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R&S®FSW3-KM112 Documentation overview

Service manual

1 Documentation overview

This section provides an overview of the FSWX user documentation. Unless specified
otherwise, you find the documents at:

https://www.rohde-schwarz.com/manual/FSWX
Further documents are available at:

https://www.rohde-schwarz.com/product/FSWX

1.1 Getting started manual

Introduces the FSWX and describes how to set up and start working with the product.
Includes basic operations, typical measurement examples, and general information,
e.g. safety instructions, etc. A printed version is delivered with the instrument.

1.2 User manuals and help

Separate user manuals are provided for the base unit and the firmware applications:

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

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the FSWX is not
included.

The contents of the user manuals are available as help in the FSWX. The help offers
quick, context-sensitive access to the complete information for the base unit and the
firmware applications.

All user manuals are also available for download or for immediate display on the Inter-
net.

1.3 Service manual

Describes the performance test for checking compliance with rated specifications, firm-
ware update, troubleshooting, adjustments, installing options and maintenance.

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):
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R&S®FSW3-KM112 Documentation overview

Release notes and open-source acknowledgment (OSA)

1.4 Instrument security procedures

Deals with security issues when working with the FSWX in secure areas. It is available
for download on the internet.

1.5 Printed safety instructions

Provides safety information in many languages. The printed document is delivered with
the product.

1.6 Specifications and brochures

The specifications document, also known as the data sheet, contains the technical
specifications of the FSWX. It also lists the firmware applications and their order num-
bers, and optional accessories.

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

See https://www.rohde-schwarz.com/brochure-datasheet/FSWX.

1.7 Calibration certificate

The document is available on https://gloris.rohde-schwarz.com/calcert. You need the
device ID of your instrument, which you can find on a label on the rear panel.

1.8 Release notes and open-source acknowledgment
(OSA)

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

The software uses several valuable open source software packages. An open source
acknowledgment document provides verbatim license texts of the used open source
software.

See https://www.rohde-schwarz.com/firmware/FSWX
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R&S®FSW3-KM112 Documentation overview

Application notes, application cards, white papers, etc.

1.9 Application notes, application cards, white papers,
etc.

These documents deal with special applications or background information on particu-
lar topics.

See https://www.rohde-schwarz.com/application/FSWX
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R&SCFSW3-KM112 Welcome to the OFDM vector signal analysis (VSA) application

Introduction to vector signal analysis

2 Welcome to the OFDM vector signal analy-

2.1

sis (VSA) application

The "OFDM VSA" application performs vector and scalar measurements on digitally
modulated OFDM signals. To perform the measurements, it converts RF signals into
the complex baseband.

The "OFDM VSA" application features:
® Analysis of non-standard and standard-conform OFDM systems

® |/Q-based measurement results such as EVM, constellation diagrams, power spec-
trum

This user manual contains a description of the functionality that the application pro-
vides, including remote control operation.

All functions not discussed in this manual are the same as in the base unit and are
described in the FSWX User Manual. The latest version is available for download at
the product homepage http://www.rohde-schwarz.com/product/FSWX.

Installation

You can find detailed installation instructions in the FSWX Getting Started manual or in
the Release Notes.

The "OFDM VSA" application requires the OFDM Signal Analysis Measurements
(R&S FSW3-KM112) license.

Introduction to vector signal analysis

The goal of vector signal analysis is to determine the quality of the signal that is trans-
mitted by the device under test (DUT) by comparing it against an ideal signal. The DUT
is usually connected with the analyzer via a cable. The key task of the analyzer is to
determine the ideal signal. Hence, the analyzer aims to reconstruct the ideal signal
from the measured signal that is transmitted by the DUT. This ideal signal is commonly
referred to as the reference signal, while the signal from the DUT is called the mea-
surement signal.

After extracting the reference signal, the "OFDM VSA" application compares the mea-
surement signal and the reference signal, and displays the results of this comparison.

Example:

The most common vector signal analysis measurement is the EVM ("Error Vector Mag-
nitude") measurement. Here, the complex baseband reference signal is subtracted
from the complex baseband measurement signal. The magnitude of this error vector
represents the EVM value. The EVM has the advantage that it "summarizes" all poten-
tial errors and distortions in one single value. If the EVM value is low, the signal quality
of the DUT is high.
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R&S®FSW3-KM112 Welcome to the OFDM vector signal analysis (VSA) application

2.2

2.3

Understanding the display information

Analyzer

Device Under
Test
(DUT)

Extraction of
Ideal Signal

Comparison
Result Displays

Figure 2-1: Simplified schema of vector signal analysis

Starting the OFDM VSA application

The "OFDM VSA" application requires the OFDM Signal Analysis Measurements
(R&S FSW3-KM112) license.

To activate the OFDM VSA application

1. Select [Mode].

A dialog box opens that contains all applications currently available on your FSWX.

2. Select "OFDM VSA".

Jll. oFom vsa

A new application instance opens for the "OFDM VSA" application.

A measurement starts immediately with the default settings.

You configure the "OFDM VSA" application in the "Overview" dialog box, which is dis-
played when you select "Overview" from any menu. See Section 5.1, "Configuration
overview", on page 49.

Understanding the display information

The following figure shows the default display when the "OFDM VSA" application
starts. All different information areas are labeled. They are explained in more detail in
the following sections.
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Understanding the display information

85 .M. Spectrum & X M\ 1QSignal Analyzer & x 4

RFA Signal Capture Bandwidth sweep
Cap Time 31.281 ps KBW 40 MHz Mede CCNT SWT 92 ns
22 GHz C.00dBM ni100p skatesoGH:  ABW4GHz VBW 40 Mz

1 Frequency Sweep @1RFA Clrw

20.003 GHz 399.41 MHz/ 23.997 GHz

Measuring...

&  UNCAL Al

Figure 2-2: Screen elements in the OFDM VSA application

1+4 = Window title bar

2 = Application info panel
3 = Diagram area

5 = Diagram footer

6 = Status bar information

2.3.1 Application info panel

Beneath the application name, important settings for the application instance are dis-

played in the application info panel. If you double-click a setting in the application info
panel, the corresponding settings dialog or links to the corresponding settings are dis-
played.

For information on additional hardware information and icons displayed in the applica-
tion info panel, see the FSWX User Manual.

The application info panel shows the following information for the "OFDM VSA" appli-

cation:

RF settings per iNPUL SOUICE..... ... e e e e e e e e e e eeeeeees 13
5] T [ = LI =T o 11 ] = PSPPSR 13
5] (o g b=l =Y o] ] o 1] o T 13
= T oo [T PP PPPPPPTPNt 13
RS T o USSR 13
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2.3.2

Understanding the display information

RF settings per input source

For each RF input connector, the following settings are displayed.
e "Center Frequency"

® "Reference level"

® "Att": Overall mechanical and electronic RF attenuation

If an overload occurs at one of the RF input connectors, the corresponding RF input
label is highlighted red.

RF A

22 GHz 0.00 dBm 4 30 45 pa

Signal Capture

The following signal capture values are displayed for each input source:
e "Capture Time": "Capture Time" on page 62

® "Sample Rate": "Sample Rate" on page 62

Signal Description

The following signal parameters are displayed:

e "FFT": "FFT Size" on page 57

"CP": "Cyclic Prefix Length" on page 57

"CS":"Cyclic Suffix Length" on page 57

"ZP": "Zero Padding" on page 59

"Config": "Manual" or name of configuration file, see "Load Configuration File"
on page 54

Range
The following result range values are displayed:
® "Result Length": "Result Length" on page 104

Sweep
The following sweep values are displayed:
® "Mode": Sweep mode
"SGL": single sweep mode
"CONT": continuous sweep mode

Window title bar

For each diagram, the window title bar provides the following information on the dis-
played traces:

‘| Magnitude Capture @1 Clrw

Figure 2-3: Window title bar information in the OFDM VSA application
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2.3.3

2.3.4

Understanding the display information

1 = Window number
2 = Window type

3 = Trace color

4 = Trace number

5 = Trace mode

Diagram footer

The information in the diagram footer (beneath the diagram) depends on the current
measurement and result display. For details, see Section 3, "Measurement and result
displays", on page 15.

Status bar information

The status bar beneath the result displays indicates the following information:
® Global instrument settings and functions

® FErrors or messages on irregularities during operation

® The progress of the current operation

® The date and time settings of the instrument

For details, see the FSWX User Manual.
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OFDM VSA parameters

3 Measurement and result displays

3.1

Access: "Overview" > "Display Config"

The "OFDM VSA" application analyzes the I/Q data that was captured by the FSWX or
imported to the FSWX in various different result displays. By default, an OFDM VSA
measurement is performed on the | and Q components of the data. As a result, a
"OFDM VSA" application shows various signal parameters and graphical results of the
1/Q data.

@ OFDM VSA Parameters........ccooiiiiiiieeeeeeecerese e e e e e e e e e e e e e e e e e e e ee e e e e eeannanaaas 15
e Result displays for OFDM VSA measurements.......ccccccceeeeeeieeeeeieceeeceeeeeveveveve 18
OFDM VSA parameters

The "OFDM VSA" application determines several OFDM signal parameters during vec-
tor signal analysis and displays them in the "Result Summary" on page 33.

For details concerning the calculation of individual parameters, see Section A, "Formu-
lae", on page 201.

Evaluated cells for EVM and MER results

For the numerical EVM and MER results, only the symbols in the specified result
length are evaluated. The following cells and carriers are ignored:

® Al "don't care" cells in all carriers
® All zero cells in all carriers

All guard carriers, which consist of zero cells or "don't care" cells only
® DC carriers, which consist of zero cells only

Note that for the "EVM vs Carrier”, "EVM vs Symbol" and "EVM vs Symbol vs Carrier"
results, the traces include the zero cells and DC carriers to avoid gaps.

Statistical summary results

The "OFDM VSA" application evaluates all analyzed PPDUs in the capture buffer stat-
istically and displays the following results:

Table 3-1: Statistical summary results

Result | Description Remote command

type

"Min" Minimum measured value FETCh:SUMMary:<parameter>:MINimum
"Mean" | Mean measured value FETCh:SUMMary:<parameter>:AVERage
"Max" Maximum measured value FETCh:SUMMary:<parameter>:MAXimum
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OFDM VSA parameters

Y Y SR 16
EVM Data SYMDOIS.....coooiiieiiee e 16
EVIM Pilot SYMDOIS......eeiiiiiiiee et e s e e 16
Maximum EVM per SYMDOL...........uuiiiiiiiii e 16
Maximum EVM per data SYMDOL.........coooiiiiiiieeeeeeee s e e e e e e e e e e e e e e e e eeeeean e 16
Maximum EVM per pilot SYMDOL.........coooiiiieeeeeercrs e e e 17
= PSS 17
L I 5= P R 17
(€= YT I g 0] o =1 F= o o= TSR 17
(O TE=To [ =Y (0] YN =1 oo PR 17
Yo [ 1= a0V = 4 (o] S 17
SaAMPIE CIOCK EFTON ..ot e e e e e e e e e e reaee s 18
FramME POWET ...ttt e e e e e e s e e s e e e e e e aaaeeeaean 18
L7 (=TS] B =T (o PR 18
EVM All

Error vector magnitude of all pilot and data cells of the analyzed frames, in percent or
dB

Remote command:
FETCh:SUMMary:EVM[:ALL] [ :AVERage] ? on page 174
FETCh:SUMMary:EVM[:ALL] : PCT [ : AVERage] ? on page 175

EVM Data Symbols
Error vector magnitude of all data cells of the analyzed frames, in percent or dB. All
pilot cells are ignored.

Remote command:
FETCh:SUMMary:EVM:DATA [ : AVERage] ? on page 173

EVM Pilot Symbols
Error vector magnitude of all pilot cells of the analyzed frames, in percent or dB. All
data cells are ignored.

Remote command:
FETCh:SUMMary:EVM: PILot [ :AVERage] ? on page 174
FETCh:SUMMary:EVM: PILot: PCT [ : AVERage] ? on page 174

Maximum EVM per symbol
Maximum EVM of each carrier (frequency domain) and in each symbol (time domain)
for each analyzed signal frame. The results are provided in dB or percent.

Corresponds to the maximum of the peaks for each frame in the EVM vs Symbol vs
Carrier display.

This result is not included in the "Result Summary", remote query only.

Remote command:

FETCh:SUMMary:EVMPeak [ :ALL] :MAXimum? on page 174
FETCh:SUMMary:EVMPeak [ :ALL] : PCT :MAXimum? on page 174

Maximum EVM per data symbol

Maximum EVM of each carrier (frequency domain) and in each data symbol (time
domain) for each analyzed signal frame. The results are provided in dB or percent.
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OFDM VSA parameters

This result is not included in the "Result Summary", remote query only.

Remote command:
FETCh:SUMMary:EVMPeak: DATA : MAXimum? on page 174
FETCh:SUMMary:EVMPeak:DATA: PCT :MAXimum? on page 174

Maximum EVM per pilot symbol
Maximum EVM of each carrier (frequency domain) and in each pilot symbol (time
domain) for each analyzed signal frame. The results are provided in dB or percent.

This result is not included in the "Result Summary", remote query only.
Remote command:

FETCh:SUMMary:EVMPeak:PILot:MAXimum? on page 174
FETCh:SUMMary:EVMPeak:PILot:PCT:MAXimum? on page 174

MER
Average modulation error ratio (MER) for all data and all pilot cells of the analyzed
frames, in dB. If more than one frame is evaluated, mean square averaging is used.

The MER is the ratio of the RMS power of the ideal reference signal to the RMS power
of the error vector.

For the average MER, the ratio of (power of the error vector) to (power of the ideal ref-
erence signal) is averaged.

Remote command:
FETCh:SUMMary:MER[:ALL] [ :AVERage] ? on page 176

1/Q Offset
Transmitter center frequency leakage relative to the total Tx channel power, in dB

Remote command:
FETCh:SUMMary:IQOFfset [ :AVERage] ? on page 175

Gain Imbalance
Amplification of the quadrature phase component of the signal relative to the amplifica-
tion of the in-phase component, in dB

Remote command:
FETCh:SUMMary:GIMBalance [ :AVERage] ? on page 175

Quadrature Error
Phase angle between Q-channel and I-channel deviating from the ideal 90 degrees;
measure for crosstalk from the Q-branch into the I-branch

Remote command:
FETCh:SUMMary:QUADerror [ :AVERage] ? on page 176

Frequency Error
Frequency error between the signal and the currently defined center frequency in Hz

The absolute frequency error includes the frequency error of the FSWX and that of the
DUT. If possible, the transmitter FSWX and the DUT should be synchronized (using an
external reference).
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Result displays for OFDM VSA measurements

Remote command:
FETCh:SUMMary:FERRor [ : AVERage] ? on page 175

Sample Clock Error
Clock error between the signal and the sample clock of the FSWX in parts per million
(ppm), i.e. the symbol timing error

Requires at least two OFDM symbols containing pilots for pilot-aided demodulation.

If possible, the transmitter FSWX and the DUT should be synchronized (using an
external reference).

Remote command:
FETCh:SUMMary:SERRor [ : AVERage] ? on page 177

Frame Power
Average time domain power of the analyzed frame

Remote command:
FETCh:SUMMary:POWer [ : AVERage] ? on page 176

Crest Factor
The ratio of the peak power to the mean power of the analyzed frame

Remote command:
FETCh:SUMMary:CRESt [ : AVERage] ? on page 173

3.2 Result displays for OFDM VSA measurements

The "OFDM VSA" application can evaluate the OFDM signal data using various differ-
ent methods without having to start a new measurement. The evaluation methods are
determined by the selected result displays.

You select the result displays in "Display Configuration" mode.

For details on working with the "Display Configuration”, see the FSWX Getting Started
manual.

The "OFDM VSA" application provides the following evaluation methods:

F ] oTor= a0 g TN 1Y/ = USSP 19
BIEStrEAM.. ..ttt aaaeaaaaaaaaaeeaeeeeeeaaaa 20
L 07 | SRR 21
Channel FIAatnNeSS. ......coooiiiiiieeeeeeeeeeeee ettt ettt n e e e e e s 21
(0707 015 L=1 1= 11T o TSP 22
CoNStEllation VS CarTiEr......cceeiiiiiiiiiii s e e e e e e aaaaaaes 23
Constellation VS SYMDOL........cooeiuiiiiiccccere e e 24
EVIM VS CalTiBr ..ttt e ettt e e e s e e e e e e e e e e e e e e e e e eeeeeeseasstabannnnnnnans 25
EVIM VS SYMDOL. ...ttt 25
EVIM VS SYMDOI VS CarTir......ueiiiiiiiiiieei ittt e et e e ee e 26
(€100 o I D=1 = 2R 27
IMPUISE RESPONSE. ... e e e e e e e e e e et e e e e e e e e e e e aan i eas 28
Y =Yoo TL (o [T OF=T o] (0 = TSN 29
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Result displays for OFDM VSA measurements

T ST o = o [ YO UUUPRRR 29
POWET SPECITUM. ..t e e e e e e e e e s e e e e e eeeeeaan 30
oY= R R = 1= S 31
POWET VS SYMDOL......eiiiiiiiiii e st e e e 31
PoWer VS SYMDOI VS CarTiEI......uuuuiiiiiiiieeeee ittt e e e e e e e s e e snatrare e e e e e e e e e s e s ennnnreaaeees 32
RESUIL SUMMIAIY ... e e s e e e e e e e aaaaaaaeeeenenes 33
0] (o [ =1 I =l T 12PN 34
THGGEI 10 SYNC.iiiiieiiee e et e e s e e e e e e e e e e aneeas 34

Allocation Matrix
The "Allocation Matrix" is a graphical representation of the OFDM cell structure defined
in the currently loaded configuration file.

Use markers to get more detailed information on the individual cells.

1 Allocation Matrix
( eesk N oesk N 1s0am . ssgam )RR ot Constellatiol Dant

0.0 sym 99.0 sym

Figure 3-1: Allocation Matrix

The legend for the color coding is displayed at the top of the matrix.

Note: Markers in the Allocation Matrix. Using markers, you can detect individual alloca-
tion points for a specific symbol or carrier. When you activate a marker in the "Alloca-
tion Matrix", its position is defined by the symbol and carrier number the point belongs
to. The marker result indicates the | and Q values of the point.

See also "Markers in the "Constellation Diagram" and Allocation Matrix" on page 107.

Remote command:

LAY:ADD? '1',RIGH,AMATrix, see LAYout:ADD[:WINDow]? on page 148
TRACe<n>[:DATA] ? on page 186, see Section 9.5.4.1, "Allocation matrix",

on page 189

TRACe<n>[:DATA] : X? on page 186

TRACe<n>[:DATA] : Y? on page 187

Symbol unit: UNTT: SAXes on page 155
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Result displays for OFDM VSA measurements

Bitstream

The "Bitstream" shows a demodulated data stream for the symbols in the currently
analyzed result ranges. The different modulation types are indicated by color, as
shown in the legend at the top of the window. Guard carriers are not included in the
display, but are returned as non-data cells ("---") in trace export files.

(Hexadecimal) &7 W

The bitstream is derived from the order of the constellation points in the configuration
file.

Example:

For QPSK, the value that is in the first position defines "00", the value that is in the sec-
ond position defines "01", the value that is in the third position "10" and the last value
Il1 1 Il.

<Constellation>
<ID>1</ID>
<Name >QPSK< /Name >
¢HumanReadableName>QPSK< /HumanReadableName >
<ScalingFactor»l.8</ScalingFactors
<AllocationTyperDataConstellation</AllocationType>

<IQSymbols >
<IQx>
<Re»B.7@711</Rex . "Ea
<Im.70710</Tn> 0
<fI0>
<IQx>
<Re»-8.70711</Re> Bits "01"
<Im>@.78711</1Im>
<10
<I0>
<Re>-0.70711«/Re> Bits 10"
<Im»-8.70711</Im>
/10>
<IQ>
<Re»@.70711</Re> Bits "11"
<Im>-8.70711</Im>
</I0>
< IQSymbols>
«fConstellation>

Figure 3-2: Extract from configuration file defining the constellation points
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Result displays for OFDM VSA measurements

Remote command:
LAY:ADD? '1l',RIGH,BITS, see LAYout:ADD[:WINDow]? on page 148

TRACe:DATA?, see TRACe<n>[:DATA]? on page 186

CCDF
The "CCDF" results display shows the probability of an amplitude exceeding the mean
power. The x-axis displays power relative to the measured mean power.

Figure 3-3: CCDF display

Remote command:
LAY:ADD? '1l',RIGH,CCDF, see LAYout:ADD[:WINDow]? on page 148

TRACe:DATA?, see Section 9.5.4.3, "CCDF", on page 189
TRACe<n>[:DATA] : X? on page 186

Channel Flatness
The "Channel Flatness" display shows the amplitude of the channel transfer function

vs. carrier.
The statistic is performed over all analyzed frames.
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1 Channel Flatness o1 Avges 2 Maxe 3 Min

Figure 3-4: Channel Flatness display

Remote command:

LAY:ADD? '1',RIGH,CHFL, see LAYout:ADD[:WINDow]? on page 148
TRACe: DATA?, see Section 9.5.4.4, "Channel flatness", on page 189
TRACe<n> [ :DATA] : X? on page 186

Carrier unit: UNTT: CAXes on page 154

Constellation

The "Constellation" diagram shows the inphase and quadrature results for the ana-
lyzed input data. The ideal points for the selected cell types are displayed for reference
purposes.

4 Constellation
I BPSK . eagam N pilotConsteliation )|

Figure 3-5: Constellation diagram
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Result displays for OFDM VSA measurements

The legend for the color coding is displayed at the top of the matrix. If you click on one
of the codes, only the selected constellation points are displayed. Click again, and all
constellation points are displayed again (according to the constellation filter).

See Section 7.2, "Result configuration", on page 105.

Note: Markers in the "Constellation" diagram. Using markers you can detect individual
constellation points for a specific symbol or carrier. When you activate a marker in the
"Constellation" diagram, its position is defined by the symbol and carrier number the
point belongs to. The marker result indicates the | and Q values of the point.
' Delta Marker 2

00sym  JWEH

4 Constellation

D2[1] 0.996196
0.999092

M1[1] 0.001467
-0.999852

Figure 3-6: Marker in a Constellation diagram

See also "Markers in the "Constellation Diagram" and Allocation Matrix" on page 107.

Remote command:

LAY:ADD? '1',RIGH,CONS, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.5, "Constellation diagram”, on page 190
Marker 1/Q values:

CALCulate<n>:MARKer<m>:Z on page 183

Constellation vs Carrier

The "Constellation vs. Carrier" display shows the inphase and quadrature magnitude
results of all analyzed symbols over the corresponding carriers. The inphase values
are displayed as yellow dots. The quadrature values are displayed as blue dots.
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Result displays for OFDM VSA measurements

‘4 Constellation vs Carrier e 1 Real » 2 Imaginary

Figure 3-7: Constellation vs Carrier display

Note: This result display is only available if synchronization is successful.

Remote command:

LAY:ADD? '1',RIGH,CCAR, see LAYout:ADD[:WINDow] ? on page 148
TRACe:DATA?, see Section 9.5.4, "Using the TRACe[:DATA] command", on page 188
Carrier unit: UNIT:CAXes on page 154

Symbol selection for marker: CALCulate<n>:MARKer<m>:7 on page 183

Constellation vs Symbol

The "Constellation vs. Symbol" display shows the inphase and quadrature magnitude
results of all analyzed carriers over the corresponding symbols. The inphase values
are displayed as yellow dots. The quadrature values are displayed as blue dots.

1 Constellation vs Symbol e 1 Real ® 2 Imaginary

0.0 sym 99.0 sym

Figure 3-8: Constellation vs Symbol display

Note: This result display is only available if synchronization is successful.
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1l',RIGH,CSYM, see LAYout :ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4, "Using the TRACe[:DATA] command", on page 188
Symbol unit: UNIT: SAXes on page 155

Carrier selection for marker: CATL.Culate<n>:MARKer<m>:7 on page 183

EVM vs Carrier

The "EVM vs Carrier" display shows the EVM of each carrier of the analyzed frame in
the frequency domain. The results are provided in dB or percent, depending on the unit
settings. Multiple traces display statistical evaluations over carriers.

3 EVM vs Carrier o1 Avge 2 Maxe 3 Min

-32 carr 32 carr

Figure 3-9: EVM vs Carrier display

Note: This result display is only available if synchronization is successful.
Guard carriers to the left and right of the spectrum are not included in the EVM calcula-
tion. However, zero cells and the DC carrier are included.

Remote command:

LAY:ADD? '1',RIGH,EVC, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.8, "EVM vs carrier”, on page 192
TRACe<n>[:DATA] : X? on page 186

Carrier unit: UNTT:CAXes on page 154

EVM unit: UNTT: EVM on page 154

EVM vs Symbol

The "EVM vs. Symbol" display shows the EVM of each symbol of the analyzed frame
in the time domain. The results are provided in dB or percent, depending on the unit
settings. Multiple traces display statistical evaluations over symbols.

Blue lines indicate the border between different OFDM frames if more than one frame
is analyzed.
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Result displays for OFDM VSA measurements

‘4EVM vs Symbol o1 Avge 2 Maxe 3 Min

0.0 sym 99.0 sym

Figure 3-10: EVM vs Symbol display

Note: This result display is only available if synchronization is successful.
Guard carriers to the left and right of the spectrum are not included in the EVM calcula-
tion. However, zero cells and the DC carrier are included.

Remote command:

LAY:ADD? '1',RIGH,EVSY, see LAYout:ADD[:WINDow] ? on page 148
TRACe:DATA?, see Section 9.5.4.9, "EVM vs symbol", on page 192
TRACe<n>[:DATA] : X? on page 186

Symbol unit: UNTIT: SAXes on page 155

EVM unit: UNIT:EVM on page 154

EVM vs Symbol vs Carrier
The "EVM vs Symbol vs Carrier" display shows the EVM of each carrier (frequency
domain) and in each symbol (time domain) of the analyzed frame.

The results are provided in dB or percent, depending on the unit settings.
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Result displays for OFDM VSA measurements

2 EVM vs Symbol vs Carrier
- 70dH

0.0 sym 99.0 sym

Figure 3-11: EVM vs Symbol vs Carrier display

The EVM values are represented by colors. The corresponding color map is displayed
at the top of the result display.

Note: This result display is only available if synchronization is successful.

Remote command:

LAY:ADD? '1',RIGH,EVSC, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.10, "EVM vs symbol vs carrier", on page 193
TRACe<n>[:DATA] : X? on page 186

TRACe<n>[:DATA] : Y? on page 187

Carrier unit: UNTIT:CAXes on page 154

Symbol unit: UNTT: SAXes on page 155

EVM unit: UNTT : EVM on page 154

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 183

Group Delay
The "Group Delay" display shows the relative group delay of the transmission channel
per carrier.

Multiple traces display statistical evaluations over all analyzed frames.
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Result displays for OFDM VSA measurements

1 Group Delay e1 Avge 2 Max e 3 Min

-32 carr 32 carr

Remote command:

LAY:ADD? '1',RIGH,GDEL, see LAYout:ADD[:WINDow] ? on page 148
TRACe:DATA?, see Section 9.5.4.11, "Group delay", on page 193
TRACe<n>[:DATA] : X? on page 186

Carrier unit: UNIT:CAXes on page 154

Impulse Response

The "Impulse Response" display shows the impulse response of the channel and its
position within the guard interval. The start and the end of the cyclic prefix are marked
with blue lines.

Multiple traces display statistical evaluations over all analyzed frames.

3 Impulse Response o1 Avge 2 Max e 3 Min

e R R S —

Figure 3-12: Impulse Response display
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1l',RIGH, IRES, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.12, "Impulse response”, on page 193
TRACe<n> [ :DATA] : X? on page 186

Linear/ logarithmic scaling: UNTT: TRESponse on page 155

Magnitude Capture

The capture buffer contains the complete range of captured data for the last sweep.
The "Magnitude Capture" display shows the power of the captured I/Q data in dBm
versus time. The analyzed frames are identified with a green bar at the bottom of the
"Magnitude Capture" display.

1 Magnitude Capture

1.99995 ms

Figure 3-13: Magnitude Capture display

Remote command:

LAY:ADD? '1',RIGH,MCAP, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.13, "Magnitude capture”, on page 194
TRACe<n>[:DATA] : X? on page 186

Time unit: UNTIT: TAXes on page 156

Marker Table
Displays a table with the current marker values for the enabled markers.

This table is displayed automatically if configured accordingly.
See "Marker settings" in the FSWX User Manual.

Ref Tre | B | 8 Furnction Funcion Besult
11 1 12,197 | 3.15

Count 13.19703;

GHz
iHz

GH:

GHZ

For details, see "Marker results" in the general functionality section of the FSWX User
Manual.
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1',RIGH, MTAB

See "Configuring the result display" in the FSWX User Manual.
Results:

CALCulate<n>:MARKer<m>:X on page 159
CALCulate<n>:MARKer<m>:Y? on page 183

Power Spectrum
The "Power Spectrum” display shows the power in dBm/Hz vs frequency results of the
complete capture buffer. This display is always available.

2 Power Spectrum

Usable 1/Q|Bandwidth

""'j“ W g '11 | |"|‘1I ']'h' *F' l‘

|| ! \

| | l"Jl'-|||"in|r"|'|| |'| |||| |,|
|

i ||| I
ol 'lJ ) | 1"| l.l
|ll1 i “||1I|I1|M|||' Ililnl'l I ||| | ] l| f J|

i

-1.6 MHz

Figure 3-14: Power Spectrum display

The usable 1/Q bandwidth is indicated for reference. If a channel filter is active, the 6-
dB-bandwidth of the filter is indicated instead.

See Section 5.6, "Data acquisition", on page 61.

= OFDM V5A: 3 Power Spectrum

Channel Filter 5dB Bandwidth

100 MHZ 100 MHz

Figure 3-15: Power Spectrum with active channel filter
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1',RIGH, PSP, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.17, "Power spectrum”, on page 195
Frequency unit: UNIT: FAXes on page 155

Power vs Carrier

The "Power vs. Carrier" display shows the power of all OFDM symbols in the analyzed
frames for each carrier. The power is measured with a resolution bandwidth equal to
the carrier spacing.

Multiple traces display statistical evaluations over all analyzed frames.

2 Power vs Carrier o] Avge 2 Max e 3 Mi

-32 carr 32 carr

Figure 3-16: Power vs Carrier display

Note: This result display is only available if synchronization is successful.

Remote command:

LAY:ADD? '1',RIGH, PCAR, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.14, "Power vs carrier", on page 194
TRACe<n>[:DATA] : X? on page 186

Carrier unit: UNIT:CAXes on page 154

Power vs Symbol

The "Power vs Symbol" display shows the power of all OFDM carriers in the analyzed
frames for each symbol. The power is measured with a resolution bandwidth equal to
the carrier spacing. Carriers which contain 'Zero'-cells over the complete symbol range
(e.g. guard carriers or DC carrier) are excluded.

Multiple traces display statistical evaluations over all analyzed frames.

Vertical blue lines indicate the borders between frames.
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Result displays for OFDM VSA measurements

3 Power vs Symbol

0.0 sym 99.0 sym

Figure 3-17: Power vs Symbol display

Note: This result display is only available if synchronization is successful.

Remote command:

LAY:ADD? '1',RIGH,PSYM, see LAYout:ADD[:WINDow] ? on page 148
TRACe:DATA?, see Section 9.5.4.15, "Power vs symbol", on page 194
TRACe<n>[:DATA] : X? on page 186

Symbol unit: UNIT: SAXes on page 155

Power vs Symbol vs Carrier

The "Power vs Symbol vs Carrier" display shows the power in each symbol (= time
domain) of each carrier (= frequency domain) of the analyzed frames in dBm. The
power is measured with a resolution bandwidth that equals the carrier spacing.

4 Power vs Symbol vs Carrier

0.0 sym 99.0 sym

Figure 3-18: Power vs Symbol vs Carrier display
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Result displays for OFDM VSA measurements

The power levels are represented by colors. The corresponding color map is displayed
at the top of the result display.

