix:
<n> 1.4
irrelevant
Parameters:
<Carrier>
Example: CALC:MARK:CARR -7

Positions marker 1 to carrier -7.
CALC :MARK:CARR?
Outputs the carrier value of marker 1.
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Mode: WLAN, OFDM, OFDMA/WiBro

Manual operation: See "Marker 1" on page 112

CALCulate<n>:MARKer<1>:MAXimum

This command sets the selected marker to the maximum peak value in the current
trace. This command is only available for the Spectrum Flatness result display.

Suffix:
<n> 1.4
window
Example: CALC2 :MARK:MAX
Set marker 1 in screen B to maximum value in trace.
Mode: WLAN, OFDM, OFDMA/WiBro

Manual operation: See "Peak (Spectrum Flatness result display)" on page 113

CALCulate<n>:MARKer<1>:MINimum

This command sets the selected marker to the minimum peak value in the current
trace. This command is only available for the Spectrum Flatnes result display.

Suffix:
<n> 1.4
window
Example: CALC2:MARK:MIN
Set marker 1 in screen B to minimum value in trace.
Mode: WLAN, OFDM, OFDMA/WiBro

Manual operation: See "Min (Spectrum Flatness result display)" on page 113

CALCulate<n>:MARKer<1>:SYMBol <Symbol>
This command positions the selected marker to the indicated symbol.
This command is query only for the following result displays:

® Constellation vs Symbol
® Constellation vs Carrier

Suffix:
<n> 1..4
window
Parameters:
<Symbol> 1 to <number of symbols in selected burst>
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Example: CALC2:MARK:SYMB 2
Positions marker 1 in screen B to symbol 2.
CALC2:MARK:SYMB?

Outputs the symbol value of marker 1 in screen B.
Mode: WLAN, OFDM, OFDMA/WiBro

Manual operation: See "Marker 1" on page 112

CALCulate<n>:MARKer<1>:TRACe <TraceNo>

This command assigns the selected marker to the indicated measurement curve in the
selected measurement window.

This command is only available for the following result displays:

® Constellation versus Carrier

e EVM vs Symbol

® Frequency Error vs Preamble

® Phase Error vs Preamble

® PVT Full Burst

® PVT Rising/Falling

® Spectrum Flatness

® Spectrum Mask, if Max Hold trace is displayed

® Spectrum ACP/ACPR, if Max Hold trace is displayed

Suffix:
<n> 1..4
window
Parameters:
<TraceNo> Trace number to be assigned to the marker.
*RST: 1
Example: "CALC2:MARK:TRAC 2
Assigns marker 1 in screen B to trace 2.
Mode: WLAN

Manual operation: See "MKR -> Trace" on page 113

CALCulate<n>:MARKer<1>:X <Position>

This command positions the selected marker to the indicated inphase (Constellation vs
Symbol), frequency (Spectrum FFT, Spectrum Mask, Spectrum APCR), time (Magni-
tude Capture Buffer, Auto level, PVT Full Burst, PVT Rising / Falling), power (CCDF),
sub-carrier (Constellation vs Carrier, EVM vs Carrier, Spectrum Flatness) or symbol
(EVM vs Symbol) in the selected measurement window.

This command is query only for the following result displays:

® Constellation vs Symbol



CALCulate:MARKer Subsystem (WLAN)

® Constellation vs Carrier

Suffix:
<n> 1.4

window
Parameters:
<Position> 1 to <maximum range for selected measurement>
Example: CALC:MARK:X 2ms

Positions marker 1 in screen A to time 2ms.
Mode: WLAN, OFDMA/WiBro

Manual operation: See "Marker 1" on page 112

CALCulate<n>:MARKer<1>:Y <Position>

This command positions the selected marker to the indicated quadrature (Constellation
vs Symbol), magnitude of | or Q (Constellation vs Carrier), EVM (EVM vs Carrier) or
abs (Spectrum Flatness) in the selected measurement window.

This command is query only for the following result displays:

® Auto Level

® Constellation vs Symbol

® Constellation vs Carrier

® EVM vs Symbol

e PVT Full

® PVT Rising/Falling

® Magnitude Capture Buffer
® Spectrum Mask

® Spectrum ACP/ACPR

® Spectrum FFT

e CCDF
Suffix:
<n> 1.4
window
Parameters:
<Position>
Example: CALC2:MARK:Y -2
Positions marker 1 in screen B to -2.
CALC:MARK:Y?
Outputs the measured value of marker 1.
Mode: WLAN; OFDMA/WiBro

Manual operation: See "Marker 1" on page 112
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5.5.2 CALCulate:MARKer:FUNCtion Subsystem (WLAN, R&S FSV-
K91/91n)

The measurement window is selected by CALCulate 1 (screen A) or 2 (screen B).

CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult:CURRent]?...........cccccoovriiiiiiinnnnnnn. 144
CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult: MAXHOId?..........ccoeueeiiiiiiiiiiiin, 144
CALCulate<n>:MARKer<1>:FUNCtion:ZOOM..........coociiiimiiiiiiiiii e 145

CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult[: CURRent]?

This command queries the current result values of the adjacent channel power mea-
surement. An ACPR (Adjacent channel power relative) measurement must have previ-
ously been run, for there to be summary data available.

Results are output separated by commas in the following order:

® Power of main channel

® Power of lower adjacent channel

® Power of upper adjacent channel

® Power of lower alternate adjacent channel 1
® Power of upper alternate adjacent channel 1
® Power of lower alternate adjacent channel 2
® Power of upper alternate adjacent channel 2

Adjacent channel power values are output in dB.

Suffix:
<n> 1..4
irrelevant
Example: CALC:MARK:FUNC:POW:RES?
Usage: Query only
Mode: WLAN

Manual operation: See "Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo
Mode), n, p)/ Spectrum ACP (IEEE 802.11b)/ ACP Rel/Abs
(IEEE 802.11j)" on page 80

CALCulate<n>:MARKer<1>:FUNCtion:POWer:RESult:MAXHold?

This command queries the maximum result values of the adjacent channel power mea-
surement. An ACPR (Adjacent channel power relative) measurement must have previ-
ously been run with more than one sweep, for there to be maximum summary data
available.

For details on the output refer to CAL.Culate<n>:MARKer<1>:FUNCtion:POWer:
RESult[:CURRent]? on page 144 .
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Suffix:
<n> 1..4
irrelevant
Example: CALC:MARK:FUNC:POW:RES :MAXH?
Usage: Query only
Mode: WLAN

Manual operation: See "Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo
Mode), n, p)/ Spectrum ACP (IEEE 802.11b)/ ACP Rel/Abs
(IEEE 802.11j)" on page 80

CALCulate<n>:MARKer<1>:FUNCtion:ZOOM <Factor>

This command sets the magnification factor for the zoom. It is only available for the fol-
lowing result displays:

® Constellation vs Carrier
® Constellation vs Symbol

e PVT

® Magnitude Capture Buffer

Suffix:

<n> 1.4
irrelevant

Parameters:

<Factor>

Example: INIT:CONT OFF
Switches to single sweep mode
CALC:MARK:FUNC:ZOOM 3; *WAT
Activates zooming and waits for its end.

Mode: WLAN

Manual operation: See "Unzoom" on page 112
See "Marker Zoom" on page 112

CONFigure Subsystem (WLAN)

The CONFigure subsystem contains commands for configuring complex measurement
tasks. The CONFigure subsystem is closely linked to the functions of the FETCH sub-
system, where the measurement results are queried.

CONFigure:BURSt:CONStellation:CARRIEISELECE.....uuuiieieieeeeeeeeeeeeeeeeeeeeeeevevvervee e 146
CONFigure:BURSt:CONStellation:CCARrier[:IMMediate]..........ccoeeerreemreiieeieiiiceeeeeeeevnnnn. 147
CONFigure:BURSt:CONStellation:CSYMbol[:IMMediate]..........cceeeeeeerereeeeeeeieieinniinn, 147
CONFigure:BURStEVM:ECARrier[:IMMediate]...........cceuvrerrriiiminiiiiieieieeeeeeeeeeeeeeeeeeeeeeenens 147
CONFigure:BURSt:EVM:ESYMDOI[:IMMedIiate].......uceieeieeiiiiieeeeeeiice e e e e e e e e e eeeea 148
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CONFigure:BURSt:PREambIe[:IMMEdIate].......cuuuuriieieeiriiieieereeiiee e e e eeeiee e e e e eeai e e e e eeannas 148
CONFigure:BURSt:PREAMDIE:SELECE.......ceeeieeeeeiieeeieieieiieeeeae e e e e e e e e e e e e e aeeeeeeeeeeeeenenens 148
CONFigure:BURSEPVTIMMEIAtE]. ... ueeeneeieeeiete ettt et ee e et e e e e e e e e e eaas 148
CONFigure:BURSEPVT:AVERAGE. .. ccceieieieieeeeeeeeeeeeeeeeeeetettt e ae s e e e e e e e aeaaaeeeeeeeeeeneenens 149
CONFiIgure:BURSEPVTIRPOWET.........ccceieeeeeeeeerereittiiiieieaeieseeeeeaeaesesereeseessssssarsrasannnnnns 149
CONFIgUre:BURSEPVTISELECL.....cuiviiiiieiiiiiiiiiiiieieieeeeeeeeeeeeeseeeeeseeseassnsnsnnnannnaneaeeeeeeas 149
CONFigure:BURSt:SPECtrum:ACPR[IMMEIate]......cevuunieiieeiriieeeeeeeiice e e e eeeiace e e e eeeie e 150
CONFigure:BURSt:SPECtrum:FFT:IMMediate].....c..oeuuiiiiaeie e 150
CONFigure:BURSt:SPECtrum:FLATNESS[:IMMEdIate].....eeeerrereeneninaaaaaa e e e e e e e eeeeeeeeeeeeeees 150
CONFigure:BURSt:SPECtrum:FLATNESS:CSELECE....cceieeeeeeeeeeeceeeeeeeeeeeee e 151
CONFigure:BURSt:SPECtUM:FLATNESS:SELECE...ccciiieieeeeeeeeeieeeeeeeeeeeeeeeererere e 151
CONFigure:BURSt:SPECtrum:MASK[:IMMEIate]........uurrerereeeeeeeeiiciiiirieeeeeeeeeeeeeeeeennnennns 151
CONFigure:BURSt:SPECHUMIMASK:SELECL.......cccieieieieeeieeiiintitcieeeseee e e e e e e e e eaeeeeeeeeeeenes 152
CONFigure:BURSt:STATistics:BSTReam[:IMMediate]........ccuuuueeieeririniiiieeeiiiieeeeeeeeieaeeaes 152
CONFigure:BURSt:STATistics:CCDF[:IMMediate].......cuuiiuiiiiiiiie e 152
CONFigure:BURSt:STATIstics:SFIeld[:IMMedIiate]....... . uuuaaaaaeeeeeeeeeeeeeeeeeee e 152
CONFIGUIEICHANNEL.....ceeieetiteititieeeeeieee i et et e e e e e e et e e e eeeeeeeeeeaba b b e seseeaeeaaaaaasseseeeeeneees 153
CONFIgUre:POWEIAUTO....uuveiriiiiiieeeieieteeeeeeeaeeeeeeeeeeeeesesssrarasaaan e seseeeeeasaasessesereeneenes 153
CONFigure:POWer:AUTO:SWEEP:TIME.......cuuuuuirieiueniaiaieieseeeeeaeaaaaeseeeeseseeeeessnnsnnnnnnnnnnns 153
CONFiIgure:POWErEXPECIEA:RF ......uuuuuuiiiiiieieieeeeeeeeeee e ee e eeeee s e s e e e e e e aaaaaees 154
CONFigure:POWErEXPECted:IQL. ... ceieeeeeeieeeeiei ettt e e e e e e e e e e e e e eeeeeeeeeaeeeees 154
(010 ]\ T U I T - o TR 154
CONFigure:WLAN:ANTMatrix:ADDRess<RecPath>...........ccociimiiiiiiiiiiiiii e 155
CONFigure:WLAN:ANTMatrix:ANTenna<RecPath>...........cccccoeeiiriiiiieiiieeiice e, 155
CONFigure:WLAN:ANTMatrix:STATE<RECPAtN>......ccccoieiiiiieeiieieeeeeeeeeeeeeere e 156
CONFIgUre:WLAN:DUTCONFIG +vvvvrruuuuuaaaiaeaeseeeeareeeeeiereeeeeeeessessnmnnnnnnnnaseseesasaasaseseereneen 156
CONFigure:WLAN:EXTension:AUTOITYPE.....cuuuiiiiiiiinaaae e ae e e e e e e e e e e e e e e e e eeeeeeeeeeeeeaenennaaas 156
CONFiIgure:WLAN:GTIMEIAUTO......cieiiiiiiiiieietiteeeaa e e e e e e e e e e e e e aaaaeaeeeeeeeeeeeaeesnnnnnnens 157
CONFigure:WLAN:GTIME:AUTO:TYPE ...ttt 157
CONFIgUre:WLAN:GTIMEISELECE. ...uiiiieeieiee ettt et e et e e e e e e e ea e eeas 158
CONFIgUre:WLAN:MIMO:CAPTUIE. . ceieieieeeeeeeeeeeeeeeeeeeeeeeeeerebebab b aeeaeseseseeeaeaasasesesseeeees 159
CONFigure:WLAN:MIMO[:CAPTUME]: TYPE..ciiiiiie e e e e e cccciiiirteeee e e e e e e s e e seinrraee e e e e e e e e e e e e snnnnnes 159
CONFIgUre:WLAN:OSP:ADDRESS. ....cciiiitieieeeeeeeieeeeeeeeeaeeeeaetstasaa s aeseseseaaaaaaaasaeeeeereressens 160
CONFIgure:WLAN:OSP:MODUIE........etiaieeeeeeeeeae ettt e e e e e e e e e aaeaeeeeeeeeeeeees 160
CONFigure:WLAN:PAYI0ad:LENGth:SRC..... .o 160
CONFigure:WLAN:PVERIOIMRANGE. ....c.eteteeeeaaaaaaaae e e e e e e eeeeeeeeeeeeeeeeeeeeeenennnnaeaaaa e e e e e s 161
CONFigure:WLAN:RSYNC:JOINEU. ... .ceeuiiieiiieeie et e e e e e e e e e e 161
CONFigure:WLAN:SMAPPING:MODE.....cciiiiiiiieiiieeeeeieeeeeeeeeeereteatresee s se e e e e e e eeaaaeeeeeeeeees 161
CONFigure:WLAN:SMAPPING:NORMAEIISE......ceuvrrrirrnrnnnnaaiaieieeeeeeeasaaaaeeeeereeeeeeeesensnnnnnnnnn. 162
CONFigure:WLAN:SMAPPING:TXST...4> . oiiiiiiiiiiiiieiiieeeesese e e e e e e aeaaaaeaeeeeeeeeeesaesssenennannnanas 162
CONFigure:WLAN:SMAPPING:TX<1...4>:STReaM<T..4> ... ittt 162
CONFigure:WLAN:SMAPPIng:TX<1...4>:TIMeShift......cccuiieiiii e, 163
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CONFigure:BURSt:CONStellation:CARRier:SELect <Mode>

This remote control command is only available when Constellation vs Symbol mea-
surement is selected. When the Constellation versus Symbol measurement is initiated,
it will calculate the results of the selected carrier.
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Parameters:
<Mode> -26 to 26 | ALL | PILOTS

*RST: ALL

Example: CONF:BURS: CONS: CARR: SEL -26

Carrier -26 is selected.
CONF : BURS : CONS:CARR:SEL 10

Carrier 10 is selected.
CONF :BURS:CONS:CARR:SEL ALL

All carriers are selected.
CONF :BURS:CONS:CARR:SEL PIL

Pilots only.
Mode: WLAN

Manual operation: See "Carrier Selection (IEEE 802.11a, ac, g, j, n (OFDM), p)"
on page 75

CONFigure:BURSt:CONStellation:CCARrier[:IMMediate]

This remote control command configures the measurement type to be Constellation vs
Carrier. After this command has been executed, the specified measurement will only
be started when the user issues the INTTiate<n>[:IMMediate] command.

Example: CONF :BURS : CONS : CCAR
Configures the Constellation versus Carrier measurement type.
Mode: WLAN

Manual operation: See "Constell vs Symbol/Carrier" on page 73

CONFigure:BURSt:CONStellation:CSYMbol[:IMMediate]

This remote control command configures the measurement type to be Constellation vs
Symbol. After this command has been executed, the specified measurement will only
be started when the user issues the INITiate<n>[:IMMediate] command

Example: CONF : BURS : CONS: CSYM
Configures the Constellation versus Symbol measurement type.
Mode: WLAN

Manual operation: See "Constell vs Symbol/Carrier" on page 73

CONFigure:BURSt:EVM:ECARrier[:IMMediate]

This remote control command configures the measurement type to be EVM vs Carrier.
After this command has been executed, the specified measurement will only be started
when the user issues the INTTiate<n>[:IMMediate] command.

Example: CONF : BURS : EVM: ECAR
Configures the EVM vs Carrier measurement type.
Mode: WLAN
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Manual operation: See "EVM vs Symbol/Carrier" on page 69

CONFigure:BURSt:EVM:ESYMbol[:IMMediate]

This remote control command configures the measurement type to be EVM vs Symbol.
After this command has been executed, the specified measurement will only be started
when the user issues the INTTiate<n>[:IMMediate] command.

Example: CONF:BURS:EVM:ESYM
Configures the EVM vs Symbol measurement type.
Mode: WLAN

Manual operation: See "EVM vs Symbol/Carrier" on page 69

CONFigure:BURSt:PREamble[:IMMediate]

This remote control command configures the measurement type to be Phase or Fre-
quency vs Preamble. After this command has been executed, the specified measure-
ment will only be started when the user issues the INTTiate<n>[:IMMediate]

command.
Example: CONF : BURS : PRE

Configures the preamble measurement type.
Mode: WLAN

Manual operation: See "Error Frequency/Phase" on page 71

CONFigure:BURSt:PREamble:SELect <Mode>

This remote control command configures the interpretation of the preamble measure-
ment results.

Parameters:
<Mode> PHASe | FREQuency
Example: CONF:BURS:PRE:SEL PHAS
Configures the Phase vs Preamble measurement type.
Mode: WLAN

Manual operation: See "Error Frequency/Phase" on page 71

CONFigure:BURSt:PVT[:IMMediate]

This remote control command configures the measurement type to be Power vs Time.
After this command has been executed, the specified measurement will only be started
when the user issues the INITiate<n>[:IMMediate] command.

Example: CONF:BURS: PVT
Configures the Power vs Time measurement type.
Mode: WLAN
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Manual operation: See "PVT" on page 64

CONFigure:BURSt:PVT:AVERage <Value>

This remote control command configures the measurement type to set the burst power
averaging length to the desired value. This command is only valid when the selected
standard is IEEE 802.11b.

Parameters:
<Value>
Example: CONF:BURS:PVT:AVER 31
Configures the burst power average length of 31.
Mode: WLAN

Manual operation: See "Average Length (IEEE 802.11b, g — Single Carrier)"
on page 67

CONFigure:BURSt:PVT:RPOWer <Mode>

This remote control command configures the use of either mean or maximum burst
power as a reference power for the 802.11b PVT measurement.