Note: This result display is only available if synchronization is successful.

Remote command:

LAY:ADD? '1',RIGH,PSC, see LAYout:ADD[:WINDow]? on page 148
TRACe:DATA?, see Section 9.5.4.16, "Power vs symbol vs carrier", on page 195
TRACe<n>[:DATA] : X? on page 186

TRACe<n>[:DATA] :Y? on page 187

Carrier unit: UNIT:CAXes on page 154

Symbol unit: UNIT: SAXes on page 155

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 183

Result Summary
The "Result Summary" provides numerical measurement results.

Statistical evaluation is performed over all analyzed frames within the capture buffer.

2 Result Summary
Min Average
EVM All

EVM Data Symbols
EVM Pilot Symbols

MER

I/Q Offset

Gain Imbalance
Quadrature Error
Frequency Error

Sample Clock Error ppm

Frame Power .49 dBm

Crest Factor

Figure 3-19: Result Summary display

Note: If only one frame is available for analysis, the minimum and maximum values
are not displayed, as they are identical to the average value.

For details on the individual results, see Section 3.1, "OFDM VSA parameters”,
on page 15.
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1',RIGH,RSUM, see LAYout :ADD[:WINDow]? on page 148
Results:

FETCh:SUMMary[:ALL]? on page 172

Signal Flow

The "Signal Flow" display shows a detailed description of the current measurement
status. If demodulation is not successful, it provides useful hints on possible reasons.
Unused blocks are shown in gray.

2 Signal Fow

Burst Search Time B Frame
Bursts Sync Sync
Found 04.836%0 09.1990/4%

Pilot-Aided
Parameter
Estimation

Modulation
Detection

Compensate

Figure 3-20: Signal Flow display

For the synchronization blocks, a colored bar provides information about the reliability
of the synchronization result. If the level in the bar falls below the thresholds indicated
by the horizontal line, the color of the bar changes from green to yellow and finally to

red. If the synchronization of the block fails, all succeeding arrows change their color,
too.

For detailed information about the complete synchronization process, refer to Sec-
tion 3.1, "OFDM VSA parameters", on page 15.

Remote command:

LAY:ADD? '1',RIGH,SFI, see LAYout:ADD[:WINDow]? on page 148
Retrieving results:

Section 9.5.2, "Retrieving signal flow results", on page 177

Trigger to Sync
Indicates the time offset between the trigger event and the start of the first OFDM
frame. One value per capture is displayed.

5 Trigger to Sync
Current

Trigger to Sync 0.750

Figure 3-21: Trigger to Sync display
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Result displays for OFDM VSA measurements

Remote command:

LAY:ADD? '1l',RIGH, TRIG, See LAYout:ADD[:WINDow]? on page 148
Retrieving results:

FETCh:TTFRame? on page 177
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4.1

OFDMA

Basics on OFDM vector signal analysis

Some background knowledge on basic terms and principles used in the "OFDM VSA"
application is provided here for a better understanding of the required configuration
settings.

L IO | 5 RS 36
©®  OFDM PArameters......ccciiiiiiiiiiiiieiiieieie e e e e e e e e e et et e ee e ee e ee et seeeeeaaaaaaaaaaeraraen 37
©®  Channel fillEr .. e e e e e e e e e e e e e e e e e e e eeeeeaaraaa 43
®  OFDM MEASUIEMENT. .. .iiiiiiiii i e e e e e e e e e e e e e e e e e e e e e eeeeeeae s aaaaaaaas 44
I B | o Sl o4 =TeTo o [ o o TR RSP UPPUPRPRRR 47
OFDMA

In an OFDM system, the available spectrum is divided into multiple carriers, called sub-
carriers. The subcarriers are orthogonal to each other. Each of the subcarriers is inde-
pendently modulated by a low-rate data stream.

OFDM is used in WLAN and broadcast technologies like DVB, for instance. OFDM has
several benefits, including its robustness against multipath fading and its efficient
receiver architecture.

Figure 4-1 shows a representation of an OFDM signal taken from 3GPP TR 25.892.
Data symbols are independently modulated and transmitted over a high number of
closely spaced orthogonal subcarriers. In the "OFDM VSA" application, you can select
common modulation schemes such as QPSK, 16QAM, and 64QAM, or define arbitra-
rily distributed constellation points.

In the time domain, a guard interval can be added to each symbol to prevent inter-
OFDM-symbol-interference due to channel delay spread. In EUTRA, the guard interval
is a cyclic prefix which is inserted before each OFDM symbol.

5 MHz Bandwidth

‘% Sub-carriers %

Frequency

Yy s

Time

Figure 4-1: Frequency-time representation of an OFDM signal

In practice, the OFDM signal can be generated using inverse fast Fourier transform
(IFFT) digital signal processing. The IFFT converts a number N of complex data sym-
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4.2

4.2.1

OFDM parameters

bols, used as frequency domain bins, into the time domain signal. Figure 4-2 illustrates
such an N-point IFFT. a(mN+n) refers to the modulated data symbol in the nt subchan-
nel during the time period mT, <t < (m+1)T,.

mT, (m+1T,

| time |
a(mi+0)
ml, (m+1T,
a(mM+1) | time |
§ a(mh+2) |FFI'|:> 5ed0). Sn(1). 5mf2). .., S N-1)
£
a(mM+hN-1)

Figure 4-2: OFDM useful symbol generation using an IFFT

The vector s, is defined as the useful OFDM symbol. It is defined by superimposing
the N narrowband-modulated subcarriers in time. Thus, from a parallel stream of N
sources of data, each one independently modulated, a waveform composed of N
orthogonal subcarriers is obtained. Each subcarrier has the shape of a frequency sync
function, as seen in Figure 4-1.

Figure 4-3 illustrates the mapping from a serial stream of QAM symbols to N parallel
streams. The N streams are used as frequency domain bins for the IFFT. The N-point
time domain blocks obtained from the IFFT are then serialized to create a time domain
signal. Figure 4-3 does not include the process of cyclic prefix insertion.

QAN symbol rate =
MNIT, symbolsizsec

l syl b Fon
Source QA TEJB‘“SL’I'.. IFFT ymbals 1T, Useful OFDM
W odulator . moarsss mboie symbo I5

Figure 4-3: OFDM signal generation chain

OFDM parameters

A generic OFDM analyzer supports various OFDM standards. Thus, you have to define
the common parameters of the OFDM systems.

e Time domain deSCriPLiON.......cic it e e e e e e e e e e e e e e e s e e e e e e e e e e e e e seannnes 37
e Frequency domain deSCIIPLION.....ccuiiirieieee et e e e e e e e e e e senreeee e 38
o  Preamble desSCriplioN...... .o 42

Time domain description

The fundamental unit of an OFDM signal in the time domain is a sample.
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OFDM parameters

An OFDM symbol with a length of Ng samples consists of:
® A guard interval of length Ng
® An FFT interval of length Nge

Ne NEFT

Y
Ns

Figure 4-4: OFDM symbol in time domain

@ Cyclic suffix
In addition to the guard interval at the beginning of an OFDM symbol, some symbols
also contain a cyclic suffix. See "Cyclic Suffix Length" on page 57.

4.2.2 Frequency domain description

The FFT intervals of the OFDM symbols are transformed into the frequency domain
using a discrete Fourier transformation. The successive symbols of the OFDM signal
are displayed in time-frequency matrices. The fundamental unit of an OFDM signal in
the frequency domain is a cell.

The total area of a time-frequency matrix is called a frame. A frame is the highest-level
unit used in the "OFDM VSA" application.

Carrier no. / DC carrier
0o 1

%” 7 6 -5 4 3 2 A 2 3 4 5 6
2| o
2
: 1
A 2 .
3 |
| Cell
O 4
E
= 5
6

frequency -

Figure 4-5: Time-frequency matrix
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OFDM parameters

Carriers
A column of cells at the same frequency is called a carrier.

The carrier number is the column index of a time-frequency matrix. The number '0" is
assigned to the DC-carrier, which lies at the transmitter center frequency. The total
number of subcarriers is Nggr. The DC-carrier offset determines the position of the DC-

carrier relative to the lowermost subcarrier. The offset is an inherent attribute of the

FFT algorithm.
Table 4-1: Relationship between FFT length and subcarrier range
FFT length Nggr DC-Carrier offset Range
even N —

% _ Nier Ny 1

b
2 2

odd r

% _NFFT_l Nier —1

b
2 2

OFDM system sample rate

In an OFDM system, an FFT with the length Nggt is performed for each symbol. Each
FFT bin corresponds to one subcarrier. For each FFT bin, one sample must be cap-
tured in the time domain for each OFDM symbol. The minimum number of samples
required for the measurement is thus the number of subcarriers (or the number of FFT
bins), multiplied by the number of symbols to measure. To avoid intersymbol interfer-
ence, the cyclic prefix is added as the guard interval.

No_samples,,;, = (<FFT_size> + <CyclicPrefixLength> + <CyclicSuffixLength>) *
<No_symbols_to_measure>

Generally, the number of samples acquired per second is referred to as the sample
rate. The sample rate required by a specific OFDM system is referred to as the OFDM
system sample rate. It depends on parameters that characterize the OFDM system
and is defined by the following equation:

SRorpy = <carrier_spacing>* <FFT_size>

For the "OFDM VSA" application to demodulate OFDM symbols, it is important that the
number of acquired samples in the application corresponds to the OFDM system sam-
ple rate.

Symbols

A row of cells at the same time is called a symbol.

The symbol number is the row index of a time frequency matrix. The first symbol gets
the number '0'".
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OFDM parameters

4.2.2.1 Allocation matrix

The allocation matrix defines the complete frame and subdivides the OFDM system

into the following cell types:

® Pilot cells: Contain known values and are used for various synchronization and
parameter estimation purposes.

® Data cells: Contain the user data or payload of the transmission. The modulation
format of the data cells must be known or can be estimated in a modulation estima-
tion block.

® "Don't care” cells: Cells that are not evaluated for EVM measurement, but contain
signal power.

® Zero cells: Contain no signal power at all. Typically, guard carriers around DC or at
the edges of the carrier axis.

f - DC carrier —s «—  Guard camriers —» e

Midamble —

Data

"Don't Care”

Figure 4-6: Allocation matrix

4.2.2.2 Pilot matrix

A pilot matrix contains known complex numbers in the matrix cells, which are defined
as pilot cells in the allocation matrix. Within the analyzer, the pilot matrix is correlated
with the received time frequency matrix. Thus, it obtains the frame start and the fre-
quency offset of the received signal relative to the given allocation matrix.
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4223

4224

OFDM parameters

Figure 4-7: Pilot matrix

Constellation vector

A constellation vector contains all possible numbers in the complex plane that belong
to a specific modulation format. For each possible data modulation format, a constella-
tion vector must be defined. The magnitude within the constellation vectors must be
scaled according to the pilot matrix. A single entry in the constellation vector is called
constellation point'.

Differential modulation is not supported. Instead, use the corresponding absolute mod-
ulation scheme, e.g. QPSK instead of DQPSK. Periodically rotated constellations are
not supported. Instead, use the superset of all constellations, e.g. 8PSK instead of
P1/4-DQPSK.

Constellation point

o~

I .1 1.1 1 .1
N o R Woa

Figure 4-8: QPSK constellation vector

Modulation matrix

For each data cell in the allocation matrix, a modulation matrix contains a number that
refers to the corresponding constellation vector. Clusters of data cells with the same
modulation therefore have the same number. A data cell can also refer to a number for
which no constellation vector is defined. In this case, the "OFDM VSA" application
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assumes all data cells sharing that number use the same constellation vector. The
application can automatically detect the modulation and the corresponding valid con-
stellation vector.

f
t
DData Cells
0 0 0 Constellation Wectors
0 -1 1
2 2
1 B iblgii it 1
£ R[RTRETRERE TR
2 2
2 (unused)
2 2 2

Figure 4-9: Modulation matrix

4.2.3 Preamble description

The OFDM demodulator must support synchronization on repetitive preamble symbols.
A repetitive preamble contains several repetitions of one time domain block. Fig-

ure 4-10 shows the parameters for a repetitive preamble symbol that contains five rep-
etitions of block T. The allocation matrix can have an arbitrary offset to the beginning of
the preamble symbol. If the offset is zero or negative, the preamble is also contained
within the frame and is used for further estimation processes.

Preamble Symbol
)\

T1 T2 T3 T4 T5 Undefined | Symbol 0 eoe

|
Block length Frame (Structure Matrix)

! Frame Offset !

Figure 4-10: Description of a repetitive preamble symbol
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4.3 Channel filter

The "OFDM VSA" application can use the internal channel filter of the instrument or
apply an adjustable channel filter. The filter bandwidth of the internal channel filter is
fully equalized within the digital hardware.

As an alternative to the internal filters, you can apply a channel filter with adjustable
bandwidth and slope characteristics to the input signal. The "OFDM VSA" application
then designs a window-based finite impulse response filter. The bandwidth is defined
as two times the 6-dB cutoff frequency. The 50-dB cutoff frequency determines the
slope characteristics.

Choosing the correct filter settings requires a trade-off between selectivity and filter
impulse response length. A steep filter improves selectivity between adjacent chan-
nels. However, a steep filter has a long channel impulse response. In systems with
small guard intervals, a long channel impulse response can produce intersymbol inter-
ference. Flat filters require a higher distance between channels and possibly attenuate
the outer carriers of the signal. In contrast, the channel impulse response is short and
suited for systems with short guard intervals.

Adjustable Channel Filter

10 T T T T T T T T T
Low
0 Normal []
A0 - - s e e e e e oo
20| e e oo P T VD N I
g
a0 R T N S
b
c
10 O N N
1]
[0)]
50| e N
&
C
0 .
o
o
0 [ )
08 ¥ | P N R T N
SO0 - L e e e e e e e e e - o
-100 A A A . L “
0.05 0.1 0.15 0.2 025 03 03 04 045 0.5

Normalized Frequency

Figure 4-11: Slope characteristics for channel filters with low, normal, high steepness

The adjustable channel filter performs a decimation at its output. Thus, the maximum
user-definable output sample rate is reduced compared to the internal filter setting.
Therefore, the FSWX captures the data with an oversampling factor before applying
the adjustable channel filter.
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Example:

Assume you want to analyze a 20-MHz WLAN-A signal. The specified (demodulation)
sample rate is 20 MHz.

If you disable the adjustable channel filter, the FSWX captures I/Q data and resamples
it to 20 MHz. The instrument's hardware defines the flat bandwidth, filter slope and
stopband frequency of the used filter. The "OFDM VSA" application receives the data
with the required sample rate of 20 MHz.

If you enable the adjustable channel filter, the FSWX captures I/Q data using a doubled
sample rate of 40 MHz, that is: an oversampling factor of 2 is applied. The "OFDM
VSA" application then applies the adjustable channel filter. The user-defined 6-dB
bandwidth defines the overall bandwidth of the filter. The distance between the 6-dB
bandwidth and the user-defined 50-dB bandwidth defines the filter slope (see Fig-

ure 4-11). The 20-MHz region of interest in the middle of the signal is not affected by
the filter. Finally, the "OFDM VSA" application decimates the filtered data from 40 MHz
to the required sample rate of 20 MHz.

4.4 OFDM measurement

ON/OFF PREAMBLE / CP FFT_SHIFT MAX_BIN_OFFSET
Capture Burst Time Rough Frame
Buffer Detection [ |  Sync [ | Compensate [ A R_Ik wio frame sync Sync R
Freq. Offset Synchronization Block
Freq / Clock Channel CPE / Gain Modulation Data
R Estimation gy EOTTETEE | g Estimation ) Estimation gy COTTETEE | g Detection ) Decision 2SIk
Freq. / Clock Offset Channel CPE / Gain Pilot Aided Block
A_lk A_lk Data Aided Block Measurement Block
Freq / Clock Channel CPE / Gain
RULs Estimation | | ComPensate N Eoimation [ Estimation PHASE_TRACKING
TIMING_TRACKING
1 1 GAIN_TRACKING
Freq. / Clock Offset Channel CPE / Gain CHANNEL_COMP
R_Ik —Dl User Defined Compensation |
A_lk —Dl EVM Measurement |

Figure 4-12: Block diagram of the OFDM VSA application

The block diagram in Figure 4-12 shows the "OFDM VSA" application process from the
capture buffer containing the 1/Q data to the actual analysis block. The signal process-
ing chain can be divided in four major blocks.

®  Synchronization BIOCK...........ccooiiiiiiieeee e 45
L I 100 r=T o (Yo N o] o Tod < 45
L BT == (o [ N o] [ Y3 G N 46
0 MeasuremMeNt DIOCK..........oi it e e e e e e e e e e eas 46
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4.4.1 Synchronization block

The synchronization starts with a burst detection. Areas within a signal whose power
exceeds a threshold are considered to be transmission bursts and are extracted for fur-
ther processing. For seamless transmission, as in most broadcast systems, this block
can be bypassed. The subsequent time synchronization attempts to find the optimum
starting point for the FFT. It uses a correlation metric for either the preamble or the
cyclic prefix of each OFDM symbol. For preamble synchronization, successive blocks
of a repetitive preamble structure are correlated. As an alternative, the cyclic prefix
synchronization correlates the guard interval of each symbol with the end of the FFT
part. In addition, both methods return an estimation of the fractional frequency offset by
evaluating the phase of the correlation maximum. This frequency offset has to be com-
pensated before the FFT to avoid intercarrier interference.

By default, assuming a symmetric impulse response, the FFT starting point is set to the
center of the guard interval. However, you can shift it within the guard interval. After
performing the FFT for each available OFDM symbol, a time-frequency matrix R, with
symbol index | and subcarrier index k is available.

The subsequent frame synchronization determines the frame start within this matrix.
The integer carrier frequency offset is determined by a two-dimensional correlation of
R« with the known pilot matrix from the configuration file. To avoid unnecessary com-
puting time for signals with low frequency offset, you can restrict the search length in
the frequency direction.

Furthermore, you can define a threshold for the reliability of the time and frame syn-
chronization to ensure that only correct frames are evaluated. A threshold is particu-
larly useful for 5G signals, for example. In this case, the pilot structure in the second
half of the frame is similar, but not identical, to the first half. Thus, if frame synchroniza-
tion is off by half a frame, the pilots do not match completely, so the reliability is poor.
The EVM results are also poor. By defining a threshold, only the correctly synchronized
frames are evaluated.

4.4.2 Pilot-aided block

The pilot-aided block within the signal processing chain uses the predefined pilot cells
to estimate the parameters and compensate for the signal impairments. It starts with a
maximum likelihood estimation of the remaining frequency error and sample clock off-
set. A frequency error leads to a phase offset that increases linearly in time. The clock
offset introduces an additional phase error that increases linearly with frequency. The
estimator determines the most probable parameters that lead to the phase offsets
observed on the pilot cells. The resulting offset values are compensated in the fre-
quency domain by rerotating the phase of the R, matrix. However, for severe clock off-
sets, it can be necessary to resample the received signal in the time domain and
repeat the FFT stage.

The subsequent channel estimator determines the channel transfer function at the
known pilot positions. Through interpolation, it obtains a complete frequency response
vector for all subcarriers. It does not extrapolate the channel transfer function for the
guard carriers, which are defined by zero or "don't care" cell types. Since the described
measurement system is intended for stationary channels, only the frequency values
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are interpolated. The node values on the frequency axis are determined by averaging
all available pilots of each subcarrier over time. Depending on the layout of the pilots
on the frequency axis, an interpolation filter bank with optimum Wiener filter coeffi-
cients is calculated in advance. The Wiener filter is designed under the assumption
that the maximum impulse response length does not exceed the cyclic prefix length.

Although the channel is assumed to be stationary, common phase error and power
level variations are estimated symbol by symbol over the complete frame. The estima-
tion takes settling effects of oscillators and power amplifiers into account. All estimated
impairments are fully compensated to get an optimum signal for the subsequent modu-
lation-detection and data decision stage.

The modulation-detection block determines the modulation format of the data cells.
Either each carrier or each symbol can be assigned to one specific constellation. As an
alternative, the modulation information provided in the configuration file is evaluated to
extract clusters of data cells with consistent modulation. The estimator uses a maxi-
mum likelihood approach. Each cluster of data cells is compared with all possible mod-
ulation hypotheses. The most probable constellation for each cluster is used for the
subsequent data decision. The data decision block finally outputs a reference signal
matrix A, which is an optimum estimate of the actual transmitted OFDM frame.

Note that the pilot-aided block requires at least 2 OFDM symbols containing pilots to:
® Estimate the sample clock error

® Demodulate the signal correctly

® Compensate phase, timing or level offsets

4.4.3 Data-aided block

You can enable the data-aided block to refine the parameter estimations with the help
of the reference signal. In the previous stages, the estimation algorithms only include
pilot cells. However, the data-aided block can treat data cells as additional pilots. Thus,
in good signal-to-noise environments without data decision errors, the accuracy of the
estimates increases. However, if the reference signal matrix A, contains falsely deci-
ded data cells, the data-aided estimation block can corrupt the results. In this case, dis-
able this block.

4.4.4 Measurement block

The last part of the signal processing chain comprises the user-defined compensation
and the measurement of modulation quality. The measurement block uses the received
OFDM symbols R, and the previously determined reference OFDM symbols A, to cal-
culate the error vector magnitude (EVM). Optionally, the received OFDM symbols can
be compensated using phase, timing and level deviations and the channel transfer
function.
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4.5 DFT-S precoding

DFT-s-OFDM and SC-FDMA are different names for a method that can be applied to
lower the crest factor of the RF signal.

For DFT-s-OFDM, an additional digital Fourier transformation (DFT) is included in the
transmitter's signal processing stage, referred to as precoding. If the input signal uses
this method, enable the "Transform Precoding" option to decode the precoding trans-
formation using an iDFT. The "OFDM VSA" application tries to detect contiguous
groups of data cells for each OFDM symbol and decode them using an inverse DFT.
Zero cells are ignored.

If "Transform Precoding” is enabled, you can define how to process OFDM symbols
that contain "Don't Care" and pilot cells:

® OFDM symbols that contain pilot or "Don't Care" cells are decoded, ignoring the
non-data cells.

e OFDM symbols that contain a pilot or a "Don't Care" cell are skipped, the entire
symbol is not decoded.

The "Ignore pilot/don't care" setting has no effect if the signal generator does not use
interspersed pilots in any OFDM symbol that uses DFT-S precoding on data cells. In
this case, either there are data-only symbols with DFT-S, or pilot-only symbols without
DFT-s.

Configuration files for precoded signals

If precoding is enabled, take special care when editing the configuration file. Make sure
that all cells are allocated correctly, that is:

® No cell is falsely allocated as a data cell.
® All data cells are allocated as data cells.

Otherwise, the iDFT parameters (length, start, stop) are not correct and all data cells in
that OFDM symbol are demodulated inaccurately.
Example: Processing a precoded DFT-S signal

The following example demonstrates how a precoded DFT-S signal is processed for
analysis.

On the signal generator:

Assume that the signal generator uses DFT-S precoding and interspersed pilots in a
certain OFDM symbol. Before encoding, this OFDM symbol consists of the following
cells:

D1 D2 P1 D3 D4 P2 D5 D6

With D = Data cells, P = Pilots cells

Encoding is performed on data cells only, omitting the pilots:
[D1 D2’ D3’ D4’ D5’ D6’] = FFT( [D1 D2 D3 D4 D5 D6] )

Then the encoded data cells are sorted back into the correct positions:
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D1’ D2’ P1 D3’ D4’ P2 D5’ D6’

These encoded I/Q symbols are used for further OFDM modulation and then transmit-
ted.

In the "OFDM VSA" application:
For this OFDM symbol, the received 1/Q symbols are in an early stage:
D1’ D2’ P1 D3 D4’ P2 D5’ D6’

Since we know that DFT-S was used, we select "Signal description" > "Transform pre-
coding": "on". The "OFDM VSA" application tries to revert the DFT-S precoding, but it
detects the disturbing pilots. Now there are two ways to deal with this OFDM symbol:

® "Ignore pilot/don't care" enabled:
The "OFDM VSA" application is told to ignore the disturbing pilots. The resulting
IFFT ignores the pilot cells in the input buffer:
[D1 D2 D3 D4 D5 D6] = IFFT ([D1 D2’ D3’ D4’ D5’ D6'] )
The cells are sorted back into their correct position:
D1 D2 P1 D3 D4 P2 D5 D6
The result is identical to what was sent, so the EVM in this OFDM symbol is OK.

® "[gnore pilot/don't care" disabled:
The "OFDM VSA" application does not just ignore those disturbing pilots. The
"OFDM VSA" application only performs the IFFT for data-only OFDM symbols.
Since the planned IFFT cannot be performed, it is skipped entirely for this OFDM
symbol.
The received I/Q symbols remain unchanged:
D1' D2’ P1 D3’ D4’ P2 D5’ D6’
This result is not identical to the sent I/Q symbols D1 D2 P1 D3 D4 P2 D5 D6. The
EVM in this symbol is high.
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5 Configuration

When you activate an "OFDM VSA" application instance, an OFDM VSA measurement
for the input signal is started automatically with the default configuration. The "OFDM
VSA" menu is displayed and provides access to the most important configuration func-
tions.

® General functionality
Note that general functionality that is performed in the base unit in the same way is not

described here.
For a description of such tasks, see the FSWX User Manual.
In particular, this includes:
® Receiving data input and providing data output
® | aying out the result display
® Visual aids for graphical results
® Basic instrument operation, such as configuring fast access knobs

® Basic instrument configuration, e.g. checking the system configuration, customizing
the screen layout, or configuring networks and remote operation

5.1 Configuration overview

+ Overview Access: all menus

L BC N

Throughout the application instance configuration, an overview of the most important
currently defined settings is provided in the "Overview".

+
—
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OFDM Vector Signal Analysis

FFT Size b4 Input

CP Length Frequency 22.0 GHz Source Free Run
Block Length 0 Ref Level 0.0 d Level

Frame Offset 0 Att Offset Os

A Signal Description '@' Input/Frontend | | Trigger

Max No of Frames to Analyze 1 Capture Length 400001
Result Length (Symbols) 10 Burst Search Sample Rate 20.0 MHz

«‘ ‘» Result Range I Il | Burst Search A/D  Data Acquisition

Time Sync Cyclic Prefix
Param Est Tracking
Meod Detection Channel Comp

S,
ﬂ Sync / Demod “Q Tracking |£ ﬂ Display Config

Preset Channel Specific Settings for 3: EVM vs Carrier

Figure 5-1: Configuration Overview for OFDM VSA application

In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialogs. The individual configuration steps are displayed in the order
of the data flow. Thus, you can easily configure an entire application instance from
input over processing to output and analysis by stepping through the dialogs as indica-
ted in the "Overview".

1. "Signal Description"
See Section 5.3, "Signal description", on page 52.

2. "Input/ Frontend"
The handling of the input and output configuration in the "OFDM VSA" application
is the same as in the base unit. For more details, refer to the FSWX User Manual.

3. "Trigger"
See Section 5.7, "Trigger setup", on page 65.

4. "Data Acquisition”
See Section 5.6, "Data acquisition", on page 61.

5. "Burst Search"
See Section 5.8, "Burst search”, on page 69.

6. "Result Range"
See Section 7.1, "Result range", on page 104

7. "Sync/Demod"
See Section 5.9, "Synchronization", on page 70 and Section 5.10, "Demodula-
tion", on page 72

8. "Tracking"
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Receiving data input and providing data output

See Section 5.11, "Tracking", on page 73

9. "Display Config"
See Section 3, "Measurement and result displays”, on page 15

To configure settings

» Select any button in the "Overview" to open the corresponding dialog box.
Select a setting in the application info panel to change a specific setting.

For step-by-step instructions on configuring "OFDM VSA" application measurements,
see .

Preset application instance

Select "Preset Application"” in the "Overview" to restore all measurement settings in the
current application instance to their default values.

Note:

Do not confuse the "Preset Application" button with the [Preset] key. The [Preset] key
restores the entire instrument to its default values, and thus closes all application
instances on the FSWX (except for the default application instance).

Remote command:

SYSTem:PRESet :CHANnel [ :EXEC] on page 122

Specifics for

The application instance can contain several windows for different results. Thus, the
settings indicated in the "Overview" and configured in the dialogs vary depending on
the selected window.

Select an active window from the "Specifics for" selection list that is displayed in the
"Overview" and in all window-specific configuration dialogs.

The "Overview" and dialogs are updated to indicate the settings for the selected win-
dow.

Receiving data input and providing data output

The "OFDM VSA" application can perform 1/Q measurements on signals from the fol-
lowing input sources:

® RF connectors ("RF A | B")
® |/Qfile
® Probe

The handling of the input and output configuration in the "OFDM VSA" application is
the same as in the base unit. For more details, refer to the FSWX User Manual.
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5.3.1

Signal description

Signal description

Access: "Overview" > "Signal Description"

You must describe the expected input signal so that the "OFDM VSA" application can
compare the measured signal to the expected reference signal. You can load an exist-
ing configuration file, or create one interactively using a wizard for the current input sig-
nal (see Section 6, "Creating a configuration file using the wizard", on page 76).

The "OFDM VSA" application provides some sample files for 1/Q input data and config-
uration files in the
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/

demo/OFDM-VSA directory.

OB 11V W eo]q) e 18] =1 i o] o FO PRSP 52
o  Symbol characCteristiCs..........oueiiii i ———— 55

OFDM configuration

Access: "Overview" > "Signal Description" > "OFDM Configuration"
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Signal Description

OFDM Configuration

Use Configuration File

Load Config File Create Config File

Export Data (to Create Config File on Other PC)

DFT-s-OFDM / SC-FDMA

Transform Precoding

RF Upconversion

Phase Compensation

fo=

Use Configuration File.........uuuuieiuiiiiiiiieee et e e e e e e e e e e e e e eeeees 54
Load Configuration File...........uuuu i e e e e e e e e e e e e e e e e e e e eeeeeees 54
Create Configuration File..........oiiiiii e 54
Export Data (to Create Config File on Other PC)........oocuuiiiiiiiiiiee e, 54
DFT-s-OFDM / SC-FDMA:Transform Precoding.......cccuvcuieiieiiiiieeeeeiieee e 54

L 1gnore PILOT/DONTCARE ........c.ceeeeeeeeeeeeeeeeeeeeeseee e e e s e s nnas 54
RF Upconversion: Phase Compensation............cocccciiiiiiieeiie e 55
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Use Configuration File
Determines whether the configuration from the currently loaded file is used for the
measurement. Alternatively, you can configure the OFDM signal manually.

The currently loaded configuration file is indicated for reference.

Remote command:
CONFigure:SYSTem:CFILe on page 128

Load Configuration File
Opens a file selection dialog box to select the configuration (. xML) file for the mea-
surement.

Note: Configuration files with more than 100 different modulation types cannot be loa-
ded.

Remote command:
MMEMory: LOAD:CFGFile on page 130

Create Configuration File
Opens a wizard that helps you create a new configuration file interactively. See Sec-
tion 6, "Creating a configuration file using the wizard", on page 76.

Export Data (to Create Config File on Other PC)
Exports the current settings to a .K96_wizv file. Use this input file to create a configu-
ration file using the wizard on another PC.

DFT-s-OFDM / SC-FDMA:Transform Precoding
DFT-s-OFDM and SC-FDMA are different names for a method that can be applied to
lower the crest factor of the RF signal.

For DFT-s-OFDM, an additional digital Fourier transformation (DFT) is included in the
transmitter's signal processing stage, referred to as precoding. If this method is used
by the input signal, enable the "Transform Precoding" option to decode the precoding
transformation using an iDFT. The "OFDM VSA" application tries to detect contiguous
groups of data cells for each OFDM symbol and decode them using an inverse DFT.
Zero cells are ignored.

For details, see Section 4.5, "DFT-S precoding”, on page 47.

Remote command:
CONFigure:TPRecoding on page 129

Ignore PILOT/DONTCARE «— DFT-s-OFDM / SC-FDMA:Transform Precoding
If "Transform Precoding" is enabled, define how to process OFDM symbols that con-
tain "Don't Care" and pilot cells:

"Ignore pilot/don't care" enabled:
OFDM symbols that contain pilot or "Don't Care" cells are decoded,
but these cells are ignored.