Parameters:
<Mode> MEAN | MAXimum
Example: CONF:BURS: PVT:RPOW MEAN
Configures to use mean burst power as a reference power.
Mode: WLAN

Manual operation: See "Ref Pow Max/Mean (IEEE 802.11b, g — Single Carrier)"
on page 67

CONFigure:BURSt:PVT:SELect <Mode>

This remote control configures how to interpret the Power vs Time measurement

results.

Parameters:

<Mode> EDGE
configures the measurement to be rising and falling edge
FALL

configures the measurement to be falling edge only (IEEE
802.11b & g (CCK))

FULL
configures the measurement to be full burst ( IEEE 802.11a, j &
g (OFDM) n, p, IEEE 802.11 Turbo Mode)

RISE
configures the measurement to be rising edge only ( IEEE
802.11b & g (CCK))
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Example: CONF:BURS:PVT:SEL FULL
Interprets the measurement results as full burst
Mode: WLAN

Manual operation: See "Full Burst" on page 65
See "Rising & Falling" on page 65
See "Ramp Up/Down/Up & Down (IEEE 802.11b, g — Single
Carrier)" on page 66

CONFigure:BURSt:SPECtrum:ACPR[:IMMediate]

This remote control command configures the measurement type to be ACPR (adjacent
channel power relative). After this command has been executed, the specified mea-
surement will only be started when the user issues the TNITiate<n>[:IMMediate]

command.
Example: CONF:BURS: SPEC: ACPR

Configures the ACPR measurement type.
Mode: WLAN

Manual operation: See "Spectrum ACPR (IEEE 802.11a, ac, g (OFDM Turbo
Mode), n, p)/ Spectrum ACP (IEEE 802.11b)/ ACP Rel/Abs
(IEEE 802.11j)" on page 80

CONFigure:BURSt:SPECtrum:FFT[:IMMediate]

This remote control command configures the measurement type to be FFT (Fast Four-
ier Transform). After this command has been executed, the specified measurement will
only be started when the user issues the INTTiate<n>[:IMMediate] command.

Example: CONF:BURS:SPEC:FFT
Configures the FFT measurement type.
Mode: WLAN

Manual operation: See "Spectrum FFT" on page 79

CONFigure:BURSt:SPECtrum:FLATness[:IMMediate]

This remote control command configures the measurement type to be Spectrum Flat-
ness. After this command has been executed, the specified measurement will only be
started when the user issues the INITiate<n>[:IMMediate] command.

Example: CONF:BURS:SPEC:FLAT
Configures the Spectrum Flatness measurement type.
Mode: WLAN

Manual operation: See "Spectrum Flatness (IEEE 802.11a, ac, g, j, n (OFDM), p /
Group Delay (IEEE 802.11 n (MIMO))" on page 76
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CONFigure:BURSt:SPECtrum:FLATness:CSELect <CSelect>

This remote control command configures the Spectrum Flatness channel selection.
This command is only valid for IEEE 802.11ac, n and IEEE 802.11n (MIMO).

Parameters:
<CSelect> EFFective
Effective channel
PHYSical
Physical channel
Example: CONF:BURS:SPEC:FLAT:SEL PHY

Flatness measurement channel is configured as Physical.

Manual operation: See "Chan Sel" on page 82

CONFigure:BURSt:SPECtrum:FLATness:SELect <MeasType>

This remote control command configures the Spectrum Flatness measurement type.
This command is only valid for IEEE 802.11ac, n and IEEE 802.11n (MIMO).

Parameters:
<MeasType> FLATness
Spectrum Flatness results

GRDelay
Spectrum Flatness Group Delay results

Example: CONF:BURS:SPEC:FLAT:SEL GRD
Flatness measurement type is configured as Spectrum Flatness
Group Delay

Manual operation: See "Spectrum Flatness (IEEE 802.11a, ac, g, j, n (OFDM), p /
Group Delay (IEEE 802.11 n (MIMO))" on page 76

CONFigure:BURSt:SPECtrum:MASK][:IMMediate]

This remote control command configures the measurement type to be Spectrum Mask.
After this command has been executed, the specified measurement will only be started
when the user issues the INTTiate<n>[:IMMediate] command

Example: CONF : BURS: SPEC :MASK
Configures the Spectrum Mask measurement type.
Mode: WLAN

Manual operation: See "Spectrum Mask (IEEE 802.11ac, b, g (Single Carrier)) /
Spectrum IEEE/ETSI (IEEE 802.11a, g, j, n (OFDM), p)"
on page 78
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CONFigure:BURSt:SPECtrum:MASK:SELect <Mode>

This remote control configures the interpretation of the Spectrum Mask measurement
results. This command is only available for IEEE 802.11a & p.

Parameters:
<Mode> IEEE | ETSI
Example: CONF:BURS:SPEC:MASK:SEL ETSI
Interprets the measurement results using the ETSI standard.
Mode: WLAN

Manual operation: See "Spectrum Mask (IEEE 802.11ac, b, g (Single Carrier)) /
Spectrum IEEE/ETSI (IEEE 802.11a, g, j, n (OFDM), p)"
on page 78

CONFigure:BURSt:STATistics:BSTReam[:IMMediate]

This remote control command configures the measurement type to be Bitstream. After
this command has been executed, the specified measurement will only be started
when the user issues the INTTiate<n>[:IMMediate] command.

Example: CONF:BURS:STAT:BSTR
Configures the Bitstream measurement type.
Mode: WLAN

Manual operation: See "Bitstream" on page 83

CONFigure:BURSt:STATistics:CCDF[:IMMediate]

This remote control command configures the measurement type to be CCDF (condi-
tional cumulative distribution functions.). After this command has been executed, the
specified measurement will only be started when the user issues the INTTiate<n>[:
IMMediate] command.

Example: CONF : BURS : STAT : CCDF
Configures the CCDF measurement type.
Mode: WLAN

Manual operation: See "CCDF" on page 83

CONFigure:BURSt:STATistics:SFleld[:IMMediate]

This remote control command configures the measurement type to be Signal Field.
After this command has been executed, the specified measurement will only be started
when the user issues the INTTiate<n>[:TIMMediate] command.

Example: CONF:BURS:STAT:SFIeld
Configures the Signal Field measurement type.
Mode: WLAN
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Manual operation: See "Signal Field (IEEE 802.11a, ac, g (OFDM), j, n, p)"
on page 85
See "PLCP Header (IEEE 802.11b, g — Single Carrier)"
on page 86

CONFigure:CHANnNel <Channel>

This remote control command is used to specify the input channel for which measure-
ments are to be performed. This command will automatically cause the internal mea-
surement frequency to be re-calculated.

Parameters:
<Channel> *RST: 0
Example: CONF:CHAN 9
Specifies channel 9 as frequency measurement.
Mode: WLAN

Manual operation: See "Channel No " on page 88

CONFigure:POWer:AUTO <Mode>

This remote control command is used to switch on or off automatic power level detec-
tion. When switched on, power level detection is performed at the start of each mea-
surement sweep.

Parameters:
<Mode> ONCE | ON | OFF
If this command is issued with the ONCE parameter then the
auto level routine is performed immediately one time.
Example: CONF:POW:AUTO ON
Configures the automatic detection of the input power level.
Mode: WLAN

Manual operation: See "Auto" on page 89
See "Auto Level" on page 111

CONFigure:POWer:AUTO:SWEep:TIME <Time>

This remote control command is used to specify the sweep time for the automatic
power level detection.

Parameters:
<Time> numeric value in seconds
*RST: 100ms
Example: CONF:POW:AUTO: SWE:TIME 200MS
Configures a 200 ms sweep time for the auto-level detection.
Mode: WLAN
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Manual operation: See "Auto” on page 89
See "Auto Level Time " on page 92

CONFigure:POWer:EXPected:RF <Level>

This remote control command is used to specify the mean power level of the source
signal as supplied to the Analyzer RF input. This value will be overwritten if Auto Level

is turned on.
Parameters:
<Level>
Example: CONF:POW:EXP:RF 9
Assumes an input signal strength of 9 dBm.
Mode: WLAN

Manual operation: See "Signal Level / Reference Level" on page 88

CONFigure:POWer:EXPected:IQ <Level>

This remote control command is used to specify the mean power level of the source
signal as supplied to the optional Digital Baseband Interface (R&S FSV-B17). This
value will be overwritten if Auto Level is turned on.

Parameters:
<Level>
Example: CONF:POW:EXP:IQ 9 MV
Assumes an input signal strength of 9 mV.
Mode: WLAN

CONFigure:STANdard <Standard>

This remote control command specifies which Wireless LAN standard the option is
configured to measure.

For details on supported standards see Chapter 3.1, "Introduction to WLAN 802.11A,
AC, B, G, J,N &P TX Tests", on page 12.



Parameters:
<Standard>

Example:

Mode:

Manual operation:

CONFigure Subsystem (WLAN)

0[1]2]3]4]6]|7
0
IEEE 802.11a

1
IEEE 802.11b

2
IEEE 802.11j (10 MHz)

3
IEEE 802.11j (20 MHz)

4
IEEE 802.11g

5
Turbo

6
IEEE 802.11n

7
IEEE 802.11n (MIMO)

8
IEEE 802.11ac

9
IEEE 802.11p

*RST: 0

CONF:STAN 0
Selects the IEEE 802.11a standard for the measurement.

WLAN
See "Standard " on page 88

CONFigure:WLAN:ANTMatrix:ADDRess<RecPath> <Address>

This remote control command specifies the TCP/IP address for each receiver path in
IPV4 format. Note, it is not possible to set the IP address of ANTMatrix1 (Master)

Suffix:
<RecPath>

Parameters:
<Address>

Example:

Manual operation:

1.4
Defines the receiver path.

TCP/IP address in IPV4 format

CONF:WLAN:ANTM:ADDR2 ‘192.168.114.157"

See "Analyzer IP Address" on page 95

CONFigure:WLAN:ANTMatrix:ANTenna<RecPath> <Antenna>

This remote control command specifies the antenna assignment of the receive path.
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Suffix:
<RecPath> 1.4
Defines the receiver path.
Parameters:
<Antenna> ANTENNA1 | ANTENNA2
Antenna assignment of the receiver path
Example: CONF:WLAN:ANTM:ANT2 ANTENNAL

Manual operation: See "Assignment" on page 95

CONFigure:WLAN:ANTMatrix:STATe<RecPath> State

This remote control command specifies the state of the receive path. Note, it is not
possible to set the state of ANTMatrix1 (Master).

Suffix:
<RecPath> 1.4

Defines the receiver path.
Parameters:
<State> ON | OFF

State of the receive path
Example: CONF :WLAN:ANTM: STAT2 ON

Manual operation: See "State" on page 95

CONFigure:WLAN:DUTConfig <NoOfAnt>

This remote control command specifies the number of antennas used for MIMO mea-

surement.
Parameters:
<NoOfAnt> TX1 | TX2 | TX3 | TX4
TX1: one antenna,
TX2: two antennas etc.
Example: CONF:WLAN:DUTC TX1

Manual operation: See "DUT MIMO configuration" on page 94

CONFigure:WLAN:EXTension:AUTO:TYPE <BurstType>

This remote control command specifies which bursts are analyzed according to exten-
sion spatial streams.
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Parameters:
<BurstType> The first burst is analyzed and subsequent bursts are analyzed
only if they match
FBURSst
The first burst is analyzed and subsequent bursts are analyzed
only if they match
ALL
All bursts are analyzed
MO | M1 | M2 | M3
Measure only if Ness 0| 1]2| 3
DO | D1 | D2| D3
Demod allas Ness0|1]2]3

Example: CONF:WLAN:EXT :AUTO: TYPE?

Manual operation: See "Extension spatial streams (sounding) (IEEE 802.11ac or n
(MIMO) only)" on page 108

CONFigure:WLAN:GTIMe:AUTO <State>

This remote control command specifies wether the guard time of the IEEE 802.11n
(SISO) input signal is automatically detected or specified manually.

Parameters:
<State> ON | OFF
*RST: OFF
Example: CCONF:WLAN:GTIM:AUTO ON
Sets automatic detection of the guard time of the input signal
Mode: WLAN

Manual operation: See "Auto Guard Interval (IEEE 802.11n, SISO)" on page 100

CONFigure:WLAN:GTIMe:AUTO:TYPE <TYPE>

This remote control command specifies how bursts are analyzed according to guard
length.

Note: In previous R&S FSV-K91 versions, this command configured both the guard
interval type and the channel bandwidth. Now this command only configures the guard
type. The channel bandwidth of the PPDU to be measured must be configured sepa-
rately using the [SENSe: ] BANDwidth:CHANnel:AUTO: TYPE command.



Parameters:
<TYPE>

Example:
Mode:

Manual operation:

CONFigure Subsystem (WLAN)

FBURst

The guard length of the first PPDU is detected and subsequent
bursts are analyzed only if they match.

("Auto, same type as first burst" in manual operation)

ALL

All PPDUs are analyzed regardless of guard length.

("Auto, individually for every burst" in manual operation)

MS

Only PPDUs with short guard interval length are analyzed.
(corresponds to "Meas only Short" in manual operation; MN8 |
MN16 parameters in previous versions)

ML

Only bursts with long guard interval length are analyzed.
(corresponds to "Meas only Long" in manual operation; ML16 |
ML32 parameters in previous versions)

DS

All bursts are demodulated assuming short guard interval length.
(corresponds to "Demod all as short" in manual operation; DN8 |
DN16 parameters in previous versions)

DL

All bursts are demodulated assuming long guard interval length.
(corresponds to "Demod all as long" in manual operation; DL16 |
DL32 parameters in previous versions)

CONF:WLAN:GTIM:AUTO:TYPE FBUR
WLAN
See "Guard Interval Length" on page 108

CONFigure:WLAN:GTIMe:SELect <GuardTime>

This remote control command specifies the guard time of the IEEE 802.11n input sig-
nal. If the guard time is specified to be detected from the input signal using the
CONFigure:WLAN:GTIMe: AUTO command then this command is query only and
allows the detected guard time to be obtained.

Parameters:
<GuardTime>

Example:

SHORt | NORMal
SHORt
Only the PPDUs with short guard interval are analyzed.

NORMal
Only the PPDUs with long guard interval are analyzed.
("Long" in manual operation)

*RST: NORMal

CCONF:WLAN:GTIM:SEL SHOR
Measures signals with short guard times
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Mode: WLAN (IEEE 802.11n)
Manual operation: See "Guard Interval (IEEE 802.11n, SISO)" on page 100

CONFigure:WLAN:MIMo:CAPTure <SignalPath>

Specifies the signal path to be captured in MIMO sequential manual measurements.
Subsequently, use the INITiate<n>[:IMMediate] command to start capturing
data.

Parameters:
<SignalPath> RX1 | RX2 | RX3 | RX4

For details see "Signal Capture" on page 94
*RST: RX1

Example: CONF:WLAN:DUTC TX4
Specify the number of antennas used for MIMO measurement
as 2.
CONF:WLAN:MIMO:CAPT: TYPE MAN
Specify sequential MIMO measurement using manual operation.
Pause the script and connect TX1 of the DUT to the analyzer.
Continue the script
CONF:WLAN:MIM:CAPT RX1

Select RX1 for the next capture.

INIT:IMM

Capture the selected channel

Pause the script and connect TX2 of the DUT to the analyzer.

Continue the script
CONF:WLAN:MIM:CAPT RX2

Select RX2 for the next capture.
INIT:IMM

Capture the selected channel
CALC:BURS: IMM

Analyze the captured data

Mode: WLAN (IEEE 802.11ac/n (MIMO))

CONFigure:WLAN:MIMo[:CAPTure]:TYPe <Method>

Specifies the method used to analyze MIMO signals.

Parameters:

<Method> SIMultaneous
Simultaneous normal MIMO operation
OSP
Sequential using open switch platform
MANual
Sequential using manual operation
*RST: SIM

Example: CONF:WLAN:MIM:TYP SIM
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Mode: WLAN (IEEE 802.11ac/n (MIMO))

Manual operation: See "Signal Capture” on page 94

CONFigure:WLAN:OSP:ADDRess <Address>

Specifies the TCP/IP address of the switch unit to be used for automated sequential
MIMO measurements. The supported unit is Rohde & Schwarz OSP 1505.3009.03
with module option 1505.5101.02

Parameters:

<|D> TCP/IP address in dotted IPV4 format

Example: CONF:WLAN:MIM:OSP:ADDR '192.168.114.157"
Mode: WLAN (IEEE 802.11ac/n (MIMO))

Manual operation: See "OSP |IP Address" on page 96

CONFigure:WLAN:OSP:MODule <ID>

Specifies the module of the switch unit to be used for automated sequential MIMO
measurements. The supported unit is Rohde & Schwarz OSP 1505.3009.03 with mod-
ule option 1505.5101.02

Parameters:
<|D> Module ID
*RST: A11
Example: CONF:WLAN:MIM:0SP:MOD All
Mode: WLAN (IEEE 802.11ac/n (MIMO))

Manual operation: See "OSP Switch Module" on page 97

CONFigure:WLAN:PAYload:LENgth:SRC <Source>

Determines if the payload length should be taken from the signal field decoding result
or from the signal (IEEE 802.11ac/n (MIMO)).

Parameters:
<Source> ESTimate

Signal

HTSignal

signal field decoding result
Example: CONF:WLAN:PAY:LEN:SRC EST

use signal

Manual operation: See "Source of Payload Length" on page 108
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CONFigure:WLAN:PVERror:MRANge <Range>

This remote control command specifies whether the Peak Error Vector results are cal-
culated over the complete burst or just over the PSDU.

This command is supported for 802.11b and 802.11g only.

Parameters:
<Range> ALL
Peak Error Vector results are calculated over the complete burst
PSDU
Peak Error Vector results are calculated over the PSDU only
*RST: ALL
Example: CONF:WLAN: PVER:MRANge PSDU
Peak Error Vector results are calculated over the PSDU only
Mode: WLAN

Manual operation: See "Meas Range (IEEE 802.11b, g)" on page 94

CONFigure:WLAN:RSYNc:JOINed <State>

This command configures how burst synchronization and tracking is performed for mul-
tiple antennas.

Parameters:

<State> ON | OFF
ON
RX antennas are synchronized and tracked together.
OFF
RX antennas are synchronized and tracked separately.
*RST: OFF

Mode: WLAN (IEEE 802.11ac/n (MIMO))

Manual operation: See "Joined RX Sync and Tracking" on page 95

CONFigure:WLAN:SMAPping:MODE <Mode>
This remote control command specifies the special mapping mode.

Parameters:
<Mode> DIRect
direct

SEXPansion
expansion

USER
user defined

Example: CONF:WLAN: SMAP:MODE DIR

Manual operation: See "Spatial Mapping Mode" on page 109
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CONFigure:WLAN:SMAPping:NORMalise <State>

This remote control command specifies whether an amplification of the signal power
due to the spatial mapping is performed according to the matrix entries. If this com-
mand it set to ON then the spatial mapping matrix is scaled by a constant factor to
obtain a passive spatial mapping matrix which does not increase the total transmitted
power. If this command is set to OFF the normalization step is omitted.

Parameters:
<State> ON/OFF
Example: CONF:WLAN:SMAP:NORM OFF

Manual operation: See "Power Normalise" on page 110

CONFigure:WLAN:SMAPping:TX<1...4> <STS.1 I>,<STS.1 Q>,<STS.2 |>,<STS.2
Q>,<STS.3 I>,<STS.3 @>,<STS .4 [>,<STS.4 Q>,<TimeShift>

This remote control command specifies the mapping for all streams (real & imaginary
data pairs) and timeshift for a specified antenna.

Suffix:
TX<1...4> Defines the TX antenna

Parameters:
<STS.1 1>, <STS.2 I>,Imag part of the complex element of the STS-Streams
<STS.3 1>, <STS 4 I>

<STS.1 Q>, <STS.2 Real part of the complex element of the STS-Streams

Q>, <STS.3 Q>,

<8TS.4 Q>

<TimeShift> Time shift (in s) for specification of user defined CSD (cyclic
delay diversity) for the Spatial Mapping.
Range: -32nsto0 32 ns

Example: CONF:WLAN:SMAP:TX1 1.0,1.0, 2.0,2.0, 3.0,3.0,
4.0,4.0, 0

Manual operation: See "User Defined Spatial Mapping" on page 110

CONFigure:WLAN:SMAPping:TX<1...4>:STReam<1...4> <STS |>,<STS Q>

This remote control command specifies the mapping for a specific stream and antenna.

Suffix:

TX<1...4> Defines the TX antenna

STReam<1...4> Defines the stream

Parameters:

<STS I> Imag part of the complex element of the STS-Stream
<STS Q> Real part of the complex element of the STS-Stream
Example: CONF:WLAN:SMAP:TX1:STR1 1.0, 1.0
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Manual operation: See "User Defined Spatial Mapping" on page 110

CONFigure:WLAN:SMAPping:TX<1...4>:TIMeshift <TimeShift>

This remote control command specifies the timeshift for a specific antenna.

Suffix:

TX<1..4> Defines the TX antenna

Parameters:

<TimeShift> Time shift (in s) for specification of user defined CSD (cyclic
delay diversity) for the Spatial Mapping.
Range: -32nsto 32 ns

Example: CONF:WLAN:SMAP:TX1:TIM 0

Manual operation: See "User Defined Spatial Mapping" on page 110

CONFigure:WLAN:STBC:AUTO:TYPE <BurstType>

This remote control command specifies which bursts are analyzed according to STBC
streams.

Parameters:

<BurstType> FBURst
First burst is analyzed and subsequent bursts are analyzed only
if they match.

ALL
All bursts are analyzed.

MO | M1 | M2
Measure only if STBC field=01]1]2

DO | D1| D2
Demod all as STBC field=0]1]2

Example: CONF:WLAN:STBC:AUTO:TYPE?

Manual operation: See "STBC field" on page 107

DISPlay Subsystem (WLAN)

The DISPLay subsystem controls the selection and presentation of textual and graphic
information as well as of measurement data on the display. In contrast to the basic
device, the WLAN TX Measurements option supports the split screen modus.

DISPIlay[:WINDOW<N>][:SUBWINAOWSMST:SIZE «.....eeeeereeeeeeeeseeseeeeeerseeseeseeeeenseereeneeens 164
DISPIay[:WINDOWSNS]:SSELECE. . uieieieieieeeeeeeeeieeeeeeeeeeett bttt eese e e e e eeeeaeaaeeeeeeeeeeeesesrenes 164
DISPIAY[:WINDOWSNS ] TABLE. ..t uttutiiiieeeeieieeeeeeeeeeeieeeeeeeeeeesssssraraseseseseeeasaeaaseeserereeeens 165
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEJ:AUTO.....ccertrirerierrinnnniciiieieeeeeeeeeeeeaeeeeeneeenns 165
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:PDIViSION.....citiiiriririeiieeeieieieeeeeeanieeeeeeeeennns 166
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RLEVEI?......ciiiiiiieieiiiaaeaeeeeeeeieeeeeeeee 166
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DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RLEVEI[:RF]....cccuuiieierrieriiieeeeeeence e 167
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:RLEVELIQ. ......c.iveeeeeereeeeeereseereseereeeesenen. 167
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:RLEVEl:OFFSEL.......o.euevreeeeerereeseereesseenean 168

DISPlay[:WINDow<n>][:SUBWindow<m>]:SIZE <Size>

This command configures the measurement display.

Suffix:

<n> 112
window;
Channel and adjacent-channel power measurements: Only "1" is
allowed as a suffix for the window.
Spectrum Emission Mask and Spurious Emissions measure-
ments:
selects the window that is displayed in full size (if no suffix is
defined, "1" is used):
1: diagram/result list
2: marker table

<m> 1]2
selects the item in the window to be displayed in full size:
1: diagram
2: result list

Parameters:

<Size> LARGe | SMALI
LARGe
Channel and adjacent-channel power measurements: diagram
in full screen.
Spectrum Emission Mask and Spurious Emissions measure-
ments: diagram or list in full screen, depending on the value of
the suffix.
SMALI
split screen (diagram and list and table)
*RST: SMALI

Example: DISP:SIZE LARG
Displays the measurement diagram in full screen size.
DISP:WIND1:SUBW2:SIZE LARG
Displays the result list in full screen size.
DISP:WIND2:SIZE LARG
Displays the marker table in full screen size.

Mode: all

Manual operation: See "Screen Size Full/Split" on page 111

DISPlay[:WINDow<n>]:SSELect

This command selects whether screen A or screen B is active. SSELect means Screen
SELect.
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Suffix:
<n> 1]2
window; 1=A, 2=B
Parameters:
*RST: 1
Example: DISP:WIND1:SSEL
Sets the screen A active.
Mode: WLAN

Manual operation: See "Screen Focus A/B" on page 111

DISPlay[:WINDow<n>]:TABLe <State>

This command selects whether the results table is displayed.

Suffix:
<n> 1]2
window; 1=A, 2=B
Parameters:
<State> ON | OFF
*RST: ON
Example: DISP:WINDI:TABL ON
Hides the results table
Mode: WLAN

Manual operation: See "Display List/Graph" on page 64

DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALe]:AUTO <State>

This command switches on or off automatic scaling of the Y-axis for the specified trace
display. Automatic scaling sets the Y-axis to automatically scale to best fit the mea-
surement results. This command is only available for the following result displays:

® EVM vs Carrier

® EVM vs Symbol.

® Frequency error vs Preamble

® Phase error vs Preamble

Suffix:

<n> 2
window; must be 2 as the relevant results are always displayed
in screen B

<t> 1

trace; must be 1
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Parameters:
<State> ON | OFF
*RST: ON
Example: DISP:WIND2:TRAC:Y:SCAL:AUTO ON
Switches on automatic scaling of the Y-axis for the active trace
Mode: WLAN

Manual operation: See "Y-Axis/Div" on page 75

DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALe]:PDIVision <Size>

This command sets the size of each Y scale division for the specified trace display.
Note that this command has no affect if automatic scaling of the Y-axis is enabled. This
command is only available for the following result displays:

® EVM vs Carrier

® EVM vs Symbol.

® Frequency error vs Preamble

® Phase error vs Preamble

Suffix:

<n> 2
window; must be 2 as the relevant results are always displayed
in screen B

<t> 1
trace; must be 1

Parameters:

<Size> *RST: 3

Example: DISP:WIND2:TRAC:Y:SCAL:DPIV 2
Sets the Y scale division to size to 2.

Mode: WLAN

Manual operation: See "Y-Axis/Div" on page 75

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel?

This command queries the current internal instrument reference level used when per-
forming measurements.

Suffix:
<n> 112
irrelevant
<t> 1..3
irrelevant
Example: DISP:TRAC:Y:RLEV?

Returns the current reference level in use.
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Usage: Query only
SCPI confirmed
Mode: WLAN

Manual operation: See "Ref Level " on page 92

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel[:RF] <Level>

This command can be used to retrieve or set the current internal instrument reference
level for RF input used when performing measurements.

Suffix:
<n> 1]2
irrelevant
<t> 1..3
irrelevant
Parameters:
<Level> <numeric value> in dB
*RST: -5dB
Example: DISP:TRAC:Y:RLEV?
Returns the current RF reference level in use.
DISP:TRAC:Y:RLEV: -20
Sets the instrument reference level to -20.
Mode: WLAN

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel:1Q <Level>

This command can be used to retrieve or set the current internal instrument reference
level for baseband input used when performing measurements.

Suffix:
<n> 1]2
irrelevant
<t> 1..3
irrelevant
Parameters:
<Level> <numeric value> in V
*RST: 1V
Example: DISP:TRAC:Y:IQ?
Returns the current baseband reference level in use.
DISP:TRAC:Y:RLEV:IQ 1
Sets the instrument reference level to 1.
Mode: WLAN
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5.8.1
5.8.2

5.8.1

FETCh Subsystem (WLAN)

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel:OFFSet <Value>

This command specifies the external attenuation/gain applied to measurements. The
value corresponds to the reference level offset in the spectrum analyzer mode.

Suffix:
<n> 112
irrelevant
<t> 1..3
irrelevant
Parameters:
<Level> <numeric value> in dB
*RST: 0dB
Example: DISP:TRAC:Y:RLEV:OFFS 10
External attenuation (level offset) of the analyzer is 10 dB.
DISP:TRAC:Y:RLEV:OFFS -10
External attenuation of the analyzer is -10 dB. i.e. a gain of 10
dB.
Mode: WLAN

FETCh Subsystem (WLAN)

The FETCh subsystem contains commands for reading out results of complex mea-
surement tasks. This subsystem is closely linked to the CONFigure and SENSe sub-
systems.

ASCII formats for returNed VaAIUES............eeeiiiiieee e 168

Commands of the Fetch Subsystem (K91).........oooiiiiiiiii e 169

ASCII formats for returned values

The results are output as a list of result strings separated by commas.
Returned values for IEEE 802.11a, j, g(OFDM), n, p & Turbo Mode
<preamble power>, <payload power>, <min rms power>,

<average rms power>,<max rms power>, <peak power>,

<min crest factor>,<average crest factor>,<max crest factor>,

<min frequency error>,<average frequency error>, <max frequency error>,
<min symbol error>, <average symbol error>, <max symbol error>,

<min 1Q offset>, <average IQ offset>, <maximum IQ offset>,

<min gain imbalance>, <average gain imbalance>, <max gain imbalance>,

<min quadrature offset>, <average quadrature offset>, <max quadrature offset>,
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<min EVM all bursts>, <average EVM all bursts>, <max EVM all bursts>,

<min EVM data carriers>, <average EVM data carriers >, <max EVM data carriers >
<min EVM pilots>, <average EVM pilots >, <max EVM pilots >

Returned values for IEEE 802.11b & g (CCK)

<min rise time>,<average rise time>,<max rise time>,

<min fall time>,<average fall time>,<max fall time>,

<min rms power>,<average rms power>,<max rms power>,

<min peak power>,<average peak power>,<max peak power>,

<min crest factor>,<average crest factor>,<max crest factor>,

<min frequency error>,<average frequency error>, <max frequency error>,

<min chip clock error>, <average chip clock error>, <max chip clock error>,
<min phase error>, <average phase error>, <max phase error>,

<min 1Q offset>, <average IQ offset>, <maximum IQ offset>,

<min gain imbalance>, <average gain imbalance>, <max gain imbalance>,

<min quadrature offset>, <average quadrature offset>, <max quadrature offset>,
<min EVM IEEE>, <average EVM IEEE>, <max EVM |IEEE>,

<min EVM Direct>, <average EVM Direct >, <max EVM Direct >

5.8.2 Commands of the Fetch Subsystem (K91)

[ = IO g =0 0 170
FETCh:BURSt:BERPIlOt:DATAIAVERAGE?. .. ettt ettt e e e 170
FETCh:BURSt:BERPIIOt:DATAIMAXIMUM 2. .. eiieieiieteee et e e ee et et e e e e e eaeesensenesnen 170
FETCh:BURSt:BERPIlot:DATAMINIMUM?....iiieiiiiie et e e e e e e e e e e e eaa s 170
FETCh:BURSE COUN AL 2. ettt e et e e e e e e e e e e e e et e e e e e e e enneeeneen 171
FETCh:BURSt:CRESI:AVERGGE] 7. . ettt ettt ettt e e e e e e e 171
FETCh:BURSECRESEMAXIMUM?. ..t e e ee e e e e e e s e e e et s e s eas e eaeenaenns 171
FETCh:BURSECRESHMINIMUM?. ..ttt e e e e e e e e e e e e e e e e aeeaeeas 171
FETCh:BURSHtEVM:[IEEE[:AVERGQGE?. ... ittt ettt e e e e e e e e e e e e 171
FETCh:BURSHtEVM:[IEEE]:MAXIMUM?... ettt e e e e e e e e e e e e et e e e e eneean 171
FETCh:BURStEVM:IEEE]:MINIMUM?...cuiiiiiiiiiii et e e e e et s e e e e e e e eaaa e 171
FETCh:BURSEEVM:ALL:AVERAQJE?. ... iiiiiiieeeeeeeeee ettt s se s e e e e e aeaaaaaaeaeeeraeeees 171
FETCh:BURSEEVM:ALLIMAXIMUM 2. . ettt e et e e e e e e e e e e e e ae e e s e e e ennes 171
FETCh:BURSEEVM:ALL:IMINIMUM .. e et e et e e e e e e e e e e e enns 171
FETCh:BURSEEVM:DATAIAVERGAQGE?. .. ettt ettt e e e e e e e e e e e e eeas 172
FETCh:BURSEEVM:DATAIMAXIMUM ?..euieiieieeieeiee e e et s es e s e et sensenesasansensensenseaneenrens 172
FETCh:BURSHtEVM:DATAIMINIMUM?...e ittt e e e e e e e s e e e e e e e e eaeeen 172
FETCh:BURSEEVM:DIRECEAVERAGE?.....ccceeeeeeeeieieiiitiiceeeseseseeeeeesaaaaaaaaeeeeeseesesessssnnnnnes 172
FETCh:BURSt:EVM:DIRECEMAXIMUM?...etuueeieiiiiiieeeeeeeetiieeeeeeeeeteeeeeseeasaaeeaeeeesnnnseeeeeesnns 172
FETCh:BURSt:EVM:DIRECEMINIMUM?.....oeitueieeeiiieiieeeee et eeeeeeeeaee e eeeeeetaeeeeeeenbaaeeeeees 172
FETCh:BURSEEVM:PILOtAVERGQGE?. ... ettt 172
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FETCh:BURSt:EVM:PILOEMAXIMUM?...cevtuieeeeieetieeeeeeeeetieeeeeeeenteeeeeseetaneeeeesessanseeseesnnns 172
FETCh:BURSHEVM:PILOEMINIMUM?....eieiiieeeeeee ettt e e e e enens 172
FETCh:BURSEFERROIIAVERAGE?. . e ittt ettt ee e e e e e e e e e 173
FETCh:BURSEFERRONMAXIMUM ?..euiiiiieeie e eie et e e ete et s e e e e s eaeesensene et ssnsenasnnss 173
FETCh:BURSEFERRONEMINIMUM?. 1uuitiieeieieieeeeeeeeeeeeeeeeeeeeeeevaabababne s seseeeeeeeaaaesesseeereens 173
FETCh:BURSt:GIMBAIaNCE:AVERAGE?.......ceeeieiveieieiiititiiieieieeeseesesaaaeaaesesesseeeessesssssnnnnes 173
FETCh:BURSt:GIMBaIanNCe:MAXIMUM?......oeuieieteeeeeie et et e et e et e et e e e e e e eaeeeeennns 173
FETCh:BURSt:GIMBAaIanNCe:MINIMUM?... ..ttt e e e e e ene e eaeeaeans 173
FETCh:BURSt:IQOFfSEt:AVERAGE? .. ...ttt ettt et e et e e e e e e e e 173
FETCh:BURSt:IQOFTSEt:MAXIMUM 2. . e ettt ettt et e e e e e e s e e s e enenas 173
FETCh:BURSt:IQOFfSEt:MINIMUM?....uuieeeeiiiiie e e et e e e e eeeie e e e e e e eatee e e e seeanneeeaesentnnnaenaens 173
FETCh:BURSE PAYLOAA?. .. ettt ettt et e ee e e et e e s e s ra s ea e ean st s enernrasansensenrenns 173
[ o O oW S0 ]S  d = 2 174
FETCHh:BURSHEPREGMDIE? ... .. ittt e e et e e e et e e s s s e e eneas 174
FETCh:BURSt:QUADOFSEE:AVERAQGE?. ... . e ieeeeeeeee e e e ettt e e e e e e e 174
FETCh:BURSt:QUADOSEtMAXIMUM?.....ccvieeeei et eeeeee e e e et e e e e e e e e e e e e eeaaeeeennnns 174
FETCh:BURSt:QUADOMSEL:MINIMUM?....ututitiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeereraraannee e e e s e e eeeeeaas 174
FETCh:BURSERMS[AVERGAGE]?. . uuuuiieieieieieeeeeeeieeeieeeeeeeeesessssasasnaeaeseseeseeaeaasaseesereseenens 174
FETCh:BURSERMS:MAXIMUM?...uuiieieeiiieeeee et eeeee ettt e eeeeeeaaaeeeeseesbaaaeeeseesnnaneeeeeesnns 174
FETCh:BURSERMS:MINIMUM?...cevttuieieeiietieieeeeeettteeeeeeeeetaaeeeeeeeataaeeeseeansaaaeassensannaeeeerenes 174
FETCh:BURSt:SYMBOIEITOrAVERAGE?...cceiieiiiietitaaaae e e e e e e e eeaaaaaaeeeeeeeeeeeeeeeesssnnanns 175
FETCh:BURSt:SYMBOIError:MAXIMUM 2. ....ceue e et e e e e e e eeeeeaans 175
FETCh:BURSt:SYMBOIEerror:MINIMUM?.......ii ettt e e e e et e et e e e en e eaa e 175
FETCh:BURSETFALEAVERGQGE?. . ettt ettt e e e e e e e e 175
FETCh:BURSE TEALLMAXIMUM 2. cteteieie et e st ete et s eeeesaesa e e s ensene et sensenasnsanenneenns 175
FETCh:BURSE TFALEMINIMUM 2. cuitiiiieii ettt s e e e et s e s eneebesa s e s ensen s enneanens 175
FETCh:BURSE:TRISE:AVERAGE?. ... ettt ettt ettt e e e et e e e e e e e e eaaee 175
FETCh:BURSH TRISE:IMAXIMUM?...eeniiiiieie ettt ettt e e e e e ea e e e e e eaenseeneenenenns 175
FETCh:BURSH TRISEIMINIMUM 2. ettt ettt e e et e e s e e e e n e e e enennenas 175
FETCR:SYMBOICOUN?...cueiiiiiieie et e et e e e e e e s e e e ebe e earnranens 175
FETCh:BURSt:ALL?

This command returns all the results. The results are output as a list of result strings
separated by commas in ASCII format. For details on the format refer to Chapter 5.8.1,
"ASCII formats for returned values", on page 168. The units for the EVM results are
specified with the UNIT: EVM command.

Example: FETC:BURS:ALL?

All calculated results are returned.
Usage: Query only
Mode: WLAN

FETCh:BURSt:BERPilot:DATA:AVERage?
FETCh:BURSt:BERPilot:DATA:MAXimum?
FETCh:BURSt:BERPilot:DATA:MINimum?

This command returns the Burst Error Rate for PlLots (average, minimum or maximum
value) in % for the IEEE 802.11ac/n (MIMO) standard
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Example: FETC:BURS:BERP:DATA:MAX?
Usage: Query only
Mode: WLAN

FETCh:BURSt:COUNt[:ALL]?

This command returns the number of analyzed bursts.

Example: FETC:BURS:COUN?