"Ignore pilot/don't care" disabled:
OFDM symbols that contain a pilot or a "Don't Care" cell are skipped
and not decoded.
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5.3.2

Signal description

Remote command:
CONFigure:TPRecoding: IGNore on page 130

RF Upconversion: Phase Compensation

For example, in 5G uplink signals, the phase shifts from one OFDM symbol to the next.
In this case, the "OFDM VSA" application must revert the phase compensation that is
applied to the signal during RF upconversion. The phase compensation is based on a
fixed frequency, which can either be the center frequency, or you can define the fre-
quency for the shift manually.

Remote command:

CONFigure:RFUC:STATe on page 125
CONFigure:RFUC:FZERo:MODE on page 124
CONFigure:RFUC:FZERo: FREQuency on page 124

Symbol characteristics

Access: "Overview" > "Signal Description" > "Symbol Characteristics"
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Symbol Characteristics

FFT Size Samples

Cyclic Prefix Length 16 Samples

Cyclic Suffix Length 0 Samples
Preamble Symbol Characteristics

Block Length Samples

Frame Start Offset Samples

Cyclic Prefix Config  Zero Padding

o Conventional Mode
(All symbols have the same cyclic prefix length)

. Two Different Cyclic Prefix Lengths

Symbols Samples

Range 1

Range 2

o YRR SUUPRRN 57
CyClic PrefiX LENGEN.......eoi et e e 57
Cyclic SUFIX LENGEN ... e 57
Preamble Symbol Characteristics: Block Length............coooiiiiiiieeeee 58
Frame Start OffSEL........uuiiiiiiiiiie e e e e e e e e e e e e e e e e e e ennnenes 58
Cyclic Prefix Configuration............ueeeeeieec i e e e e e e e e e s eeee s 58
Different cyclic prefix [ENgths........ooo oo 58
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L Cyclic prefix definition per range (Symbols / Samples)........ccccoveueuererererenncne. 59
JA = (o TN = To (o 1 o TR PR PPR 59

L SAMIPIES. ...ttt ettt 59

L SYMDOI OffSEL.......ooveeeceeeeeceeeeteteeeeeseeeeeeeesssesee et ete s se e as s sesssesaneeeetesnenenes 59

L Repeat Padding After SYMDOIS..........cc.ceeieeeuieiseeeieeeeeeeseeseese s sesee s sesee s s 59
FFT Size

Defines the useful length of an OFDM symbol in the time domain as the number of
samples. This setting determines the number of samples used as input for each FFT
calculation.

This setting is not available if a configuration file is active (see "Use Configuration File"
on page 54). In this case, the FFT length defined in the file is displayed for reference
only.

Remote command:

CONFigure[:SYMBol] :NFFT on page 126

Cyclic Prefix Length

Defines the length of the cyclic prefix (CP) area between two OFDM symbols in sam-
ples. The cyclic prefix area defines the guard interval and is expected to contain a copy
of the samples at the end of the OFDM symbol.

The cyclic prefix length must be smaller than or equal to the "FFT Size" on page 57.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 127

Cyclic Suffix Length

Defines the length of the cyclic suffix between two OFDM symbols in samples. The
cyclic suffix is expected to contain a copy of the first N samples at the beginning of the
OFDM symbol.

Figure 5-2 shows how the complete OFDM symbol is retrieved for an FFT length of 8
and a cyclic prefix and suffix length of 2.

<«—())FFT Length——»

trarf;‘-lc;rm ““““‘

Complete A><~
O
d <Oy e )FFTLength— peSYClCy,

prefix suffix

Figure 5-2: OFDM symbol with cyclic prefix and suffix

The cyclic suffix length must be smaller than or equal to the "FFT Size" on page 57.

Remote command:
CONFigure[:SYMBol] :NSUFfix on page 127
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Preamble Symbol Characteristics: Block Length

Instead of using the cyclic prefix for the time synchronization, the "OFDM VSA" appli-
cation can also use a preamble that contains repetitive blocks of samples (if available
in the signal). This setting specifies the length of one data block within the repetitive
preamble as a number of samples.

Remote command:
CONFigure:PREamble:BLENgth on page 123

Frame Start Offset
Specifies the time offset from the preamble start to the actual frame start as a number
of samples.

Remote command:
CONFigure:PREamble:FOFFset on page 123

Cyclic Prefix Configuration

By default, the application assumes that each OFDM symbol has the same cyclic prefix
length ("Conventional Mode"). If the symbols have two different cyclic prefix lengths,
additional settings are available.

Remote command:
CONFigure[:SYMBol] :GUARA:MODE on page 125

Different cyclic prefix lengths
Some OFDM signals change their cyclic prefix over time (e.g. 802.11ac). This setting
defines the behavior in such a case.

"Periodic" One "slot" that consists of the two defined ranges is repeated over
and over until the number of symbols specified by the result range
parameter is reached. The ranges are repeated periodically, first
range 1, then range 2, then range 1, etc.

Slot

A

=

Range 1 | Range 2 Range1 |Range2| Range1 |[Range2| eee

Figure 5-3: Non-Conventional cyclic prefix case: Periodic mode

"Non-Periodic" A fixed preamble has a different cyclic prefix length than the rest of
the frame (e.g. WLAN 802.11ac signals). In this case, the length of
the second range is extended until the end of the demodulated frame.
Therefore, the length of the second range cannot be specified in this
case.

Range 1 | Range 2

Figure 5-4: Non-Conventional cyclic prefix case: Non-Periodic mode

Remote command:
CONFigure[:SYMBol] :GUARd:PERiodic on page 126

User Manual 1179.6695.02 — 01 58



R&SCFSW3-KM112 Configuration

Signal description

Cyclic prefix definition per range (Symbols / Samples) < Different cyclic prefix
lengths

For each range, configure the number of symbols the cyclic prefix length is applied to,
and the length of the cyclic prefix as a number of samples.

For non-periodic cyclic prefixes, the length of the second range cannot be specified. It
is extended to the end of the demodulated frame.

Remote command:
CONFigure[:SYMBol] :GUARd:NSYMbols<cp> on page 125
CONFigure[:SYMBol] :NGUard<cp> on page 127

Zero Padding
Enables or disables zero padding.

If enabled, "zero" samples are inserted before the cyclic prefix of specific OFDM sym-
bols to allow for correct demodulation.

Cydic Prefix Config Zero Padding

Zero Padding On

Samples

Symbol Offset

Repeat Padding After Symbols

Remote command:
CONFigure[:SYMBol] :2PADding:STATe on page 129

Samples «— Zero Padding
Defines the number of samples inserted for zero padding.

Remote command:
CONFigure[:SYMBol] :ZPADding: LENGth on page 128

Symbol Offset < Zero Padding
Defines a number of symbols from the signal start for which no zero padding is inser-
ted.

Remote command:
CONFigure[:SYMBol] :ZPADding:0OFFSet on page 128

Repeat Padding After Symbols < Zero Padding
Defines an interval of symbols (starting after the "Symbol Offset"), after which zero
padding is repeated. For a repetition rate of 1, each symbol has zero padding.

Remote command:
CONFigure[:SYMBol] : ZPADding:REPetition on page 129
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5.4

5.5

Frequency settings

Amplitude and vertical axis configuration

Access: [Ampt / Scale]
Amplitude and scaling settings allow you to configure the vertical (y-) axis display.
For amplitude settings, see the general functionality section in the FSWX User Manual.

For scaling and unit settings, see Section 7, "Result evaluation”, on page 104.

Frequency settings

Access: [Freq] > "Frequency Configuration"

Frequency

Center Frequency
Span
Start
Stop

Other

Frequency Axis
Linear Logarithmic

Frequency Offset
0 Hz

For more information, see "How to define the frequency range" in the FSWX User
Manual.

(07210 (= gl o (=T U= o3RRS 60
Center FreqUENCY SEEPSIZE.....cuuuiiiiiiiiie ettt e e e e e e e e e s aeeeeee s 61
FrequenCy OffSel.......coo o 61

Center Frequency
Defines the center frequency of the signal in Hertz.

The allowed range of values for the center frequency is:

fmin = fcenter = fmax

fin @nd f o, depend on the instrument model and are defined in the specifications
document.
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5.6

Data acquisition

Remote command:
[SENSe<ip>:]FREQuency:CENTer on page 131

Center Frequency Stepsize

Defines the step size by which the center frequency increases or decreases when you
select the arrow keys. When you use the rotary knob, the center frequency changes in
smaller steps (1/10 the size as for the arrow keys). The application can set the stepsize
to the current center frequency, or you can define it manually.

For more information, see "Impact of the frequency and span settings" in the FSWX
User Manual.

Remote command:
[SENSe: ] FREQuency:CENTer: STEP on page 131

Frequency Offset
Shifts the displayed frequency range along the x-axis by the defined offset.

This parameter has no effect on the instrument's hardware, on the captured data, or on
data processing. It is simply a manipulation of the final results in which absolute fre-
quency values are displayed. Thus, the x-axis of a spectrum display is shifted by a
constant offset if it shows absolute frequencies. However, if it shows frequencies rela-
tive to the signal's center frequency, it is not shifted.

You can use a frequency offset to correct the display of a signal that is downconverted
externally, for example by an external mixer.

The allowed values range from -1 THz to +1 THz. The default setting is 0 Hz.

Remote command:
[SENSe<ip>:]FREQuency:0FFSet on page 131

Data acquisition

Access: "Overview" > "Data Acquisition" > "1/Q Capture"
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Data acquisition

Data Acquisition
I/Q Capture Filter Settings

Capture Time 20.0 ms Filter State

Capture Length 400001 Channel Filter

Sample Rate 20,0 MHz 6dB Bandwidth

. 50dB Bandwidth
Oversampling

Highpass Filter
Capture Sample Rate

Highpass Filter State

Swap I/Q

6dB Bandwidth

50dB Bandwidth

(07T o] (1 00 1 = S 62
Capture LENGEN.....coii e e a e 62
SAMPIE RALE...ceieeiiiiie e e e e e e e e e raaaaaas 62
Oversampling / Capture Sample Rate........cccuvuviiiiiiiiii e 63
STV o I 1 PP PO TPPPPT 63
1L S = (= T PR TP 63
6-0B BanAWidth..........eieiie e 64
50-dB BandWidth.........eciiiiiiiiee e 64
HIghpass Filter State..... ..o e 64
B-dB BanNdWidth..........oveiiii e 64
50-dB BandWidth........ueeiiiiiiieee et 64

Capture Time

Specifies the duration (and therefore the amount of data) to be captured in the capture
buffer. If the capture time is too short, demodulation will fail. In particular, if the result
length does not fit in the capture buffer, demodulation will fail.

Remote command:
[SENSe<ip>:]SWEep:TIME on page 135

Capture Length
Defines the number of samples to be captured during each measurement. The
required Capture Time is adapted accordingly.

Remote command:
[SENSe: ] SWEep:LENGth on page 135

Sample Rate
Defines the 1/Q data sample rate of the "OFDM VSA" application used for demodula-
tion.

Note that the sample rate in the "OFDM VSA" application must correspond to the
OFDM system sample rate, otherwise demodulation can fail.
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Data acquisition

Remote command:
TRACe:TIQ:SRATe on page 136

Oversampling / Capture Sample Rate
By default, the "OFDM VSA" application captures data with a usable 1/Q bandwidth that
is 0.8 * sample rate.

However, for some signals and measurements, a higher bandwidth is required. In this
case, you can force the "OFDM VSA" application to capture with twice the sample rate,
which is referred to as capture oversampling.

Oversampling is not available in the following cases:

® A channel filter is enabled (see "Filter State" on page 63).
In this case, an oversampling factor of 2 is applied automatically.

® The defined Sample Rate is higher than half the maximum sample rate the FSWX
supports.

The actual "Capture Sample Rate", that is: the rate with which the "OFDM VSA" appli-
cation samples data, is calculated as:

Sample Rate * Oversampling factor

If you are analyzing data from an input file, the "Capture Sample Rate" indicates the
rate with which the "OFDM VSA" application initially processes the data in the file.

"2x" An oversampling of 2 is applied. The sample rate with which the
"OFDM VSA" application captures data is twice the system sample
rate.

"Off" No oversampling is applied, the capture sample rate of the "OFDM

VSA" application and the system sample rate are identical.

Remote command:
[SENSe:]CAPTure:0OVERsampling on page 134

Swap 1/Q
Activates or deactivates the inverted I/Q modulation. If the | and Q parts of the signal
from the DUT are interchanged, the FSWX can do the same to compensate for it.

On | and Q signals are interchanged
Inverted sideband, Q+j*I

Off | and Q signals are not interchanged

Normal sideband, 1+j*Q

Remote command:
[SENSe<ip>:]SWAPiqg on page 134

Filter State
Defines whether a channel filter - and a highpass filter, if active - is applied to the 1/Q
data before OFDM demodulation.

Remote command:
INPut<ip>:FILTer:CHANnel [ :LPASs] [:STATe] on page 134
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Data acquisition

6-dB Bandwidth

Configures the bandwidth of the channel filter at which an attenuation of 6 dB is
reached (see Figure 5-5). The filter bandwidth cannot be higher than the current Sam-
ple Rate. If necessary, the filter bandwidth is adapted to the current sample rate.

[H(f)|

—_// 50 dB bandwidth ¥

freqg

Figure 5-5: Definition of filter bandwidths

Remote command:
INPut<ip>:FILTer:CHANnel [ :LPASs] : SDBBw on page 133

50-dB Bandwidth

Configures the 50-dB bandwidth of the channel filter. The 50-dB bandwidth is the band-
width at which the filter reaches an attenuation of 50 dB (see Figure 5-5). This band-
width must always be larger than the 6-dB Bandwidth. If necessary, the 50-dB band-
width is adapted to the current 6-dB bandwidth.

Remote command:
INPut<ip>:FILTer:CHANnel [ :LPASs] : FDBBw on page 133

Highpass Filter State
Activates or deactivates an additional internal highpass filter.

Remote command:
INPut<ip>:FILTer:CHANnel :HPASs [:STATe] on page 133

6-dB Bandwidth

Configures the bandwidth of the high pass filter at which an attenuation of 6 dB is
reached (see Figure 5-5). The filter bandwidth cannot be higher than the current 6-dB
Bandwidth of the channel filter. If necessary, the filter bandwidth is adapted to the
same value.

Remote command:
INPut<ip>:FILTer:CHANnel:HPASs:SDBBw on page 132

50-dB Bandwidth

Indicates the 50-dB bandwidth of the high pass filter. The 50-dB bandwidth is the band-
width at which the filter reaches an attenuation of 50 dB (see Figure 5-5). This band-
width must always be smaller than the 6-dB Bandwidth of the high pass filter.
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5.7

Trigger setup

The 50-dB bandwidth cannot be defined manually. It is automatically determined
according to the relation between the 6-dB bandwidth and the 50-dB bandwidth of the
channel filter (see 50-dB Bandwidth and 50-dB Bandwidth).

Remote command:
INPut<ip>:FILTer:CHANnel :HPASs:FDBBw? on page 132

Trigger setup

Access: "Overview" > ""Trigger/Gate

Trigger @® x

Trigger Source  Trigger In/Out

Source Ext Trigger 1 -

Offset

Slope Rising Falling

For step-by-step instructions on configuring triggered measurements, see "How to con-
figure a triggered measurement” in the FSWX User Manual.
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L 1/Q POWET. ...ttt 66
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RePEtition INTEIVAL......oeeeeeee e a e e e e e e e 67
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Trigger setup

Trigger Source
Selects the trigger source. If you select a trigger source other than "Free Run", the trig-
ger source is indicated in the application panel.

For more information, see "Trigger source" in the FSWX User Manual.

Remote command:
TRIGger [ :SEQuence] : SOURce on page 142

Free Run — Trigger Source
No trigger source is considered. Data acquisition is started manually or automatically
and continues until stopped explicitly.

In the "Spectrum” application, "Free Run" is the default trigger source setting.

Remote command:
TRIG:SOUR IMM

Ext Trigger1 to 4 — Trigger Source
Data acquisition starts when the TTL signal fed into the specified input connector
meets or exceeds the specified "Trigger Level".

"Ext Trigger 1"
Trigger signal from the "Trigger 1 Input" connector.

"Ext Trigger 2"
Trigger signal from the "Trigger 2 In / Out" connector.
Note: You must configure the connector for input in the trigger input/
output settings.
See "Trigger input/output settings" in the FSWX User Manual.
"Ext Trigger 3"
Trigger signal from the "Trigger 3 Input" connector.
"Ext Trigger 4"

Trigger signal from the "Trigger 4 In / Out" connector.
Note: You must configure the connector for input in the trigger input/
output settings.

See "Trigger input/output settings" in the FSWX User Manual.

Remote command:
TRIG:SOUR EXT, TRIG:SOUR EXT2

I/Q Power — Trigger Source
This trigger source is only available for I/Q measurements and in applications that
process 1/Q data.

Triggers the measurement when the magnitude of the sampled 1/Q data exceeds the
trigger threshold.

The trigger bandwidth corresponds to the analysis bandwidth setting for I/Q data acqui-
sition.

Remote command:
TRIG:SOUR IQP
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Trigger setup

Power «— Trigger Source
The FSWX starts capturing data as soon as the trigger level is exceeded around the
third intermediate frequency.

For frequency sweeps, the third IF represents the start frequency. The trigger threshold
depends on the defined trigger level, and on the RF attenuation and preamplification. A
reference level offset, if defined, is also considered. The trigger bandwidth at the inter-

mediate frequency depends on the RBW and sweep type. For details on available trig-

ger levels and trigger bandwidths, see the instrument specifications document.

For measurements on a fixed frequency (e.g. zero span or I/Q measurements), the
third IF represents the center frequency.

This trigger source is only available for RF input.

Note: Note that in "Auto" sweep type mode, due to a possible change in sweep types,
the trigger bandwidth can vary considerably for the same RBW setting.

Remote command:
TRIG:SOUR POW

Time — Trigger Source
Triggers in a specified Repetition Interval.

Remote command:
TRIG:SOUR TIME

Trigger Input
The active RF input connector that provides the trigger signal.

Trigger Level
Defines the trigger level for the specified trigger source.

For details on supported trigger levels, see the specifications document.
For gated measurements using a coupled trigger, the trigger level setting also defines
the gating trigger level.

Remote command:

TRIGger<ip>[:SEQuence] :LEVel : POWer on page 140
TRIGger<ip>[:SEQuence] :LEVel: IQPower on page 139
TRIGger[:SEQuence] :LEVel [ :EXTernal<tp>] on page 140

Repetition Interval
Defines the repetition interval for a time trigger.

The shortest interval is 2 ms.

Set the repetition interval to the exact pulse period, burst length, frame length or other
repetitive signal characteristic. If you cannot set the required interval with the available
granularity, configure a multiple of the interval that is supported. Thus, the trigger
remains synchronized to the signal.

Remote command:
TRIGger[:SEQuence] : TIME:RINTerval on page 142

Trigger Offset
Defines the time offset between the trigger event and the start of the sweep.
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Trigger setup

For more information, see "Pretrigger and posttrigger: trigger offset" in the FSWX User

Manual.
Offset > 0: Start of the sweep is delayed
Offset < 0: Sweep starts earlier (pretrigger)

Only possible for zero span and if gated trigger is disabled.
The maximum allowed range is limited by the sweep time:

Pretrigger . = sweep time, .,

Remote command:
TRIGger [:SEQuence] : HOLDof f on page 137

Slope
Defines whether triggering occurs when the signal rises to the trigger level or falls
down to it.

This setting is available for all trigger sources except time.

Remote command:
TRIGger [:SEQuence] : SLOPe on page 142

Hysteresis

Defines the distance in dB to the trigger level that the trigger source must exceed
before the next trigger event occurs. Setting a hysteresis avoids unwanted trigger
events caused by noise oscillation around the trigger level.

This setting is only available for "Power" trigger sources. The range of the value is
between 3 dB and 50 dB with a step size of 1 dB.

For more information, see "Trigger hysteresis" in the FSWX User Manual.

Remote command:
TRIGger<ip>[:SEQuence] :POWer:HYSTeresis on page 141

Drop-Out Time
Defines the time that the input signal must stay below the trigger level before triggering
again.

For more information, see "Trigger Dropout" in the FSWX User Manual.

Remote command:
TRIGger [ :SEQuence] : DTIMe on page 136

Trigger Holdoff
Defines the minimum time (in seconds) that must pass between two trigger events.
Trigger events that occur during the holdoff time are ignored.

For more information, see "Reducing the number of triggers in time: Trigger holdoff" in
the FSWX User Manual.

Remote command:
TRIGger[:SEQuence] : HOLDoff on page 137
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Burst search

Preview
The preview mode allows you to try out trigger and gate settings before actually apply-
ing them to the current measurement.

The preview diagram displays a zero span measurement at the center frequency with
the defined RBW and sweep time. The preview is useful when analyzing bursts, for
example, to determine the required gate settings.

The FSWX only applies the trigger and gate settings to the measurement when you
close the dialog.

Note: The zero span settings refer only to the preview diagram. The main diagram
remains unchanged.

If preview mode is switched off, any changes to the settings in this dialog are applied to
the measurement diagram directly. In this case, the zero span settings for the preview
diagram are not displayed.

Preview Frequency < Preview
Defines the center frequency for the preview diagram.

Preview RBW — Preview

Defines the resolution bandwidth for the preview diagram. The available resolution
bandwidths are defined in the specifications document. Numeric input is always roun-
ded to the nearest possible bandwidth.

Preview Sweep Time « Preview

Defines the sweep time for the preview diagram. Allowed values depend on the ratio of
span to RBW and RBW to VBW. For details, refer to the specifications document.
Numeric input is always rounded to the nearest possible sweep time.

5.8 Burst search

Access: "Overview" > "Burst Search"

Burst Search ® X

Burst Search

During a burst search, the capture buffer is searched for bursts that comply with the
signal description. If no bursts are detected, the entire capture buffer is considered to
be a single burst. A list of the detected bursts is passed on to the next processing
stage.

See alsoSection 4.4, "OFDM measurement”, on page 44.

Burst Search State
Activates or deactivates a burst search.
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Remote command:
[SENSe: ] DEMod: FORMat : BURSt on page 143

5.9 Synchronization
Access: "Overview" > "Sync / Demod" > "Synchronization"

Synchronization

Time Synchronization Cyclic Prefix
Parameter Estimation

Modulation Detection

Thresholds

Minimum Time Sync Metric

Minimum Frame Sync Metric

TIME SYNCIONIZAtION. ......eiiiiiiiii et 70
Parameter EStimation........oooeeeieieiiee e 70
Modulation DeteCHION..........eiiiiiie e 71
Synchronization ThreShOIAS..........ueueei e a e e e e 71
L Minimum Time SYNC MELHIC. ......cvueeeeeeeeeeeeeeeeeee et ee e 71
L Minimum Frame SYNC MEtriC.........coveievieieeeieeeeeeeeeeesesesteeeeses e 72

Time Synchronization
Specifies the synchronization method in the time domain.

"Cyclic Prefix"  The cyclic prefix method performs a correlation of the cyclic prefix
with the end of the FFT interval.

"Preamble” The preamble method searches for the repetitive preamble blocks.

Remote command:
[SENSe: ] DEMod: TSYNc on page 147

Parameter Estimation
Defines which parts of the OFDM signal are used for the parameter estimation.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54). In manual configuration mode without a configuration file,
no parameter estimation is performed.
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Synchronization

"Pilot-Aided" Uses only the predefined pilot cells for parameter estimation.
Requires at least 1 OFDM symbol containing pilot cells (in previous
versions: 2 symbols). For sample clock error estimation and tracking
functions, at least 2 OFDM symbols with pilots are required.

See also Section 4.4.2, "Pilot-aided block", on page 45.

"Pilot And Data-Aided"
Uses both pilots and detected data cells for an additional synchroni-
zation step.

Remote command:
[SENSe: ] DEMod: FSYNc on page 145

Modulation Detection
Specifies how the modulation of the data cells is detected.

The "OFDM VSA" application can use the modulation configured in the configuration
file for each cell.

Alternatively, the "OFDM VSA" application tries to detect the used modulation automat-
ically based on the available modulation types (which are also defined in the configura-
tion file). For automatic detection, the "OFDM VSA" application analyzes the modula-
tion type per carrier or per symbol.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).

"Configuration  The modulation format configured for the cell is used.
File" Note that if the actual modulation of a constellation point differs from
the configured modulation for the cell, the EVM is increased.

"Symbolwise" A common modulation format for all data cells within one OFDM sym-
bol is determined.

"Carrierwise" A common modulation format for all data cells within one OFDM car-
rier is determined.

Remote command:
[SENSe: ] DEMod:MDETect on page 145

Synchronization Thresholds

If you require particular reliability in synchronization results, define thresholds for the
success of synchronization required to calculate results. The current reliability is indica-
ted in the Signal Flow.

High thresholds are useful if several similar, but not identical frames, must be distin-
guished. In this case, it is important that the application synchronizes only to the cor-
rect frame to obtain correct results.

On the other hand, if the signal quality is poor, only a low level of reliability in synchro-
nization can be achieved. In this case, high thresholds can prevent the application from
evaluating any frames at all.

For details, see Section 4.4.1, "Synchronization block", on page 45.

Minimum Time Sync Metric < Synchronization Thresholds
Defines the minimum reliability required for time synchronization.
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Demodulation

Values between 0 and 1 are allowed, where:

® 0: low threshold, very poor reliability is sufficient to synchronize successfully
(always fulfilled)

® 1: high threshold, time synchronization must be absolutely reliable to be successful
(only possible for ideal signal).

The default value is 0.5, that means: for reliability of 50 %, time synchronization is suc-
cessful.

Remote command:
[SENSe: ] DEMod: THReshold: TIME on page 146

Minimum Frame Sync Metric < Synchronization Thresholds
Defines the minimum correlation rate of the CP or preamble for frame synchronization
to be successful.

Values between 0 and 1 are allowed, where:

® 0: low threshold, a very poor correlation is sufficient to synchronize successfully
(always fulfilled)

® 1: high threshold, correlation must be very precise for frame synchronization to be
successful (only possible for ideal signal).

The default value is 0.5, that means: for a correlation of 50 %, frame synchronization is
successful.

Remote command:
[SENSe: ] DEMod: THReshold: FRAMe on page 146

5.10 Demodulation

Access: "Overview" > "Sync / Demod" > "Demodulation”

Demodulation

FFT Shift relative to Cyclic Prefix Length

Maximum Carrier Offset

Cyclic Delay
FFT Shift relative to Cyclic Prefix Length..........cooiiiiiiii e, 72
Maximum Carrier OffSEt.....uuuiiiiiiiiii e e e 73
(03 od o3 D =Y - YRR 73

FFT Shift relative to Cyclic Prefix Length

Defines the starting point of the FFT relative to the cyclic prefix length. Thus, you can
shift the FFT start sample within the guard interval. Shifting is useful if relevant parts of
the channel impulse response fall outside the cyclic prefix interval.
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5.1

Tracking

A value of 1 is the first sample of the cyclic prefix; a value of 0 is after the last sample
of the prefix. A negative value includes part of the cyclic suffix in the FFT.

Note: If a cyclic suffix is used, the FFT shift can be a negative value, down to
-1* (cyclic suffix length / cyclic prefix length)
(See "Cyclic Suffix Length" on page 57)

FFT Shift=1.0

FFT Shift=0.0
] J} FFT Shift =-0.5
/ ) J

Cyclic
suffix

g?;cflitNi(i)FFT Length—— P

< >
Remote command:

[SENSe: ] DEMod: FFTsShift on page 145

Maximum Carrier Offset

The "OFDM VSA" application can compensate for possible carrier offsets. However,
searching for offsets slows down the measurement. This setting defines the range of
carriers in which the "OFDM VSA" application searches for an offset.

To eliminate the search for carrier offset altogether, set the number of carriers to 0. In
this case, the center frequency offset must be less than half the carrier distance to
obtain useful results.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).

Remote command:
[SENSe: ] DEMod:COFFset on page 144

Cyclic Delay

Defines a cyclic shift of the FFT values for each OFDM symbol on the transmitter end
before adding the cyclic prefix. This known shift should be compensated in the receiver
to get a correct channel phase response.

Remote command:
[SENSe: ] DEMod:CDD on page 144

Tracking

Access: "Overview" > "Sync / Demod" > "Tracking"
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Tracking

Tracking

Phase Tracking

Timing Tracking

Level Tracking

Channel Compensation
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Channel COMPENSALION. ......ciiiiiiiiie e s b e e e e b e e e e areeas 75

Phase Tracking

Defines whether phase tracking is used to improve the signal quality. The compensa-
tion is done on a per-symbol basis. Requires at least two OFDM symbols containing
pilots for pilot-aided demodulation.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).

Remote command:
[SENSe: ] TRACking: PHASe on page 147

Timing Tracking

Defines whether timing tracking is used to improve the signal quality (for sample clock
deviations). The compensation is done on a per-symbol basis. Requires at least two
OFDM symbols containing pilots for pilot-aided demodulation.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).

Remote command:
[SENSe: ] TRACking: TIME on page 147

Level Tracking

Defines whether level tracking is used to improve the signal quality (for power level
deviations). The compensation is done on a per-symbol basis. Requires at least two
OFDM symbols containing pilots for pilot-aided demodulation.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).
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Tracking

Remote command:
[SENSe: ] TRACking:LEVel on page 147

Channel Compensation
Defines whether channel tracking is used to improve the signal quality (for the channel
transfer function). The compensation is done on a per-carrier basis.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 54).

Remote command:
[SENSe:]COMPensate:CHANnel on page 144
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6.1

6.2

Understanding the OFDM VSA Configuration File Wizard display

Creating a configuration file using the wiz-
ard

The OFDM VSA Configuration File Wizard (referred to as wizard here) is a tool that
supports you in defining the configuration of your OFDM signal.

This section describes how to generate the OFDM system configuration file for the cur-
rent input signal.

o  Preparing the WIZard............ooo i 76
e Understanding the OFDM VSA Configuration File Wizard display......................... 76
L I O7o] 1 To 18] =1 i o] < (= o S 84
e Reference of wizard menu funClioNS.........oooi i 91
e Example: creating a configuration file from an input signal...........ccccceiiiiiiiinnneen. 96

Preparing the wizard

The wizard requires a Windows operating system. The files are provided with the
"OFDM VSA" application, however you have to copy them to a Windows-based host,
such as a virtual machine or another PC. Then you must transfer the resulting configu-
ration file back to the FSWX.

The "OFDM VSA" application also provides some sample files for 1/Q input data and
configuration files in the
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA directory.

The wizard files are stored on the instrument in the directory:

home/instrument/win inst/GOAWizard

Copy the files in this directory to a Windows-based host, such as a virtual machine or
another PC, using a file manager. If necessary, use a USB storage device as a transfer
medium.

For more information, see the file manager description in the FSWX User Manual.

Understanding the OFDM VSA Configuration File Wiz-
ard display

The following figure shows the OFDM VSA Configuration File Wizard user interface. All
different areas are labeled. They are explained in more detail in the following sections.
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6.2.1

Understanding the OFDM VSA Configuration File Wizard display
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Figure 6-1: Elements of the wizard user interface

1 = Menu functions (see Section 6.4, "Reference of wizard menu functions", on page 91)
2 = Progress indicator (see Section 6.3, "Configuration steps", on page 84)

3 = Constellation view

4 = Access to wizard help (see Section 6.4.4, "Help", on page 96)

5 = General signal information
6 = Matrix view

e General signal information
e Constellation view
e Matrix view

General signal information

General information on the configured signal is provided here for reference. Some val-
ues are derived from the configuration settings in the "OFDM VSA" application, others
are generated by the wizard. The values displayed here are also included in the gener-
ated configuration file. If specified in the description, some values are shown in the
"Signal Description" dialog box when you load the file in the "OFDM VSA" application.