The analyzed number of bursts is returned.
Usage: Query only
Mode: WLAN

FETCh:BURSt:CRESt[:AVERage]?
FETCh:BURSt:CRESt:MAXimum?
FETCh:BURSt:CRESt:MINimum?

This command returns the average, minimum or maximum determined CREST factor
(= ratio of peak power to average power) in dB.

Example: FETC:BURS:CRES:MAX?
The maximum calculated crest factor from the most recent mea-
surement is returned.

Usage: Query only
Mode: WLAN

FETCh:BURSt:EVM:[IEEE]:AVERage?
FETCh:BURSt:EVM:[IEEE]:MAXimum?
FETCh:BURSt:EVM:[IEEE]:MINimum?

This command returns the error vector magnitude measurement results summary
(average, minimum or maximum value) in dB for the IEEE 802.11b standard. This
result is the value before filtering.

Example: FETC:BURS:EVM:MAX?

The maximum EVM recorded before filtering.
Usage: Query only
Mode: WLAN

FETCh:BURSt:EVM:ALL:AVERage?
FETCh:BURSt:EVM:ALL:MAXimum?
FETCh:BURSt:EVM:ALL:MINimum?

This command returns the error vector magnitude measurement results summary
(average, minimum or maximum value) in dB. This is a combined figure that represents
the pilot, data and the free carrier.
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Example: FETC:BURS:EVM:ALL:MAX?
The maximum EVM recorded for all measurement carrier is
returned.

Usage: Query only

Mode: WLAN

FETCh:BURSt:EVM:DATA:AVERage?
FETCh:BURSt:EVM:DATA:MAXimum?
FETCh:BURSt:EVM:DATA:MINimum?

This command returns the error vector magnitude measurement results summary for
the data carrier (average, minimum or maximum value) in dB.

Example: FETC:BURS:EVM:DATA :MAX?

The maximum EVM recorded for the data carrier is returned.
Usage: Query only
Mode: WLAN

FETCh:BURSt:EVM:DIRect:AVERage?
FETCh:BURSt:EVM:DIRect:MAXimum?
FETCh:BURSt:EVM:DIRect:MINimum?

This command returns the error vector magnitude measurement results summary
(average, minimum or maximum value) in dB for the IEEE 802.11b standard. This
result is the value after filtering.

Example: FETC:BURS:EVM:DIR:MAX?

The maximum EVM recorded after filtering.
Usage: Query only
Mode: WLAN

FETCh:BURSt:EVM:PILot:AVERage?
FETCh:BURSt:EVM:PILot:MAXimum?
FETCh:BURSt:EVM:PILot:MINimum?

This command returns the error vector magnitude measurement results summary for
the EVM pilot carrier (average, minimum or maximum value) in dB.

Example: FETC:BURS:EVM:PIL:MAX?
The maximum EVM recorded for the EVM pilot carrier is
returned.

Usage: Query only

Mode: WLAN
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FETCh:BURSt:FERRor:AVERage?
FETCh:BURSt:FERRor:MAXimum?
FETCh:BURSt:FERRor:MINimum?

This command returns the measured average, minimum or maximum frequency errors

in Hertz.

Example: FETC:BURS:FERR:MAX?
The maximum frequency error from the most recent measure-
ment is returned.

Usage: Query only

Mode: WLAN

FETCh:BURSt:GIMBalance:AVERage?
FETCh:BURSt:GIMBalance:MAXimum?
FETCh:BURSt:GIMBalance:MINimum?

This command returns the measured average, minimum or maximum IQ Imbalance

errors in dB.

Example: FETC:BURS:GIMB:MAX?
The maximum IQ Imbalance error from the most recent mea-
surement is returned.

Usage: Query only

Mode: WLAN

FETCh:BURSt:IQOFfset:AVERage?
FETCh:BURSt:IQOFfset:MAXimum?
FETCh:BURSt:IQOFfset:MINimum?

This command returns the measured average, minimum or maximum 1Q Offset errors

in dB.

Example: FETC:BURS:IQOF:MAX?
The maximum IQ Offset error from the most recent measure-
ment is returned.

Usage: Query only

Mode: WLAN

FETCh:BURSt:PAYLoad?

This command returns the measured power in the payload of the burst.

Example: FETC:BURS:PAYL?

The burst payload power is returned
Usage: Query only
Mode: WLAN
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FETCh:BURSt:PEAK?

This command returns the Peak power in dBm measured during the measurement

time.

Example: FETC:BURS:PEAK?
The calculated peak power from the most recent measurement
is returned.

Usage: Query only

Mode: WLAN

FETCh:BURSt:PREamble?

This command returns the measured power in the burst preamble.

Example: FETC:BURS:PRE?

The burst preamble power is returned
Usage: Query only
Mode: WLAN

FETCh:BURSt:QUADoffset:AVERage?
FETCh:BURSt:QUADoffset:MAXimum?
FETCh:BURSt:QUADoffset:MINimum?

This command returns the accuracy in terms of the phase error of symbols within a

burst.

Example: FETC:BURS:QUAD:MAX?
The maximum angle error recorded for a symbol during the
measurement.

Usage: Query only

Mode: WLAN

FETCh:BURSt:RMS[:AVERage]?
FETCh:BURSt:RMS:MAXimum?
FETCh:BURSt:RMS:MINimum?

This command returns the average, minimum or maximum RMS burst power in dBm
measured during the measurement.

Example: FETC:BURS:RMS:MAX?
The maximum calculated RSM burst power from the most recent
measurement is returned.

Usage: Query only
Mode: WLAN
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FETCh:BURSt:SYMBolerror:AVERage?
FETCh:BURSt:SYMBolerror:-MAXimum?
FETCh:BURSt:SYMBolerror:MINimum?

This command returns the percentage of symbols that were outside permissible de-
modulation range within a burst.

Example: FETC:BURS:SYMB:MAX?
The maximum number of symbols that were out of range per
burst.

Usage: Query only

Mode: WLAN

FETCh:BURSt:TFALI:AVERage?
FETCh:BURSt:TFALI:MAXimum?
FETCh:BURSt:TFALI:MINimum?

This command returns the average, minimum or maximum burst fall time in seconds.

Example: FETC:BURS:TFAL:MAX?
The maximum calculated fall time from the most recent mea-
surement is returned.

Usage: Query only
Mode: WLAN

FETCh:BURSt:TRISe:AVERage?
FETCh:BURSt:TRISe:MAXimum?
FETCh:BURSt:TRISe:MINimum?

This command returns the average, minimum or maximum burst rise time in seconds.

Example: FETC:BURS:TRIS:MAX?
The maximum calculated rise time from the most recent mea-
surement is returned.

Usage: Query only
Mode: WLAN

FETCh:SYMBol:COUNt?

This command returns the number of symbols for each analyzed burst as a comma
separated list.

Example: FETC:SYMB:COUN?

The analyzed number of symbols for each burst are returned
Usage: Query only
Mode: WLAN
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5.10

INITiate Subsystem

FORMat Subsystem

FORMat[:DATA] <Format>

This command selects the data format for the data transmitted from the

R&S FSVA/FSV to the controlling computer. It is used for the transmission of trace
data. The data format of trace data received by the instrument is automatically recog-
nized, regardless of the format which is programmed.

(See also TRACe [ : DATA] ? on page 210).

Parameters:
<Format> ASCii
ASCII data are transmitted in plain text, separated by commas.
REAL
REAL data are transmitted as 32-bit IEEE 754 floating-point
numbers in the "definite length block format".
UINT
In operating mode "WLAN" (R&S FSV-K91,91n option), bit
stream data is sent as unsigned integers in binary format.
*RST: ASCII
Example: FORM REAL, 32
FORM ASC
INITiate Subsystem
INITIate<N> CONTINUOUS. ...eeeeeeeeeeeieiiieetetee e e e e e e e e e e e e e e aaeaaeeeeeeeeanneeentnnnnn e e e e e e eeeenn 176
INITiate<N>[IMMEAIALE]. - et ee e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e eeeeeeeenennnnnns 177

INITiate<n>:CONTinuous <State>

This command determines whether the trigger system is continuously initiated (contin-
uous) or performs single measurements (single).

The sweep is started immediately.

Suffix:
<n> irrelevant
Parameters:
<State> ON | OFF
*RST: ON
Example: INIT:CONT OFF
Switches the sequence to single sweep.
INIT:CONT ON
Switches the sequence to continuous sweep.
Mode: all
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5.1

Manual operation: See "Run Single/Cont" on page 110

INITiate<n>[:IMMediate]
The command initiates a new measurement sequence.

With sweep count > 0 or average count > 0, this means a restart of the indicated num-
ber of measurements. With trace functions MAXHold, MINHold and AVERage, the pre-
vious results are reset on restarting the measurement.

In single sweep mode, you can synchronize to the end of the measurement with *OPC,
*OPC? or *WAI. In continuous sweep mode, synchronization to the end of the mea-
surement is not possible. Thus, it is not recommended that you use continuous sweep
mode in remote control, as results like trace data or markers are only valid after a sin-
gle sweep end synchronization.

Suffix:
<n> irrelevant
Example: INIT:CONT OFF

Switches to single sweep mode.
DISP:WIND:TRAC:MODE AVER
Switches on trace averaging.
SWE :COUN 20

Setting the sweep counter to 20 sweeps.
INIT; *WAT

Starts the measurement and waits for the end of the 20 sweeps.
Mode: all

Manual operation: See "Capture" on page 97

INPut Subsystem

INPut:ATTenuation <Value>

This command programs the input attenuator. To protect the input mixer against dam-
age from overloads, the setting 0 dB can be obtained by entering numerals, not by
using the DOWN command.

The RF attenuation can be set in 5 dB steps (R&S FSV with option R&S FSV-B25 or
R&S FSVA: 1 dB steps). The range is specified in the data sheet. If the current refer-
ence level cannot be set for the set RF attenuation, the reference level is adjusted
accordingly.

In the default state with "Spectrum" mode, the attenuation set on the step attenuator is
coupled to the reference level of the instrument. If the attenuation is programmed
directly, the coupling to the reference level is switched off.

This function is not available if the R&S Digital 1/Q Interface (R&S FSV-B17) is active.

| —
Operating Manual 1176.7649.02 — 06 177
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Parameters:

<Value> *RST: 10 dB (AUTO is set to ON)

Example: INP:ATT 30dB
Sets the attenuation on the attenuator to 30 dB and switches off
the coupling to the reference level.

Mode: all

Manual operation: See "Ext Att " on page 89
See "Attenuation " on page 92

INPut:ATTenuation:IFWideband <AttLevel>

This command defines an additional attenuation to be used during an auto level mea-
surement in order to optimize the signal level at the A/D converter.

This function is only available for R&S FSVA instruments with a R&S FSVA/FSV-B160
bandwidth extension option installed, using the IEEE 802.11 ac standard.

This function is not available if any of the following conditions apply:
® Input from the R&S Digital 1/Q Interface (option R&S FSV-B17).

® The [SENSe:]BANDwidth:CHANnel:AUTO:TYPE is set to use one of the follow-
ing parameters (see [SENSe: |BANDwidth:CHANnel : AUTO: TYPE
on page 185):

— MB20
— MB40
— DB20
— DB40
Parameters:
<AttLevel> integer
Range: 2 to 20
*RST: 12
Example: INP:ATT:IFW 15
Activates an additional attenuatrion of 15 dB before the A/D con-
verter.

Manual operation: See "160MHz IF-Atten" on page 93

INPut:DIQ:RANGe[:UPPer] <Level>

Defines or queries the "Full Scale Level", i.e. the level that should correspond to an 1/Q
sample with the magnitude "1".

It can be defined either in dBm or Volt (see "Full Scale Level" on page 92).

This command is only available if the optional R&S Digital 1/Q Interface (option
R&S FSV-B17) is installed.
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For details see the R&S Digital I/Q Interface (R&S FSV-B17) description of the base

unit.
Parameters:
<Level> <numeric value>
Range: 70.711nV to 7.0711V
*RST: 1V
Example: INP:DIQ:RANG 1V
Mode: A, 1Q, NF, TDS, VSA, CDMA, EVDO, WCDMA, ADEMOD,

GSM, OFDM, OFDMA/WiBro, WLAN

Manual operation: See "Full Scale Level" on page 92

INPut:DIQ:SRATe <SampleRate>

This command specifies or queries the sample rate of the input signal from the R&S
Digital 1/Q Interface (see "Input Sample Rate" on page 92).

This command is only available if the optional R&S Digital 1/Q Interface (option
R&S FSV-B17) is installed.

For details see the R&S Digital I/Q Interface (R&S FSV-B17) description of the base

unit.
Parameters:
<SampleRate> Range: 1Hz to 10 GHz
*RST: 32 MHz
Example: INP:DIQ:SRAT 200 MHz
Mode: A, 1Q, NF, TDS, VSA, CDMA, EVDO, WCDMA, ADEMOD,

GSM, OFDM, OFDMA/WiBro, WLAN

Manual operation:  See "Input Sample Rate" on page 92

INPut:GAIN:STATe <State>

This command turns the 15 dB preamplifier on and off.

If option R&S FSV-B22 is installed, the preamplifier is only active below 7 GHz.
If option R&S FSV-B24 is installed, the preamplifier is active for all frequencies.

This function is only available for R&S FSVA instruments using the IEEE 802.11 ac
standard.

This function is not available if any of the following conditions apply:

® |nput from the R&S Digital I/Q Interface (option R&S FSV-B17, see TNPut:
SELect on page 180)

® The [SENSe:]BANDwidth:CHANnel :AUTO: TYPE is set to use one of the follow-
ing parameters (see [SENSe: | BANDwidth:CHANnel : AUTO: TYPE
on page 185):
— MB20
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— MB40
— DB20
— DB4O0
Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:GAIN:STAT ON

Turns the preamplifier on.

Manual operation: See "Preamp On/Off" on page 93

INPut:SELect <Source>

This command selects the signal source for measurements.
Parameters:

<Source> RF | DIQ

RF
Radio Frequency ("RF INPUT" connector)

DIQ
Digital IQ (only available with R&S Digital I/Q Interface, option
R&S FSV-B17)

*RST: RF
Example: INP:SEL RF

Mode: A, 1Q, NF, TDS, VSA, CDMA, EVDO, WCDMA, ADEMOD,
GSM, OFDM, OFDMA/WiBro, WLAN

Manual operation:  See "Input” on page 91

INSTrument Subsystem (WLAN)

The INSTrument subsystem selects the operating mode of the unit either via text
parameters or fixed numbers.

INSTIUMENIESELECT] cetuueieeiieeiie et e et e e e ettt e e e e et e e e e e eet e e e e eeetaaaeeeeseratan e eeseesnnanaaas 180
INSTIUMENEINSELECE. . ccuuiiiiiiiei ettt e e e et e et e eea e st e s s et s eansssneranerbasans 181

INSTrument[:SELect] <Mode>

Parameters:
<Mode> WLAN

Selects WLAN TX mode (R&S FSV-K91/91n/91ac/91p option)
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INSTrument:NSELect <Mode>

Parameters:
<Mode> 16

Selects WLAN TX mode (R&S FSV-K91/91n/91ac/91p option)

MMEMory Subsystem (WLAN)

The MMEMory (mass memory) subsystem provides commands to store and load 1Q
data.

Y Y Y o A @ B (S N I = 181
MMEMOIY:LOAD:SEM:STATE 1 iiiieieieiieieeeeeeeeeeeeeeeeeee et e e e ae s e s e e eeeaaaeaaseseeseeeeeeeees 181
MMEMOTY:STORE: QS TAT . e i eieieeeeeeeeeeetettat e ssee e e e e e e e e aaaeaaeeeeereeeeaearsrnsnaaaaaaaaeaeeas 181

MMEMory:LOAD:IQ:STATe 1, <FileName>

This command loads the I/Q data from the specified . iqw file.

Parameters:
<FileName> 1,<file_name>
Example: MMEM:LOAD:IQ:STAT 1, 'C:
\R S\Instr\user\data.iqw'
Loads 1Q data from the specified file.
Usage: Setting only
Mode: WLAN

Manual operation: See "Import" on page 68

MMEMory:LOAD:SEM:STATe 1, <FileName>

This command loads a spectrum emission mask setup from an xml file.

Parameters:
<FileName> 1,<file_name>
Example: MMEM:LOAD:SEM:STAT 1, 'D:\USER\ETSI SEM.xml'

Loads a spectrum emission mask setup from the specified file.
Mode: WLAN

Manual operation: See "File Name" on page 81

MMEMory:STORe:IQ:STATe 1, <FileName>
This command stores the 1/Q data to the specified . iqw file.

Parameters:
<FileName> 1,<file_name>
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Example: MMEM:STOR:IQ:STAT 1, 'C:
\R_S\Instr\user\data.iqw'
Stores 1/Q data to the specified file.

Mode: WLAN

Manual operation: See "Export" on page 68

SENSe Subsystem (WLAN)

The SENSe command is used to set and get the values of parameters in the remote
instrument. The get variant of the SENSe command differs from set in that it takes no
parameter values (unless otherwise stated) but is followed by the character '?' and will
return the parameter's value in the same format as it is set.

Analysis modulation format. ..o 182

Commands of the SENSe SubSYStem........ccceoiiiiiiiie e 184

Analysis modulation format

The following modulation formats are available for analysis using R&S FSV-K91 (see
also [SENSe: ] DEMod: FORMat :BANalyze on page 188):

Parameter Standard Description
'BPSK' Alias for Bl-Phase shift keying at higher data rate for selected standard
'BPSK3' IEEE 802.11j (10 MHz) Bl-Phase shift keying at 3 Mbps
'BPSK6' IEEE 802.11a, g (OFDM), j (20 MHz) & Bl-Phase shift keying at 6 Mbps

Turbo
'BPSK9' IEEE 802.11a, g (OFDM), j (20 MHz) & Bl-Phase shift keying at 9 Mbps

Turbo
'BPSK45' IEEE 802.11j (10 MHz) Bl-Phase shift keying at 4.5 Mbps
'BPSK65' IEEE 802.11n Bl-Phase shift keying at 6.5 Mbps
'BPSK72' IEEE 802.11n Bl-Phase shift keying at 7.2 Mbps
'CCK11" IEEE 802.11b & g (Single Carrier) Complementary Code Keying at 11 Mbps
'CCK55' IEEE 802.11b & g (Single Carrier) Complementary Code Keying at 5.5 Mbps
'DBPSK1' IEEE 802.11b & g (Single Carrier) Differential Bl-Phase shift keying
'DQPSK2' IEEE 802.11b & g (Single Carrier) Differential Quadrature phase shift keying
'PBCC11' IEEE 802.11b & g (Single Carrier) PBCC at 11 Mbps
'PBCC22' IEEE 802.11g (Single Carrier) PBCC at 11 Mbps
'PBCC55' IEEE 802.11b & g (Single Carrier) PBCC at 5.5 Mbps
'‘QAM16' Alias for Quadrature Amplitude Modulation at higher data rate for selected standard
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'QAM64' Alias for Quadrature Amplitude Modulation at higher data rate for selected standard
'‘QAM1612' IEEE 802.11j (10 MHz) Quadrature Amplitude Modulation at 12 Mbps
'‘QAM1618' IEEE 802.11j (10 MHz) Quadrature Amplitude Modulation at 18 Mbps
'‘QAM1624' IEEE 802.11a, g (OFDM), j (20 MHz) & Quadrature Amplitude Modulation at 24 Mbps
Turbo
'QAM1626' IEEE 802.11n Quadrature Amplitude Modulation at 26 Mbps
'‘QAM1636' IEEE 802.11a, g (OFDM), j (20 MHz) & Quadrature Amplitude Modulation at 36 Mbps
Turbo
'QAM1639' IEEE 802.11n Quadrature Amplitude Modulation at 39 Mbps
'QAM16289' IEEE 802.11n Quadrature Amplitude Modulation at 28.9
Mbps
'QAM16433' IEEE 802.11n Quadrature Amplitude Modulation at 43.3
Mbps
'QAM6424' EEE 802.11j (10 MHz) Quadrature Amplitude Modulation at 24 Mbps
'QAM6B427" IEEE 802.11j (10 MHz) Quadrature Amplitude Modulation at 27 Mbps
'QAM6448' IEEE 802.11a, g (OFDM), j (20 MHz) & Quadrature Amplitude Modulationat 48Mbps
Turbo
'QAM6452' IEEE 802.11n Quadrature Amplitude Modulation at 52 Mbps
'QAM6454' IEEE802.11a,9(OFDM),j(20MHz)&Turbo | Quadrature Amplitude Modulation at 54 Mbps
'QAM6465' IEEE 802.11n Quadrature Amplitude Modulation at 65 Mbps
'‘QAM16289' IEEE 802.11n Quadrature Amplitude Modulation at 28.9
Mbps
'QAM16433' IEEE 802.11n Quadrature Amplitude Modulation at 43.3
Mbps
'QAM64578' IEEE 802.11n Quadrature Amplitude Modulation at 57.8
Mbps
'QAM64585' IEEE 802.11n Quadrature Amplitude Modulation at 58.5
Mbps
'QAM64722' IEEE 802.11n Quadrature Amplitude Modulation at 72.2
Mbps
'QPSK' Alias for Quadrature phase shift keying at higher data rate for selected standard
'QPSK®6' IEEE 802.11j (10 MHz) Quadrature phase shift keying at 6 Mbps
'QPSK9' IEEE 802.11j (10 MHz) Quadrature phase shift keying at 9 Mbps
'QPSK12' IEEE 802.11a, g (OFDM), j (20 MHz) & Quadrature phase shift keying at 12 Mbps
Turbo
'QPSK13' IEEE 802.11n Quadrature phase shift keying at 13 Mbps
'QPSK18' IEEE 802.11a, g (OFDM), j (20 MHz) & Quadrature phase shift keying at 18 Mbps
Turbo
'QPSK144' IEEE 802.11n Quadrature phase shift keying at 14.4 Mbps
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'QPSK195' IEEE 802.11n Quadrature phase shift keying at 19.5 Mbps

'QPSK217" IEEE 802.11n Quadrature phase shift keying at 21.7 Mbps

5.14.2 Commands of the SENSe Subsystem

[SENSe:]BANDwWidth:CHANNELAUTO:TYPE... .o ettt et eeaas 185
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[SENSE: IDEMOA:FFT:OFFSEE.c.uuuiiiiiietiieeeeeeetteee e e ettt e e e e e eet e e e e e e ee e e e e e eaab e eeeeeerananns 187
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[SENSE:IDEMOG:FILTEFREFLENGHN. ....eeeeeeeeeeeseeeseeeeseeeeeeeseseesesseseseseeeeseeseseeseseeseeeeseeeans 188
[SENSe:]IDEMOd:FILTEr:MODUIAtION. .. .ieieeeeeeeeee et e e e e e e e e e e e eanas 188
[SENSe:IDEMod:FORMAat:BANAIYZE. .......cceeeeeeeeririiiiriiiceeeeeieeeeeeeeeaeeeeeeeeeeeeeeeesesessasanananas 188
[SENSe:IDEMod:FORMat:BANAIYZEBTYPE.......coeeeeeeeeeeeeeeeeeeetett e e e e e e e e e e e aaeaeeeees 189
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[SENSe:]DEMod:FORMat:BANalyze:DBYTES:EQUAL.......c.uuiiiiieiiiiiiieeieeiice e eeeeeiie e e e eeeens 191
[SENSe:IDEMod:FORMat:BANalyze:DBYTESIMAX....ciititiiuentuiaaaaaaaaaeeeeeeeaaaaeaeeeeeeeeeeeneens 191
[SENSe:]DEMod:FORMat:BANalyze:DBYTEeS:MIN. .. ... 191
[SENSe:]DEMod:FORMat:BANalyze:DURation:EQUaL.........c.cveeiiiiiiiiiiiiieiieeeeeceeece e 192
[SENSe:]IDEMod:FORMat:BANalyze:DURALONIMAX.......cvvvrrrriiririiiiieieieeeeeeeeeeeeeeeeeereeeeeens 192
[SENSe:]DEMod:FORMat:BANalyze:DURALION:MIN...........uurieeeieeeeeiiiiiiiiinieeeeeeeeeeeeesseennnns 193
[SENSe:]DEMod:FORMat:BANalyze:SYMBOIS:EQUAL..........ceiiiiieeiiiieeeieeiiieee e eeeeeiiee e e aeeeens 193
[SENSe:]DEMod:FORMat:BANalyze:SYMBOIS:IMAX........ciiiiiiiiiieieeeeetiieie e e eeeianee e e e e eeevae s 194
[SENSe:]DEMod:FORMat:BANalyze:SYMBOIS:IMIN. .. ...t e 194
[SENSe:IDEMod:FORMat:BCONIENAUTO. .......veeereeeeeeeeeeeseeeeeeseeeeseseseeseseseeneseseensenens 195
[SENSe:]IDEMOd:FORMaAtBTRAE. ...uiiiuiieeiiiiiiee ettt e e e e e eea e e e e e eaas 195
[SENSe:IDEMOd:FORMAEMCSINAEX......ccceeeeeeeieeeeeeereriiriiiiseeeeeeseseeeeeaeeeserereeeeeeesssssrarnnes 195
[SENSe:]DEMod:FORMat:MCSINAEX:MODE.......ccccceiiiieieeeieeiiieeee ettt e e e e et e e e eeraa e 196
[SENSe:]IDEMOd:FORMAtINSTSINAEX. 1.uuieeiiirtieieeeiietiieeeeeeteeteeeeeeeetrtiaeeeeserrnaseeeeeernaaaaaes 196
[SENSe:]IDEMod:FORMat:NSTSINAEX:MODE.........ccieiiiiiieieeeeiiiee s eee et e e ee e e e e ee s 197
[SENSe:]IDEMod:FORMat:SIGSYMDOL.....ccuniieieeiei ettt 197
[SENSE:IDEMOG: TXAREA. . .cceuiitieteeeie ettt et e et e et e e e et s e ee e et e ea e e e e eaeetn s eaanaenaeanns 198
[SENSE: JFREQUENCY:CENT .. uuuuutiiiieeeeieieeeeeeeeeeeeeieeeeeeeeetesesbar e aaseeeeeaaaaaaseseseereeeens 198
[SENSe:IPOWEr:ACHANNEIMODE......cciiiieieieeeeeeeeeeeeeeeeeeeeeeeeta b eeeeae e e e e eeeeeeaaeeeeeseeeeeens 198
[SENSE: IPOWEISEMICLASS. ...uuuieieeieettieieeeeeettee e e e ettt teeeeeeastaseeesestanaeeeerrstaneeeseesnnanns 199
[SENSE:IPOWEISEM...uuuiiiiiiiiiieieeeeiates e e et eetatas e e aeseeta s e e e eeaasaesaeseetaa e e eereesaseeeeensananns 199
[SENSe:IPOWer:SEM:TRACE:REDUCHON. .....utueeaaae e e e e e e et 201
[SENSEISWWAPIG. ..o eeeeeeeeeeseeeeeeeeeeeeseeeeseeseseeseseeseseeseseesess s esesees s eeesees s eeneseeseseeneseeeen. 201
[SENSE:ISWEEP:COUNL......eveeeeeeeseeeeseeeeseeseseeseseesessesseseseesaseeseseesessesessesessesessesessseseen 201
[SENSE: ISWEEDP:EGATE...ccciieeeeeetettitteeeeeete e e e e e e eeeeeeeeeeeeeeeeeeerete bbb eeeeseaeeaaaaaaeees 202
[SENSe:]SWEep:EGATE:HOLDOM:TIME]...uuvurururieeieieieeeeeeeeeeeeeeeeeeeeeeesssrsrsnnnnnneneees 202
[SENSe:]SWEep:EGATE:HOLDOf:SAMPIE. .....uuiieeieeeiiie et eee et e e 202
[SENSe:]SWEEP:EGATE:LENGHALTIMEL c..evveeeeeeeeseeseeseeeseeeseseeseeesesseseseseessesseeseseeseesens 203
[SENSe:]SWEep:EGATELENGth:SAMPIE. ...t et 203
[SENSE:ISWEEP:EGATEILINK. ....eceeeeeeeseeeeeeeeeseeeeseeeeeeeseeseseeseseeseseeseseeseseeseseeseseeneeeeeens 203
[SENSE:ISWERD: TIME .-t eeeeeeeeeeeeeeeeeeeeseseeeeeeseseeeeseseseesaseseeeeseseseeeeseseseseseseenesenenes 204
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[SENSE: ISWEEP:EGATETYPE. ... ittt ittt ettt e e et e e e e e e e e e ee e e e e e e anaanns 204
[SENSE: TRACKING:LEVEL. c....eeeeeeeeseeeeeeeeeseeseeeeseeseseesesseseeeeseeeseeeeseesesese s esneseeneseseeseeeen 204
[SENSE:TRACKING:PHASE. ...t eeeeeseeseseesesesese s ese s eseeseeseseesesseseesesessesesseseseaees 204
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[SENSE: I TRACKING: TIME ...t eeeeeeeeeeeeeeeeseseseseseseeeseseseeeeeaseseseseeseeseseseeesesesseseseseseseseeesens 205

[SENSe:]BANDwidth:CHANnNel:AUTO:TYPE <PPDUType>

This remote control command specifies how PPDUs are analyzed according to chan-
nel bandwidth.

Parameters:

<PPDUType> FBURst
The channel bandwidth of the first valid PPDUs is detected and
subsequent PPDUs are analyzed only if they have the same
channel bandwidth.
ALL
All PPDUs are analyzed regardless of their channel bandwidth
MB20
Only PPDUs with a channel bandwidth of 20 MHz are analyzed
MB40
Only PPDUs within a channel bandwidth of 40 MHz are ana-
lyzed
(IEEE 802.11 n, ac only)
MB80
Only PPDUs within a channel bandwidth of 80MHz are analyzed
(IEEE 802.11 ac only)
MB160
Only PPDUs within a channel bandwidth of 160MHz are ana-
lyzed
(IEEE 802.11 ac only)
DB20
All PPDUs are analyzed according to a channel bandwidth of
20MHz
DB40
All PPDUs are analyzed within a channel bandwidth of 40MHz
(IEEE 802.11 n, ac only)
DB80
All PPDUs are analyzed within a channel bandwidth of 80MHz
(IEEE 802.11 n, ac only)
DB160
All PPDUs are analyzed within a channel bandwidth of 160MHz
(IEEE 802.11 n, ac only)

*RST: FBURst

Example: SENS:BAND:CHAN:AUTO:TYPE ALL

Mode: WLAN
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Manual operation: See "Channel Bandwidth to measure" on page 105

[SENSe:]BANDwidth[:RESolution]:FILTer <State>

This remote control command enables or disables use of the RBW filter

Parameters:

<State> ON | OFF
*RST: OFF

Example: SENS:BAND:RES:FILT ON

Mode: WLAN

Manual operation:  See "Filter adjacent channels (IEEE 802.11ac, n (MIMO))"
on page 102

[SENSe:]BURSt:COUNt <NoOfPPDUs>

This command defines the number of PPDUs that will be analyzed by the measure-
ment. This parameter is ignored if the setting for the [SENSe: ] BURSt : COUNt : STATe
on page 186 parameter is off.

Parameters:
<NoOfPPDUs> *RST: 1
Example: BURS:COUN 16
Sets the number of PPDUs to 16.
Mode: WLAN

Manual operation: See "Analyze PPDUs " on page 89

[SENSe:]BURSt:COUNt:STATe <State>

When this command is set to on, the PPDU count parameter will be used by the mea-
surement, otherwise the PPDU count parameter will be ignored.

Parameters:
<State> ON | OFF
*RST: OFF
Example: BURS:COUN:STAT ON
Sets the PPDU count state to ON
Mode: WLAN

Manual operation: See "PPDU Count " on page 89
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[SENSe:]DEMod:CESTimation <State>

This command defines whether channel estimation will be done in preamble and pay-
load (if set to 1) or only in preamble (if set to 0). The effect of this is most noticeable for
the EVM measurement results, where the results will be improved when this feature is
enabled.

However, this functionality is not supported by the IEEE 802.11 standard and must be
disabled if the results are to be strictly measured against the standard.

Parameters:

<State> ON | OFF
*RST: OFF

Example: DEMod:CEST ON
Specifies that the IQ measurement results will use channel esti-
mation in preamble & payload.

Mode: WLAN

Manual operation: See "Channel Estimation Range (IEEE 802.11a, ac, g (OFDM),
j, n, p)" on page 102

[SENSe:]DEMod:FFT:OFFSet <Mode>
This command specifies the FFT start offset.

Parameters:

<Mode> AUTO
The FFT start offset is automatically chosen to minimize the
intersymbol interference.

GlCenter
Guard Interval Center: The FFT start offset is placed to the cen-
ter of the guard interval.

PEAK
The peak of the fine timing metric is used to determine the FFT
start offset.

Mode: WLAN

Manual operation: See "FFT Start Offset (IEEE 802.11a, g, j, p)" on page 104
See "FFT Start Offset" on page 109

[SENSe:]DEMod:FILTer:CATalog?

This command reads the names of all available filters.

Parameters:
<Result> <filter_1> < filter_2>, ..., <filter_n>

The file names are output without the file extension.
Example: DEM:FILT:CAT?

Reads all filter names
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Usage: Query only
Mode: WLAN

[SENSe:]DEMod:FILTer:EFLength <Length>

This command specifies the equalizer filter length in chips.

Parameters:
<Length> numeric value
*RST: 10
Example: DEM:FILT:EFL 4
Sets the equaliizer filter length to 4 chips.
Mode: WLAN

Manual operation: See "Equalizer Filter Len. " on page 104

[SENSe:]DEMod:FILTer:MODulation <TXFilter>, <RXFilter>

This command selects the TX and RX filters. The names of the filters correspond to the
file names; a query of all available filters is possible by means of the [sSENSe:
]DEMod:FILTer : CATalog? on page 187 command.

Parameters:
<TXFilter>, *RST: AUTO,AUTO
<RXFilter> DEF_TX: default transmit filter, DEF_RX: default receive filter
Example: DEM:FILT:MOD 'DEF TX', 'DEF RX'
DEF_TX is selected for the TX filter and DEF_RX for the RX fil-
ter
Mode: WLAN

Manual operation: See "Transmit Filter" on page 103
See "Receive Filter" on page 104

[SENSe:]DEMod:FORMat:BANalyze <Format>

The remote control command sets the analysis modulation format that will be assumed
when the measurement is performed. If the [SENSe: ] DEMod: FORMat : SIGSymbol
on page 197 parameter has been set to ON, this command can be used to measure
only certain PPDU types within a measurement sequence.

For IEEE 802.11n this command is only supported for SISO. For IEEE 802.11n
(MIMO) use: [SENSe: ] DEMod: FORMat :MCSIndex on page 195:

Parameters:

<Format> *RST: QAM64
For details refer to Chapter 5.14.2, "Commands of the SENSe
Subsystem", on page 184.
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Mode:

Manual operation:
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DEM:FORM:BAN 'QAM16'
Only PPDUs that are of the QAM16 modulation format are ana-
lyzed.

WLAN

See "Analyze PSDU Mod (IEEE 802.11n, SISO)" on page 100
See "Demodulator (IEEE 802.11a, b, g, j, p)" on page 100

[SENSe:]DEMod:FORMat:BANalyze:BTYPe <PPDUType>

This remote control command specifies the type of PPDU to be analyzed. Only PPDUs
of the specified type take part in measurement analysis.

Parameters:
<PPDUType>

Example:

Mode:

Manual operation:

DIRECT | LONG-OFDM | SHORT-OFDM | LONG | SHORT |
MM20 | GFM20 | MM40 | GFM40

DIRECT

IEEE 802.11a, p, IEEE 802.11j (10MHz), IEEE 802.11j (20MHz),
IEEE 802.11g, 802.11 OFDM Turbo — Direct Link Burst
LONG-OFDM

IEEE 802.11g — Long DSSS OFDM

SHORT-OFDM

IEEE 802.11g — Short DSSS OFDM

LONG

IEEE 802.11b, IEEE 802.11g — Long PLCP Burst

SHORT

IEEE 802.11b, IEEE 802.11g — Short PLCP Burst

MM20

IEEE 802.11n, Mixed Mode, 20 MHz sampling rate

GFM20

IEEE 802.11n Green Field Mode, 20 MHz sampling rate
MM40

IEEE 802.11n, Mixed Mode, 40 MHz sampling rate

GFM40
IEEE 802.11n Green Field Mode, 40 MHz sampling rate

*RST: DIRECT

DEM: FORM:BAN:BTYPe 'DIRECT'
Only DIRECT PPDUs are analyzed.

WLAN

See "PPDU Type (IEEE 802.11a, g (OFDM, Single Carrier), j, n,
p)" on page 99

See "Preamble Type (IEEE 802.11b)" on page 99

See "PPDU Frame Format (IEEE 802.11n, SISO)" on page 100
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[SENSe:]DEMod:FORMat:BANalyze:BTYPe:AUTO:TYPE <Analysis>

This remote control command specifies how signals are analyzed (IEEE IEEE
802.11ac, n (MIMO) only).

Parameters:

<Analysis> FBURst
The format of the first valid PPDU is detected and subsequent
PPDUs are analyzed only if they have the same format (corre-
sponds to "Auto, same type as first PPDU")

ALL
All PPDUs are analyzed regardless of their format (corresponds
to "Auto, individually for each PPDU")

MNHT
Only PPDUs with format "Non-HT" are analyzed
(IEEE 802.11 a)

DNHT
All PPDUs are assumed to have the PPDU format "Non-HT"
(IEEE 802.11 a)

MMIX
Only PPDUs with format "HT-MF" (Mixed) are analyzed
(IEEE 802.11 n)

MGRF
Only PPDUs with format "HT-GF" (Greenfield) are analyzed
(IEEE 802.11 n)

DMIX
All PPDUs are assumed to have the PPDU format "HT-MF"
(IEEE 802.11 n)

DGRF
All PPDUs are assumed to have the PPDU format "HT-GF"
(IEEE 802.11 n)

MVHT
Only PPDUs with format "VHT" are analyzed
(IEEE 802.11 ac)

DVHT
All PPDUs are assumed to have the PPDU format "VHT"
(IEEE 802.11 ac)

*RST: FBURst
Example: SENS:DEM: FOR:BAN:BTYP:AUTO:TYPE FBUR
Mode: WLAN

Manual operation: See "PPDU format to measure" on page 105
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[SENSe:]DEMod:FORMat:BANalyze:DBYTes:EQUal <State>

When this command is set to ON then only PPDUs of equal length will take part in the
measurement analysis. The number of data bytes that a PPDU must have in order to
take part in measurement analysis is specified by the [SENSe: ] DEMod: FORMat :
BANalyze:DBYTes:MIN on page 191 command.