General Information

Mumber of Camiers 64 Cyclic Prefix 16
Mumber of Symbols 10 System Mame C:/Users/SIE
Description Number Of
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6.2.2

Understanding the OFDM VSA Configuration File Wizard display

N TU] gl o 1= o) I 7= 4 4 (=T = T USSR 78
NUMDET Of SYMDOIS. .....eiiiiiee e s e e 78
CyClic Prefix LENGEN... ...ttt e e 78
SYSIEM NAME... it e e st e e e e bt e e s e b ee e e e e enreeas 78
Y (o T =TT 0] o] o T UEEUPURN 78

Number of Carriers
Indicates the number of subcarriers used by the signal. This value corresponds to the
"FFT Size" on page 57.

Number of Symbols

The number of OFDM symbols corresponds to the result length configured in the
"Result Range" settings in the "OFDM VSA" application. See "Capture Length"
on page 62.

Cyclic Prefix Length

Defines the length in samples of the cyclic prefix (CP) area between two OFDM sym-
bols. The cyclic prefix area defines the guard interval. It is expected to contain a copy
of the samples at the end of the OFDM symbol.

The cyclic prefix length must be smaller than or equal to the "FFT Size" on page 57.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 127

System Name
Defines the name of the stored configuration file. The default name is MyData. You
can change the name in the "Settings". See Section 6.4.3, "Settings", on page 92.

System Description
Provides a description of the signal configured in the file.

By default, the following main characteristics are included:
® Number of Carriers
® Number of Symbols
® (Cyclic Prefix Length

Disable the "Default" setting to overwrite the text.

Constellation view

The "Constellation View" shows the constellation points (= I/Q values) for the OFDM
cells in the defined result range. Using this view, you can assign the measured constel-
lation points to specific cell types for the allocation matrix in the configuration file.
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Constellation View
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Figure 6-2: Constellation View

Selection tool

Sets the cursor action to selection mode. All cells in the selection area are highlighted
in color. The Selection Mode / Zoom Mode indicator shows which color is used. Any
subsequent functions are applied to the selected cells.

Click in the diagram and move the cursor, holding the mouse button, to display a dot-
ted rectangle and define the selection area.

Press [Shift] and click in the diagram to extend the selection to neighboring symbols.

Press [CTRL] and click in the diagram to add further (non-neighboring) points to the
existing selection. Click the same points again to deselect them.

Zoom

Sets the cursor action to zoom mode. Click in the diagram and move the cursor, hold-
ing the mouse button, to display a rectangle and define the zoom area. The zoomed
area is enlarged in the display. Repeat the action to zoom in further.

The Selection Mode / Zoom Mode indicator above the diagram shows that zoom mode
is active.

To change the cursor function and stop zooming, select Selection tool.

Zoom Off
Displays the diagram in its original size.

Note that this function does not change the cursor function. To change the cursor func-
tion and stop zooming, select Selection tool.
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Understanding the OFDM VSA Configuration File Wizard display

The Selection Mode / Zoom Mode indicator above the diagram shows that zoom mode
is active.

Selection Mode / Zoom Mode indicator

Indicates whether the current cursor action is to select cells (selection mode), or to
define the zoom area. In selection mode, the color used to highlight selected cells is
indicated.

Selection Mode

Show non-allocated constellation points
Displays or hides the constellation points not yet allocated to a cell type in the "Con-
stellation View".

&

@ Show allocated constellation points
Displays or hides the constellation points already allocated to a cell type in the "Con-
stellation View".

6.2.3 Matrix view

The "Matrix View" displays two different diagrams of the measured symbols (y-axis) vs
carriers (x-axis).

® "Power vs Symbol x Carrier" diagram
Shows a colored rectangle (= OFDM cell) for each symbol and carrier, with a differ-
ent color for each measured power range. Thus, you can easily identify symbols
with a similar power value, which therefore most likely belong to the same cell type.

I atris Wiew
Legend

Selection
(#0)

Mir: 0

Syrnbol Mumber

Maw 99

bin: -32 Carrier Mumber b aw: 31

Figure 6-3: Matrix View with Power vs Symbol x Carrier diagram
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The power is shown either in colored or in black-and-white (gray shades) mode.
See Black and white color map / "Colored color map" on page 82. The darker the
color, the lower the power of the corresponding OFDM cell.

® "Allocation Matrix"
Shows a colored point for each allocated symbol and carrier, with a different color
for each cell type.

b atriz Wiew
Legend

Mot Allocated Drata Symboals
[#1840] [#4560]
Zeln
[#0)

[Allocation GENH v] E _

Fir: 0

Symbol Mumber

[ET=t]

Mim: -32 Carrier Murnber Mz 31

Figure 6-4: Matrix View with Allocation Matrix

Optionally, the selected symbols can be highlighted in the matrix.

Similarly to the "Constellation View", you can also select cells in the "Matrix View" to
assign them to specific cell types.

Further zoom and selection functions are provided in the context menu for the diagram
(right-click in the diagram).

(21 F=Tod =T aTo IV T (=3 oTo] (o] gl o 0 = o F R 82
(070] [o]¢=Te eTo] o] gy 1 F- o T PUUUURR 82
Highlight selected CellIS......... e e 82
Selection Mode / Zoom Mode iNdiCator.........eeeeiiiieeee e 82
RS T= 1= Tox (o] o i (oo S 82
Deselect All (CONEXI-MENU)....coiiiiiiiiiie et e e e e 82
4o o] 1o TSP PPRRO 82
o To ) 2 0 TSR 82
Select Symbol / Select Carrier (CONtEXt-MENU).....ceeviiiiiiiiiiieeeeee e 83
Select Specific Symbol / Select Specific Carrier (context-menu).........ccccceeevicieveennnnen. 83
Select Symbol/Carrier Range (CONteXt-MENU).........coviiiriiiiiiiieie e 83

L A et 83

] (=)o TOU OO 83
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L]

Selection Mode

Understanding the OFDM VSA Configuration File Wizard display

L (o) TR 83
Deselect All (CONTEXI-MENU).....oiuiiiiie e e 83
Extract Symbols (CONtEXI-MENU)....ccciiiiiiiii e 83

Black and white color map

The different modulation formats in the "Power vs Symbol x Carrier" diagram are dis-
played in different shades of black, white, and gray. The lighter the shade of gray, the
higher the power level in the OFDM cell.

Colored color map

The different modulation formats in the "Power vs Symbol x Carrier" diagram are dis-
played in different colors. The used colors are indicated in the legend above the dia-
gram.

Highlight selected cells
The cells in the area selected by the Selection tool are highlighted in the "Allocation
Matrix".

Selection Mode / Zoom Mode indicator

Indicates whether the current cursor action is to select cells (selection mode), or to
define the zoom area. In selection mode, the color used to highlight selected cells is
indicated.

Selection tool

Sets the cursor action to selection mode. All cells in the selection area are highlighted
in color. The Selection Mode / Zoom Mode indicator shows which color is used. Any
subsequent functions are applied to the selected cells.

Click in the diagram and move the cursor, holding the mouse button, to display a dot-
ted rectangle and define the selection area.
Press [Shift] and click in the diagram to extend the selection to neighboring symbols.

Press [CTRL] and click in the diagram to add further (non-neighboring) points to the
existing selection. Click the same points again to deselect them.

Deselect All (context-menu)
Deselects all currently selected symbols or carriers.

Zoom

Sets the cursor action to zoom mode. Click in the diagram and move the cursor, hold-
ing the mouse button, to display a rectangle and define the zoom area. The zoomed
area is enlarged in the display. Repeat the action to zoom in further.

The Selection Mode / Zoom Mode indicator above the diagram shows that zoom mode
is active.

To change the cursor function and stop zooming, select Selection tool.

Zoom Off
Displays the diagram in its original size.

Note that this function does not change the cursor function. To change the cursor func-
tion and stop zooming, select Selection tool.
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Understanding the OFDM VSA Configuration File Wizard display

The Selection Mode / Zoom Mode indicator above the diagram shows that zoom mode
is active.

Select Symbol / Select Carrier (context-menu)
Selects the symbol or carrier at the current cursor position.

Select Specific Symbol / Select Specific Carrier (context-menu)
Opens an input field to enter a specific symbol or carrier number for selection.

Select Symbol/Carrier Range (context-menu)
Opens a dialog box to define a range of symbols or carriers for selection.

Note that when you accept a range using "OK", it is added to the current selection,
instead of replacing it. Thus, you can add a sequence of symbols or carriers before
allocating the entire selection in one step. If necessary, use the Deselect All (context-
menu) function to empty the selection first.

@:’ee:: Carrier/Symbol Range — O
Camier

Start 32 2 Step |1 = Stop 31 =
Symbol

Stat |0 B Step |1 ¥ Stop (19 =

Start — Select Symbol/Carrier Range (context-menu)
Selects the first carrier or symbol of a range.

Step < Select Symbol/Carrier Range (context-menu)
Selects the steps between individual carriers or symbols of a range, for example to
select every second one.

Stop — Select Symbol/Carrier Range (context-menu)
Selects the last carrier or symbol of a range.

Deselect All (context-menu)
Deselects all currently selected symbols or carriers.

Extract Symbols (context-menu)
Extracts a range of symbols from the imported signal for further analysis.

Note: To restore discarded symbols for analysis, you must re-import the signal.

This function is identical to Section 6.3.4, "Step 2: (Optional:) Adjusting the analysis
region", on page 86.
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Configuration steps

6.3 Configuration steps

The "OFDM VSA" application has to know the configuration of the OFDM system to be
able to demodulate an OFDM signal correctly. By configuration, we refer to the com-
plete description of the OFDM system:

® The number of subcarriers, i.e. the FFT size
® The number of symbols
® The number of samples in the cyclic prefix, also referred to as guard length
® The position (carrier number, symbol number) of the:
— Pilot symbols
— Data symbols
— Zero symbols
— "Do not care" symbols
® The modulation format of the data symbols, e.g. QPSK, 16QAM
® The I/Q values of the pilot symbols
® Optional: the definition of the preamble
The wizard guides you through the process of creating a configuration file. The pro-
gress bar indicates which step you are currently working on (see Figure 6-1). After you

complete all required steps, you have created a configuration file that you can import to
the "OFDM VSA" application for signal analysis.

o Creating the exXport file...... ..o 84
e Starting the OFDM VSA Configuration File Wizard..........cccccooiiiieiiiiiiieeeee 85
o Step 1: Importing existing fileS..........ouiiiiii 86
e Step 2: (Optional:) Adjusting the analysis region............ccccccviiieeeeeeee e, 86
e Step 3: Synchronizing the measured data.........ccccccceeieiiiicciiiiie e, 87
o Step 4: Adjusting the gain.........ooo i ————— 88
e Steps 5 + 6: Allocating signal COmMPONENTS........cccvviiiiiiiiiiiiiciieie e e e e 89
o Step 7: StOrNG reSUIS. ...ooe it 90

6.3.1 Creating the export file

1. In the "OFDM VSA" application, configure the required input signal, either from a
connected instrument or from an input file.

2. Configure the basic OFDM settings:

a) In the "Signal Description" settings:
e "FFT size", that is: the number of subcarriers
e "Cyclic prefix length"
e "Cyclic suffix length"
e If a preamble exists and is used for synchronization: "Preamble Symbol
Characteristics":
"Block Length"
— "Frame Start Offset"
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Configuration steps

b) If the signal is bursted: "Burst search"
c) Inthe "Sync/Demod/Tracking" settings:
e "FFT Shift relative to Cyclic Prefix Length"
e "Cyclic delay"
e |[f a preamble is configured: "Time Synchronization": "Preamble"

Open a "Signal Flow" and a "Constellation" result display.
Select [Run Single].

The initial coarse time synchronization must be sufficiently reliable to ensure that
demodulation is successful before you can start the OFDM VSA Configuration File
Wizard. Note that the signal need not be perfectly synchronized in this step. The
wizard provides means to compensate for remaining small frequency, phase or tim-
ing errors.

Check the "Signal Flow" result display to ensure that the time synchronization
meets the "Minimum time sync metric". Define the threshold in the "Sync/Demod/
Tracking" settings (see "Minimum Time Sync Metric" on page 71).

Note: Without a configuration file, only the timing synchronization metric, which is
based on a cyclic prefix or preamble, is relevant. The frame synchronization metric,
which is based on pilots, is only useful in the next analysis stage that uses the con-
figuration file.

Check the "Constellation" result display to ensure that the signal is as expected,
e.g. the constellation points do not show a severe rotation.

Note: If the data cells use DFT-S precoding, the "OFDM VSA" application cannot
demodulate the transformed data cells correctly without a configuration file. See
also "DFT-s-OFDM / SC-FDMA:Transform Precoding” on page 54. Since the
"OFDM VSA" application does not know which cells are data cells, the 1/Q symbols
of the data cells look like noise. Nevertheless, synchronization using the cyclic pre-
fix is still successful. The pilot cells are not affected, and are demodulated correctly.

Save the demodulated data to a * . k96 _wizv file on a USB storage device con-
nected to the instrument.
Select "Overview" > "Signal Description" > "Export data".

6.3.2 Starting the OFDM VSA Configuration File Wizard

To start the OFDM VSA Configuration File Wizard
The OFDM VSA Configuration File Wizard requires a Windows-based host.

>

Start the K96 ConfigurationFileWizard.exe file on the host.

The OFDM VSA Configuration File Wizard starts.
Continue with Section 6.3.3, "Step 1: Importing existing files", on page 86 and
select the * . k96 wizv file from the USB storage device.
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Configuration steps

6.3.3 Step 1: Importing existing files

The wizard requires demodulated data as input. If a configuration file already exists,
you can load it to the wizard and use it to create a new one.

To import an existing configuration file
1. Select "Step 1" in the progress bar ("Step-by-Step").
2. Selectthe .K96_ wizv file from the USB storage device to load.

The constellation diagram and "Allocation Matrix" are updated according to the
stored data.

6.3.4 Step 2: (Optional:) Adjusting the analysis region

By default, the result range configured in the "OFDM VSA" application defines the
number of symbols displayed in the "Constellation View". If the result range was cor-
rectly configured to comprise exactly one frame, you do not need to adjust the analysis
region.

If necessary, you can restrict the analysis region.

@ (Optional) Extract Sy, EI@

Walid Range: 0-393
First Spmbol; 0 =
Last Symbol: 93 =
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6.3.5

Configuration steps

Example:

The result range in Figure 6-5 contains 4 bursts, indicated by green bars. To configure
the configuration file using the wizard, only one burst is required. Thus, you can extract
the symbols for one burst to be used as the analysis region.

Figure 6-5: Sample result range with multiple bursts

To restrict the analysis region
1. Select "Step 2" in the progress bar ("Step-by-Step").

2. Define the first and last symbols of the result range to analyze.

Step 3: Synchronizing the measured data

The wizard can synchronize the measured data in terms of time, frequency, and phase,
automatically. If necessary, improve the synchronization manually.

&
Manual Synchronization
Timing < > |0.040690
‘ Frequency <« > |0.000314 Auto
Phase € > [10,260deg

0.0000 dB
0K

To synchronize the measured data
1. Select "Step 3" in the progress bar ("Step-by-Step").
2. Select "Auto" to perform automatic synchronization.

3. If necessary, move the sliders for timing, frequency, or phase until the constellation
diagram shows an optimal display.

Tip: Click directly on the "Phase" slider to rotate the constellation in 45° steps.
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Click the arrows of the slider or move the slider handle to rotate the constellation
by smaller degrees.

The currently selected values are indicated for reference. You can also enter a
value directly.

6.3.6 Step 4: Adjusting the gain

The power gain for individual OFDM cells is determined in relation to the power mea-
sured for a specific constellation. It is recommended that you define a reference con-
stellation that comprises many cells with similar power. Usually, the data cells of the
OFDM signal are a good selection to be used as a reference.

You can define the reference automatically or manually.

&% Gain Adjustment - O X
Selection of Reference
Constellation BPSK ~
Radius < >
Gain Adjustment
Gain < >
0,0000 dB Auto

To select the reference for the gain
1. Select "Step 4" in the progress bar ("Step-by-Step").
2. Select the constellation type to use as a reference.

3. The "Radius" defines the area around the constellation point used to detect the
symbol and calculate the power of the symbol. As a rule, define the radius such
that neighboring constellation markers do not overlap.

The currently used radius is indicated by a circle around the ideal constellation
points in the "Constellation View".

To adjust the gain

1. Select "Auto" to perform a gain estimation based on the power measured in the
selected constellation type.

2. To increase the reference gain, move the slider to the right.
To reduce the reference gain, move the slider to the left.
The currently selected value is indicated for reference. You can also enter a value

directly.

3. Select "OK" to define the measured power of the selected cells as the reference
power for the gain settings of other cells.
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6.3.7 Steps 5 + 6: Allocating signal components

In this step, you configure the main characteristics of each OFDM cell. To do so, you
select the OFDM cells that belong to a specific cell type, configure their characteristics,
and then allocate them. The result is an "Allocation Matrix" that contains information for
each OFDM cell of the current OFDM frame.

Constellation View

Constellation Markers Allocation

EFSE, v] > Allocate a3
Boosting 1.000 < [ | ' Pilot_BPSK

R adius « [ r Unda last allocation

How to allocate the individual signal components

The characteristics that cells of the same type have in common are referred to as
"Constellation Markers".

Select constellation markers that match your demodulated constellation, or a subset of
your demodulated constellation. If you cannot see a clear constellation, improve the
synchronization as described in Section 6.3.5, "Step 3: Synchronizing the measured
data", on page 87.

1. Select "Step 5" in the progress bar ("Step-by-Step").

Note: Steps 5 and 6 use the same display, therefore it is not necessary to switch
from step 5 to 6.

2. The selection from Step 4: Adjusting the gain is maintained, so you can allocate
the cell type used for gain adjustment first.

a) Optionally, edit the name of the cell type, which is used for the legend of the
"Allocation Matrix". By default, the name consists of the cell type and modula-
tion.

b) Select the ¥l checkmark and confirm the message to allocate the selected cells
to the selected cell type.

3. For all other cell types, in the "Constellation View", select the modulation format.

a) For pilot cells, you can select:

e "Pilot as received": the received (demodulated and synchronized) 1/Q sym-
bol is stored. Thus, you do not require the ideal constellation value. How-
ever, during demodulation, the application cannot correct minor symbol
errors. Use this setting only if the signal and synchronization are of high
quality, e.g. from a file import.

e Any other modulation format: the received I/Q symbol is demodulated and
synchronized, and if necessary, mapped to the closest ideal 1/Q constella-
tion point. The ideal value is stored.

b) For a user-specific, unusual constellation of a signal component, you can con-
figure the constellation in an IQW file in advance. Then load the file to the wiz-
ard instead of selecting a predefined modulation for a specific signal compo-
nent. For details, see Section B, "Reference: IQW format specification for user-
defined constellation points", on page 202.
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The symbols with the selected modulation are highlighted.

4. For "Don't care" cells, for which no characteristic modulation applies, define or edit
the selection manually using the Selection tool.

5. Another characteristic stored for each cell is the gain value. By default, the refer-
ence power defined in Step 4: Adjusting the gain is assumed. Thus, a "Boosting"
factor of 1.000 - relative to the reference power - is defined. For cells with different
gain values, define a different boosting factor to apply to the reference power.

e To determine the required boosting automatically from the constellation points,
select "Auto".

e If you know the required factor, click the boosting value and enter the value
directly.

Note: The more accurate the boosting, the more accurate the EVM results in the
"OFDM VSA" application.

6. The "Radius" defines the area around the ideal constellation point used to detect
the measured constellation points that correspond to the currently selected constel-
lation type. As a rule, select the radius such that the circles around the ideal con-
stellation points do not overlap.

If necessary, adapt the radius around the ideal constellation points to include all
and only constellation points that belong to the selected constellation type.

7. In the "Constellation View", in the "Allocation" area, select the cell type of the
selected OFDM cells, for example "Pilot" or "Data".

8. Optionally, edit the name of the cell type, which is used for the legend of the "Allo-
cation Matrix". By default, the name consists of the cell type and modulation.

9. Select the checkmark and confirm the message to allocate the selected cells to the
selected cell type.
The cells are indicated in the color shown in the legend above the "Allocation
Matrix". The cells are no longer displayed if you selected only Show non-allocated
constellation points in the "Constellation View".

10. If necessary, you can revert the last allocation.
The allocated OFDM cells are indicated as non-allocated (but still selected).

11. Repeat these steps until all OFDM cells are allocated. When the last cell type is

allocated, a message prompts you to store the results.

Tip: In the "Constellation View", select & Show non-allocated constellation points
and deselect & Show allocated constellation points to see which cells are still miss-
ing in the "Allocation Matrix".

6.3.8 Step 7: Storing results
When you have allocated all constellation points in the "Constellation View" to a cell

type and configured all other settings as required, store the results to a file. The result-
ing configuration file can then be used for analysis in the "OFDM VSA" application.
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Reference of wizard menu functions

To store a configuration file

1. Atthe end of Steps 5 + 6: Allocating signal components, when all OFDM cells are
allocated, the wizard prompts you to store the configuration file.
At any other point in the configuration process, select "Step 7" in the progress bar
("Step-by-Step"), or select the "File" > "Save Configuration File" menu item.

2. Select a filename and storage location for the configuration file on a connected
USB storage device.

3. Select "Save".

Now you can load the configuration file from the USB storage device in the "OFDM
VSA" application. See "Load Configuration File" on page 54.

6.4 Reference of wizard menu functions

The following functions are provided in the menus of the configuration file wizard.

L 11 {1 ox 1o 1R 91
L T 1 08 10T Lo 1] 1= N 92
L S 1Y 1 119V £ PR 92
L =Y | o T 96

6.4.1 File functions

= TP PPUPPPTPPR 91
Import Data from R&S OFDM VSA. ...t 91
Load Configuration File........c..eeiii et 91
Save Configuration File.........coo i 92
| R 92
New

Creates a new, empty configuration file. This function is similar to a preset function.
Any information from the input signal in the "OFDM VSA" application is no longer avail-
able in the wizard. Load existing signal or configuration data to continue.

See "Import Data from R&S OFDM VSA" on page 91 and "Load Configuration File"
on page 91.

Import Data from R&S OFDM VSA
Opens a file selection dialog box to import I/Q data from an existing .K96 wizv file
(created by the "OFDM VSA" application).

Load Configuration File

Opens a file selection dialog box to load an existing . xm1 configuration file, for exam-
ple as the basis for a similar configuration.
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6.4.2

6.4.3

Reference of wizard menu functions

Save Configuration File
Opens a file selection dialog box to save the current configuration to an . xm1 file.

This function is identical to Section 6.3.8, "Step 7: Storing results", on page 90.

Note: At the end of Steps 5 + 6: Allocating signal components, when all symbols have
been allocated, you are automatically asked if you want to store the configuration file.

Exit

Closes the wizard without a confirmation. Use Save Configuration File to store your
current configuration before exiting.

Edit functions

[T YN | | o o= e o PP 92
(0 gl (o T =TSy g Y [ oY= T 1 o) TSRS 92
Extract Symbols (CONtEXE-MENU).........uuiiiiiiieieeii e e e e e e e enenes 92
Shift Left by 1 Carrier / Shift Right by 1 Carrier..........coooriiccrr e, 92

Reset All Allocations
Removes all applied allocations. All cells are indicated as non-allocated.

Undo Last Allocation
Reverts to the most recently applied allocation. The allocated cells are indicated as
non-allocated (but still selected).

This function is identical to using the [l icon in the "Constellation View".

Extract Symbols (context-menu)
Extracts a range of symbols from the imported signal for further analysis.

Note: To restore discarded symbols for analysis, you must re-import the signal.

This function is identical to Section 6.3.4, "Step 2: (Optional:) Adjusting the analysis
region", on page 86.

Shift Left by 1 Carrier / Shift Right by 1 Carrier

Shifts the carrier information for all symbols by one carrier. Shifting is useful to com-
pensate for a frequency offset that could not be corrected by the automatic synchroni-
zation function.

Settings
Y251 (=Y TN V=T - 93
Y (o T =TT o] 1o o T EEEUPRR 93
CYClC PrefiX [ SUIX .ot e e e e e e e e 93
L CyYClC PrefiX LENGN.. ..o ee e ee e e esaenenen e 93
L CyClic Prefix MOGE.........cceeececececeeeeeee ettt ee e e st eenenas 94
L Different cyclic prefix IeNgths..........coovevevecceeeceeeeeeeeee e eeee s 94
L Cyclic prefix definition per range (Symbols / Samples)..........c..ccoeeec... 94
L CyClic SUFIX LENGHN... vttt 95
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Reference of wizard menu functions

R L= 1001 o] [T 95
L St PrEAMDIE. ...ttt e e e et et e e e e e e e eae e e e e e e eeneenaees 95
L BIOCK LENGEN.....vvveeeeeeeeeeeeeeeeeee ettt en s e e e e eennas 95
L Frame Start OffSEL.......oeeeeeeeeeeeeeeeeeeeeeee e e e eeeeee e e ee e e eeeeeeeeeseseseseeseesensens 95
CyYCliC DEIAY DIVEISItY...ciiiieeii e ittt e e r e e e e e e e s st rar e e e e eeaae e e s e e ennneneeees 96

System Name
Defines the name of the stored configuration file. The default name is MyData.

System Description
Provides a description of the signal configured in the file.

By default, the following main characteristics are included:
® Number of Carriers
® Number of Symbols
® Cyclic Prefix Length

Disable the "Default" setting to overwrite the text.

Cyclic Prefix / Suffix
Configures the cyclic prefix and suffix, if applicable.

®

e CP Conventional Mode
(Every OFDM Symbol has the same cyclic prefix length) '

(® Two Different Cyclic Prefix Lengths

(O Periodic: Repeat Range 1and Range 2
(® Non-Periodic: Extend Range 2till end of Frame

Symbols Samples
Range 1 (10 :E-‘-
Range 2 |50 32
Samples
Cyclic Suffix 0
0K Cancel

Cyclic Prefix Length < Cyclic Prefix / Suffix
Defines the length in samples of the cyclic prefix (CP) area between two OFDM sym-
bols. The cyclic prefix area defines the guard interval. It is expected to contain a copy
of the samples at the end of the OFDM symbol.

The cyclic prefix length must be smaller than or equal to the "FFT Size" on page 57.

User Manual 1179.6695.02 — 01 93



R&SPFSW3-KM112 Creating a configuration file using the wizard

Reference of wizard menu functions

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 127

Cyclic prefix mode < Cyclic Prefix / Suffix
Determines how the cyclic prefix is configured.

By default, "Conventional Mode" is assumed, that is: each OFDM symbol has the
same cyclic prefix length.

Remote command:
CONFigure[:SYMBol] : GUARd:MODE on page 125

Different cyclic prefix lengths < Cyclic Prefix / Suffix
Some OFDM signals change their cyclic prefix over time, e.g. 802.11ac. This setting
defines the behavior in such a case.

"Periodic" One "slot" that consists of the two defined ranges is repeated over
and over until the number of symbols specified by the result range
parameter is reached. The ranges are repeated periodically, first
range 1, then range 2, then range 1, etc.

Slot

-1
=} =

Range 1 | Range 2 Range1 |Range2| Range1 |[Range2| ee e

Figure 6-6: Non-conventional cyclic prefix case: Periodic mode

"Non-Periodic" A fixed preamble has a different cyclic prefix length than the rest of
the frame, e.g. WLAN 802.11ac signals. In this case, the length of the
second range is extended until the end of the demodulated frame.
Therefore, the length of the second range cannot be specified in this
case.

Range 1 | Range 2

Figure 6-7: Non-conventional cyclic prefix case: Non-periodic mode

Remote command:
CONFigure[:SYMBol] :GUARd:PERiodic on page 126

Cyclic prefix definition per range (Symbols / Samples) < Different cyclic prefix
lengths «— Cyclic Prefix / Suffix

For each range, configure the number of symbols the cyclic prefix length is applied to.
Define the length of the cyclic prefix as a number of samples.

For non-periodic cyclic prefixes, the length of the second range cannot be specified. It
is extended to the end of the demodulated frame.

Remote command:
CONFigure[:SYMBol] :GUARd:NSYMbols<cp> on page 125
CONFigure[:SYMBol] :NGUard<cp> on page 127
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Reference of wizard menu functions

Cyclic Suffix Length — Cyclic Prefix / Suffix

Defines the length in samples of the cyclic suffix between two OFDM symbols. The
cyclic suffix is expected to contain a copy of the first N samples at the beginning of the
OFDM symbol.

Figure 6-8 shows how the complete OFDM symbol is retrieved for an FFT length of 8
and a cyclic prefix and suffix length of 2.

<« ())FFT Length———»

trarf;-lc;rm ““““‘

Complete ‘><A
oM [T T ]
Y 4g¥§ii;N7(i)FFT Length;wgz?flii:*

Figure 6-8: OFDM symbol with cyclic prefix and suffix

The cyclic suffix length must be smaller than or equal to the "FFT Size" on page 57.

Remote command:
CONFigure[:SYMBol] :NSUFfix on page 127

Preamble

Preamble symbol characteristics can be stored in the configuration file. These settings
correspond to the settings in the "Signal Description" dialog in the "OFDM VSA" appli-
cation. See Section 5.3, "Signal description", on page 52. The "OFDM VSA" applica-
tion can use this information for synchronization, for example.

@ Freamble (Optional) El@

Set Preamble

Block Length: |0

Ak

Frame Offzet: |0 =

Set Preamble < Preamble
If enabled, the defined preamble symbol characteristics are stored in the configuration
file.

Block Length — Preamble
Specifies the length of one data block within the repetitive preamble as a number of
samples.

Frame Start Offset < Preamble

Specifies the time offset from the preamble start to the actual frame start as a number
of samples.
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Example: creating a configuration file from an input signal

Cyclic Delay Diversity
Defines a cyclic shift of the FFT values for each OFDM symbol before adding the cyclic
prefix.

6.4.4 Help

Provides context-sensitive help on the configuration process, according to the currently
selected process step.

6.5 Example: creating a configuration file from an input
signal

The wizard requires demodulated data as input for the configuration file. You can con-
figure a basic measurement for the input signal in the "OFDM VSA" application as
described in Section 8, "How to perform measurements in the OFDM VSA application",
on page 118, or load existing 1/Q data to the application.

For this example, we use the I/Q data in the demo file
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA/WlanA 64QAM.1iq.tar provided with the "OFDM VSA" applica-
tion.

The following signal parameters are already known:

® FFT size (= number of subcarriers): 64 samples

® Cyclic prefix length: 16 samples

® OFDM system sample rate: 20 MHz

® Pilot modulation: QPSK + 45°QPSK

® Data modulation: 64QAM + BPSK

1. Define the basic signal parameters so the "OFDM VSA" application can demodu-
late the data.

a) Select "Meas Setup" > "Signal Description".

e Set"FFT Size" = 64.
e Set "Cyclic Prefix Length" = 16.
b) Select "Meas Setup" > "Data Acquisition".

e Set"Sample Rate" = 20 MHz.

2. Select the 1/Q data file to use as input:

a) Select "Input/Frontend" > "Input Source" > "I/Q file" > "Select file".

b) Select
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA/WlanA 64QAM.iqg.tar

c) Set the state of the 1/Q file input to "On".

The "Magnitude Capture" display shows the burst signal.
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Example: creating a configuration file from an input signal

1 Magnitude Capture

1.99995 ms

3. The green bar in the "Magnitude Capture" diagram does not cover an entire frame.
Increase the result range to include all symbols of a frame.

a) Select "Meas Setup" > "Result Range".
e Set "Result Length" = 100.

1 Magnitude Capture e 1 Clrw

1.99995 ms

The data is now demodulated correctly and can be used as input for a new config-
uration file.

4. In the "Signal Description" dialog box, select "Create New Configuration File".

5. Since it is a burst signal and the result range is large enough, the analysis range
corresponds to exactly one frame. We can start directly with step 3, synchroniza-
tion.

Our constellation diagram is slightly rotated and generally does not show an ideal
constellation, so we must improve the synchronization settings.
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Example: creating a configuration file from an input signal

Constellation
[+  Hom-alocged Polte @60 |
1.5 oo e e e

10 1

o5 1

oo 4

Irnag d=ta

05 1

an 4

-1|5:::::
a5 A0 05 oo 0s 10 15

Figure 6-9: Constellation diagram for loaded WLAN signal data

Select "Step 3" in the progress bar.

a) Select "Auto" to perform automatic synchronization.
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Example: creating a configuration file from an input signal

b) If necessary, move the sliders for timing, frequency, or phase until the constel-
lation diagram shows an optimal display.

Constellation
|+ Hos-alcgked PolE @6dIm |
1.5 —r r r*r 1. "+ 1 """ 1 * " r 1 r r r1
A0 ................................. _
: -
[ N - r; - - ow
05 F--vrovvr--d ....... . ""‘_‘ ................. ]
. - - PR - - LY
m :
E 0o I-‘ »* 1] +‘:Ii - L] i-&
% ! L) - - L T - LY 't
|E . :
- - L - L] »
N T P S N NP SN SO Mol i
- i - d‘:" + + ¥
- :
I R R R ]
A5 i i — i i
15 -10 -05 0,0 05 1,0 15

Figure 6-10: Constellation diagram after automatic synchronization

6. The reference constellation for the gain calculation is best defined by the data cells
in this signal, which use a 64QAM modulation.
Select "Step 4" in the progress bar.

a) Inthe "Gain Adjustment" dialog box, select "Constellation" = "64QAM".
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Example: creating a configuration file from an input signal

b) Select "Gain Adjustment" > "Auto".
The data cells which use this modulation are highlighted both in the "Constella-
tion View" and the "Matrix View".

Constellation
Te koo (R + Hor-alocaed Fole Ged)
ConcE IEton Mark: i
:2|I:I T T T T T T T
15 oo ........................................... e 4
10 F ol = P N W S M SV o ]
05 Foooo e e e VT ]
o :
1] ]
& 0,0 » - .
a y :
£ : :
05 e LR L L IR I T O I R J
-10 A e e i e e e e .. ................................ ]
asF A ................................. ]
20 i : : —t i : :
20 A5 A0 05 0,0 05 1,0 15 20

Figure 6-11: Highlighted data points in 64QAM constellation

The power for the highlighted constellation points is stored as the reference power,
that is: as the boosting factor "1.0".

7. Since the data cells are already selected, we allocate those cells in the matrix first.

a) Select "Step 5" in the progress bar.
b) In the "Constellation View", "Allocation" area, select "Allocate as:" "Data"
c) Select the ¥l green checkmark icon.

The data cells in the "Allocation Matrix" are indicated in the specified color for data
symbols.

8. Next we allocate the symbols with a power level of 0 V: the "Zero" cells.

a) Inthe "Constellation View", select the modulation format "Zero" as a constella-
tion marker.

b) In the "Constellation View", "Allocation" area, select "Allocate as:" = "Zero".

c) Select the ¥l green checkmark icon.

The zero cells in the "Allocation Matrix" are indicated in the specified color for
"Zero" symbols.

9. Allocate the "Pilot" cells.
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Example: creating a configuration file from an input signal

a) Inthe "Constellation View", select the modulation format "QPSK" as a constel-
lation marker.

Constellation
[+ Worale=ed Fohe i ConE D Mate s
20 [+~ - 1~ T rrrr 1 1 T
15 L S SN S o o S R ]
o b S S L S S S S __
05 __ ........ ........ ......... ........ ......... ........ ........ ....... 2
o : : : : : : : ]
Iy :
@ 00 - *
T ;
B ;
- O LR R T R EURREPRPRRES ]
An Lo T ]
A543 e ................................. 4
-2 : : : — : : :
=20 1.5 -1,0 0.5 oo ns 1,0 15 20

Figure 6-12: Symbols with QPSK constellation

Although we know some of the pilots use QPSK modulation, none of the sym-
bols are highlighted. Possibly a boosting factor was applied.
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Example: creating a configuration file from an input signal

b) Select the "Boosting" - "Auto" function.
A boosting of 2.079 is detected and applied to the symbols. Now some of the
symbols are highlighted.

Constelation Yiew

Congtellation Markers Allocation
QPSE v] » Allocate az | Pilat T]
Boosting 2079 < | b Pilat_QPSK
Radiuz < [ b Undo last allocation
D E] Selection Mode
Constellation
= TR + Noi-alcaed FONE (e
| ConE Eon Mak: i
B B e L e A e B e
15 F e ................................. 3
A0 F .-. ................................ ]
05 Lo S ]
m .
E :
m 0,0 s : r
d :
I= :
_|:||5 S R O T T T T i
A e i i ]
I L ................................ ]
20 i i i — i : f
2.0 A5 A0 a5 0,0 05 1,0 15 2.0

Figure 6-13: Symbols with QPSK modulation and applied boosting

c) Inthe "Constellation View", "Allocation" area, select "Allocate as:" "Pilots".
d) Select the ] green checkmark icon.

The pilot cells in the "Allocation Matrix" are indicated in the specified color for
"Pilot" symbols, and the selected cells are stored with a boosting factor of 2.079.
10. Some of the remaining cells are data cells with a BPSK modulation.

a) Inthe "Constellation View", select the modulation format "BPSK" as a constel-
lation marker.

b) In the "Constellation View", "Allocation" area, select "Allocate as:" = "Data".

c) Select the I green checkmark icon.

11. The last remaining cells are pilot cells with a 45°QPSK modulation.

a) Inthe "Constellation View", select the modulation format "45°QPSK" as a con-
stellation marker.
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12.

13.

Example: creating a configuration file from an input signal

b) In the "Constellation View", "Allocation" area, select "Allocate as:" = "Pilot".
c) Select the ¥l green checkmark icon.

A message is displayed informing you that all symbols are allocated.

Store the configuration file.
Select "Step 7" in the progress bar.

a) Enter the filename and storage location for the configuration file:
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA/MyWlanA 64QAM.xml

Close the wizard.

Now you can load the configuration file in the "OFDM VSA" application.
See step 7 in Section 8, "How to perform measurements in the OFDM VSA appli-
cation", on page 118.
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Result range

[/ Result evaluation

The [Lines] functionality is not available in the "OFDM VSA" application.

L J =T A = o = SRS 104
®  ResUlt CONfIGUIAtioN.......uuiiiiiee e a e e 105
L I Y = T4 = G V7= To 1Y 106
o Table CoONfigUIAtiON......uuui e e e e e e e e e e e e e e e e e araaaan 113
L L U Lo 11 £ PSP 114
L J o 11 o SR 115

7.1 Result range

Access: "Overview" > "Result Range"

The result range is an extract from the capture buffer and defines the data basis used
for further analysis.

Result Range

Max No of Frames to Analyze

Result Length Symbols

Maximum Number of Frames to Analyze........ccccoooiiiiiiiiiii e 104
RESUIE LENGEN..cc e e e e e e e e e s e e sennees 104

Maximum Number of Frames to Analyze
Defines the maximum number of OFDM frames from the current capture buffer to be
included in analysis.

If a configuration file is available, the contents of the file determine the frame. If no file
is available, a single result range is considered a frame.

Remote command:
[SENSe: ] DEMod: FORMat : MAXFrames on page 143

Result Length

Configures the number of OFDM symbols per frame to be analyzed. Note that this is
not the maximum, but a precise number. If this number is higher than the actual num-
ber of symbols found in the signal, the result is not considered a frame, and not ana-
lyzed.

Note: If a loaded configuration file contains a <DefaultResultLength> entry, the
specified value is used as the default result length for the current measurement setup.

Remote command:
[SENSe: ] DEMod: FORMat : NOFSymbols on page 143
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Result configuration

7.2 Result configuration

Access: "Overview" > "Result configuration"

Some result displays provide further settings.

Result Configuration

Markers Markers Settings  Result Configuration Units Y Scaling
EVM Settings

Normalize EVM to  RMS Pilots and Data

Frame Averaging  Mean Square
Constellation Display

Modulation Type
Modulation
Symbol

Carrier

Point Size

Specifics for 3: Power Spectrum

NOIMANZE EVIM 0.ttt st s e e s as 105
Constellation Display - Modulation TYPe......ccccuiiiiierieeee e eee s 106
Constellation Display - MOAUIAtoN..........iiiiieiiieei e 106
Constellation Display = SYMDOL.......ccooiiiiiiiiiiecrrre e e e e eeeeeeens 106
Constellation DiSplay = CarmiEr.......c.uueeii it eeee s 106
Constellation Display - POINt SiZ€.......cuueiiiiiiiiiii e 106

Normalize EVM to
Specifies the OFDM cells which are averaged to get the reference magnitude for EVM
normalization.

"RMS Pilots & RMS value of the pilot and data cells
Data"

"RMS Data" RMS value of the data cells
"RMS Pilots" RMS value of the pilot cells

"Peak Pilots & Peak value of the pilot and data cells
Data"

"Peak Data" Peak value of the data cells
"Peak Pilots" Peak value of the pilot cells
"None" Normalization is turned off

Remote command:
[SENSe: ] DEMod:EVMCalc:NORMalize on page 149
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7.3

Marker usage

Constellation Display - Modulation Type
The constellation diagram includes only symbols for the selected modulation types.
The selected modulation types are indicated in the constellation diagram for reference.

Remote command:
CONFigure:FILTer<n>:MODulation:TYPE on page 151

Constellation Display - Modulation
The constellation diagram includes only symbols with the selected modulation.

Remote command:
CONFigure:FILTer<n>:MODulation on page 151

Constellation Display - Symbol
The constellation diagram includes all or only the specified symbol number. The first
symbol number is 0.

Remote command:
CONFigure:FILTer<n>:SYMBol on page 151

Constellation Display - Carrier
The constellation diagram includes symbols for all or only for the specified carrier num-
ber.

Remote command:
CONFigure:FILTer<n>:CARRier on page 150

Constellation Display - Point Size
Defines the size of the individual points in a constellation diagram.

Marker usage

Markers help you analyze your measurement results by determining particular values
in the diagram. Thus, you can extract numeric values from a graphical display both in
the time and frequency domain. In addition to basic markers, the FSWX provides
sophisticated marker functions for special results such as noise or demodulation.

Markers in spectrogram displays

In the spectrogram result display, you can enable up to 16 markers or delta markers at
the same time. You can assign each marker to a different (time) frame. Therefore, in
addition to the frequency, you also define the frame number when activating a new
marker. If you do not specify a frame number, the marker is positioned on the currently
selected frame. You can see all markers that are positioned on a visible frame in the
spectrogram.
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®

7.3.1

7.3.1.1

Marker usage

Markers in the "Constellation Diagram™ and Allocation Matrix

Using markers in a "Constellation Diagram", you can detect individual constellation
points for a specific symbol or carrier. When you activate a marker in the "Constellation
Diagram", its position is defined by the symbol and carrier number the point belongs to.
However, the marker result indicates the | and Q values of the point.

Similarly, you can define markers in an "Allocation Matrix" by selecting the symbol and
carrier number.

Using markers in the "Constellation Diagram" and "Allocation Matrix", you can scroll
through the points for a specific carrier, for example. Activate a marker, then use the
rotary knob or mouse wheel to move the marker from one symbol to the next.

L I Y= T = Y=Y 1 ] o S 107
e Marker search settings and positioning functions.............cccccovieeeeere e, 111

Marker settings

Access: "Overview" > "Analysis" > "Markers"
Or: [Marker] > "Markers"

The remote commands required to define these settings are described in Sec-
tion 9.4.4.1, "Individual marker settings", on page 156.

o Individual Marker SEIUP. ... ..o 107
o General marker SEtiNGS......ouviiii i 110

Individual marker setup

Access: "Overview" > "Analysis" > "Markers"
Or: [Marker] > "Markers"

You can enable up to 17 markers or delta markers for each window simultaneously.
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Marker usage
Marker Configuration
Selected Delta 1 Delta 2

On

on  Delta Norm Delta

Markers

15 All Markers Off

The markers are distributed among 3 pages for a better overview. By default, the first
marker is defined as a normal marker. All other markers are defined as delta markers
with reference to the first marker. All markers are assigned to trace 1, but only the first
marker is enabled.

Y =Ty TR U UUPPPPRRR 108
Y =Ty TS =) (= T PRSPPI 109
Marker POSItioN X-ValUE.........cooeiiiiiiie ettt e e e eraae e 109
Y =Ty =T Y = YOO RSP 109
Y 1Y F= T G PR 109
(11 Qh (o TN |V, =T (= 109
=T = T 110
AlLIMArKEIS Off ...ttt ettt ettt seseeeeeaeaeaaaaeeeeereeeeeees 110
Marker <x>

Toggles the state of the corresponding marker. If enabled, an input field indicates the
marker position (x-value).

When you initially open the [Marker] menu, normal marker 1 is automatically enabled
and placed on the peak of trace 1 in the active window.

If normal marker 1 is the active marker and you select "Marker Type", an additional
delta marker 1 is enabled.

Normal marker 1 is always the default reference marker for relative measurements. If
enabled, markers 2 to 16 are delta markers by default, which refer to marker 1. Con-
vert these markers to normal markers with absolute values using the "Marker Type"
on page 109 function.

Remote command:

CALCulate<n>:MARKer<m>[:STATe] on page 158
CALCulate<n>:MARKer<m>:X on page 159
CALCulate<n>:MARKer<m>:Y? on page 183
CALCulate<n>:DELTamarker<m>[:STATe] on page 161
CALCulate<n>:DELTamarker<m>:X on page 162
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Marker usage

CALCulate<n>:DELTamarker<m>:X:RELative? on page 163
CALCulate<n>:DELTamarker<m>:Y on page 182

Marker State
Enables or disables the marker in the diagram.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 158
CALCulate<n>:DELTamarker<m>[:STATe] on page 161

Marker Position X-Value

Defines the position (x-value) of the marker in the diagram. For normal markers, the
absolute position is indicated. For delta markers, the position relative to the reference
marker is provided.

Remote command:
CALCulate<n>:MARKer<m>:X on page 159
CALCulate<n>:DELTamarker<m>:X on page 162

Marker Type
Toggles the marker type.

The type for normal marker 1 is always "Normal". The type for delta marker 1 is always
"Delta". You cannot change those types.

If normal marker 1 is the active marker and you select "Marker Type", an additional
delta marker 1 is enabled. For any other marker, toggling the marker type does not
enable an additional marker, it only toggles the type of the selected marker.

"Normal" A normal marker indicates the absolute value at the defined position
in the diagram.

"Delta" A delta marker defines the value of the marker relative to the speci-
fied reference marker (marker 1 by default).

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 158
CALCulate<n>:DELTamarker<m>[:STATe] on page 161

Ref Marker
Defines a marker as the reference marker which is used to determine relative analysis
results (delta marker values).

If you disable the reference marker, any delta markers that refer to it are also disabled.

If you configured a fixed reference point, you can also select the reference point
("FXD") to use instead of another marker.
For more information, see "Fixed reference marker" in the FSWX User Manual.

Remote command:
CALCulate<n>:DELTamarker<m>:MREFerence on page 161

Link to Marker

Links the current marker to another marker. Select the second marker from the list of
active markers. If the x-axis value of the initial marker changes, the linked marker fol-
lows to the same position on the x-axis. Linking is disabled by default.
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7.3.1.2

Marker usage

Using this function, you can set two markers on different traces to measure the differ-
ence between the results. For example, you can determine the difference between a
"Max Hold" trace and a "Min Hold" trace, or between a measurement and a reference
trace.

For linked delta markers, the x-value of the delta marker is 0 Hz by default. To create a
delta marker in a fixed distance to another marker, define the distance as the x-value
for the linked delta marker.

Remote command:

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> on page 157
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKer<md> on page 160
CALCulate<n>:DELTamarker<m>:LINK on page 159

Trace

Assigns the selected marker to an active trace. The trace determines which result the
marker shows at the marker position. If the marker was previously assigned to a differ-
ent trace, the marker remains on the previous frequency or time, but indicates the
result (y-value) of the new trace.

If you disable a trace, the assigned markers and marker functions are also disabled.

Remote command:
CALCulate<n>:MARKer<m>:TRACe on page 158

All Markers Off
Disables all markers in one step.

Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 157

General marker settings

Access: "Overview" > "Analysis" > "Marker"> "Marker Settings"
Or: [Marker] > "Marker Settings"

Some general marker settings allow you to influence the marker behavior for all mark-
ers.

Marker Settings

Show Marker Table
Auto

Show Marker Info

Marker Stepsize

Standard Sweep Point
] oMLY F= T = G =1 o] [T 111
] ol F= T =T [0 o VT 111
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7.3.2

7.3.2.1

Marker usage

Show Marker Table
Defines whether the marker table is displayed.

For more information, see "Markers for individual values" in the FSWX User Manual.

"On" Displays the marker information in a table in a separate result display.
"Off" No separate marker table is displayed.
"Auto” (Default) If you enable more than two markers, the marker table is

displayed automatically.

Remote command:
DISPlay[:WINDow<n>] :MTABle on page 163

Show Marker Info
Shows or hides the marker information in the diagram. The information for the two
most recently enabled or moved markers is displayed.

@ 1AP Clrw

Remote command:
DISPlay[:WINDow<n>] :MINFo[:STATe] on page 163

Marker search settings and positioning functions

Access: "Overview" > "Analysis" > "Marker" > "Search"

The FSWX provides several functions to set the marker to a specific position quickly
and easily. You can also use the current marker position to define a specific measure-
ment setting. To determine the required marker position, you can perform a search on
the measurement results. You can influence the search results by special settings.

The remote commands required to define these settings are described in Sec-
tion 9.4.4.3, "Marker positioning settings", on page 164.

L IS 1o (=Y od g 0 = T SRR 111
®  Positioning FUNCHIONS......ccciii e e e e e e e e e eannes 112

Select marker

Access: [Marker To] > "Select Marker"

All search and positioning functions apply to the selected marker, which is indicated on
the softkey.

Select Marker
Opens a dialog to select and enable or disable one or more markers quickly. The
selected marker is highlighted.
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7.3.2.2

Marker usage

Select Marker
Marker Marker Marker
Normal 1 Delta 6 Delta 12
Delta 1 Delta 7 Delta 13
Delta 2 Delta 8 Delta 14
Delta 3 Delta 9 Delta 15

Delta 4 Delta 10 Delta 16

Delta 5 Delta 11

To change the marker type, select [Marker] > "Marker Type".

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 158
CALCulate<n>:DELTamarker<m>[:STATe] on page 161

Positioning functions

Access: [Marker To]

You can set the currently selected marker to the result of a peak search. You can also
set measurement settings to the current marker result.

Setto Peak / [Peak SearCh]........coooiiiiiiii st 112
SEETO NEXE PAK. ...ttt e e e e e e e eeeeaaan 112
STy (o I\ 1o T VT o PP 113
STy (o T N (o Y Lo T VT 113

Set to Peak / [Peak Search]
Sets the selected marker or delta marker to the maximum of the trace. If no marker is
enabled, marker 1 is enabled.

Remote command:
CALCulate<n>:MARKer<m>:MAXimum[:PEAK] on page 168
CALCulate<n>:DELTamarker<m>:MAXimum/|:PEAK] on page 165

Set to Next Peak
Sets the selected marker or delta marker to the next (lower) maximum of the assigned
trace. If no marker is enabled, marker 1 is enabled.

Remote command:

CALCulate<n>:MARKer<m>:MAXimum:NEXT on page 168
CALCulate<n>:MARKer<m>:MAXimum:RIGHt on page 168
CALCulate<n>:MARKer<m>:MAXimum:LEFT on page 168
CALCulate<n>:DELTamarker<m>:MAXimum:NEXT on page 165
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Table configuration

CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt on page 166
CALCulate<n>:DELTamarker<m>:MAXimum:LEFT on page 165

Set to Minimum
Sets the selected marker or delta marker to the minimum of the trace. If no marker is
enabled, marker 1 is enabled.

Remote command:
CALCulate<n>:MARKer<m>:MINimum[:PEAK] on page 170
CALCulate<n>:DELTamarker<m>:MINimum|[:PEAK] on page 167

Set to Next Minimum
Sets the selected marker or delta marker to the next (higher) minimum of the selected
trace. If no marker is enabled, marker 1 is enabled.

Remote command:

CALCulate<n>:MARKer<m>:MINimum:NEXT on page 169
CALCulate<n>:MARKer<m>:MINimum:LEFT on page 169
CALCulate<n>:MARKer<m>:MINimum:RIGHt on page 169
CALCulate<n>:DELTamarker<m>:MINimum:NEXT on page 166
CALCulate<n>:DELTamarker<m>:MINimum:LEFT on page 166
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt on page 167

7.4 Table configuration

Access: "Overview" > "Result configuration" > "Tables"

During each measurement, many characteristic signal parameters are determined.
Select the parameters to be included in the table. For a description of the individual
parameters, see Section 3.1, "OFDM VSA parameters", on page 15.
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Units

Table Config Tab

Result Configuration

General Markers  Marker Settings  Tables  Units Y Scaling
EVM All (dB) /@ Offset
EVIM ALL [52) Gain Imbalance
EVM Data Symbaols (dB) Cluadrature Error
EVM Data Symbaols (%) Frequency Error
EVM Pilot Symibols [dB) Sample Clock Error
EVM Pilot Symibols (%) Frame Power
MER Crest Factor

Bitstream Format

N\ Option 3 ¥

Specifics For

- L
W Window

7.5 Units

Access: "Overview" > "Result configuration" > "Units"

For some result configurations, you can configure the unit of the displayed values.
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Y-Scaling

Result Configuration

Markers Settings  Result Configuration Table Config ~ Units

Result Units

EVM dB

Symbol Axes Symbols
Carrier Axes Carriers
Magnitude Capture  Seconds

Power Spectrum Hertz

Impulse Response Linear

Specifics for 2: Result Summary

Remote command:

EVM: UNIT:EVM on page 154

Symbol axes: UNIT: SAXes on page 155
Carrier axes: UNIT:CAXes on page 154
Magnitude Capture: UNTIT: TAXes on page 156
Power Spectrum: UNTT: FAXes on page 155

Impulse Response: UNIT: IRESponse on page 155

7.6 Y-Scaling

Access: "Overview" > "Result configuration" > "Y-Scaling"

The scaling for the vertical axis is highly configurable, using either absolute or relative
values. Note that scaling settings are window-specific and not available for all result
displays.

User Manual 1179.6695.02 — 01 115



R&S®FSW3-KM112 Result evaluation
Y-Scaling

Result Configuration

Markers  Markers Settings  Result Configuration Units Y Scaling

Automatic grid scaling:

Auto On

Auto Scale Once

t 100 dBm —mmmmmmmn Ref 10.0 dBm ———

: 10.0 48

Specifics for 1: Magnitude Capture

Automatic Grid SCalING........eeiiiiiiie e e 116
F U (o IR Tor= | L= @ g o7 = T PR 116
Absolute Scaling (Min/MaX ValUES).......ccuieeiiiiiiiciiiiiiiieeeee e e e e e seecvenereee e e s e e e e e e ssesnnnnnes 116
Relative Scaling (Reference/ per DiVISION).......ceuiiieiiiiiiccciiiieieeeeeeee e 117
L PEr DIVISION.......ceviieiectieicte ettt sttt 117
L REf POSIION. .....ceceviicecectieecte ettt 117
L REF VAIUE.......oeceeeeeece ettt an e 117

Automatic Grid Scaling
The y-axis is scaled automatically according to the current measurement settings and
results (continuously).

Tip: To update the scaling automatically once when this setting for continuous scaling
is off, use the Auto Scale Once function.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :AUTO on page 152

Auto Scale Once
If enabled, both the x-axis and y-axis are automatically adapted to the current mea-
surement results (only once, not dynamically) in the selected window.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :AUTO on page 152

Absolute Scaling (Min/Max Values)
Define the scaling using absolute minimum and maximum values.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MINimum on page 153
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MAXimum on page 153
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Y-Scaling

Relative Scaling (Reference/ per Division)
Define the scaling relative to a reference value, with a specified value range per divi-
sion.

Per Division < Relative Scaling (Reference/ per Division)

Defines the value range to be displayed per division of the diagram (1/10 of total
range).

Note: The value defined per division refers to the default display of 10 divisions on the
y-axis. If fewer divisions are displayed (e.g. because the window is reduced in height),
the range per division is increased to display the same result range in the smaller win-
dow. In this case, the per division value does not correspond to the actual display.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :PDIVision on page 152

Ref Position < Relative Scaling (Reference/ per Division)
Defines the position of the reference value in percent of the total y-axis range.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RPOSition on page 153

Ref Value — Relative Scaling (Reference/ per Division)
Defines the reference value to be displayed at the specified reference position.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] :RVALue
on page 153
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8 How to perform measurements in the
OFDM VSA application

The following step-by-step instructions demonstrate how to perform measurements
and how to analyze data in the "OFDM VSA" application.

the home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA directory.

O The "OFDM VSA" application provides sample data and sample configuration files in

To perform an OFDM VSA measurement
1. Select [Mode] > "OFDM VSA".

2. Select "Overview" to display the configuration overview for an OFDM VSA mea-
surement.

3. Select and configure the signal source.

4. Select "Display Config" and select the result displays that are of interest to you.
Arrange them on the display to suit your preferences.

5. Exit the "Display Configuration" mode.

6. Select "Signal Description" and configure the expected signal characteristics either
manually or using a configuration file.

7. To use a configuration file:

a) If no configuration file is available yet, create one from the input signal as
described in Section 6, "Creating a configuration file using the wizard",
on page 76.

b) Select "Load Config. File".

c) Select the configuration file to use.

The file is loaded and "Use Configuration File" is automatically set to "Yes".

8. Select "Input / Frontend" to define the input signal's center frequency, amplitude
and other basic settings.

9. Select "Data Acquisition" and define how much and which data to capture:

e "Capture Time" or "Capture length": the duration or number of samples to be
captured
For non-triggered ("Free run") measurements, be sure to capture at least twice
the number of samples per frame so you are sure to capture at least one entire
frame.

e "Sample rate": the rate at which I/Q data is acquired (analysis bandwidth / 0.8);
must also correspond to the OFDM system sample rate (<subcarrier_spacing>
* <FFT_size>, see also "OFDM system sample rate" on page 39)
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10. Optionally, select "Trigger" and define a trigger for data acquisition, for example an
external trigger to start capturing data only when a useful signal is transmitted.

11. For bursted signals, select "Burst Search" and activate a burst search.

12. Select "Result Range" and define how many OFDM symbols are to be interpreted
as one frame.

13. To optimize the synchronization process, if necessary, select "Sync / Demod" and
configure the synchronization and demodulation parameters.
Which compensation and synchronization functions are allowed depends on the
standard defining the tests.

14. Make use of the advanced analysis functions in the displays.

a) Select [Marker] to determine peak values, deviations and offsets within the sig-
nal.

User Manual 1179.6695.02 — 01 119



R&SPFSW3-KM112 Remote commands for the OFDM VSA application

9.1

Common suffixes

Remote commands for the OFDM VSA
application

The following commands are specific to performing measurements in the "OFDM VSA"
application in a remote environment.

Prerequisite: The FSWX is already set up for remote operation in a network, as
described in the FSWX User Manual.

SCPI Recorder - automating tasks with remote command scripts
The "OFDM VSA" application also supports the "SCPI Recorder" functionality.

Using the "SCPI Recorder" functions, you can create a SCPI script directly on the
instrument and then export the script for use on the controller. You can also edit or
write a script manually, using a suitable editor on the controller. For manual creation,
the instrument supports you by showing the corresponding command syntax for the
current setting value.

For details see the "Network and Remote Operation" section in the FSWX User Man-
ual.

The following tasks specific to the "OFDM VSA" application are described here:

®  COMMON SUIXES....eieeiiieieei et e e e e e e s e e e e e e e e e e e e e ennnee 120
o Activating OFDM VSA MeasuremMeNtS........ccuuieiiiiiiiieie e siieeee e sieeee e sieeee s 121
e Configuring OFDM VSA MeasUr€mMeNtS........cccurriirreieeeeeeiiiiiiienieeeeeeeeaesesssssnnnnnns 122
@  EVvaluating reSUIS......cco e ——————— 147
®  REtrieVING rESUIS....cceeeeeeiecce e e e e e e e e e e e e e eeeees 171
o  Status reporting SYSIEM ... ...uuuiii e 195
e Programming examples: OFDM vector signal analysis...........ccccccverreereeeeeeiennee 196

Common suffixes

In the "OFDM VSA" application, the following common suffixes are used in remote
commands:

Table 9-1: Common suffixes used in remote commands in the OFDM VSA application

Suffix Description
<n> Window 1 to x
<m> Marker 1 to 4
<t> Trace 1t0 6
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Activating OFDM VSA measurements

Suffix Description
<li> Limitline 1to 8
<ip> Input

For RF and external frontends: input connector ("RF A | B")
For I/Q files: stream within the file assigned to the input signal

For "Combined Input" (if supported): input signal, i.e. the column in the source configura-
tion

9.2 Activating OFDM VSA measurements

When you activate an application instance for the "OFDM VSA" application application,
a basic OFDM VSA measurement on the input signal starts automatically with the
default configuration.

For more information, see the section on application instances in the FSWX User Man-

ual.
INSTrument:CREAE[INEW].....cccveieie et e et e e e e e et s e e e e e et e e e e e e e enneeeeeeeeranns 121
SYSTem:PRESEt:CHANNEILEXEC] ... iiiiiieiiieeeeeeettieieeeeeettee e e e e eeete e e e e eeanbaeeeesestaneeeaeeenns 122

INSTrument:CREate[:NEW] <AppType>, <AppName>

Adds an application instance. The number of application instances that you can config-
ure at the same time is only limited by the available memory on the instrument.

Parameters:
<AppType> <char_data>

Type of the new application instance.
For a list of available application types, see Table 9-2.

<AppName> String containing the name of the application instance.
Note that you cannot assign an existing application instance
name to a new application instance. If you do, an error occurs.
Consider the naming conventions for Linux as described in
"Storing and recalling instrument settings and measurement
data" in the FSWX User Manual.

In particular, the name must not contain special characters.

Example: INST:CRE SAN, 'Spectrum 2'
Adds a "Spectrum" application instance named "Spectrum 2".

Table 9-2: Available application types and default application names

Application <AppType> Parameter Default application name*)
Spectrum SANALYZER Spectrum
5G NR NR5G 5G NR

*) Note: the default application name is also listed in the table. If the specified name for a new application
instance already exists, the default name, extended by a sequential number, is used for the new instance.
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Configuring OFDM VSA measurements

Application <AppType> Parameter Default application name*)
Amplifier Measurements AMPL Amplifier
AM/FM/PM Analog Demod | ADEM Analog Demod
Fast Spur Search SPUR Spurious
1/Q Capture IQC IQ Capture
1Q (legacy)
1/Q Spectrum Analyzer 1QS IQ Spectrum Analyzer
Noise Figure Measure- NOISE Noise
ments
OFDM VSA OFDMVSA OFDM VSA
Phase Noise PNOISE Phase Noise
Pulse PULSE Pulse
Transient Analysis TA Transient Analysis
Vector Signal Analysis DDEM VSA
(VSA)
WLAN WLAN WLAN
*) Note: the default application name is also listed in the table. If the specified name for a new application
instance already exists, the default name, extended by a sequential number, is used for the new instance.

SYSTem:PRESet:CHANnel[:EXEC]
Restores the default instrument settings in the current application instance.
Use INST:SEL to select the application instance.

Example: INST:SEL 'Spectrum2'

Selects the application instance for "Spectrum2".
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2" applica-
tion instance.

Usage: Event

Manual operation: See "Preset application instance" on page 51

9.3 Configuring OFDM VSA measurements

The following commands configure the OFDM VSA measurements in the "OFDM VSA"

application.