Parameters:

<State> ON | OFF
*RST: OFF

Example: DEM:FORM:BAN:DBYTes:EQU ON
Only PPDUs of equal length will take part in the measurement
analysis.

Mode: WLAN

Manual operation: See "Equal PPDU Length" on page 101

[SENSe:]DEMod:FORMat:BANalyze:DBYTes:MAX <NumberDataBytes>

This command specifies the maximum number of data bytes required for PPDUs to
qualify for measurement analysis. Only PPDUs with the specified number of data bytes
will be used in the measurement analysis.

This value will not have any immediate effect if the [SENSe: | DEMod: FORMat :
BANalyze:DBYTes:EQUal on page 191 command has been set to ON. In this case,
no range of symbols is allowed and only PPDUs with exactly the number of data bytes
specified by the [SENSe: | DEMod: FORMat : BANalyze:DBYTes : MIN on page 191
command shall take part in measurement analysis.

Parameters:

<NumberDataBytes> *RST: 64

Example: DEM:FORM:BAN:DBYTes:MAX 1300
Only PPDUs which contain a maximum of 1300 data bytes are
analyzed.

Mode: WLAN

Manual operation: See "Max Payload Length (IEEE 802.11b, g)" on page 102

[SENSe:]DEMod:FORMat:BANalyze:DBYTes:MIN <NumberDataBytes>

This command specifies the number of data bytes required for PPDUs to qualify for
measurement analysis. Only PPDUs with the specified number of data bytes will be
used in the measurement analysis.
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If the [SENSe: ] DEMod:FORMat:BANalyze:DBYTes:EQUal on page 191 command
has been set to ON, this command specifies the exact number of data bytes required
for a PPDU to take part in measurement analysis. If the [SENSe: ] DEMod: FORMat :
BANalyze:DBYTes:EQUal on page 191 command is set to OFF, this command
specifies the minimum number of data bytes required for a PPDU to take part in mea-
surement analysis.

Parameters:
<NumberDataBytes> *RST: 1
Example: DEM: FORM:BAN:DBYTes:MIN 16
Only PPDUs which contain 16 data bytes are analyzed.
Mode: WLAN

Manual operation: See "Payload Length (IEEE 802.11b, g)" on page 102
See "Min Payload Length (IEEE 802.11b, g)" on page 102

[SENSe:]DEMod:FORMat:BANalyze:DURation:EQUal <State>

When this command is set to ON then only PPDUs of equal length will take part in the
PVT analysis. When this command is set to true the value specified by the [SENSe:
]DEMod: FORMat :BANalyze:DURation:MIN on page 193 command specifies the
duration that a PPDU must last in order to take part in measurement analysis.

Parameters:

<State> ON | OFF
*RST: OFF

Example: DEM:BAN:DUR:EQU ON
Only PPDUs of equal length will take part in the measurement
analysis.

Mode: WLAN

Manual operation: See "Equal PPDU Length" on page 101

[SENSe:]DEMod:FORMat:BANalyze:DURation:MAX <Duration>

This command specifies the maximum duration in microseconds required for PPDUs to
qualify for measurement analysis. Only PPDUs with the specified duration will be used
in the measurement analysis.

This value will not have any immediate effect if the [SENSe: | DEMod: FORMat :
BANalyze:DURation:EQUal on page 192 command has been set to true as in this
case no range of durations is allowed and only PPDUs with exactly the duration speci-
fied by the [SENSe: ] DEMod: FORMat :BANalyze:DURation:MIN on page 193
command shall take part in measurement analysis

Parameters:
<Duration> *RST: 5464
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Example: DEM:BAN:DUR:MAX 1300
Only PPDUs which have a maximum duration of 1300 microsec-
onds are analyzed.

Mode: WLAN
Manual operation: See "Max Payload Length (IEEE 802.11b, g)" on page 102

[SENSe:]DEMod:FORMat:BANalyze:DURation:MIN <Duration>

This command specifies the duration in microseconds required for PPDUs to qualify for
measurement analysis. Only PPDUs with the specified duration will be used in the
measurement analysis.

If the [SENSe: ] DEMod: FORMat :BANalyze:DURation:EQUal on page 192 com-
mand has been set to true then this command specifies the exact duration required for
a PPDU to take part in measurement analysis.

If the [SENSe: ]DEMod: FORMat :BANalyze:DBYTes:EQUal on page 191 command
is set to false this command specifies the minimum duration required for a PPDU to
take part in measurement analysis.

Parameters:
<Duration> *RST: 1
Example: DEM:BAN:DUR:MIN 45
Only PPDUs which last 48 microseconds are analyzed.
Mode: WLAN

Manual operation: See "Payload Length (IEEE 802.11b, g)" on page 102
See "Min Payload Length (IEEE 802.11b, g)" on page 102

[SENSe:]DEMod:FORMat:BANalyze:SYMBols:EQUal <State>

When this command is activated then only PPDUs of equal length will take part in the
measurement analysis. When this command is set to true the value specified by the
[SENSe: ] DEMod: FORMat :BANalyze:SYMBols:EQUal on page 193 command
specifies the number of symbols that a PPDU must have in order to take part in analy-

sis.
Parameters:
<State> ON | OFF
*RST: OFF
Example: DEM:FORM:BAN: SYM:EQU ON
Only PPDUs of equal length will take part in analysis.
Mode: WLAN

Manual operation: See "Equal PPDU Length" on page 101
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[SENSe:]DEMod:FORMat:BANalyze:SYMBols:MAX <NumberDataSymbols>

This command specifies the maximum number of data symbols required for PPDUs to
qualify for measurement analysis. Only PPDUs with the specified number of symbols
will be used in the measurement analysis. The number of data symbols is defined as
the uncoded bits including service and tail bits.

This value will not have any immediate effect if the [SENSe: | DEMod: FORMat :
BANalyze:SYMBols:EQUal command has been set to true as in this case no range
of symbols is allowed and only PPDUs with exactly the number of symbols specified by
the [SENSe: ] DEMod:FORMat :BANalyze:SYMBols:MIN command shall take place
in measurement analysis.

Parameters:

<NumberDataSymbols*RST: 64

Example: DEM:FORM:BAN: SYM:MAX 1300
Only PPDUs which contain a maximum symbol count of 1300
are analyzed.

Mode: WLAN

Manual operation: See "Max Data Symbols (IEEE 802.11a, ac, j, n, p)"
on page 102

[SENSe:]DEMod:FORMat:BANalyze:SYMBols:MIN <NumberDataSymbols>

This command specifies the number of data symbols required for PPDUs to qualify for
measurement analysis. Only PPDUs with the specified number of symbols will be used
in the measurement analysis. The number of data symbols is defined as the uncoded
bits including service and tail bits.

When the [SENSe: ]DEMod:FORMat :BANalyze:SYMBols:EQUal command has
been set to true then this command specifies the exact number of symbols required for
a PPDU to take part in measurement analysis. When the [SENSe: ] DEMod: FORMat :
BANalyze:SYMBols:EQUal command is set to false this command specifies the min-
imum number of symbols required for a PPDU to take part in measurement analysis.

Parameters:
<NumberDataSymbols*RST: 1
Example: DEM:FORM:BAN: SYM:MIN 16
Only PPDUs which contain a symbol count of 16 are analyzed.
Mode: WLAN

Manual operation: See "Data Symbols (IEEE 802.11a, ac, |, n, p)" on page 101
See "Min Data Symbols (IEEE 802.11a, ac, j, n, p)" on page 101
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[SENSe:]DEMod:FORMat[:BCONtent]:AUTO <State>

When this command is set to ON, the signal symbol field, resp. the PLCP header field
of the PPDU is analyzed to determine the details of the PPDU. When this field is set to
ON, only PPDUs that match the supplied PPDU type and modulation are considered in
results analysis.

Parameters:
<State> ON | OFF
Example: DEM: FORM:AUTO ON
Specifies that the signal symbol field should be decoded.
Mode: WLAN

Manual operation: See "Demod Settings (IEEE 802.ac, n (MIMO) only)" on page 98
See "Auto Demodulation (IEEE 802.11n, SISO)" on page 100

[SENSe:]DEMod:FORMat:BTRate <BitRate>

The remote control command is used to specify the bit rate for IEEE 802.11b signals.
This command can be used as an alternative to [SENSe: ] DEMod: FORMat :
BANalyze on page 188. The bit rate can be set as follows:

Parameters:
<BitRate> 10]120]55]110

10
1 Mbit/s

20
2 Mbit/s

55
5.5 Mbit/s

110
11 Mbit/s

*RST: 10 (= 1mbit)

Example: DEM:FORM:BTR 20
Configures to demodulate 2 Mbit/s signals

Mode: WLAN

[SENSe:]DEMod:FORMat:MCSIndex <Index>

This command accesses the MCS-Index which controls the rate and modulation and
streams. It is used as the offset in the available options as shown on control or MCS
parameter tables (see document: IEEE P802.11n/D11.0 June 2009).

Parameters:
<Index> numeric value

*RST: 1
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Example: SENS:DEM:FORM:MCST 1
selects MCS-Index 1 (BPSK 1 spatial stream)
Mode: WLAN

Manual operation: See "MCS Index" on page 106

[SENSe:]DEMod:FORMat:MCSIndex:MODE <Analysis>

This remote control command specifies how PPDUs are analyzed acoording to the

MCS index

Parameters:

<Analysis> FBURst
The MCS index of the first PPDU is detected and subsequent
PPDUs are analyzed only if they have the same MCS index
ALL
All valid PPDUs are analyzed according to their individual MCS
indexes
MEASure
Only PPDUs with an MCS index which matches that supplied by
SENSe:]DEMod:FORMat:MCSindex will be analyzed
DEMod
All PPDUs will be anayzed according to the MCS index specified
by [SENSe: ]DEMod:FORMat :MCSTIndex on page 195.
*RST: FBURst

Example: SENS :DEM: FORM:MCSTI :MOD ALL
selects MCS-Index 1 (BPSK 1 spatial stream)

Mode: WLAN

Manual operation: See "MCS Index to use" on page 106

[SENSe:]DEMod:FORMat:NSTSindex <Index>
Defines the the PPDUs taking part in the analysis depending on their Nsts.
This command is only available for the IEEE 802.11 ac standard.

This command is available for DEM: FORM:NSTS : MODE MEAS or
DEM: FORM:NSTS :MODE DEM (see [SENSe: ] DEMod: FORMat : NSTSindex :MODE
on page 197).

Parameters:
<Index>

Example: SENS:DEM:FORM:NSTS:MODE MEAS
SENS:DEM: FORM:NSTS 1

Manual operation: See "Nsts (IEEE 802.11ac only)" on page 107
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[SENSe:]DEMod:FORMat:NSTSindex:MODE <Mode>
Defines the the PPDUs taking part in the analysis depending on their Nsts.
This command is only available for the IEEE 802.11 ac standard.

Parameters:

<Mode> FBURSst | ALL | MEASure | DEMod
FBURSst
The Nsts of the first PPDU is detected and subsequent PPDUs
are analyzed only if they have the same Nsts (corresponds to
"Auto, same type as first PPDU")
ALL
All recognized PPDUs are analyzed according to their individual
Nsts (corresponds to "Auto, individually for each PPDU")
MEASure
Only PPDUs with the Nsts specified by [SENSe: ] DEMod:
FORMat :NSTSindex are analyzed
DEMod
The "Nsts" index specified by [SENSe: ] DEMod: FORMat :
NSTSindex is used for all PPDUs.

*RST: FBURst

Example: SENS:DEM:FORM:NSTS :MODE MEAS
SENS:DEM: FORM:NSTS 1

Manual operation: See "Nsts to use (IEEE 802.11 ac only)" on page 106

[SENSe:]DEMod:FORMat:SIGSymbol <State>

If this command is set to ON, the signal symbol field of the PPDU is analyzed to deter-
mine the details of the PPDU. Only PPDU which match the supplied PPDU type and
modulation are considered in results analysis. For IEEE 802.11b this command can
only be queried as the decoding of the signal field is always performed for the IEEE
802.11b standard.

Parameters:
<State> ON | OFF
Example: DEM:FORM:SIGS ON
Specifies that the signal symbol field should be decoded.
Mode: WLAN

Manual operation: See "Signal Field Content (IEEE 802.11a, g (OFDM), j & n
(SISO), p)" on page 98
See "Use Header Content (IEEE 802.11b, g — Single Carrier)"
on page 99
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[SENSe:]DEMod:TXARea <State>

If enabled, the R&S FSVA/FSV WLAN application initially performs a coarse PPDU
search on the input signal in which increases in the power vs time trace are detected.
Further time-consuming processing is then only performed where PPDUs are
assumed. This improves the measurement speed for signals with low duty cycle rates.

However, for signals in which the PPDU power levels differ significantly, this option
should be disabled as otherwise some PPDUs may not be detected.

Parameters:

<State> ON|OFF |01
ON |1
A coarse PPDU search is performed based on the power levels
of the input signal.

OFF |0
No pre-evaluation is performed, the entire signal is processed.
*RST: 1

Manual operation: See "Power Interval Search (IEEE 802.11ac only)" on page 109

[SENSe:]JFREQuency:CENTer <Frequency>

This command defines the center frequency (frequency domain) or measuring fre-
quency (time domain).

Parameters:
<Frequency> Range: 0 to fmax

*RST: fmax/2

Default unit: Hz

fmax i specified in the data sheet. min span is 10 Hz
Example: FREQ:CENT 100 MHz

Manual operation: See "Frequency " on page 88

[SENSe:]POWer:ACHannel:MODE <Mode>

This command sets the ACP measurement mode for the IEEE 802.11j standard to
either absolute or relative.

Parameters:
<Mode> ABS | REL
ABS
Absolute measurement
REL
Relative measurement
*RST: REL
Example: POW:ACH:MODE ABS

Sets the ACP measurement to absolute mode
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Mode: WLAN

[SENSe:]POWer:SEM:CLASs

This command sets the Spectrum Emission Mask (SEM) power class index. The index
represents the power classes to be applied. The index is directly related to the entries
displayed in the power class drop down combo box, within the SEM settings configura-

tion page.
Parameters:
*RST: 0
Example: POW:ACH:SEM:CLAS 0
Sets the SEM power class to automatic
Mode: WLAN

[SENSe:]POWer:SEM <Type>

This command sets the Spectrum Emission Mask (SEM) measurement type. This is
either IEEE, ETSI Spectrum mask or a user defined file.

Parameters:

<Type> IEEE | ETSI | User
User
Settings and limits are configured via a user-defined XML file.
Load the file using MMEMory : LOAD: SEM: STATe 1,
on page 181.
IEEE
Settings and limits are as specified in the IEEE Std
802.11n™-2009 Figure 20-17—Transmit spectral mask for 20
MHz transmission. For other IEEE standards see the parameter
values in the table below.
After a query, IEEE is returned for all IEEE standards.
ETSI
Settings and limits are as specified in the ETSI standard.
*RST: IEEE

Example: POW:SEM ETSI
Sets the SEM ETSI measurement type

Mode: WLAN

Manual operation: See "SEM according to" on page 81
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Table 5-1: Supported IEEE standards

Manual operation

The spectrum emission mask measurement
is performed according to the standard

Parameter value

IEEE 802.11n-2009
20M@2.4G

IEEE Std 802.11n™-2009

Figure 20-17—Transmit spectral mask for 20
MHz transmission

IEEE
or
'|[EEE_2009 20 2 4'

IEEE 802.11n-2009
40M@2.4G

IEEE Std 802.11n™-2009

Figure 20-18—Transmit spectral mask for a 40
MHz channel

'|EEE_2009_40_2_4'

IEEE 802.11n-2009 20M@5G

IEEE Std 802.11n™-2009

Figure 20-17—Transmit spectral mask for 20
MHz transmission

'|EEE_2009_20_5'

IEEE 802.11n-2009 40M@5G

IEEE Std 802.11n™-2009

Figure 20-18—Transmit spectral mask for a 40
MHz channel

'|EEE_2009_40_5'

IEEE 802.11mb/D08
20M@2.4G

IEEE Std 802.11n™-2009

Figure 20-17—Transmit spectral mask for 20
MHz transmission

IEEE Draft P802.11-REVmb™/D8.0, March 2011

Figure 19-17—Transmit spectral mask for 20
MHz transmission in the 2.4 GHz band

'[EEE_D08_20_2_4'

IEEE 802.11mb/D08
40M@2.4G

IEEE Std 802.11n™-2009

Figure 20-18—Transmit spectral mask for a 40
MHz channel

IEEE Draft P802.11-REVmb™/D8.0, March 2011

Figure 19-18—Transmit spectral mask for a 40
MHz channel in the 2.4 GHz band

'|EEE_D08_40 2 4'

IEEE 802.11mb/D08 20M@5G | IEEE Draft P802.11-REVmb™/D8.0, March 2011 | 'IEEE_D08_20_5'
Figure 19-19—Transmit spectral mask for 20
MHz transmission in the 5 GHz band

IEEE 802.11mb/D08 40M@5G | IEEE Draft P802.11-REVmb™/D8.0, March 2011 | 'IEEE_D08_40_5'

Figure 19-20—Transmit spectral mask for a 40
MHz channel in the 5 GHz band

IEEE 802.11ac/D1.1 20M@5G

IEEE P802.11ac™/D1.1, August 2011

Figure 22-17—Transmit spectral mask for a 20
MHz channel

'[EEE_AC_D1_1_20_
5

IEEE 802.11ac/D1.1 40M@5G

IEEE P802.11ac™/D1.1, August 2011

Figure 22-18—Transmit spectral mask for a 40
MHz channel

'[EEE_AC_D1_1_40_
5

IEEE 802.11ac/D1.1 80M@5G

IEEE P802.11ac™/D1.1, August 2011

Figure 22-19—Transmit spectral mask for a 80
MHz channel

'[EEE_AC_D1_1_80_
5
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[SENSe:]POWer:SEM:TRACe:REDuction <Method>

This command specifies how trace reduction is performed for the Spectrum Emission
Mask (SEM) measurement.

Parameters:

<Method> PEAK
For each frequency range, the peak detector is used to deter-
mine the corresponding trace value. This was the behaviour for
the SEM measurement in R&S FSV-K91 versions before 1.70.
DETector
For each frequency range, the trace detector defined in the SEM
xml file is used to determine the corresponding trace value.
*RST: PEAK

Example: POW:SEM: TRAC:RED PEAK
Set SEM measurement to use peak trace reduction

Mode: WLAN

Manual operation: See "Trace Reduction" on page 82

[SENSe:]SWAPiq <State>

This command defines whether or not the recorded 1Q pairs should be swapped (I<-
>Q) before being processed. Swapping | and Q inverts the sideband.

Parameters:
<State> ON | OFF
ON
I and Q are exchanged, inverted sideband, Q+j*|
OFF
Normal sideband, I1+j*Q,
*RST: OFF
Example: SWAP ON
Specifies that IQ values should be swapped.
Mode: WLAN, GSM, OFDM, OFDMA/WiBro

Manual operation: See "Swap IQ " on page 92

[SENSe:]SWEep:COUNt <NumberSweeps>

This command specifies the number of sweeps for Spectrum Mask and Spectrum
ACPR measurements.

Parameters:
<NumberSweeps>  *RST: 1
Example: SWEep:COUNt 64

Sets the number of sweeps to 64.