®  SigNal dESCrIPHION. .ccii ittt s e e s rabe e e e e 123
L J Yo [0 1= oy VA T= 1 o | SR 130
e Configuring data acquISItION........ccccuviiiiiiieie e 132
® Triggering MeEaSUMEMENTS. .....ccceieiii i i e e e e se e e e e e e e e e e e e e e e e eeeeeeeeeenees 136
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9.3.1

Configuring OFDM VSA measurements

e Enabling aburst S€arch..........ooo o 143
o Defining the result range.........ooo oo 143
e Synchronization, tracking and demodulation...........cccoeiieiiiiii e 144

Signal description

The signal description provides information on the expected input signal, which optimi-
zes pattern and burst detection and the calculation of the ideal reference signal.

CONFigure:PREambIe:BLENGIN.........coeieieeeeeeeeee e e e e e e e e 123
CONFiIgure:PREAMDIEIFOFF S, .uuuuuuiurriiiiiieieieieeeeeeeeeieeeeeeeeeeereererarr e aeseeeeaeaaeseses 123
CONFigure:RFUC:FZERO:FREQUENCY......uuiiieeeiittiieeeeieeiniieeeeeeeestaseeseestnneseeseesnanseeesessnns 124
CONFigure:RFUC:FZERO:MODE........ccuuieieeiiiiieieeeeeeteeee e e ettt e e e e eetee e e e e e eabe e e e e eeennnanns 124
CONFIQUIE:IRFUC:STATE. ... ettt ettt ettt et e et e et et e et e et e e e e eaaeea e eenns 125
CONFigure[:SYMBOI:GUAR:MODE........ ittt ettt e e e e e enaas 125
CONFigure[:SYMBOI[:GUARA:NSYMDOISKCP>....cccevrruieieeieiiiiieeeeeeinneseeeeesinneeessrensnnnenaeens 125
CONFigure[:SYMBOI[:GUARA:PERIOQIC. ... ..uueeaieieeeeeeeeeeeeeeeeeeeeeeeeeeeeie e e e e e e e e e 126
CONFIGUrE[:SYMBOI N T ..t eiieeeeeeeee ettt ee e e e e e e e e eeaeeaeaeseeeeeeeeesessssssasasnnnnnn 126
CONFigure[:SYMBOIJINGUAIASCP>.....cuuuueieeieiiiieeeeeeeetieieeeeeeeatae e e e e e eebaaeeeeeerara e eeseesnnanns 127
CONFIGURE[:SYMBOI:NSUFIX. 1. veeseseeeeseseseeeeseseseeseseseeeesesesesseseseseeseseseseeseseseeseseseseenes 127
CONFIgUrE:SY STEMICFILE. ... it iiie ettt e e e e e e e e e e e e e e e e e et aeeesesbsbana s 128
CONFigure[:SYMBOI]:ZPADAING:LENGTh. .....ceuiec e 128
CONFigure[:SYMBOI[:ZPADAING:OF FSEt.. . ceteieieeeeeeeeee e e e e e e e e e 128
CONFigure[:SYMBOI[:ZPADAING:REPEHHION. ....ceiieieee e e e eeeee e 129
CONFigure[:SYMBOI]:ZPADAING:STATE. ..euuueieeeeeetiee e e ee ettt e e e e e e etatae e e e e s eetaaeeeeseestaaeaesenennns 129
CONFIQUIE: TPRECOMING. .. e eettetuieeeeeiettaeeeeteettaaeeeeseestseeeseeratasaeseestanaeeeeesstaseeeseernnnnns 129
CONFigure: TPRECOMINGIGNOIE. ... uuuuuuuiiiieieieeeeeeeeeeeeeeeee e e eeeeeee e e e e s e eaeaaaaaaaeeees 130
MMEMOTY:LOAD I CEGFIIE. ...ttt et e e e e e e e e e e e e e e e eean 130

CONFigure:PREamble:BLENgth <BlockLength>

Defines the length of a block of repeating samples within a preamble symbol.

Parameters:
<BlockLength> Range: 8 to 65636
*RST: 0
Default unit: samples
Example: CONF:PRE:BLEN 32

Defines a block length of 32 samples.

Manual operation: See "Preamble Symbol Characteristics: Block Length"
on page 58

CONFigure:PREamble:FOFFset <FrameOffset>

Defines the frame offset, that is the start of the actual OFDM frame relative to the start
of the first detected preamble block.
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Configuring OFDM VSA measurements

Parameters:

<FrameOffset> Distance from the first preamble sample to the first sample of the
frame.
Range: - <capture_length> to +<capture_length>
*RST: 0

Example: CONF:PRE:FOFF 0

Defines a frame offset of 0 samples. Thus, the frame starts with
the first sample of the preamble.

Manual operation: See "Frame Start Offset" on page 58

CONFigure:RFUC:FZERo:FREQuency <Frequency>

If phase compensation is enabled (see CONFigure:RFUC: STATe on page 125) and
the phase shift frequency is defined manually (see CONFigure:RFUC: FZERoO : MODE
on page 124), this command defines the frequency for phase shift.

Parameters:
<Frequency> numeric value

Default unit: Hz
Example: CONF:RFUC:STAT ON

CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation" on page 55

CONFigure:RFUC:FZERo:MODE <Mode>

If phase compensation is enabled (see CONFigure:RFUC:STATe on page 125), this
command defines the frequency for phase shift.

Parameters:

<Mode> CF | MANual
CF
The phase shift frequency corresponds to the current center fre-
quency.
MANual
The phase shift frequency is defined manually by the
CONFigure:RFUC:FZERo: FREQuency command.

Example: CONF:RFUC:STAT ON
CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation" on page 55
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Configuring OFDM VSA measurements

CONFigure:RFUC:STATe <State>

Enables or disables phase compensation during the upconversion of the baseband sig-
nal to the radio frequency.

Parameters:

<State> ON|OFF |01
OFF | 0
Switches the function off. The "OFDM VSA" application
assumes that the input signal is not phase-compensated.
ON |1
Switches the function on. The "OFDM VSA" application
assumes the input signal is phase-compensated for a specific
frequency. Define the frequency using the CONFigure:RFUC:
FZERo0:MODE and CONFigure:RFUC:FZERo: FREQuency
commands.
*RST: 0

Example: CONF:RFUC:STAT ON

CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation” on page 55

CONFigure[:SYMBol]:GUARd:MODE <GuardMode>

Selects the type of cyclic prefix.

Parameters:
<GuardMode> CONV
Conventional cyclic prefix mode.
GU2
Cyclic prefix with two different lengths.
*RST: CONV
Example: CONF : GUAR:MODE GU?2

Selects a cyclic prefix with two different lengths.
CONF:GUAR:PER ON

Activates periodic cyclic prefix ranges.
CONF:GUARI1 :NSYM 5
CONF:GUAR2:NSYM 10

Defines the number of symbols for both cyclic prefixes (5 and
10).

Manual operation: See "Cyclic Prefix Configuration" on page 58
See "Cyclic prefix mode" on page 94

CONFigure[:SYMBol]:GUARd:NSYMbols<cp> <Symbols>

Defines the number of symbols for which the first and second non-conventional cyclic
prefix is used.
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For more information see:

® CONFigurel[:SYMBol] :GUARd:MODE on page 125
® CONFigure[:SYMBol]:GUARd:PERiodic on page 126

Suffix:

<cp> 112
Selects the cyclic prefix for non-conventional, periodic cyclic pre-
fix lengths.
For non-periodic non-conventional cyclic prefix lengths, the suf-
fix must be 1 (range 2 is variable, till the end of the frame).

Parameters:
<Symbols> unsigned integer
Number of symbols
Range: 1 to 1000
*RST: 100
Example: See CONFigure[:SYMBol] : GUARA: MODE on page 125.

Manual operation: See "Cyclic prefix definition per range (Symbols / Samples)"
on page 59
See "Cyclic prefix definition per range (Symbols / Samples)"
on page 94

CONFigure[:SYMBol]:GUARd:PERiodic <State>

Turns periodic cyclic prefix ranges on and off.

The command is available for non-conventional cyclic prefixes.
Parameters:

<State> ON |OFF |0 |1

OFF | 0

The cyclic prefix changes at a certain point in time and then
stays constant till the end of the OFDM frame.

ON |1

The cyclic prefix toggles between two different values periodi-
cally.

*RST: 0
Example: See CONFigure[:SYMBol] : GUARA: MODE on page 125.

Manual operation: See "Different cyclic prefix lengths" on page 58
See "Different cyclic prefix lengths" on page 94

CONFigure[:SYMBOI]:NFFT <NFFT>

Defines the FFT length of an OFDM symbol. This command is only available if no con-
figuration file has been loaded.
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Parameters:
<NFFT>

Example:

Manual operation:

Configuring OFDM VSA measurements

FFT length in samples.

Range: 8 to 65535
*RST: 64

CONF:SYMB:NFET 1024
Defines an FFT length of 1024 samples.

See "FFT Size" on page 57

CONFigure[:SYMBol]:NGUard<cp> <NGuard>

Defines the cyclic prefix length.

Suffix:
<Cp>

Parameters:
<NGuard>

Example:

Manual operation:

112

Selects the cyclic prefix for non-conventional, periodic cyclic pre-
fix lengths.

For non-periodic non-conventional cyclic prefix lengths, the suf-
fix must be 1 (range 2 is variable, till the end of the frame).

For conventional cyclic prefix lengths, the suffix is irrelevant.

unsigned integer
Length of the cyclic prefix in samples.

Range: 4 to 65535
*RST: 16

CONF:SYMB:NGU 128
Defines a guard length of 128 samples.

See "Cyclic Prefix Length" on page 57

See "Cyclic prefix definition per range (Symbols / Samples)"
on page 59

See "Cyclic Prefix Length" on page 78

See "Cyclic Prefix Length" on page 93

See "Cyclic prefix definition per range (Symbols / Samples)"
on page 94

CONFigure[:SYMBol]:NSUFfix <NSuffix>

Defines the length of the cyclic suffix.

The cyclic suffix length must be smaller than or equal to the FFT size, see
CONFigure[:SYMBol] :NFET on page 126.

Parameters:
<NSuffix>
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Example: CONF:NSUF 16

Manual operation: See "Cyclic Suffix Length" on page 57
See "Cyclic Suffix Length" on page 95

CONFigure:SYSTem:CFlLe <State>

Determines whether the configuration from the currently loaded file is used for the
measurement. Alternatively, you can configure the OFDM signal manually.

Note: when you load a configuration file using the MMEMory : LOAD: CFGF1le com-
mand, the use of the file is automatically set to ON.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: MMEM: LOAD:CFGF 'K96Test.xml'

Loads the configuration stored in the file K96Test . xm1.
CONF:SYST:MAN

Switches to manual configuration.

CONF:SYST:CFIL ON

Uses the configuration in the loaded file.

Manual operation: See "Use Configuration File" on page 54

CONFigure[:SYMBol]:ZPADding:LENGth <Samples>

Defines the number of samples used for zero padding.

Parameters:

<Samples> unsigned integer
Range: 0 to <FFTSize>-1
*RST: 0

Example: CONF:ZPAD ON

CONF:ZPAD:LEN 20

Manual operation: See "Samples" on page 59

CONFigure[:SYMBol]:ZPADding:OFFSet <Symbols>

Defines a number of symbols from the start for which no zero padding is inserted.

Parameters:

<Symbols> unsigned integer
Range: 0 to 65536
*RST: 0
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Example: CONF:ZPAD ON
CONF:SYMB:ZPAD:SOFF 20

Manual operation: See "Symbol Offset" on page 59

CONFigure[:SYMBol]:ZPADding:REPetition <Symbols>

Defines an interval of symbols (starting after the "Symbol Offset"), after which zero
padding is repeated. For a repetition rate of 1, each symbol has zero padding.

Parameters:
<Symbols> unsigned integer
Range: 1 to 65536
*RST: 1
Example: CONF:ZPAD ON

CONF:ZPAD:REP 6

Manual operation: See "Repeat Padding After Symbols" on page 59

CONFigure[:SYMBol]:ZPADding:STATe <State>

Enables or disables zero padding.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: Insert a zero padding consisting of 10 samples, for every 4th

symbol, starting at symbol 2.

CONF:ZPAD ON

CONF:ZPAD:LEN 10

CONF:ZPAD:REP 4

CONF:SYMB:ZPAD:SOFF 2

Result: symbols 2 (offset), 6 (2+4), 10 (6+4) etc. contain 10 sam-
ples of value "0".

Manual operation: See "Zero Padding" on page 59

CONFigure:TPRecoding <State>

Enables or disables transform precoding. See "DFT-s-OFDM / SC-FDMA:Transform
Precoding” on page 54.

Parameters:
<State> ON|OFF |01
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OFF | 0

Switches the function off

ON |1

Switches the function on

*RST: 0
Example: CONF:TPR ON

Manual operation: See "DFT-s-OFDM / SC-FDMA:Transform Precoding”
on page 54

CONFigure:TPRecoding:IGNore <State>

For CONFigure:TPRecoding ON, defines how to process OFDM symbols that con-
tain "Don't Care" and pilot cells.

Parameters:

<State> ON|OFF |01
OFF | 0
OFDM symbols that contain a pilot or a "Don't Care" cell are
skipped and not decoded.
ON |1
OFDM symbols that contain pilot or "Don't Care" cells are deco-
ded, but these cells are ignored.
*RST: 0

Example: Decode precoding for all symbols, even if they contain pilot or
"Don't Care" cells.

CONF:TPR ON
CONF:TPR:IGN 1

Manual operation: See "Ignore PILOT/DONTCARE" on page 54

MMEMory:LOAD:CFGFile <Filename>

Loads an OFDM configuration file and activates its use.

Parameters:
<Filename> String containing the path and name of the . xm1 file.
Example: MMEM:LOAD:CFGF 'K96Test.xml'

Loads the configuration stored in the file K96Test . xm1.

Manual operation: See "Load Configuration File" on page 54

Frequency settings

[SENSe<ip>IFREQUENCY:CENTEN....cccttuiieiieeiieie e ee ettt i e e e e e etnae e e e e e eat e e e e e eanna e e eeeeernnaeas 131
[SENSe:]FREQUENCY:CENTEISTEP. ...t et e e 131
[SENSe<ip>]FREQUENCY:OFFSEL....ccceiuiiiiieeiicie et e e e e e e e e e e e e e e e e s 131
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[SENSe<ip>:]FREQuency:CENTer <Frequency>

Defines the center frequency of the signal in Hertz.

Suffix:

<ip> Input

Parameters:

<Frequency> For the allowed range and f,,,,, refer to the specifications docu-
ment.
*RST: fmax/2
Default unit: Hz

Example: FREQ:CENT 100 MHz

FREQ:CENT:STEP 10 MHz
FREQ:CENT UP
Sets the center frequency to 110 MHz.

Manual operation: See "Center Frequency" on page 60

[SENSe:]JFREQuency:CENTer:STEP <StepSize>
Defines the center frequency step size.

You can increase or decrease the center frequency quickly in fixed steps using the
SENS:FREQ UP AND SENS:FREQ DOWN commands, see [SENSe<ip>:
]FREQuency:CENTer on page 131.

Parameters:

<StepSize> frax IS specified in the specifications document.
Range: 1 to fTMAX
*RST: 0.1 x span
Default unit: Hz

Example: //Set the center frequency to 110 MHz.

FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP

Manual operation: See "Center Frequency Stepsize" on page 61

[SENSe<ip>:]FREQuency:OFFSet <Offset>
Defines a frequency offset.

If this value is not 0 Hz, the application assumes that the input signal was frequency
shifted outside the application. All results of type "frequency" are corrected for this shift
numerically by the application.

Suffix:
<ip> Input
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Parameters:

<Offset> Range: -1 THz to 1 THz
*RST: 0 Hz
Default unit: Hz

Example: FREQ:OFFS 1GHZ

Manual operation: See "Frequency Offset" on page 61

Configuring data acquisition

INPut<ip>:FILTer:CHANNEI:HPASS:FDBBW?. ... et e e e e e e 132
INPut<ip>:FILTer:CHANNEI:HPASS:SDBBW.......cuuutuiuuuaaaaaaaaeeeeeeeeeeaaeaeeeeeeeeeaeeeeenennnnnnennnns 132
INPut<ip>:FILTer:CHANNEI:HPASS[:STATE].....ceeeeteeeeeeeeeeeiieinrntnneaaaaaeaeeessasaaaaeaeeeeeeeeeenenens 133
INPut<ip>:FILTer:CHANNEI[:LPASS:FDBBW. ......ccuucieieeiiiiieieeeeeeiee e eeeeetce e e e e e eenae e e eeeeeenen 133
INPUt<ip>:FILTer:CHANNEI[:LPASS:SDBBW.....ccccctvtriiieeeeeeiiiieeeeeeetteieeeeeetnteeeeeereranaaeaeens 133
INPU<ip>:FILTer:CHANNEI:LPASS][:STATE] .. eeeeeeeeeeeeeeseeseseseseeseseseeeesesesesseseseseeseseseees 134
[SENSe:]CAPTUre:OVERSAMPIING...ceuuuieeeeiieiiieseeeeietiee e e eeeeetee s e e e e eetaseeeeeeeenaseaeeensnnaeaeees 134
[SENSECIP>ISWAPIG ...t teeeeeeeeeeeeeeeeereseeteeeeesesesaseeseseseeseseseeeetesesesasseseseseseeeeseseeeeseneeaens 134
[SENSEe<ip>:]SWEEPICOUNL. ....uuiiiiieieiee e e e e eee e e e e e eeeeeeee e a e e e e e e e e e e e e e aeaaeeeeeeeeeees 135
[SENSE:ISWEEDPLENGN....ccciiiiieeeeieeii ettt e et e s e e e e e eeaeaaaeeeeseeeeeeesssssassarasnnannn 135
[SENSE<ID>ISWEEP:TIME. ....uuuieieeiiiiiiieeeeeeet et e e e eetee e e e e e eebe e e e e e eeaabe e e e e s eebanaeeeeeenrannnns 135
TRACE:IQ:BWIDIN. ..t aas 135
IR O [ S T = TP 136
TRACE: QI WV BANG: S T AT €. et tteeee ettt e e et et e e et e e e s e e e ean e e s e eenaeaneanen 136
TRACE:IQ:WBANA:MBWIAtN. ..euieieeeee e r e et e e e et s e ee e e aeenenns 136

INPut<ip>:FILTer:CHANnel:HPASs:FDBBw?

Suffix:
<ip> 1..n

Return values:
<Frequency> Default unit: Hz

Usage: Query only
Manual operation: See "50-dB Bandwidth" on page 64

INPut<ip>:FILTer:CHANnel:HPASs:SDBBw <Frequency>

Configures the bandwidth of the high pass filter at which an attenuation of 6 dB is
reached. The filter bandwidth cannot be higher than the current sample rate. If neces-
sary, the filter bandwidth is adapted to the current sample rate.

Suffix:

<ip> 1..n

Parameters:

<Frequency> Default unit: Hz

Example: INPU:FILT:CHAN:HPAS:SDBB 30 MHZ
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Manual operation: See "6-dB Bandwidth" on page 64

INPut<ip>:FILTer:CHANnel:HPASs[:STATe] <State>

Activates an additional internal highpass filter.

Suffix:
<ip> 1..n
Parameters:
<State> ON|OFF |01
OFF |0
Switches the filter off.
ON |1
Switches the filter on
*RST: 0
Example: INP:FILT:CHAN:HPAS ON

Manual operation: See "Highpass Filter State" on page 64

INPut<ip>:FILTer:CHANnel[:LPASs]:FDBBw <Frequency>

Configures the 50-dB frequency of the channel filter. The 50-dB frequency is the dis-
tance from the center of the filter to the point at which the filter reaches an attenuation
of 50 dB. This frequency must always be larger than the 6-dB passband (see
INPut<ip>:FILTer:CHANnel [ :LPASs] : SDBBw on page 133).

Suffix:
<ip> 1]2
irrelevant
Parameters:
<Frequency> Default unit; Hz
Example: INP:FILT:CHAN:FDBB 40MHZ

Manual operation: See "50-dB Bandwidth" on page 64

INPut<ip>:FILTer:CHANnel[:LPASs]:SDBBw <Frequency>

Configures the 6-dB bandwidth of the channel filter. The filter bandwidth cannot be
higher than the current 50-dB frequency (see TNPut<ip>:FILTer:CHANnel [ :
LPASs] : FDBBw on page 133).

Suffix:
<ip> 112
irrelevant
Parameters:
<Frequency> Default unit: Hz
Example: INP:FILT:CHAN:SDBB 30MHZ
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Manual operation: See "6-dB Bandwidth" on page 64

INPut<ip>:FILTer:CHANnNel[:LPASs][:STATe] <State>
Turns an adjustable (lowpass) channel filter in the signal path on and off.

You can define its characteristics with
® INPut<ip>:FILTer:CHANnel[:LPASs]:SDBBw on page 133
® INPut<ip>:FILTer:CHANnel [:LPASs] :FDBBw on page 133

Suffix:
<ip> 1]2

irrelevant
Parameters:
<State> ON | OFF

*RST: OFF
Example: INP:FILT:CHAN ON

Turns on the adjustable channel filter.

Manual operation: See "Filter State" on page 63

[SENSe:]CAPTure:OVERsampling <OversamplingValue>
[SENSe:]CAPTure:OVERsampling? <OversamplingValue>

Enables or disables a capture oversampling factor.
Parameters for setting and query:

<OversamplingValue>1 | 2

1
Capture oversampling is disabled (capture sample rate = system
sample rate)

2
Oversampling factor 2 is enabled (capture sampling rate =
2*system sample rate)

Example: TRACe:IQ:SRATe = 2 MHz
SENSe:CAPTure:0OVERsampling 2
Capture sample rate =4 MHz

Manual operation: See "Oversampling / Capture Sample Rate" on page 63

[SENSe<ip>:]SWAPiq <State>

Defines whether the recorded 1/Q pairs are swapped (I<->Q) before the application
processes them. Swapping | and Q inverts the sideband.

Swapping is useful if the DUT interchanged the | and Q parts of the signal. Then the
FSWX can do the same to compensate for it.
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Suffix:

<ip> Input
Parameters:

<State> ON |1

| and Q signals are interchanged
Inverted sideband, Q+j*I

OFF |0
| and Q signals are not interchanged
Normal sideband, 1+j*Q

*RST: 0

Manual operation: See "Swap I/Q" on page 63

[SENSe<ip>:]SWEep:COUNt <Count>

Suffix:
<ip> Input

Parameters:
<Count>

[SENSe:]SWEep:LENGth <Length>

Defines the number of samples to be captured during each measurement.

Parameters:
<Length> integer

Range: 1 to 8 000 000
Example: SENSe:SWEep:LENGth 1001

Manual operation: See "Capture Length" on page 62

[SENSe<ip>:]SWEep:TIME <CaptureTime>

Suffix:

<ip> 1..n
Parameters:

<CaptureTime> Default unit: s

Manual operation: See "Capture Time" on page 62

TRACe:IQ:BWIDth <Bandwidth>

Parameters:
<Bandwidth> Default unit: Hz
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TRACe:IQ:SRATe <SampleRate>

Parameters:
<SampleRate> Default unit: Hz

Manual operation: See "Sample Rate" on page 62

TRACe:IQ:WBANd:STATe <arg0>

Parameters:
<arg0>

TRACe:IQ:WBANd:MBWidth <Hertz>

Parameters:
<Hertz> Default unit: Hz

Triggering measurements

The trigger commands define the beginning of a measurement.

TRIGEI:SEQUENCEIDTIME. ... uuuueieaeeeeeeeeeeeeeeeeeeee et et eeeeeeeeneeaaaaaeseeeseaeeeaaaaaaeeeeeeernnnens 136
TRIGQEN:SEQUENCEI:HOLDOM . ...cuuuiiieeieitcee et e e e e e eeee e e e e eare e e e e e eeaa e e e e eeesnnn 137
TRIGger[:SEQuUeNce]:IFPOWEr:HOLDOR . ......uuiiiiiieiiiie et e e e e e e e e 137
TRIGer[:SEQUENCE]:IFPOWETIHY STEIESIS. ... iiieeiieiieieeieeiieieeeeeeenee s e e e eeeiee e e e e eanraneeeeeeenns 138
TRIGger<ip>[:SEQuUeNce]:lQPOWErHY STEIESIS. .....ccuuuiieeeeeeiiieieeeeeeieie e e e eeeeie e e e eeeie e eeees 138
TRIGger[:SEQueNce]:.LEVElAMIRELALIVE. ....ccccevei et e e 138
TRIGger[:SEQuUence]:LEVEl:AM[:ABSOIULE]......ceeeeieieeeieienieaaaaaaeeeeeeeeeeeaeeeeeeeeeeeaeeeeenennnnas 138
TRIGQEr:SEQUENCEILEVELIFM. . uuuuuiiieieieiieieeeeeeeeeeeeeeeeeeeeeveta bbb s e se s e e e e e eeaaaaeeeeeeeeeees 139
TRIGQEN:SEQUENCE]:LEVEIIFPOWET ... ..ccciietiiieee ettt eee e e e e et e e e e e e e e e e e rabaaeea s 139
TRIGger<ip>[:SEQUENCE]:LEVEI:IQPOWET.......ccutuiieiieiiiiiee e eeeeeiee e e et e e e eeene e e e e eannnes 139
TRIGGEr:SEQUENCEL:LEVEIPM....uuiiiei et ettt e e e e e e e e e e e eanae e e e e eeannas 140
TRIGGer<ip>[:SEQUENCE]:LEVEIIPOWET......cccceeeieiieieeeeeeieie e e e et e e e e e e e e e eaaae e e e e eeannas 140
TRIGger[:SEQuence]:LEVel[:EXTernal<tp>].....cicieieeieiiee e e eeeiie e e ee ettt e e e eeene e e e e e eeea e e e e 140
TRIGger[:SEQUENCE]:POWErHOLDOR. ......ccieeieieeeeeeeeeeeeeeeeeeece e e e e e e e e e eeaees 141
TRIGger<ip>[:SEQUENCE]:POWETrHY STEIESIS......ccceeeeeeeeeieeeeeeeeerererereeee e e s e e e e e e aaaaeeeeas 141
TRIGQEN:SEQUENCE]:SLOPE......cceeiiiiee ettt e e et e e e ettt e e e e e e eabe e e e e e eeaaaaeeeeeestanaeaaees 142
TRIGQE:SEQUENCEL:SOURCE. ....ceetteueiieeeieiiie e et et ieteee e et et e e e e e e eatr e e e e eeaeaan e e e e eeannaeaaaes 142
TRIGGer[:SEQUENCE]:TIME:RINTEIVAL ....ccutuieeeeeeiiiies et e e e ettt e e e e e e e e e e e ee e e e eeeees 142

TRIGger[:SEQuence]:DTIMe <Time>

Defines the time that the input signal must stay below the trigger level before a trigger
is detected again.
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Parameters:

<Time> Dropout time of the trigger.
Range: 0st0o10.0s
*RST: Os
Default unit: s

Example: TRIG:SEQ:DTIM 1

Manual operation: See "Drop-Out Time" on page 68

TRIGger[:SEQuence]:HOLDoff <Offset>
Defines the time offset between the trigger event and the start of the sweep.
A negative offset is possible for time domain measurements.

For the trigger sources "External" or "Power", a common input signal is used for both
trigger and gate. Therefore, changes to the gate delay also affect the trigger offset.

Parameters:

<Offset> For measurements in the frequency domain, the range is 0 s to
30 s.
For measurements in the time domain, the range is the negative
sweep time to 30 s.

*RST: Os
Default unit: s

Example: TRIG:HOLD 500us

Manual operation:  See "Trigger Offset” on page 67
See "Trigger Holdoff" on page 68

TRIGger[:SEQuence]:IFPower:HOLDoff <Period>
Defines the holding time before the next trigger event.

Note that this command can be used for any trigger source, not just "Power" (despite
the legacy keyword).

Note: If you perform gated measurements in combination with the "Power" trigger, the
FSWX ignores the holding time for frequency sweep, FFT sweep, zero span and I/Q
data measurements.

Parameters:
<Period> Range: O0s to 10s
*RST: Os
Default unit: s
Example: TRIG:SOUR EXT

Sets an external trigger source.
TRIG:IFP:HOLD 200 ns

Sets the holding time to 200 ns.
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TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>
Prerequisite: "Power" trigger source

Defines the trigger hysteresis.

Parameters:

<Hysteresis> Range: 3dB to 50 dB
*RST: 3dB
Default unit: dB

Example: TRIG:SOUR IFP

Sets the "Power" trigger source.
TRIG:IFP:HYST 10DB

Sets the hysteresis limit value.

TRIGger<ip>[:SEQuence]:IQPower:HYSTeresis <Hysteresis>
Prerequisite: "I/Q Power" trigger source

Defines the trigger hysteresis.

Suffix:

<ip> Input

Parameters:

<Hysteresis> Range: 3dB to 50 dB
*RST: 3dB
Default unit: dB

Example: TRIG:SOUR IQP

Sets the "I/Q Power" trigger source.
TRIG:IQP:HYST 10DB

Sets the hysteresis limit value.

TRIGger[:SEQuence]:LEVel:AM:RELative <Level>
The command sets the level when AM-modulated signals are used as trigger source.

For triggering to be successful, the measurement time must cover at least 5 periods of
the audio signal.

Parameters:

<Level> Range: -100 to +100
*RST: 0%
Default unit: %

Example: TRIG:LEV:AM:REL -20 %

Sets the AM trigger threshold to -20 %

TRIGger[:SEQuence]:LEVel:AM[:ABSolute] <Level>

The command sets the level when RF power signals are used as trigger source.
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For triggering to be successful, the measurement time must cover at least 5 periods of
the audio signal.

Parameters:

<Level> Range: -100 to +30
*RST: -20 dBm
Default unit: dBm

Example: TRIG:LEV:AM -30 dBm

Sets the RF power signal trigger threshold to -30 dBm

TRIGger[:SEQuence]:LEVel:FM <Level>
The command sets the level when FM-modulated signals are used as trigger source.

For triggering to be successful, the measurement time must cover at least 5 periods of
the audio signal.

Parameters:

<Level> Range: -10 to +10
*RST: 0 Hz
Default unit: MHz

Example: TRIG:LEV:FM 10 kHz

Sets the FM trigger threshold to 10 kHz

TRIGger[:SEQuence]:LEVel:IFPower <TriggerLevel>

Defines the power level at the third intermediate frequency that must be exceeded to
cause a trigger event.

Note that any RF attenuation or preamplification is considered when the trigger level is
analyzed. If defined, a reference level offset is also considered.

Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths,
see the specifications document.
*RST: -20 dBm
Default unit: dBm

Example: TRIG:LEV:IFP -30DBM

TRIGger<ip>[:SEQuence]:LEVel:IQPower <TriggerLevel>
Defines the magnitude that the I/Q data must exceed to cause a trigger event.

Note that any RF attenuation or preamplification is considered when the trigger level is
analyzed. If defined, a reference level offset is also considered.

Suffix:
<ip> Input
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Parameters:

<TriggerLevel> Range: -130 dBm to 30 dBm
*RST: -20 dBm
Default unit: dBm

Example: TRIG:LEV:IQP -30DBM

Manual operation: See "Trigger Level" on page 67

TRIGger[:SEQuence]:LEVel:PM <Level>
The command sets the level when PM-modulated signals are used as trigger source.

For triggering to be successful, the measurement time must cover at least 5 periods of
the audio signal.

Parameters:
<Level> Range: -1000 to +1000
*RST: 0 RAD
Default unit: RAD | DEG
Example: TRIG:LEV:PM 1.2 RAD

Sets the PM trigger threshold to 1.2 rad

TRIGger<ip>[:SEQuence]:LEVel:POWer <TriggerLevel>

Defines the power level at the third intermediate frequency that must be exceeded to
cause a trigger event.

Note that the FSWX considers any RF attenuation or preamplification when it analyzes
the trigger level. If defined, a reference level offset is also considered.

Suffix:

<ip> Input

Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths,
see the specifications document.
*RST: -20 dBm
Default unit: dBm

Example: TRIG:LEV:POW -30DBM

Manual operation: See "Trigger Level" on page 67

TRIGger[:SEQuence]:LEVel[:EXTernal<tp>] <Level>
Defines the level the external signal must exceed to cause a trigger event.

Prerequisite: the variable "Trigger 2 In / Out" / "Trigger 4 In / Out" connectors are con-
figured for input.

For more information, see OUTPut : TRIGger<tp>:DIRection in the FSWX User
Manual.
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In the "OFDM VSA" application, only EXxTernall is supported.

For more information, see "Trigger source" in the FSWX User Manual.

Suffix:
<tp> Selects the trigger connector.
1 ="Trigger 1 Input"
2 ="Trigger 2 In / Out"
3 ="Trigger 3 Input"
4 ="Trigger 4 In / Out"
Parameters:
<Level> Range: 05V to 3.5V
*RST: 14V
Default unit: V
Example: TRIG:LEV 2V

Manual operation: See "Trigger Level" on page 67

TRIGger[:SEQuence]:POWer:HOLDoff <Time>
Defines the holding time before the next trigger event.

Note that this command can be used for any trigger source, not just "Power" (despite
the legacy keyword).

Note: If you perform gated measurements in combination with the "Power" trigger, the
FSWX ignores the holding time for frequency sweep, FFT sweep, zero span and 1/Q
data measurements.

Parameters:
<Time> Range: Os to 10s
*RST: Os
Default unit: s
Example: TRIG:SOUR EXT

Sets an external trigger source.
TRIG:POW:HOLD 200 ns

Sets the holding time to 200 ns.

TRIGger<ip>[:SEQuence]:POWer:HYSTeresis <Hysteresis>
Prerequisite: "Power" trigger source

Defines the trigger hysteresis.

Suffix:

<ip> Input

Parameters:

<Hysteresis> Range: 3dB to 50 dB

*RST: 3dB
Default unit: dB
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Example: TRIG:SOUR POW

Sets the "Power" trigger source.
TRIG:POW:HYST 10DB

Sets the hysteresis limit value.

Manual operation: See "Hysteresis" on page 68

TRIGger[:SEQuence]:SLOPe <Slope>

For all trigger sources except time, you can define whether triggering occurs when the
signal rises to the trigger level or falls down to it.

Parameters:
<Slope> POSitive | NEGative

POSitive
Triggers when the signal rises to the trigger level (rising edge).

NEGative
Triggers when the signal drops to the trigger level (falling edge).

*RST: POSitive
Example: TRIG:SLOP NEG

Manual operation: See "Slope" on page 68

TRIGger[:SEQuence]:SOURce <Source>

Parameters:
<Source> MANual | IMMediate | EXTernal | EXT2 | EXT3 | POWer |
IQPower | BBPower | MAGNitude | PSENsor | TIME

Manual operation: See "Trigger Source" on page 66

TRIGger[:SEQuence]: TIME:RINTerval <Interval>

Defines the repetition interval for the time trigger.

Parameters:

<Interval> numeric value
Range: 2 ms to 5000 s
*RST: 10s
Default unit: s

Example: TRIG:SOUR TIME

Selects the time trigger input for triggering.
TRIG:TIME:RINT 5
The sweep starts every 5 s.

Manual operation: See "Repetition Interval" on page 67
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9.3.5

9.3.6

Configuring OFDM VSA measurements

Enabling a burst search

[SENSe:]DEMod:FORMat:BURSt <State>

Turns a search for bursted OFDM signals on and off.

Parameters:
<State> ON | OFF

*RST: ON
Example: DEM: FORM:BURS ON

Turns on the burst search.

Manual operation: See "Burst Search State" on page 69

Defining the result range

The result range determines which part of the capture buffer or burst is displayed.

[SENSe:]IDEMOd:FORMAtIMAXFIAMES. .. .ceeeieirieieeeeeetiieeeeeerataeeeeeseetaeeeeereataeeeeseesannnnns 143
[SENSe:]IDEMod:FORMat:NOFSYMDOIS. ......ieuieeeiieee et 143

[SENSe:]DEMod:FORMat:MAXFrames <NFrames>

Defines the maximum number of frames to be demodulated.

Parameters:
<NFrames> Numeric value.

*RST: 1
Example: DEM: FORM: MAXF 10

Defines a maximum of 10 frames to be demodulated.

Manual operation: See "Maximum Number of Frames to Analyze" on page 104

[SENSe:]DEMod:FORMat:NOFSymbols <NSymbols>
Defines the number of symbols in a frame.

Note that frames with fewer symbols are not analyzed.

Parameters:

<NSymbols> Range: 4 to 2000
*RST: 10

Example: DEM: FORM:NOFS 44

Defines 44 symbols per frame.

Manual operation: See "Result Length" on page 104
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9.3.7 Synchronization, tracking and demodulation

[SENSE:]COMPENSAtEICHANNEL. ... ccieetiiee ettt e e et e e e e e e e e e et e e e e e eebaas 144
[SENSE:IDEMOA:CDD ... cuiiiiiii ittt e et s e e e s e e e e e e e e e e eaeean e e eeaen 144
[SENSE:IDEMOA:CORFFSEL.. ettt et e e e e e e e e e e e eeas 144
[SENSE:IDEMOA:FFTSNIfL... e et e e et e e e e eaeeas 145
[SENSE:IDEMOA:FSYNC. . cieiitiieieeeiiiee e e e e e etiae e e e e e eeter e e e e eeaaaa e s eesentna e eeeeresnnnsaeeerennnaaaees 145
[SENSE:IDEMOU:MDETECE. ....ceeeereeeeeueneunnnaaaaaieseseeeeeaaaereeeerereeeeeensnsnnnnnnnnnaaaaaaaeeesasaaaaeees 145
[SENSe:]IDEMOd: THRESNOIA:TIME.....ccutuiiieeiiiiiiieeeeeeeetee e e e e et e e e e e et e e e e e e eaae s e e e eenrnnanes 146
[SENSe:]IDEMOd: THRESNOIA:FRAME. ....cctuiieeieeiiieeeeee et ee e e e etee e e e e et e e e e e eesaaeeeeeeeeranns 146
[SENSE: IDEMOA: TSYNC. . iuitiiiiiiiiiiiiiii e r e e e et s e e s e e e e s e s ea et s e seaeennes 147
[SENSE:TRACKING:LEVEL. ... ettt et e e et e e e e et e e e e e eean 147
[SENSE:ITRACKING:PHASE. ... ettt ettt et et e e e e e e e e e eaa s 147
[SENSE I TRACKING:TIME......eeeeeeeeeeeeeeees e e eeeeeeeeeeesens e e eeeseseseseeneneneseseeeeeeeeeeesens 147

[SENSe:]COMPensate:CHANnel <State>

Turns compensation for the estimated channel transfer function on and off.

Parameters:
<State> ON | OFF

*RST: ON
Example: COMP:CHAN ON

Turns on channel compensation.

Manual operation: See "Channel Compensation" on page 75

[SENSe:]DEMod:CDD <IQSamplingRate>
Defines the cyclic delay.

Parameters:
<lQSamplingRate>  Cyclic delay in samples.

Range: —<CP length> to +<CP length>
*RST: 0

Example: DEM:CDD 5
Defines a cyclic delay of 5 samples.

Manual operation: See "Cyclic Delay" on page 73

[SENSe:]DEMod:COFFset <IQSamplingRate>

Defines the maximum allowed carrier offset for frame synchronization.

Parameters:

<lQSamplingRate>  Frequency offset in terms of (sub)carriers.
*RST: 0

Example: SENS:DEM:COFF 2

Defines a frequency offset of two subcarriers.
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Manual operation: See "Maximum Carrier Offset" on page 73

[SENSe:]DEMod:FFTShift <IQSamplingRate>
Defines an offset for the FFT start sample in the guard interval.

Parameters:
<IQSamplingRate> Numeric value that defines the FFT shift.
The value is normalized to the length of the guard interval.

*RST: 0.5

Example: DEM:FFTS 0.6
Defines an FFT shift of 0.6.

Manual operation: See "FFT Shift relative to Cyclic Prefix Length" on page 72

[SENSe:]DEMod:FSYNc <Mode>
Selects the parameter estimation mode.

Parameters:
<Mode> DATA
Demodulator uses pilot and data cells for synchronization.

PIL
Demodulator uses only pilot cells for synchronization.

NONE

Return value only.

The software returns NONE if no configuration file has been loa-
ded.

*RST: PIL

Example: DEM:FSYN PIL
Selects synchronization based on the pilot cells.

Manual operation: See "Parameter Estimation” on page 70

[SENSe:]DEMod:MDETect <Mode>

Selects the auto demodulation mode.

Parameters:

<Mode> CARR
Assumes one constellation for all data cells in the carriers.
CFG
Evaluates the modulation matrix within the configuration file.
SYMB
Assigns the data cells of each symbol to one constellation.
*RST: CFG
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Example: DEM:MDET CFG
Selects evaluation of the modulation matrix in the configuration
file.

Manual operation: See "Modulation Detection" on page 71

[SENSe:]DEMod:THReshold: TIME <Reliability>
Sets and queries the reliability threshold for time synchronisation.

Values between 0 and 1 are allowed, where:

® 0: low threshold, a very poor reliability is sufficient to synchronize successfully
(always fulfilled)

® 1: high threshold, time synchronization must be absolutely reliable to be successful
(only possible for ideal signal).

The default value is 0.5, that means: for a reliability of 50 %, time synchronization is

successful.
Parameters:
<Reliability> Range: 0 to 1
*RST: 0.5
Example: SENS:DEM:THR:TIME 0.5

Manual operation: See "Minimum Time Sync Metric" on page 71

[SENSe:]DEMod:THReshold:FRAMe <Reliability>
Sets and queries the reliability threshold for frame synchronisation.

Values between 0 and 1 are allowed, where:

® 0: low threshold, a very poor correlation is sufficient to synchronize successfully
(always fulfilled)

® 1: high threshold, correlation must be very precise for frame synchronization to be
successful (only possible for ideal signal).

The default value is 0.5, that means: for a correlation of 50 %, frame synchronization is

successful.
Parameters:
<Reliability> Range: 0to1
*RST: 0.5
Example: SENS:DEM: THR:FRAM 0.5

Manual operation: See "Minimum Frame Sync Metric" on page 72
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9.4

Evaluating results

[SENSe:]DEMod:TSYNc <Mode>
Selects the time synchronization mode.

Parameters:
<Mode> CP
Performs time synchronization by correlating the cyclic prefix.

PREamble
Performs time synchronization by correlating the recurring pre-
amble structure.

*RST: CP

Example: DEM:TSYN CP
Selects time synchronization based on the cyclic prefix.

Manual operation: See "Time Synchronization" on page 70

[SENSe:]TRACking:LEVel <State>

Parameters:
<State>

Manual operation: See "Level Tracking" on page 74

[SENSe:]TRACking:PHASe <State>

Parameters:
<State>

Manual operation: See "Phase Tracking" on page 74

[SENSe:]TRACking: TIME <State>

Parameters:
<State>

Manual operation: See "Timing Tracking" on page 74

Evaluating results

The following commands allow you to evaluate the results of OFDM VSA measure-
ments.

o  Result coNfiQUIatioN........cooiiiiii i 148
L S T~ 1 1T TR PSSR 152
®  UNILS TOr FESUIES...eiiiiiiiie e e 154
o  Working With Markers..........uu oo e e e e e e e e e e e eeeees 156
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9.4.1

Evaluating results

Result configuration

Application-specific <WindowType> parameter values

LAYOUEL:ADDI:WINDOW] 2. ettt ettt ettt et ettt et e et e e e e e et e e e e et e e n e e e e e eanaeeneeean 148
[SENSe:IDEMOA:EVMCAICIFAVEIrAQE. ...ceeeeeeeeeeiinentnuaaaaaaaaeeeeeeeeeaaaaaaaeeeeeeeeeeeneesnnsnnnnnnnnnnns 149
[SENSe:IDEMod:EVMCaICINORMAINIZE. .......cceeeeeeeeeeeeeeeieieiiieeeeeaseae s e e e e e e e e e aaaeeeeeeeeeeeennees 149
CALCulate<n>:BITStream:FORMEL........ccceieieieieeeeeeeieieeeeece et e e e e e e e e e aaaeeeaeeeees 150
CONFIQUrE:FILTEr<N> CARRIET ... ..icetuiieeeeeetetieeeee ettt teeeeeeeatt e s eeeeeataaeeeeerestaaaeaesesranaaaaaens 150
CONFigure:FILTer<n>:MODUIAtION. ... ccceieieieieeeeee ettt se s e e e e e e e e eaaaaaaeeeeeeeeeeeens 151
CONFigure:FILTer<n>:MODUIatiON: TYPE........ccieiiiiiiiiieieeieie e e e e e e e e e e e e e e e eeeeeeeeneeees 151
CONFIgUre:FILTEr<n>:SYMBOL. ..cceeeeeuutuuuuuaaaaaaa e e e e e e e e e e e e e e e e e e e e eeeeeeeane e e e e e e e e e e eeeeeens 151

LAYout:ADD[:WINDow]? <WindowName>, <Direction>, <WindowType>
Adds a window to the display in the active application instance.

This command is always used as a query so that you immediately obtain the name of
the new window as a result.

To replace an existing window, use the LAYout : REPLace [ :WINDow] command.

For more information on available window types or other result display commands, see
"Configuring the result display"” in the FSWX User Manual.

Query parameters:

<WindowName> String containing the name of the existing window the new win-
dow is inserted next to.
By default, the name of a window is the same as its index.
To determine the name and index of all active windows, use the
LAYout:CATalog[:WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow
Direction the new window is added relative to the existing win-
dow.

<WindowType> AMATTrix | BITStream | CCARrier | CCDF | CHFLatness |

CONStell | CSYMbol | EVCarrier | EVSCarrier | EVSYmbol |
FACCess | GDELay | IRESponse | MCAPture | MTABIe |
MV Carrier | MVSCarrier | MVSYmbol | NOTes | PCARrier |
PSCarrier | PSPectrum | PSYMbol | PRESelection |
RSUMmary | SFLow | TRIGger

Type of result display (evaluation method) you want to add.
See "Application-specific <WindowType> parameter values"
on page 148 for available parameter values.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.
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Example:

Usage:

Manual operation:

Evaluating results

LAY:ADD? 'l',LEFT,MTAB

Result:

\} 2 \}

Adds a new window named '2' with a marker table to the left of
window 1.

Query only

See "Allocation Matrix" on page 19

See "Bitstream" on page 20

See "CCDF" on page 21

See "Channel Flatness" on page 21

See "Constellation” on page 22

See "Constellation vs Carrier" on page 23
See "Constellation vs Symbol" on page 24
See "EVM vs Carrier" on page 25

See "EVM vs Symbol" on page 25

See "EVM vs Symbol vs Carrier" on page 26
See "Group Delay" on page 27

See "Impulse Response" on page 28

See "Magnitude Capture" on page 29

See "Power Spectrum" on page 30

See "Power vs Carrier" on page 31

See "Power vs Symbol" on page 31

See "Power vs Symbol vs Carrier" on page 32
See "Result Summary" on page 33

See "Signal Flow" on page 34

See "Trigger to Sync" on page 34

[SENSe:]DEMod:EVMCalc:FAVerage <Type>

Selects the averaging method for the mean EVM over multiple frames.

Parameters:
<Type>

Example:

MS
Mean EVM is based on squared EVM values.

RMS
Mean EVM is directly based on the EVM values.

*RST: MS

DEM:EVMC: FAV MS
Selects EVM averaging based on squared EVM values.

[SENSe:]DEMod:EVMCalc:NORMalize <Method>

Selects the normalization method for EVM results.

Parameters:
<Method>
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Evaluating results

PDAT
EVM normalized to the peak value of the data cells.

PPD

EVM normalized to the peak value of the pilot and data cells.
PPIL

EVM normalized to the peak value of the pilot cells.

RMSD

EVM values normalized to the RMS value of the data cells.

RPD
EVM values normalized to the RMS value of the pilot and data
cells.

RMSP
EVM values normalized to the RMS value of the pilot cells.

*RST: RPD

Example: DEM:EVMC:NORM RMSD
Selects normalization to the RMS value of the data cells.

Manual operation: See "Normalize EVM to" on page 105

CALCulate<n>:BITStream:FORMat <Mode>

Defines the format of the symbols for the Bitstream display.

Suffix:

<n> 1..n

Parameters:

<Mode> BINary | OCTal | DECimal | HEXadecimal
*RST: HEXadecimal

Example: CALC2:BITS:FORM DEC

Sets the bitstream display on window 2 to use decimal format.

CONFigure:FILTer<n>:CARRier <CarrierNo>

The constellation diagram includes symbols for all or only for the specified carrier num-

ber.
Suffix:
<n> 1..n

Window 1 to x
Parameters:
<CarrierNo> ALL | integer
Example: CONF:FILT:CARR -2

Manual operation: See "Constellation Display - Carrier" on page 106
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Evaluating results

CONFigure:FILTer<n>:MODulation <Modulation>

The constellation diagram includes only symbols for the selected modulation.

Suffix:
<n>

Parameters:
<Modulation>

Example:

Manual operation:

1..n
Window 1 to x

ALL | 'string'
Modulation as defined in the configuration file.

CONF:FILT:MOD 'Zero'

See "Constellation Display - Modulation" on page 106

CONFigure:FILTer<n>:MODulation:TYPE <ModType>

The constellation diagram includes only cells for the selected modulation type.

Suffix:
<n>

Parameters:
<ModType>

Example:

Manual operation:

1..n
Window 1 to x

PDATa | PlLots | DATA

PDATa

Pilot and data cells
PlLots

Pilot cells only

DATA
Data cells only

CONF:FILT:MOD:TYPE DATA
Only data cells are displayed.

See "Constellation Display - Modulation Type" on page 106

CONFigure:FILTer<n>:SYMBol <SymbolNo>

The constellation diagram includes all or only the specified symbol number. The first

symbol is 0.

Suffix:
<n>

Parameters:
<SymbolNo>

Example:

Manual operation:
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1..n
Window 1 to x

ALL | integer
CONF:FILT:SYMB 2

See "Constellation Display - Symbol" on page 106
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9.4.2

Evaluating results

Scaling

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:AUTO ONCE.................... 152
DISPlay[:WINDOW<N>]:-TRACE<t>:Y[:SCALEI:AUTO . ..veeeeeeeeeeeeeeseeeeseseseereseseseenesesesenen. 152
DISPlay[:WINDOWSN>]: TRACESE Y [:SCALE]. ... evrrereeeseeseseeeeseeeeseeseseeseseseseseseeseeeesesenn. 152
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:PDIViSiON......ccuctiuiiiiiiiiiiieeiieeeeee e 152
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RPOSIiON.......ceerieriiiieieeieeiiiee e eeeeiie e e eens 153
DISPlay[:WINDow<n>][:SUBWindow<w>]:-TRACe<t>:Y[:SCALe]:RVALUE.........ceretrrrrrerunrnne. 153
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:MAXIMUM.......ccrererrerrernrnrnnnnnaareaeeeeeeeeaaaaeas 153
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE[:MINIMUM.....cccceierrrrririeeieeeeieeeeeeeeeeeieieieaeees 153

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:AUTO ONCE

Automatic scaling of the y-axis is performed once, then switched off again (for all
traces).

Suffix:
<n> Window 1 to x
<t> Trace 1to 6

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:AUTO <State>

Suffix:

<n> 1..n
<t> 1..n
Parameters:

<State>

Manual operation: See "Automatic Grid Scaling" on page 116
See "Auto Scale Once" on page 116

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] <Range>

Suffix:

<n> 1..n

<t> 1..n
Parameters:

<Range> Default unit: Hz

DISPlay[:WINDow<n>]: TRACe<t>:Y[:SCALe]:PDIVision <Value>

Suffix:

<n> 1..n

<t> 1..n

Parameters:

<Value> Default unit: dBm
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Evaluating results

Manual operation: See "Per Division" on page 117

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RPOSition <Position>

Suffix:

<n> 1..n

<t> 1..n

Parameters:

<Position> Default unit: percent

Manual operation: See "Ref Position" on page 117

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RVALue <Value>

Defines the reference value assigned to the reference position in the specified window.
Separate reference values are maintained for the various displays.

Suffix:

<n> Window 1 to x

<w> subwindow

<t> Trace 1t0 6
Parameters:

<Value> Default unit: dB
Example: DISP:TRAC:Y:RVAL 0

Sets the value assigned to the reference position to 0 Hz

Manual operation: See "Ref Value" on page 117

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MAXimum <Value>

Suffix:

<n> 1..n
<t> 1..n
Parameters:

<Value>

Manual operation: See "Absolute Scaling (Min/Max Values)" on page 116

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MINimum <Value>

Suffix:

<n> 1..n
<t> 1..n
Parameters:

<Value>
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9.4.3

Evaluating results

Manual operation: See "Absolute Scaling (Min/Max Values)" on page 116

Units for results

L0 LN Tl 07 =N 154
L0811 Y Y PPN 154
L I A =Y 155
UNIT I RESPONSE. ... ieeeeeeeeeeeeeeeeeeeeetetabeb b eaaaeseseseeaaaaaaeseeeseeeeesssrsrata b s saaanaaaaaesesesananaens 155
UN T S A XS 1 eeeiietie e et e ettt ee et e et ettt e e e e e ettt e e eeeeee b e eaeseaabaaaesestasnsaeersstannsaesensnnneeaesenns 155
L L L I 7= T P 156

UNIT:CAXes <Unit>

Selects the unit for result displays that show results on carrier level, for example the
EVM vs Carrier.

Parameters:
<Unit> CARR
Carrier axis represents the subcarriers.
HZ
Carrier axis represents the frequency (Hz).
*RST: CARR
Example: UNIT:CAX CARR

Selects 'subcarriers' as the unit of the carrier axis.

Manual operation: See "Channel Flatness" on page 21
See "Constellation vs Carrier" on page 23
See "EVM vs Carrier" on page 25
See "EVM vs Symbol vs Carrier" on page 26
See "Group Delay" on page 27
See "Power vs Carrier" on page 31
See "Power vs Symbol vs Carrier" on page 32

UNIT:EVM <Unit>

Selects the unit for EVM results.

Parameters:

<Unit> DB
Returns EVM results in dB.
PCT
Returns EVM results in %.
*RST: dB

Example: UNIT:EVM PCT

Selects '%' as the unit of EVM results.
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Evaluating results

Manual operation: See "EVM vs Carrier" on page 25
See "EVM vs Symbol" on page 25
See "EVM vs Symbol vs Carrier" on page 26

UNIT:FAXes <Unit>

Selects the unit for result displays that show results over the frequency, for example
the Power Spectrum.

Parameters:
<Unit> HZ
Frequency axis represents Hz.

SRAT
Frequency axis represents the sample rate.

CSP
Frequency axis represents the carrier spacing.

*RST: Hz

Example: UNIT:FAX Hz
Selects 'Hz' as the unit of the frequency axis.

Manual operation: See "Power Spectrum" on page 30

UNIT:IRESponse <Unit>

Selects the unit for impulse response results.

Parameters:
<Unit> DB
Returns impulse response results in dB.
LIN
Returns impulse response results normalized to 1.
*RST: LIN
Example: UNIT:IRES DB

Selects 'dB' as the unit for impulse response results.

Manual operation: See "Impulse Response" on page 28

UNIT:SAXes <Unit>

Selects the unit for result displays that show results on symbol level, for example the
EVM vs Symbol.

Parameters:

<Unit> SYMBol | SECond
SYMBol
Symbol axis represents symbols.
SECond

Symbol axis represents seconds.
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*RST: SYM

Example: UNIT:SAX SYM
Selects 'symbols' as the unit of the symbol axis.

Manual operation: See "Allocation Matrix" on page 19
See "Constellation vs Symbol" on page 24
See "EVM vs Symbol" on page 25
See "EVM vs Symbol vs Carrier" on page 26
See "Power vs Symbol" on page 31
See "Power vs Symbol vs Carrier" on page 32

UNIT:TAXes <Unit>

Selects the unit for result displays that show results over time, for example the Magni-
tude Capture display.

Parameters:
<Unit> SECond
Time axis represents seconds.
SAMPle
Time axis represents samples.
SYMBol
Time axis represents symbols.
This setting is not available if 2 different cyclic prefix lengths are
used (see CONFigure [ :SYMBol] : GUARA : MODE on page 125).
*RST: SEC
Example: UNIT:TAX SEC

Selects 'seconds' as the unit of the time axis.

Manual operation: See "Magnitude Capture" on page 29

9.4.4 Working with markers

Markers help you analyze your measurement results by determining particular values
in the diagram. Thus you can extract numeric values from a graphical display.

o Individual marker SettiNgsS......coo i 156
o General marker SetiNgS......oov oo 163
o Marker positioning SEHNGS.........coiciiiieeeieiee e 164

9.4.4.1 Individual marker settings
In OFDM VSA evaluations, up to 5 markers can be activated in each diagram at any
time.

Useful commands for configuring markers described elsewhere:
® CALCulate<n>:MARKer<m>:Y? on page 183

® CALCulate<n>:DELTamarker<m>:Y on page 182
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Remote commands exclusive to individual markers

CALCulate<n>:MARKEIr<mM>:IAOFF ......ou ittt et e et e e et e e e e ena s 157
CALCulate<n>:MARKer<ms>:LINK:TO:MARKEIr<MO>.......cccceereeieeeeiiieieeeeeeerererrnrnnanannns 157
CALCUIate<n> MARKEIr<MSE[:STATE] ceuuueteeeiertiiieeeeettttaeeeeeeeetaaeeeeseestaaaeeeseesntaeeaeresrnnnnns 158
CALCuUlate<n>:MARKEIr<M>:TRACE. .......cieieeiitetieeeeeeeetieeeeeeeeetiee e e e e eeteaeeaeseerteseeeeeerananns 158
CALCUIAtE<N>IMARKEISIMS X eeiiieeeeeeeettee e eeeeeetee e e e e eeeteaeeeeeetabeeeeeseetanaeeeerensanaaaesenes 159
CALCulate<n>:DELTamarker<m>:AOFF.........ccooou i 159
CALCulate<n>:DELTamarker<m>:LINK...........oceeiuiiiiieee et et e e e e e eeeans 159
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEr<md>..........ccceerereuiererrnieeenneeeeeneeennnns 160
CALCulate<n>:DELTamarker<m>:MODE..................coetrerrrrrrerernriieieieieeeeeeeeeaesesserereeeeenes 160
CALCulate<n>:DELTamarker<m>:MREFEIrENCE...........uceereeriririiieeeeeeiiiee e eeeree e e e eeer e 161
CALCulate<n>:DELTamarker<m>[:STATE]......ccuuueeeeeerreriieeeeeeerriiaeeeeeeetiaaeeeeerrsneseeeeeernnanns 161
CALCulate<n>:DELTamarker<m>:TRACE.........ccuuutiereeierrieeeeeeeetiaeeeeeeeriaeeeeeeeeraaeeeeereeranns 162
CALCulate<n>:DELTamarker<m>:X........ouuicieeuoeeieiie e e e e e eeee e e et e et e e e e e e e e eeeeas 162
CALCulate<n>:DELTamarker<m>:X:RELAtVE?........ccueeiiireeeeii e 163

CALCulate<n>:MARKer<m>:AOFF

Turns off all markers.

Suffix:

<n> Window 1 to x
<m> Marker 1 to 4
Example: CALC:MARK:AOQOFF

Switches off all markers.

Manual operation: See "All Markers Off" on page 110

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> <State>

Links the normal source marker <ms> to any active destination marker <md> (normal
or delta marker).

If you change the horizontal position of marker <md>, marker <ms> changes its hori-
zontal position to the same value.

Suffix:
<n> Window 1 to x
<ms> source marker, see Marker 1 to 4
<md> destination marker, see Marker 1 to 4
Parameters:
<State> ON|OFF|0]1

OFF |0

Switches the function off

ON |1

Switches the function on
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Example: CALC:MARK4 :LINK:TO:MARK2 ON
Links marker 4 to marker 2.

Manual operation: See "Link to Marker" on page 109

CALCulate<n>:MARKer<m>[:STATe] <State>

Enables or disables markers. If the corresponding marker number is currently active as
a delta marker, it is turned into a normal marker.

Suffix:
<n> Window 1 to x
<m> Marker 1 to 4
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: CALC:MARK3 ON

Switches on marker 3.

Manual operation: See "Marker <x>" on page 108
See "Marker State" on page 109
See "Marker Type" on page 109
See "Select Marker" on page 111

CALCulate<n>:MARKer<m>:TRACe <Trace>
Selects the trace that the marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:
<n> Window 1 to x
<m> Marker 1 to 4
Parameters:
<Trace> 1to 6
Trace number the marker is assigned to.
Example: /[Assign marker to trace 1

CALC:MARK3:TRAC 2

Manual operation: See "Trace" on page 110
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CALCulate<n>:MARKer<m>:X <Position>
Moves a marker to a specific coordinate on the x-axis.
If necessary, the command activates the marker.

If the marker has been used as a delta marker, the command turns it into a normal

marker.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
The unit depends on the result display.
Range: The range depends on the current x-axis range.
Default unit: Hz

Example: CALC:MARK2:X 1.7MHz

Positions marker 2 to frequency 1.7 MHz.

Manual operation: See "Marker Table" on page 29
See "Marker <x>" on page 108
See "Marker Position X-Value" on page 109

CALCulate<n>:DELTamarker<m>:AOFF

Turns off all delta markers.

Suffix:

<n> Window 1 to x
<m> Marker 1 to 4
Example: CALC:DELT:AQFF

Turns off all delta markers.

CALCulate<n>:DELTamarker<m>:LINK <State>
Links delta marker <m> to marker 1.

If you change the horizontal position (x-value) of marker 1, delta marker <m> changes
its horizontal position to the same value.

Tip: to link any marker to a different marker than marker 1, use the CALCulate<n>:
DELTamarker<ms>:LINK:TO:MARKer<md> or CALCulate<n>:MARKer<ms>:
LINK:TO:MARKer<md> commands.

Suffix:
<n> Window 1 to x
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<m> Marker 1 to 4
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1

Switches the function on
Example: CALC:DELT2:LINK ON

Manual operation: See "Link to Marker" on page 109

CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKer<md> <State>

Links the delta source marker <ms> to any active destination marker <md> (normal or
delta marker).

In other applications, the delta marker is set to the same horizontal position as the
marker <md>. If you move <md> along the x-axis, <ms> follows to the same horizontal

position.
Suffix:
<n> Window 1 to x
<ms> source Marker 1 to 4
<md> destination Marker 1 to 4
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:DELT4:LINK:TO:MARK2 ON
Links the delta marker 4 to the marker 2.
Example: D2 and D3 are active.

CALC:DELT2:LINK:TO:MARK3 ON
Converts D3 into M3 and links D2 and M3

Manual operation: See "Link to Marker" on page 109

CALCulate<n>:DELTamarker<m>:MODE <Mode>

Defines whether the position of a delta marker is provided as an absolute value or rela-
tive to a reference marker. Note that this setting applies to all windows.

Note that when you query the position of a delta marker, the result is always an abso-
lute value (see CALCulate<n>:DELTamarker<m>:X on page 162).
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Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Parameters:

<Mode> ABSolute | RELative
ABSolute
Delta marker position in absolute terms.
RELative
Delta marker position in relation to a reference marker.
*RST: RELative

Example: CALC:DELT:MODE ABS

Absolute delta marker position.

CALCulate<n>:DELTamarker<m>:MREFerence <Reference>
Selects a reference marker for a delta marker other than marker 1.

The reference can be another marker or the fixed reference.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Parameters:

<Reference> FiXed
Selects the fixed reference as the reference.

Example: CALC:DELT3:MREF 2
Specifies that the values of delta marker 3 are relative to marker
2.

Manual operation: See "Ref Marker" on page 109

CALCulate<n>:DELTamarker<m>[:STATe] <State>
Enables or disables delta markers.
If necessary, the command activates the delta marker first.

No suffix at DELTamarker turns on delta marker 1.

Suffix:

<n> Window 1 to x
<m> Marker 1 to 4
Parameters:

<State> ON|OFF |01

OFF | 0
Switches the function off
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ON |1
Switches the function on

Example: CALC:DELT2 ON
Turns on delta marker 2.