SENSe Subsystem (WLAN)

Usage: SCPI confirmed
Mode: WLAN

Manual operation: See "Sweep Count " on page 89

[SENSe:]SWEep:EGATe <State>

This command switches on/off the sweep control by an external gate signal. If the
external gate is selected the trigger source is automatically switched to EXTernal as
well.

In case of measurement with external gate, the measured values are recorded as long
as the gate is opened. During a sweep the gate can be opened and closed several
times. The synchronization mechanisms with *OPC, *OPC? and *WAI remain com-
pletely unaffected.

The sweep end is detected when the required number of measurement points (691 in
"Spectrum" mode) has been recorded.

Parameters:
<State> ON | OFF

*RST: OFF
Example: SWE : EGAT ON

Switches on the external gate mode.
SWE :EGAT: TYPE EDGE

Switches on the edge-triggered mode.
SWE:EGAT:HOLD 100US

Sets the gate delay to 100 ps.
SWE:EGAT:LEN 500US

Sets the gate opening time to 500 ps.
INIT; *WAI

Starts a sweep and waits for its end.

[SENSe:]SWEep:EGATe:HOLDoff[:TIME] <Time>

This command defines the gate delay in the capture buffer in time units. The range of
this value is dependent on the last run measurement.

Parameters:
<Time> *RST: 100us
Example: SWE:EGAT:HOLD 125us
Sets a delay of 125us in the capture buffer.
Mode: WLAN

[SENSe:]SWEep:EGATe:HOLDoff:SAMPle <NumberSamples>

This command defines the gate delay in the capture buffer as a number of samples.
The range of this value is dependent on the last run measurement.
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Parameters:
<NumberSamples> *RST: 2000
Example: SWE :EGAT :HOLD: SAMP 2500
Sets a delay of 2500 samples in the capture buffer.
Mode: WLAN

[SENSe:]SWEep:EGATe:LENGth[:TIME] <Time>

This command defines the gate time in the capture buffer in time units. The range of
this value is dependent on the last run measurement.

Parameters:
<Time> *RST: 400us
Example: SWE :EGAT :LENG 20ms
Sets a gate length of 20 milliseconds between sweeps.
Mode: WLAN

[SENSe:]SWEep:EGATe:LENGth:SAMPle <NumberSamples>

This command defines the gate time in the capture buffer as a number of samples. The
range of this value is dependent on the last run measurement.

Parameters:
<NumberSamples> *RST: 8000
Example: SWE : EGAT : LENG: SAMP 200000
Sets a gate length of 200000 samples in the capture buffer.
Mode: WLAN

[SENSe:]SWEep:EGATe:LINK <State>

This command links together the movement of the gating lines and the capture buffer

marker.

Parameters:

<State> ON | OFF
*RST: 0

Example: SWE:EGAT:LINK ON
Links the gating lines as marker with the gating line delay and
length are changed gate position.

Mode: WLAN

Manual operation: See "Gating Settings On/Off ((IEEE 802.11a, b, g, j, p)"

on page 67
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[SENSe:]SWEep:TIME <Time>
This command defines the sweep time.

The range depends on the frequency span.

Parameters:

<Time> refer to data sheet
*RST: (automatic)

Example: SWE:TIME 1s

Manual operation: See "Capture Time " on page 89

[SENSe:]SWEep:EGATe:TYPE <Mode>

This command sets the type of triggering (level or edge) by the external gate signal.
The gate opening time cannot be defined with the command [SENSe: | SWEep:
EGATe:LENGth[:TIME] if level triggering is used. The gate is closed when the gate
signal disappears.

Parameters:
<Mode> LEVel | EDGE
*RST: EDGE
Example: SWE:EGAT:TYPE EDGE
Sets the gate mode to EDGE.
Mode: WLAN

[SENSe:]TRACking:LEVel <State>

This command defines whether or not the measurement results should be compensa-

ted for level.

Parameters:

<State> ON | OFF
*RST: OFF

Example: TRAC:LEV ON
Specifies that the measurement results should be compensated
for level.

Mode: WLAN

Manual operation: See "Level" on page 103

[SENSe:]TRACking:PHASe <State>

This command defines whether or not the measurement results should be compensa-
ted for phase.
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Parameters:

<State> ON | OFF
*RST: ON

Example: TRAC:PHAS ON
Specifies that the measurement results should be compensated
for phase.

Mode: WLAN

Manual operation: See "Phase" on page 103

[SENSe:]TRACKking:PlLots <Mode>
This command configures how the pilots of the signal is determined.

Parameters:
<Mode> STANdard
The pilot of the signal is determined as defined by the standard.

DETected
The pilot is detected by estimation; useful when the signal devi-
ates from the standard

*RST: STANdard
Mode: WLAN (IEEE 802.11ac/n (MIMO))

Manual operation: See "Pilots for Tracking (IEEE 802.11n, ac (SISO+MIMO))"
on page 103

[SENSe:]TRACking:TIME <State>

This command defines whether or not the measurement results should be compensa-
ted for time.

Parameters:
<State> ON | OFF
Mode: WLAN

Manual operation: See "Timing" on page 103

STATus Subsystem (WLAN)

The following commands can be used to query the contents of the status registers spe-
cific to the R&S FSV-K91 option. For details see Chapter 5.19, "Status Reporting Sys-
tem (Option R&S FSV-K91)", on page 222.

For details on general status register commands, see the base unit description.

STATUS:OPERAION:CONDIION. ...uueiiiiieeiei e eeeeeee et ee et e e e e st eeeaa e e e e e s ebaseeranseeseanenes 206
STATUS:OPERAON[EVENL.....iiiieiiiiie et ee et e e et e e e e e et e e e e e eetaaeeeeeeenbannaeeaees 206
STATUS:QUESHONADIE:CONDIION. .. cvuiiiieeeiiee e et e e et e e e e ea e s e e s s sbeeanesennas 206
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STATUS:QUESHONADIE[IEVENL]2.... e eeeeiiie ettt e e e e et e e e e et e e e e e e anae e e e e e eneanas 207
STATus:QUEStionable:ACPLIMItI:EVENL]......cuo e 207
STATus:QUEStionable:LIMit<Screen>[:EVENL]........cccertiiiimiiiiieaaaaaae e ee e e e e e e e e e e eeeeeeeeeeeeeens 207
STATUS:QUESHIONabIE:SYNCIEVEN] 2. ettt e e e e ea e e e 207
STATus:QUEStionable:ACPLIMIit:CONDItION........ccvuriieieeieeiiiieeeereereeseeeeerrnaeeeeseesrnaeeaeens 207
STATus:QUEStionable:LIMit<Screen>:CONDItiON...........ceiiiuiieiiiie e e 207
STATus:QUEStionable:SYNC:CONDItION?......cuuiiiiiieeeeii et e e e e e e e 207
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STATus:QUEStionable:LIMit<Screen>:NTRaNSIHION........cccceeiiiiiiieeeeeiiiiieeee e eeraen 208
STATus:QUEStionable:SYNC:INTRANSIHION?.......coiiiiiiiiiiieiiceeeeeeeec et 208
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STATuUs:QUEStionable:SYNC:PTRANSIION?.....ccvueieee e eeeeee et e e e e e e e enanas 209

STATus:OPERation:CONDition

This command queries the CONDition part of the STATus : OPERation register (see
the base unit description of status registers in the Remote Control Basics chapter).

Readout does not delete the contents of the CONDition part. The value returned
reflects the current hardware status.

Example: STAT:OPER:COND?

Mode: all

STATus:OPERation[:EVENt]

This command queries the contents of the EVENt part of the STATus:OPERation reg-
ister. The contents of the EVENTt part are deleted after readout.

Example: STAT:0PER?

Mode: all

STATus:QUEStionable:CONDition

This command queries the CONDition part of the "STATus:QUEStionable" register.
This part contains the sum bit of the next lower register. This register part can only be
read, but not written into or cleared. Readout does not delete the contents of the CON-
Dition part.

Example: STAT:QUES : COND?

Mode: all
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STATus:QUEStionable[:EVEN(t]?

This command queries the contents of the EVENt part of the STATus:QUEStionable
register. The EVEN! part indicates whether an event has occurred since the last read-
ing, it is the "memory" of the condition part. It only indicates events passed on by the
transition filters. It is permanently updated by the instrument. This part can only be
read by the user. Reading the register clears it.

Example: STAT:QUES?
Usage: Query only
Mode: all

STATus:QUEStionable:ACPLimit[:EVENt]
STATus:QUEStionable:LIMit<Screen>[:EVEN{]
STATus:QUEStionable:SYNC[:EVEN(t]?

The EVENIH part indicates whether an event has occurred since the last reading. It only
indicates events passed on by the transition filters. It is permanently updated by the
instrument. This part can only be read by the user. Reading the register clears it.

Possible events are described in:

Chapter 5.19.5, "STATus:QUEStionable:ACPLimit Register", on page 228
Chapter 5.19.3, "STATus:QUEStionable:LIMit Register", on page 226
Chapter 5.19.4, "STATus:QUEStionable:SYNC Register", on page 227

Suffix:
<Screen> 112
1 =Screen A, 2 = Screen B
Note that limit lines are not displayed in screen A, thus
STAT:QUES:LIM1? always returns 0.
Usage: Query only
SCPI confirmed
Mode: WLAN

STATus:QUEStionable:ACPLimit:CONDition
STATus:QUEStionable:LIMit<Screen>:CONDition
STATus:QUEStionable:SYNC:CONDition?

Contains the current status of the instrument. This register part can only be read, but
not written into or cleared. Readout does not delete the contents of the CONDition sec-
tion.

Suffix:

<Screen> 1]2
1 = Screen A, 2 = Screen B
Note that limit lines are not displayed in screen A, thus
STAT:QUES:LIMI1:COND? always returns 0.
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Usage: Query only
SCPI confirmed
Mode: WLAN

STATus:QUEStionable:ACPLimit:ENABIle
STATus:QUEStionable:LIMit<Screen>:ENABIe
STATus:QUEStionable:SYNC:ENABIle? <Filter>

Determines whether the EVENt bit of the associated status register contributes to the
sum bit of the STATus : QUEStionable register. Each bit of the EVENt part is
"ANDed" with the associated ENABIe bit. The results of all logical operations of this
part are passed on to the event sum bit via an "OR" function.

Suffix:

<Screen> 112
1 =Screen A, 2 = Screen B
Note that limit lines are not displayed in screen A, thus
STAT:QUES:LIM1 :ENAB is irrelevant.

Parameters:

<Filter> The sum of the decimal values of the event bits that are to be
enabled for the summmary bit.
Range: 0 to 65535

Usage: Query only
SCPI confirmed

Mode: WLAN

STATus:QUEStionable:ACPLimit:NTRansition
STATus:QUEStionable:LIMit<Screen>:NTRansition
STATus:QUEStionable:SYNC:NTRansition? <Filter>

This bit acts as a transition filter. When a bit of the CONDi tion part of the associated
status register for the result type is changed from 1 to 0, the NTR bit decides whether
the EVENt bit is set to 1.

Suffix:

<Screen> 1]2
1 =Screen A, 2 = Screen B
Note that limit lines are not displayed in screen A, thus
STAT:QUES:LIM1:NTR is irrelevant.

Parameters:

<Filter> The sum of the decimal values of the event bits that are to be
enabled.
Range: 0 to 65535

Example: STAT:QUES:LIM:NTR 65535

All condition bits will be summarized in the Event register when
a negative transition occurs.
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Usage: Query only
SCPI confirmed
Mode: WLAN

STATus:QUEStionable:ACPLimit:PTRansition
STATus:QUEStionable:LIMit<Screen>:PTRansition
STATus:QUEStionable:SYNC:PTRansition? <Filter>

This bit acts as a transition filter. When a bit of the CONDi tion part of the associated
status register for the result type is changed from 0 to 1, the PTR bit decides whether
the EVENt bit is set to 1.

Suffix:

<Screen> 112
1 =Screen A, 2 = Screen B
Note that limit lines are not displayed in screen A, thus
STAT:QUES:LIM1:PTRis irrelevant.

Parameters:

<Filter> The sum of the decimal values of the event bits that are to be
enabled.
Range: 0 to 65535

Example: STAT:QUES:LIM:PTR 65535
All condition bits will be summarized in the Event register when
a positive transition occurs.

Usage: Query only
SCPI confirmed

Mode: WLAN

TRACe Subsystem (WLAN)

The TRACe subsystem controls access to the instrument's internal trace memory.

Commands of the TRACE SubSYSteM.......cooiiiiiiii e 210
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SpPeCtrum FIatN@SS 1IN ..ot e e e e e e e e 214
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TRACe[:DATA]? <ResultType>

This command returns all the measured data that relates to the currently selected mea-
surement type. All results are returned in ASCII format. The returned data depends on
the currently selected measurement type.

The following measurement types are available:

® (Chapter 5.16.2.1, "Constellation vs Symbol", on page 212

® Chapter 5.16.2.2, "Constellation vs Carrier", on page 212

® Chapter 5.16.3, "Power vs Time — Full Burst and Rising/Falling Data", on page 213
® Chapter 5.16.4, "Spectrum Flatness", on page 213

® Chapter 5.16.7, "Spectrum FFT", on page 215

® Chapter 5.16.8, "Statistics Bitstream Data", on page 215

® Chapter 5.16.9, "Statistics CCDF — Complementary Cumulative Distribution Func-
tion", on page 215

® Chapter 5.16.10, "Statistics Signal Field Data", on page 216
® Chapter 5.16.11, "EVM vs Carrier", on page 216

® (Chapter 5.16.12, "EVM vs Symbol", on page 216

® Chapter 5.16.13, "Error vs Preamble", on page 217

® Chapter 5.16.14.1, "Spectrum Mask", on page 217

® Chapter 5.16.15, "Spectrum ACPR", on page 217
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Query parameters:
<ResultType> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES5 | TRACES |
LIST

For details on the parameters refer to the corresponding mea-
surement type (see list above).

Example: TRAC? TRACE?2

The measurement data for the selected graph is returned.
Usage: Query only

SCPI confirmed
Mode: WLAN

TRACe:IQ:SRATe <SampleRate>

This command allows the sample rate for IQ measurements to be specified.

Parameters:
<SampleRate> Range: 1440000 to 32.248E6 Hz
Example: TRAC:IQ:SRAT 2000000

Specifies a sample rate of 20 MHz.
Mode: WLAN

Manual operation: See "Sample Rate " on page 93

TRACe:IQ:DATA:MEMory ? <OffsetSa>, <NoSamples>

Returns all the 1/Q data associated with the measurement acquisition time. The result
values are scaled linearly in Volts and correspond to the voltage at the RF input of the
instrument. The command returns a comma-separated list of the measured voltage
values in floating point format (Comma Separated Values = CSV). The number of val-
ues returned is 2 * the number of samples, the first half being the | values, the second
half the Q values.

Query parameters:

<OffsetSa> Offset of the values to be read related to the start of the acquired
data.
Range: 0 to <NoSamples>
*RST: RST value

<NoSamples> Number of measurement values to be read.
Range: 1 to (<NoSamples>-<OffsetSa>)
*RST: RST value

Example: TRAC:IQ:DATA:MEM? 0,2000
Requests first 2000 samples.

Usage: Query only

Mode: WLAN
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5.16.2 1/Q Measurements

There are a number of measurements that can be performed in I/Q mode. No data is
returned for any of the following measurements, should it be requested, until a mea-
surement belonging to the I/Q group has been run. Running a frequency sweep mea-
surement, for example Spectrum Mask, does not generate results for this measure-
ment group.

5.16.2.1 Constellation vs Symbol

This measurement represents | and Q data. Each | and Q point is returned in floating
point format. TRACE1 is used for these measurement results.

For the IEEE 802.11a, j and n standard, data is returned as a repeating array of inter-
leaved | and Q data in groups of selected carriers, until all the data is exhausted. The
following rules apply:

e |f "All Carriers" is selected, 52 pairs of | and Q data per symbol are returned.

® |f "Pilots Only" is selected, 4 pairs of | and Q data per symbol are returned in the
following order: Carrier —21, Carrier —7, Carrier 7, Carrier 21.

® |f a single carrier is selected, 1 pair of | and Q data per symbol is returned.
For IEEE 802.11n only:

® 20 MHz Channel Bandwidth.
If "All Carriers" is selected, it will return 56 pairs of | and Q data per symbol. If
"Pilots Only" is selected, it will return 4 pairs of | and Q per symbol in the following
order: Carrier —21, Carrier —7, Carrier 7, Carrier 21. If a single carrier is selected, it
will return 1 pair of | and Q data per symbol.

® 40 MHz Channel Bandwidth
If "All Carriers" is selected, it will return 116 pairs of | and Q data per symbol. If
"Pilots Only" is selected, it will return 6 pairs of | and Q per symbol in the following
order: Carrier =53, Carrier —25, Carrier —11, Carrier 11, Carrier 25, Carrier 53. If a
single carrier is selected, it will return 1 pair of | and Q data per symbol.

For IEEE 802.11b, the data is returned as a repeating array of interleaved | and Q data
in symbol order until all the data is exhausted.

5.16.2.2 Constellation vs Carrier

This measurement represents | and Q data. Data is returned as a repeating array of
interleaved | and Q data in groups of 53 channels (57 within the n standard) including
DC, until all the data is exhausted. The IEEE 80211n Standard has 57 carrier for
20MHz channel bandwidth including DC and 117 carriers for 40MHz channel band-
width including 3 DC.

Each | and Q point is returned in floating point format. TRACE1 is used for these mea-
surement results.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL

| —
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5.16.3 Power vs Time — Full Burst and Rising/Falling Data

Both measurement results are again simply slightly different views of the same results
data.

All complete bursts within the capture time are analyzed in three master bursts. The
three master bursts relate to the minimum, maximum and average values across all
complete bursts. This data is returned in dBm values on a per sample basis. Each
sample relates to an analysis of each corresponding sample within each processed
burst.

The type of PVT data returned is determined by the TRACE number passed as an
argument to the SCPI command, in addition to the graphic type that is selected.

If the graphic type selected is "Full burst", then the return data is as follows.

TRACE1 full burst, minimum burst data values
TRACE2 full burst, mean burst data values
TRACE3 full burst, maximum burst data values

If the graphic type selected is "EDGe", then the return data is as follows.

TRACE1 rising edge, minimum burst data values
TRACE2 rising edge, mean burst data values
TRACE3 rising edge, maximum burst data values
TRACE4 falling edge, minimum burst data values
TRACE5 falling edge, mean burst data values
TRACE6 falling edge, maximum burst data values

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL
For IEEE 802.11b:

If the graphic type selected is "RISing" or "FALLing", only 3 traces are available (1 to 3)
and represent the minimum, mean and maximum bursts data for the respective graph
selection. The number of samples returned during full burst analysis depends on the
modulation type and is typically 5000.

The number of samples returned when the "Rising and falling" graphic type is selected
is less than what is returned for full burst and is approximately 400 samples. The sam-
ples are returned in floating point format as a single sequence of comma delimited val-
ues.

5.16.4 Spectrum Flatness

Four separate traces are available for these measurements. Trace data for a particular
trace is only obtainable by querying the appropriate trace.
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5.16.5

5.16.6

Spectrum flatness provides two basic graph types: an absolute power value graph
(ABS) and a relative group delay graph. Both are plotted on a per carrier basis. All 52
carriers are drawn, in addition to the unused 0 carrier. Both the absolute power and
group delay graph groups allow all the data points to be returned as one trace and an
average of all the channels as the other trace.

For example, the return data is either one single group of 53 carriers (or 57 within the n
standard) if the average trace is selected, or a repeating group of 53 (or 57 within the n
standard) carriers if all the data is requested.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL

TRACE1 ABS All analyzed traces
TRACE2 Group Delay All analyzed traces
TRACE3 ABS Average trace
TRACE4 Group Delay Average trace

Absolute power results are returned in dB or dB difference and group delay results are
returned in ns.

Spectrum Flatness 11n

There are two separate traces that are available with this measurement. Trace data for
a particular trace will only be returnable by querying the appropriate trace. The graph
shows the absolute power value graph (ABS), which is plotted on a per carrier basis.
All 56 carriers are drawn, in addition to the unused 0 carrier. The absolute power
groups will allow all the data points to be returned as one trace and an average of all
the channels as the other trace. For example, the return data will either be one single
group of 57 carriers if the average trace is selected or a repeating group of 57 carriers
if all the data is requested.

TRACE1 ABS All analyzed trains

TRACE2 ABS Average trace

Absolute power results are returned in dB.

Supported data formats (FORMat:DATA): ASCii|REAL

Spectrum Group Delay 11n

There are two separate traces that are available with this measurement. Trace data for
a particular trace will only be returnable by querying the appropriate trace. The graph
shows the relative group delay graph, which is plotted on a per carrier basis. All 56 car-
riers are drawn, in addition to the unused 0 carrier. The group delay graph groups will
allow all the data points to be returned as one trace and an average of all the channels
as the other trace. For example, the return data will either be one single group of 57

| —
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5.16.7

5.16.8

5.16.9

carriers if the average trace is selected or a repeating group of 57 carriers if all the data
is requested.

TRACE1 Group Delay All analyzed trains

TRACE2 Group Delay Average trace

Group delay results are returned in ns.

Supported data formats (FORMat:DATA): ASCii|REAL

Spectrum FFT

All FFT points are returned if the data for this measurement is requested. This is an

exhaustive call, due to the fact that there are nearly always more FFT points than IQ
samples. The number of FFT points is the number presented by a power of 2 that is
higher than the total number of samples.

E.g. if there were 20000 samples, then 32768 FFT points would be returned.

Data is returned in floating point format in dBm. TRACE1 is used for these measure-
ment results.

Statistics Bitstream Data

Data is returned depending on the selected standard from which the measurement was
executed:

® Forthe IEEE 802.11a,j & n standard, data is returned in repeating groups of 52
data channels (or 56 channels within the n standard) where each symbol value is
represented by an integer value within one byte. Channel 0 is unused and there-
fore does not have any data associated with it, with no return data being provided.

® Forthe IEEE 802.11b standard, the data is returned iin burst order. Each burst is
represented as a series of bytes. For each burst, the first 9 or 18 bytes represent
the PLCP preamble for short and long burst types, respectively. The next 6 bytes
represent the PLCP header. The remaining bytes represent the PSDU. Data is
returned in ASCII printable hexadecimal character format. TRACE1 is used for
these measurement results.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |UINT

Statistics CCDF — Complementary Cumulative Distribution Func-
tion

Up to a maximum of 201 data points is returned in addition to a data count value. The
first value in the return data represents the quantity of probability values that follow.
Each of the potential 201 data points is returned as probability value and represents
the total number of samples that are equal to or exceed the corresponding power level.

| —
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Probability data is returned up to the power level that contains at least one sample. It is
highly unlikely that the full 201 data values will ever be returned.

Each probability value is returned as a floating point number, with a value less than 1.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii|REAL

Statistics Signal Field Data

Data is returned as an array of hexidecimal values, with each hexidecimal value repre-
senting the 24 bit (IEEE 802.11b standard: 48 bit) long signal field for a single burst.

EVM vs Carrier

Two trace types are provided with this measurement. There is an average EVM value
for each of the 53 (or 57/117 within th n standard) carriers or a repeating group of EVM
values for each channel. The number of repeating groups corresponds to the number
of fully analyzed trains.

Each EVM value is returned as a floating point number, expressed in units of dBm.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |UINT

TRACE1 Average EVM values per channel

TRACE2 All EVM values per channel for each full train of the capture period

EVM vs Symbol

Three traces types are available with this measurement. The basic trace types show
either the minimum, mean or maximum EVM value, as measured over the complete
capture period.

The number of repeating groups that are returned is equal to the number of measured
symbols.

Each EVM value is returned as a floating point number, expressed in units of dBm.
Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL

Table 5-2: IEEE 802.11a,j & n

TRACE1 Minimum EVM values
TRACE2 Mean EVM values
TRACE3 Maximum EVM values

Table 5-3: IEEE 802.11b

TRACE1 EVM IEEE values

TRACE2 EVM Direct values
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5.16.13 Error vs Preamble

Three traces types are available with this measurement. The basic trace types show
either the minimum, mean or maximum frequency or phase value as measured over
the preamble part of the burst.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii|REAL

5.16.14 Frequency Sweep Measurements

Currently, there is only one measurement that is performed in frequency sweep mode.
This is the Spectrum Mask measurement. No data is returned for this measurement,
should it be requested, until such a measurement has been previously run.

Running an 1Q measurement does not generate results for this type of measurement.

5.16.14.1 Spectrum Mask

Result data is returned as 625 trace points in floating point format. These trace points
are obtained directly from the base system via the measurement API and the quantity
is therefore a fixed value. Only an array of Y data is returned.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL

TRACE1 Clear write values

TRACE2 Max hold values

LIST Spectrum Emission Mask (SEM) summary results
Table 5-4: SEM summary results formats:

1st value Index into table of results (1 — 50)
2nd value Start frequency band (Hz)

3rd value Stop frequency band (Hz)

4th value RBW (Hz)

5th value Limit fail frequency (Hz)

6th value Power absolute (dBm)

7th value Power relative (dBc)

8th value Limit distance (dB)

9th value Failure flag (1 = fail, 0 = pass)

5.16.15 Spectrum ACPR

Result data is returned as 625 trace points in floating point format. These trace points
are obtained directly from the base system via the measurement API and the quantity
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is therefore a fixed value. Only an array of Y data is returned. TRACE1 is used for
these measurement results.

Supported data formats (see FORMat [ : DATA] on page 176): ASCii |REAL

TRACE1 Clear write values

TRACE2 Max hold values

TRIGger Subsystem (WLAN)

The trigger subsystem is used to synchronize device action(s) with events.

TRIGQer:SEQUENCEI:HOLDOA ... ..ttt e e e e e e e e e e ann s 218
TRIGger<n>[:SEQuence]:IFPoWer:HOLDOf..........ccuueiiieiiiiie e 218
TRIGger<n>[:SEQuUence]:IFPOWEIHY STEreSIS. ... uuuuuuuaaaaaaae e eeeeeeeea e e 219
TRIGger<n>[:SEQuence]:LEVeI[:EXTErNal].......cceririmumumueniaaaaaaaae e e e e eeeeeeeeeeeeeeeeeeeeeeenennnnas 219
TRIGQEr:SEQUENCEIMODE.....uuuuuuiiiiieeeeieieeeeeeeeeeeeeeeeeeeeer et e aeseeeseeeeeaaaeaeeeeeeeeeeenens 219
TRIGQEr[:SEQUENCE]:LEVEIPOWET.......cccieeeeeieeeeeiitieieteeessas e e e e e e e e e e aaaaeaeeeeeeeeeeeeenenennnnes 220
TRIGger[:SEQUENCE]:.LEVELPOWEAUTO...cuuuiiiiiiiiiiiie e eeeeiiiee e e e et s e eeaanes e e s eeranaenaees 221

TRIGger[:SEQuence]:HOLDoff <Delay>

This command defines the length of the trigger delay. A negative delay time (pretrig-
ger) can be set in zero span only.

Parameters:
<Delay> Range: -3.25 to 837.33
*RST: Os
Default unit: ms
Example: TRIG:HOLD 500us
A holdoff period of 500 us is used after the trigger condition has
been met.
Usage: SCPI confirmed
Mode: WLAN

Manual operation: See "Trigger Offset " on page 90

TRIGger<n>[:SEQuence]:IFPower:HOLDoff <Value>

This command sets the holding time before the next IF power trigger event.

Suffix:

<n> irrelevant
Parameters:

<Value> *RST: 150 ns
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Example: TRIG:SOUR IFP
Sets the IF power trigger source.
TRIG:IFP:HOLD 200 ns

Sets the holding time to 200 ns.

Manual operation: See "Trigger Holdoff" on page 90

TRIGger<n>[:SEQuence]:IFPower:HYSTeresis <Value>

This command sets the limit that the hysteresis value for the IF power trigger has to fall
below in order to trigger the next measurement.

Suffix:

<n> irrelevant
Parameters:

<Value> *RST: 3dB
Example: TRIG:SOUR IFP

Sets the IF power trigger source.
TRIG:IFP:HYST 10DB

Sets the hysteresis limit value.

Manual operation: See "Trigger Hysteresis" on page 91

TRIGger<n>[:SEQuence]:LEVel[:EXTernal] <TriggerLevel>

This command sets the level of the external trigger source in Volt.

Suffix:

<n> irrelevant

Parameters:

<TriggerLevel> Range: 0.5V to 3.5V
*RST: 1.4V

Example: TRIG:LEV 2V

Manual operation: See "Ext. Trigger LvI" on page 91

TRIGger[:SEQuence]:MODE <Mode>

This command configures how triggering is to be performed.



Parameters:
<Mode>

Example:

Mode:

Manual operation:

TRIGger Subsystem (WLAN)

IMMediate | EXTernal | POWer | PSENsor | RFPower
IMMediate

No triggering is performed. This corresponds to the Free Run
trigger mode.

EXTernal

The next measurement is triggered by the signal at the external
trigger input e.g. a gated trigger.

POWer

The next measurement is triggered by signals outside the mea-
surement channel.

PSEN

The next measurement is triggered by the external power sensor
(requires R&S FSV-K9 option).

RFPower

The next measurement is triggered by the first intermediate fre-
quency of the RF signal.

TUNit

If activated, the next measurement is triggered by the signal at
the external trigger input connected to the R&S®FS-Z11 trigger
unit. This allows for all connected analyzers to be synchronized
for MIMO measurements.

For details see Chapter 3.6.1, "Trigger Synchronization Using an
R&S®FS-Z11 Trigger Unit", on page 37.

*RST: IMMediate

TRIG:MODE IMM
No triggering is performed.

WLAN
See "Trigger Mode " on page 90

TRIGger[:SEQuence]:LEVel:POWer <Level>

This command sets the level of the input signal for which triggering will occur.

Parameters:
<Level>

Example:

Mode:

Manual operation:

Range: -50 to 20
*RST: -20 DBM
Default unit: dBm

TRIG:MODE POW

Sets the external trigger mode.
TRIG:LEV:POW 10 DBM

Sets the level to 10 dBm for RF measurement.
WLAN

See "Power Level " on page 91
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TRIGger[:SEQuence]:LEVel:POWer:AUTO <State>

This command specifies whether or not an automatic power trigger level calculation is
performed before each main measurement. The setting of this command is ignored if
the setting for the TRIGger [ : SEQuence] : MODE on page 219 command is not

POWer.

Parameters:

<State> ON | OFF
*RST: OFF

Example: TRIG:LEV:POW:AUTO ON
Specifies that an automatic power trigger level calculation
should be performed before the start of each main measure-
ment.

Mode: WLAN

Manual operation: See "Auto” on page 91

518 UNIT Subsystem (K91)
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UNIT:EVM <Unit>

This command specifies the units for EVM results.

Parameters:
<Unit> DB | PCT
DB
EVM results returned in dB
PCT
EVM results returned in %
*RST: DB
Example: UNIT:EVM PCT
EVM results to be returned in %.
Mode: WLAN

UNIT:GIMBalance <Unit>

This command specifies the units for gain imbalance results.
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Parameters:
<Unit> DB | PCT
DB
Gain imbalance results returned in dB
PCT
Gain imbalanceresults returned in %
*RST: DB
Example: UNIT:EVM PCT
Gain imbalance results to be returned in %.
Mode: WLAN

UNIT:PREamble <Unit>

This command specifies the units for preamble error results.

Parameters:
<Unit> HzZ | PCT
HZ
Preamble error results returned in HZ
PCT
Preamble error results returned in %
*RST: HZ
Example: UNIT:EVM PCT
Preamble error results to be returned in %.
Mode: WLAN

Status Reporting System (Option R&S FSV-K91)

The status reporting system stores all information on the current operating state of the
instrument, e.g. information on errors or limit violations which have occurred. This infor-
mation is stored in the status registers and in the error queue. The status registers and
the error queue can be queried via IEC bus.

In this section, only the new and altered status registers/bits for the WLAN option
(R&S FSV-K91) are described. Detailed information on the status registers of the base
system is given in the section "Status Reporting System" in chapter 5 of the Operating
Manual on CD. A description of the remote commands required to query them is provi-
ded in "Remote Control — Description of Analyzer Commands" >"STATus:QUEStiona-
ble Subsystem" in the base unit documentation.

Description of the Status Registers

The WLAN option (R&S FSV-K91) uses only status registers provided by the base unit.
However, some registers are used differently, as described in the following sections.
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The commands to query the contents of the following status registers are described in
Chapter 5.15, "STATus Subsystem (WLAN)", on page 205.
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Figure 5-1: Overview of WLAN-specific status registers
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5.19.1 STATus:OPERation Register

This register contains information on which actions the instrument is executing or
which actions the instrument has executed since the last reading. It can be read using
the commands STATus :0PERation:CONDition or STATus :OPERation [ :EVENT]

Table 5-5: Meaning of the bits used in the STATus:OPERation register

Bit No. | Meaning

0 CALibrating

This bit is set as long as the instrument is performing a calibration.

1-3 Not used

4 MEASuring

This bit is set when a measurement is in progress (application-specific).

5-7 Not used

8 HardCOPy in progress

This bit is set while the instrument is printing a hardcopy.

9-14 Not used

15 This bit is always 0.

5.19.2 STATus:QUEStionable Register

This register contains information about indefinite states which may occur if the unit is
operated without meeting the specifications. It can be read using the commands
STATus:QUEStionable:CONDition or STATus:QUEStionable[:EVENt]?.

Table 5-6: Meaning of the bits used in the STATus:QUEStionable register

Bit No. | Meaning

Oto2 These bits are not used

3 POWer

This bit is set if a questionable power occurs (see STATus: QUEStionable: POWer registerin
the base unit description).

4 TEMPerature

This bit is set if a questionable temperature occurs.
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Bit No. | Meaning

5 FREQuency
The bit is set if a frequency is questionable (see STATus:QUEStionable:FREQuency register
in the base unit description). Not available from the R&S FSV-K91 option.

6to7 Not used

8 CALibration
The bit is set if a measurement is performed unaligned ("UNCAL" display)

9 LIMit (device-specific)
This bit is set if a limit value is violated (see Chapter 5.19.3, "STATus:QUEStionable:LIMit Reg-
ister", on page 226).
Note: The Limit register is associated with limit lines for the Spectrum Mask measurement
only.

10 LMARgin (device-specific)
This bit is set if a margin is violated (see STATus:QUEStionable:LMARgin register in the
base unit description). Not available from the R&S FSV-K91 option.

11 SYNC (device-specific)
This bit is set if, in measurements or pre-measurements in WLAN mode, synchronization fails,
no signal is detected or no burst is found. This bit is also set if input settings conflict with the
measurement setup (see Chapter 5.19.4, "STATus:QUEStionable:SYNC Register",
on page 227).

12 ACPLimit (device-specific)
This bit is set if a limit for the adjacent channel power measurement is violated (see Chap-
ter 5.19.5, "STATus:QUEStionable:ACPLimit Register", on page 228)

13 Not used

15 This bit is always 0.

5.19.3 STATus:QUEStionable:LIMit Register

This register contains information about the observance of limit lines. It can be read
using the commands STATus :QUEStionable:LIMit2:CONDition? and
STATus:QUEStionable:LIMit2 [ :EVENt]?.

The Limit register is associated with limit lines for the Spectrum Mask measurement
only. No limit lines are displayed in screen A and as such all bits in the LIMit1 register
will always be set to 0.

Table 5-7: Meaning of the bits used in the STATus:QUEStionable:LIMit2 register

Bit No

Meaning

Oto1

These bits are not used

2

LIMit FAIL
This bit is set if the ETSI Spectrum Mask limit line is violated.
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Bit No Meaning

3 LIMit FAIL
This bit is set if the Spectrum Flatness (Upper) limit line is violated.

4 LIMit FAIL

This bit is set if the Spectrum Flatness (Lower) limit line is violated.

5 LIMit FAIL
This bit is set if the IEEE Spectrum Mask limit line is violated.

6 LIMit FAIL
This bit is set if the PVT Rising Edge max limit is violated.

7 LIMit FAIL
This bit is set if the PVT Rising Edge mean limit is violated.

8 LIMit FAIL
This bit is set if the PVT Falling Edge max limit is violated.

9 LIMit FAIL
This bit is set if the PVT Falling Edge mean limit is violated.

10-14 These bits are not used

15 This bit is always 0

5.19.4 STATus:QUEStionable:SYNC Register

This register contains all information about sync and bursts not found, and about pre-
measurement results exceeding or falling short of expected values. It can be read
using the commands STATus : QUEStionable: SYNC:CONDition? and STATus :
QUEStionable:SYNC[:EVENt]?.

Table 5-8: Meaning of the bits used in the STATus:QUEStionable:SYNC register

Bit No. | Meaning

0 BURSt not found
This bit is set if an IQ measurement is performed and no bursts are detected

1 This bit is not used

2 No bursts of REQuired type
This bit is set if an IQ measurement is performed and no bursts of the specified type are detec-
ted

3 GATE length too small
This bit is set if gating is used in a measurement and the gate length is not set sufficiently large
enough

4 BURSt count too small

This bit is set if a PVT measurement is performed with gating active and there is not at least 1
burst within the gate lines

5 Auto level OVERIoad

This bit is set if a signal overload is detected when an auto-level measurement is performed
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Bit No. | Meaning

6 Auto level NoSIGnal
This bit is set if no signal is detected by the auto-level measurement

7-14 These bits are not used.

15 This bit is always 0.

5.19.5 STATus:QUEStionable:ACPLimit Register

This register contains information about the observance of limits during adjacent power
measurements. It can be read using the commands STATus:QUEStionable:
ACPLimit:CONDition and STATus:QUEStionable:ACPLimit [ :EVENt].

ﬁ No limit lines are displayed in screen A.

Table 5-9: Meaning of the bits used in the STATus:QUEStionable:ACPLimit register

Bit No. | Meaning

0-7 Not used

8 ADJ UPPer FAIL (Screen B)

This bit is set if the limit is exceeded in the upper adjacent channel in screen B

9 ADJ LOWer FAIL (Screen B)
This bit is set if the limit is exceeded in the lower adjacent channel in screen B.

10 ALT1 UPPer FAIL (Screen B)

This bit is set if the limit is exceeded in the upper 1st alternate channel in screen B.

11 ALT1 LOWer FAIL (Screen B)

This bit is set if the limit is exceeded in the lower 1st alternate channel in screen B.

12 ALT2 UPPer FAIL (Screen B)
This bit is set if the limit is exceeded in the upper 2nd alternate channel in screen B.

13 ALT2 LOWer FAIL (Screen B)

This bit is set if the limit is exceeded in the lower 2nd alternate channel in screen B.

14 Not used

15 This bit is always 0.
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