Manual operation: See "Marker <x>" on page 108
See "Marker State" on page 109
See "Marker Type" on page 109
See "Select Marker" on page 111

CALCulate<n>:DELTamarker<m>:TRACe <Trace>
Selects the trace a delta marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Parameters:

<Trace> Trace number the marker is assigned to.
Example: CALC:DELT2:TRAC 2

Positions delta marker 2 on trace 2.

CALCulate<n>:DELTamarker<m>:X <Position>
Moves a delta marker to a particular coordinate on the x-axis.

If necessary, the command activates the delta marker and positions a reference
marker to the peak power.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
The position is relative to the reference marker.
To select an absolute position, you have to change the delta
marker mode with CATL.Culate<n>:DELTamarker<m>:MODE
on page 160.
A query returns the absolute position of the delta marker.
Range: The value range and unit depend on the measure-

ment and scale of the x-axis.

Default unit: Hz

Example: CALC:DELT:X?

Outputs the absolute x-value of delta marker 1.
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Manual operation: See "Marker <x>" on page 108
See "Marker Position X-Value" on page 109

CALCulate<n>:DELTamarker<m>:X:RELative?
Queries the relative position of a delta marker on the x-axis.

If necessary, the command activates the delta marker first.

Suffix:
<n> Window 1 to x
<m> Marker 1 to 4

Return values:
<Position> Position of the delta marker in relation to the reference marker.

Example: CALC:DELT3:X:REL?
Outputs the frequency of delta marker 3 relative to marker 1 or
relative to the reference position.

Usage: Query only

Manual operation: See "Marker <x>" on page 108

9.4.4.2 General marker settings

DISPIay[:WINDOWS<N>]:MINFO[:STATE].....ceeteeeeeeeerieennnnnnnaaaaaaeaeeeeeaaaaaeeerereeeeeenennensnnnnnnnnnn 163
DISPIay[:WINDOWSNSIMTABIE. ....ccivttiieeeeeetieeeeeeeetiie e e e e eeette e e e e s eetaeeeeesestaaeeeseeannnaaaaaes 163

DISPlay[:WINDow<n>]:MINFo[:STATe] <State>

Enables or disables the marker information in all diagrams.

Suffix:

<n> Window 1 to x

Parameters:

<State> ON |1
Displays the marker information in the diagrams.
OFF | 0
Hides the marker information in the diagrams.
*RST: 1

Example: DISP:MINF OFF

Hides the marker information.

Manual operation: See "Show Marker Info" on page 111

DISPlay[:WINDow<n>]:MTABIe <DisplayMode>

Enables or disables the marker table.
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Suffix:
<n> Window 1 to x
Parameters:
<DisplayMode> AUTO | ON | OFF
ON |1
Turns on the marker table.
OFF |0
Turns off the marker table.
AUTO
Turns on the marker table if 3 or more markers are active.
*RST: AUTO
Example: DISP:MTAB ON

Activates the marker table.

Manual operation: See "Show Marker Table" on page 111

Marker positioning settings

Several functions are available to set the marker to a specific position very quickly and
easily.

Useful commands for positioning markers described elsewhere:

® CAlLCulate<n>:MARKer<m>:TRACe on page 158

® CALCulate<n>:DELTamarker<m>:TRACe on page 162

Remote commands exclusive to positioning markers:

CALCulate<n>:DELTamarker<m>:MAXimUM:APE@K...........ccceiiimiiiiiiiieeeie e 165
CALCulate<n>:DELTamarker<m>:MAXimUM:LEFT.........cooimmiiie e 165
CALCulate<n>:DELTamarker<m>:MAXIMUM:INEXT ........coeirmiieeiiieeee e 165
CALCulate<n>:DELTamarker<m>:MAXimUM[:PEAK]........cceetriieeeieieieeeeeeeeeeeieieee e 165
CALCulate<n>:DELTamarker<m>:MAXIiMUM:RIGHL...........coeeiiiiiiiiiiieieei e, 166
CALCulate<n>:DELTamarker<m>:MINIMUM:LEFT.......ccuieiiiiiiiiiiiieeeeeeeeeee e eeevaan 166
CALCulate<n>:DELTamarker<m>:MINIMUMNEXT.......coeiiiiiiiiieiieeiiiiiieeeeeeeerieeeeeeeeraeae e 166
CALCulate<n>:DELTamarker<m>:MINIMUM[:PEAK].......cceruriiiiiiieeiiee e e eeeeeee e 167
CALCulate<n>:DELTamarker<m>:MINIMum:RIGHt.............oociiiimiiiiieeie e 167
CALCulate<n>:MARKer<m>:MAXIMUM:APEGK........cccouuieiiiiieiiee e eean 167
CALCulate<n>:MARKer<m>:MAXIMUM:LEFT........ccottiriririiririiiiiieie e eeeeeeeeeeeeeeeeeeeeeeesesenes 168
CALCulate<n>:MARKer<m>:MAXIMUMINEXT.......ccuuiieieeiiiiiiiieeeeeetiiee i eeeeeetneeeeeeeenraaeeeaees 168
CALCulate<n>:MARKer<m>:MAXIiMUM:RIGHTL..........ccooiiiiiiiiiiiieieiicce e 168
CALCulate<n>:MARKer<m>:MAXIiMUM[:PEAK]....cccetteerreeeeeeeeetie e eee et e e e eeeeeevaanns 168
CALCulate<n>:MARKer<m>:MINIMUM:LEFT.......ccoomiiiiii e 169
CALCulate<n>:MARKer<m>:MINIMUMINEXT ........coureiiiieeeee e eeeee e e e e eee e e e e e ennneees 169
CALCulate<n>:MARKer<m>:MINIMUM:RIGHL.........ccooiuuiiiiiie e 169
CALCulate<n>:MARKer<m>:MINIiMUM[:PEAK]........cciitiiiiriieee et eeeeetee e e e e eeeten e e e eeeenns 170
CALCulate<n>:MARKEr<m>:SEARCN........cciiiiiiiiiiie ettt eeeeetee e e et e e e e e e anbe e e e e e eeranns 170
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CALCulate<n>:DELTamarker<m>:MAXimum:APEak

Positions the active marker or delta marker on the largest absolute peak value (maxi-
mum or minimum) of the selected trace.

Suffix:

<n> Window 1 to x
<m> Marker 1 to 4
Usage: Event

CALCulate<n>:DELTamarker<m>:MAXimum:LEFT
Moves a delta marker to the next positive peak value.

The search includes only measurement values to the left of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MAX:LEFT

Manual operation: See "Set to Next Peak" on page 112

CALCulate<n>:DELTamarker<m>:MAXimum:NEXT
Moves a marker to the next positive peak value.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MAX:NEXT

Manual operation: See "Set to Next Peak" on page 112

CALCulate<n>:DELTamarker<m>:MAXimum[:PEAK]
Moves a delta marker to the highest level.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

If the marker is not yet active, the command first activates the marker.
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Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MAX:PEAK

Manual operation: See "Set to Peak / [Peak Search]" on page 112

CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt
Moves a delta marker to the next positive peak value on the trace.

The search includes only measurement values to the right of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MAX:RIGHT

Manual operation: See "Set to Next Peak" on page 112

CALCulate<n>:DELTamarker<m>:MINimum:LEFT
Moves a delta marker to the next minimum peak value.

The search includes only measurement values to the right of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MIN:LEFT

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:DELTamarker<m>:MINimum:NEXT
Moves a marker to the next minimum peak value.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:
<n> Window 1 to x
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<m> Marker 1 to 4
Example: CALC:DELT:MAX:NEXT

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:DELTamarker<m>:MINimum[:PEAK]
Moves a delta marker to the minimum level.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

If the marker is not yet active, the command first activates the marker.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MIN:PEAK

Manual operation: See "Set to Minimum" on page 113

CALCulate<n>:DELTamarker<m>:MINimum:RIGHt
Moves a delta marker to the next minimum peak value.

The search includes only measurement values to the right of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:DELT:MIN:RIGH

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:MARKer<m>:MAXimum:APEak

sets the marker to the largest absolute peak value (maximum or minimum) of the
selected trace.

Suffix:

<n> Window 1 to x
<m> Marker 1 to 4
Usage: Event
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CALCulate<n>:MARKer<m>:MAXimum:LEFT
Moves a marker to the next positive peak.

The search includes only measurement values to the left of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MAX:LEFT

Manual operation: See "Set to Next Peak" on page 112

CALCulate<n>:MARKer<m>:MAXimum:NEXT
Moves a marker to the next positive peak.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MAX :NEXT

Manual operation: See "Set to Next Peak” on page 112

CALCulate<n>:MARKer<m>:MAXimum:RIGHt
Moves a marker to the next positive peak.

The search includes only measurement values to the right of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MAX:RIGH

Manual operation: See "Set to Next Peak" on page 112

CALCulate<n>:MARKer<m>:MAXimum[:PEAK]

Moves a marker to the highest level.
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In the spectrogram, the command moves a marker horizontally to the maximum level in
the currently selected frame. The vertical marker position remains the same.

If the marker is not yet active, the command first activates the marker.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MAX:PEAK

Manual operation: See "Set to Peak / [Peak Search]" on page 112

CALCulate<n>:MARKer<m>:MINimum:LEFT
Moves a marker to the next minimum peak value.

The search includes only measurement values to the right of the current marker posi-
tion.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MIN:LEFT

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:MARKer<m>:MINimum:NEXT
Moves a marker to the next minimum peak value.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MIN:NEXT

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:MARKer<m>:MINimum:RIGHt
Moves a marker to the next minimum peak value.

The search includes only measurement values to the right of the current marker posi-
tion.
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In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MIN:RIGH

Manual operation: See "Set to Next Minimum" on page 113

CALCulate<n>:MARKer<m>:MINimum[:PEAK]
Moves a marker to the minimum level.

In the spectrogram, the command moves a marker horizontally to the minimum level in
the currently selected frame. The vertical marker position remains the same.

If the marker is not yet active, the command first activates the marker.

Suffix:

<n> Window 1 to x

<m> Marker 1 to 4

Example: CALC:MARK:MIN:PEAK

Manual operation: See "Set to Minimum" on page 113

CALCulate<n>:MARKer<m>:SEARch <MarkReallmag>
Selects the trace type that a marker search is performed on.

Suffix:
<n> Window 1 to x

<m> Marker 1 to 4

Parameters:
<MarkReallmag> REAL | IMAG | MAGNitude

REAL

Marker search functions are performed on the real trace of the
"I/Q" measurement.

IMAG

Marker search functions are performed on the imaginary trace of
the "I/Q" measurement.

MAGN
Marker search functions are performed on the magnitude of the |
and Q data.

*RST: REAL

Example: CALC4 :MARK:SEAR IMAG
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9.5

9.5.1

Retrieving results

Retrieving results

The following commands are required to retrieve the calculated OFDM VSA parame-
ters.

o Retrieving nUMETrical reSUIS........ooiiiiiii i 171
o Retrieving signal flow reSUILS..........coiiiiiiiiii e 177
e Retrieving trace data and marker values.............cooorvrriiiiiiiiiiiicccciiee e, 181
e Using the TRACE[:DATA] COMMANG.......cueeeiiiieeeiieiiiciiieieeeee e e e e e e e e e e e 188

Retrieving numerical results

These commands return the average, maximum or minimum result of the specified
parameter. For details and an assignment of the parameters to the keywords see

FETCh:BURSE COUNL ... et e e et r e s et et et e ee e e e e e r e aenns 172
FETCh:BURSELENGINS? ... it e et e e e e aeeaas 172
L IO ] Sl Y a4 37N 172
FETCR:SUMMAYTALLI?. ettt eeeeeeeeseseeseeeesesesesteseeeesesseeeeseseeseseesessesessenenssesnaees 172
FETCh:SUMMary:CRESEMAXIMUM?....ceiiiieeieeeeeeeeeeeeieieieieesesssss s e s e e e e e eeaeaeaeeeeeeeeeennnnnes 173
FETCh:SUMMary:CRESEMINIMUM?....ccieieiiieeeieeeieeeeeeeeeeeav v eeseseeeeeaeaeaaseeeeseeeeesnsnnes 173
FETCh:SUMMary:CRESI[:AVERAGE]?....uuuieieeiiitieieeeeeeiieeeeeeeeetieeeeeeeeetaeeeeeeeranaeeeeeeeranns 173
FETCh:SUMMary:EVM:DATA:MAXIMUM?....uiieieieieeeeeeeeeeeeeee e eeeesve e e e s e e e e e e aaaaees 173
FETCh:SUMMary:EVM:DATA:MINIMUM? ...ttt e et e e e e e e e e ea 173
FETCh:SUMMary:EVM:DATA[:AVERGGE]?... ettt ettt e e 173
FETCh:SUMMary:EVMPeak:DATA:MAXIMUM?....cii et ee et eee e e 174
FETCh:SUMMary:EVMPeak:DATA:PCT:MAXIMUM?.ceuuuiiiieiiiien et eeeeis e e eeena e 174
FETCh:SUMMary:EVMPeak:PILOtMAXIMUM?.....ccoiiiiieeeeeeiice et e e e e e e eeaaaee e 174
FETCh:SUMMary:EVMPeak:PILOt:PCT:MAXIMUM?...uuuiiiiiiiiiieeeeeeeeteeeeeeeeveteeeeeeeeeraneeeees 174
FETCh:SUMMary:EVMPeak[:ALLI:MAXIMUM?.......coiiieeieeiieieininiisiessseseeeeeeeaeaaseeeseseeeenes 174
FETCh:SUMMary:EVMPeak[:ALL]:PCT:MAXIMUM?.....ciuiiieii et e e e 174
FETCh:SUMMary:EVM:PILOMAXIMUM . ...ttt et e e e e e 174
FETCh:SUMMary:EVM:PILOEMINIMUM?. ... e e e e e e 174
FETCh:SUMMary:EVM:PILOt[:AVERAQGE]?.....cceeeeiuteieeeieeiieeeeeeetetiee e e e s eetneeeeeeeennnaseeseeennns 174
FETCh:SUMMary:EVM:PILOt:PCT:AVERAGE]?..cuuuuieieeieiriiieeeeeeiieeeeeeeettieeeeeeeennaseeeeeesnes 174
FETCh:SUMMary:EVM[:ALLEMAXIMUM?....ccciiiieeieeeeeeeeeeeeeeee s se s e e e e e e e e e aaeaeeeeeeeenens 174
FETCh:SUMMary:EVM[:ALL]MINIMUM?...eneee et e e e e e 174
FETCh:SUMMary:EVMLALLIEAVERAGE]?. ... veeeeeeeeeeeeeeeeeeeseseeseeeseseeseseseesesesessesesesesseseses 174
FETCh:SUMMary:EVM[:ALL]:PCT:MAXIMUM?....iieieee et e e e e e e 175
FETCh:SUMMary:EVM[:ALL]:PCT:MINIMUM?.ceeeuieieiiiiiieie ettt e e e e e s 175
FETCh:SUMMary:EVM[:ALL]:PCT:AVERAQE]?....uuieieeieerieieeeeeetiieeeeeeeetieeeeeeeenneaeeeeeeenes 175
FETCh:SUMMary:FERROINIMAXIMUM?..ceutuiieeiietiiieeeeee ettt eeeeeeetntaeseeeseebaneeessesstanaeeeseesnes 175
FETCh:SUMMary:FERROIMINIMUM?....cceiiiiiiiiiiiiiiieiiiaeieeeseeeeeeeeeeeeeeeeesesesessssnnnnnn e ees 175
FETCh:SUMMary:FERROIM:AVERAQGE]?... . ceieeee et e et e et e e e e e e e e 175
FETCh:SUMMary:GIMBalance:MAXIMUM?...ccuuuiieeeeiiie e eeeeeeiae e e e eeeie e e e e eernne e e e eeena s 175
FETCh:SUMMary:GIMBalance:MINIMUM?.......couuuiiiiieiiiiae et e e e e e e e e e e 175
FETCh:SUMMary:GIMBalance[:AVERAQGE]?.....ccuuuuiiiieiiiiiiiie ettt 175
FETCh:SUMMary:IQOFfSet:MAXIMUM?......ccoeutieeeeeeeiiiieeeeeeeetiee e e e e e eete e e e e eeennaeeeeeeeenaanns 175
FETCh:SUMMary:IQOFfSet:MINIMUM?Z.....iiieiiiiiiei e et ee e e et eeeeabn e e s e eeaa s 175
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FETCh:SUMMary:IQOFfSEt[:AVERAQJE]?...cetttrrurntnnunaaaaaaae e e e e e e eeeaeaeeeeeeeeeeeeeeeeessnnanns 175
FETCh:SUMMary:MER[:ALLLMAXIMUM? ...t e et e e e e e e e e e e eaa e 176
FETCh:SUMMary:MER[:ALLIMINIMUM?....eeeieiiieiiiiieeeeaaeaae e e e e e e e e eaeeeeeeeeeeeeeeeeenennnnnns 176
FETCh:SUMMary:MER[:ALL][:AVERAGE]?.....cceeeeieeeeeeeeeaeiieinentnaaaaaaeeeeeseaaaaaaaeeseseseeenennnes 176
FETCh:SUMMary:POWEr:MAXIMUM?......cccvutuiieeeeieiiiieeeeeeeetnaeeeeeeestnseeeseessnaeeeesessnnaaeaeens 176
FETCh:SUMMary:POWEr:MINIMUM?.....ceiieiiiriieieeeeettiieeeeeetateeseeeeeetaaeeeeeeastaeeeesessanaeaeens 176
FETCh:SUMMary:POWEer[:AVERAQGE]?. .. ettt ettt ettt e e e e e e 176
FETCh:SUMMary:QUADEIOr:MAXIMUM?.....ceiiiiiiiiieiiiiieeeaaaaa e e e e e e e e eaaaaeeeeeeeeeeeaeeensnennnnan 176
FETCh:SUMMary:QUADEITOr:MINIMUM?.....oeieeeee e e e e e e e e e e e e aeeeeeeeeees 176
FETCh:SUMMary:QUADEITOI:AVERAGE]?. .. . eeaeeeieeeeeeeeeeeee et eeee e e e e e 176
FETCh:SUMMary:SERROIMAXIMUM?.....cccieieieieieeeeeeeeeeteteressisseeaeseseeeeeeeasaasesesseseseeenns 177
FETCh:SUMMary:SERROIMMINIMUM?....uiiiiiiiiiie et ee et e e e e e et e e e e e et e e e e eeaana s 177
FETCh:SUMMary:SERROM:AVERAGE]?. ... eeeeeeeeeereseseseseseeeeeseeeeeesesesseseseseseseseseeeeeesenenns 177
L O T I I o 2= o = PP PPN 177

FETCh:BURSt:COUNt?
Returns the number of analyzed bursts from the current capture buffer.

Return values:
<Value>

Usage: Query only

FETCh:BURSt:LENGths?
Returns the length of the analyzed bursts from the current measurement.
The result is a comma-separated list of lengths, one for each burst.

Return values:
<Value> Default unit: s

Usage: Query only

FETCh:BURSt:STARts?
Returns the start position of each analyzed burst in the current capture buffer.

Return values:
<Value> Offset of the burst start from the beginning of the capture buffer.

Default unit: s

Example: FETC:BURS:STAR?
//Result:
//6.04e-05

Usage: Query only

FETCh:SUMMary[:ALL]?

Returns all values in the result summary, in the same order as in the display
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(See "Result Summary" on page 33.)

Example: FETC:SUMM:ALL?
//-34.6742,-34.6742,-34.6742,
//1.84624,1.84624,1.84624,
//-34.5875,-34.5875,-34.5875,
//1.86477,1.86477,1.86477,
//-35.5229,-35.5229,-35.5229,
//1.67439,1.67439,1.67439,
//34.6742,34.6742,34.6742,
//-75.106,-75.106,-75.106,
//0.00573547,0.00573547,0.00573547,
//-0.0159425,-0.0159425,-0.0159425,
//0.272241,0.272241,0.272241,
//0.219516,0.219516,0.219516,
//-23.1036,-23.1036,-23.1036,
//9.84252,9.84252,9.84252

Usage: Query only

Manual operation: See "Result Summary" on page 33

FETCh:SUMMary:CRESt:MAXimum?
FETCh:SUMMary:CRESt:MINimum?
FETCh:SUMMary:CRESt[:AVERage]?

Queries the Crest Factor result.

Return values:

<Value>

Example: FETC:SUMM:CRES?
Returns Crest Factor in dB.

Usage: Query only

Manual operation: See "Crest Factor" on page 18

FETCh:SUMMary:EVM:DATA:MAXimum?
FETCh:SUMMary:EVM:DATA:MINimum?
FETCh:SUMMary:EVM:DATA[:AVERage]?

Queries the EVM over all data cells in the analyzed frame.

Return values:

<Value>

Example: FETC:SUMM:EVM:DATA?
Returns mean data EVM value.

Usage: Query only

Manual operation: See "EVM Data Symbols" on page 16
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FETCh:SUMMary:EVMPeak:DATA:MAXimum?
FETCh:SUMMary:EVMPeak:DATA:PCT:MAXimum?
Usage: Query only

Manual operation: See "Maximum EVM per data symbol" on page 16

FETCh:SUMMary:EVMPeak:PlLot:MAXimum?
FETCh:SUMMary:EVMPeak:PlLot:PCT:MAXimum?
Usage: Query only

Manual operation: See "Maximum EVM per pilot symbol" on page 17

FETCh:SUMMary:EVMPeak[:ALL]:MAXimum?
FETCh:SUMMary:EVMPeak[:ALL]:PCT:MAXimum?
Usage: Query only

Manual operation: See "Maximum EVM per symbol" on page 16

FETCh:SUMMary:EVM:PILot:MAXimum?
FETCh:SUMMary:EVM:PILot:MINimum?
FETCh:SUMMary:EVM:PILot[:AVERage]?
FETCh:SUMMary:EVM:PILot:PCT[:AVERage]?

Queries the EVM in percent over all pilot cells in the analyzed frame.

Return values:

<Value>

Example: FETC:SUMM:EVM:PIL:PCT?
Returns mean pilot EVM in percent.

Usage: Query only

Manual operation: See "EVM Pilot Symbols" on page 16

FETCh:SUMMary:EVM[:ALL]:MAXimum?
FETCh:SUMMary:EVM[:ALL]:MINimum?
FETCh:SUMMary:EVM[:ALL][:AVERage]?

Returns the EVM over all data and pilot cells in the analyzed frame.

Example: FETC:SUMM:EVM?
Returns mean EVM.

Usage: Query only
Manual operation: See "EVM All" on page 16
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FETCh:SUMMary:EVM[:ALL]:PCT:-MAXimum?
FETCh:SUMMary:EVM[:ALL]:PCT:MINimum?
FETCh:SUMMary:EVM[:ALL]:PCT[:AVERage]?

Returns the EVM in percent over all data and pilot cells in the analyzed frame.

Return values:

<Value>

Example: FETC:SUMM:EVM:ALL:PCT?
Returns mean EVM in percent.

Usage: Query only

Manual operation: See "EVM All" on page 16

FETCh:SUMMary:FERRor:MAXimum?
FETCh:SUMMary:FERRor:MINimum?
FETCh:SUMMary:FERRor[:AVERage]?

Queries the Center Frequency Error result.

Return values:

<Value>
Example: FETC:SUMM: FERR?

Returns average Frequency Error.
Usage: Query only

Manual operation: See "Frequency Error" on page 17

FETCh:SUMMary:GiMBalance:MAXimum?
FETCh:SUMMary:GiMBalance:MINimum?
FETCh:SUMMary:GiMBalance[:AVERage]?

Queries the 1/Q Gain Imbalance result.

Return values:

<Value>
Example: FETC:SUMM:GIMB?

Returns average Gain Imbalance.
Usage: Query only

Manual operation: See "Gain Imbalance" on page 17

FETCh:SUMMary:IQOFfset:MAXimum?
FETCh:SUMMary:1QOFfset:MINimum?
FETCh:SUMMary:IQOFfset[:AVERage]?

Queries the 1/Q Offset result.

Return values:
<Value>
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Example: FETC:SUMM: IQOF?
Returns average 1Q Offset.

Usage: Query only
Manual operation: See "l/Q Offset" on page 17

FETCh:SUMMary:MER[:ALL]:MAXimum?
FETCh:SUMMary:MER[:ALL]:MINimum?
FETCh:SUMMary:MER[:ALL][:AVERage]?

Returns the MER over all data and pilot cells in the analyzed frame.

Return values:

<Value>

Example: FETC:SUMM:MER?
Returns mean MER.

Usage: Query only

Manual operation: See "MER" on page 17

FETCh:SUMMary:POWer:MAXimum?
FETCh:SUMMary:POWer:MINimum?
FETCh:SUMMary:POWer[:AVERage]?

Queries the Frame Power result.

Return values:

<Value>
Example: FETC:SUMM: POW?

Returns average Frame Power.
Usage: Query only

Manual operation: See "Frame Power" on page 18

FETCh:SUMMary:QUADerror:MAXimum?
FETCh:SUMMary:QUADerror:MINimum?
FETCh:SUMMary:QUADerror[:AVERage]?

Queries the Quadrature Error result.

Return values:

<Value>
Example: FETC:SUMM:QUAD?

Returns average Quadrature Error.
Usage: Query only

Manual operation: See "Quadrature Error" on page 17
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FETCh:SUMMary:SERRor:MAXimum?
FETCh:SUMMary:SERRor:MINimum?
FETCh:SUMMary:SERRor[:AVERage]?

Queries the Sample Clock Error result.

Return values:

<Value>
Example: FETC:SUMM: SERR?

Returns average sample clock error in ppm.
Usage: Query only

Manual operation: See "Sample Clock Error" on page 18

FETCh:TTFRame?

Retrieves the time offset between the trigger event and the start of the first OFDM
frame.

Return values:

<Time>
Example: FETC:TTFR?
Usage: Query only

Manual operation: See "Trigger to Sync" on page 34

9.5.2 Retrieving signal flow results

The following commands are required to retrieve the results of the signal flow stages.
See also "Signal Flow" on page 34.
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FETCh:SFLOW:STATE:BDETECHON?. ... eeeeeeeeee e eeeee et e e et e e e et e e e e e e e e eeeean 178
FETCh:SFLOW:STATE:COMPENSAE?......ceeeeeeeeteeeeeeee et e e e e e et e e etee e e e e e eea e e s eaeeeeaneaes 179
FETCh:SFLOW:STATE:DESTIMAtION?....cieiiiiiieieeieiiee e ee e et e e ettt e e e e e et e e e e e eebaeeeeeeenes 179
FETCH:SFLOW:STATEEVMMEAS?....uueiieiitiiieeeeeeeetiieeeeeettteeeeeeseetaaeeeeseastaaeaeseesanaeaeeseens 179
[ S O RS Y ol Mo R AN =T S 1 N [ 180
FETCh:SFLOW:STATE:IMDETECHON?. .. cnitiiieeiee ettt ettt et et e et e e e ee e eneeenens 180
FETCh:SFLOW:STATE:PESTIMAtION?.. ..ttt e e a e 180
FETCN:SFLOW:STATE TSYNC?. . ceeieieieeeeeeee et e et e et e et e e e e e e e e e e e eae e e eaaeeeean e eenneeeean 181
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FETCh:SFLow:FSYNc?
Returns the Frame Synchronisation value.

Return values:
<Value>
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FETC:SFL:FSYN?

Query only

FETCh:SFLow:STATe:ALL?

Returns the state of the individual stages of the signal flow. The result is a comma-sep-
arated list of states, one for each stage. The stages are in the following order:

® Burst Detection

® Time Sync

® Frame Sync

® Data-Aided Parameter estimation

® Modulation detection

® Pilot-aided parameter estimation

® Compensate

® EVM meas
Return values:
<Value> 0
Not successful
1
Successful
-1
Inactive
Example: FETC:SFL:STAT:ALL?

Usage: Query only

FETCh:SFLow:STATe:BDETection?
Returns the state of the burst detection stage of the signal flow.

Return values:
<Value> 0
Not successful
1
Successful
-1
Inactive
Example: FETC:SFL:STAT:BDET?

Usage: Query only
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FETCh:SFLow:STATe:COMPensate?
Returns the state of the compensation stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive
Example: FETC:SFL:STAT:COMP?

Usage: Query only

FETCh:SFLow:STATe:DESTimation?
Returns the state of the data-aided parameter estimation stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive

Example: FETC:SFL:STAT:DEST?

Usage: Query only

FETCh:SFLow:STATe:EVMMeas?
Returns the state of the EVM measurement stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive

Example: FETC:SFL:STAT:EVMM?

Usage: Query only
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FETCh:SFLow:STATe:FSYNc?
Returns the state of the frame synchronization stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive
Example: FETC:SFL:STAT:FSYN?

Usage: Query only

FETCh:SFLow:STATe:MDETection?
Returns the state of the modulation detection stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive

Example: FETC:SFL:STAT:MDET?

Usage: Query only

FETCh:SFLow:STATe:PESTimation?
Returns the state of the pilot-aided parameter estimation stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive

Example: FETC:SFL:STAT:PEST?

Usage: Query only
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FETCh:SFLow:STATe:TSYNc?
Returns the state of the time synchronization stage of the signal flow.

Return values:
<Value> 0
Not successful

1
Successful

-1
Inactive

Example: FETC:SFL:STAT:TSYN?

Usage: Query only

FETCh:SFLow:TSYNc?
Returns the Time Synchronisation value.

Return values:

<Value>
Example: FETC:SFL:TSYN?
Usage: Query only

Retrieving trace data and marker values

In order to retrieve the trace and marker results in a remote environment, use the fol-
lowing commands:

Useful commands for retrieving results described elsewhere:
® (CALCulate<n>:MARKer<m>:X on page 159

Remote commands exclusive to retrieving trace data and marker values:

CALCulate<n>:DELTamarker<m>:Y ........co.ocioioieiiioe ettt e e e e e eeea 182
CALCulate<n>:DELTamarker<m>:Y:RELAIVE?........ccceuuieeiiieieeeeeeee et 182
CALCuUlate<n>:DELTAMAIKErSM>:iZ.....ccuueeeeieeeee et e et e e e e e e e e e e e e e e e e e eaeeeennns 182
CALCUIAte<N>MARKEISIMZ:IY2...cceviiririretiiiiiaaeeeeieseeeeeaeaeeeeeeeeeeeersesrstararan——naaeaeaeeaens 183
CALCUIAtESN>IMARKEISIMSIZ. . e e eeeeetiee i ee e eeeee e e e ettt e e e e e e ettt e e e e e ee b e e e e eeaabaeeeeseesaananns 183
FORMEILDATA ettt eeeeeeeeeeee et eeeeeeeseseseseseeeeeseeeeeeeeeeseseseseseseseeeseseeeeeeeesenanesenenesen 184
FORMat:DEXPOrt:DSEPArAtOr. .......iiieeeiitiee et e et e et e e e e e e e e eeaaeeeenneees 185
FORMAAt DEXP O GRAP K. ettt ettt e it e e e s e ea e ea e e e enenenanns 185
FORMAt:DEXPOIMHEADET........eeeee et e et e eee e e e e e e e e e etaeeeese e e eeneeeeneeeeannnees 185
FORMaAt: DEXP O TRACES. .....uieeetieeeeeeeetee e et e et e e et e e e et eeeaeeseaaeeeeanseseaneersnaeerennees 185
FORMat: DEXP O XDISHID. 1 v ieieeeeeiieiee e e eeiee e e e ettt e e e e e ettt e e e e e eeta e e e e e e eetaeeeseeansnnaaeeeees 185
MMEMOTY:STORESNZTRACE. ...t e i e eiietiiieeeetetiee e e e ettt ee e e e e e ettt e e eeesrataaeeeeesataaeaesesrannnnns 186
TRACENS[:DATA]Z. e et eeeeeeeeeeeeeeseseseeeseeeeeeeeeeeeeseeeseseseseseseseseeeeeesseseseseseseseeeseseseanes 186
TRACESNS[DATALX? e teeeeeeeeeeeeeeeeeseseeeeeeeeseeeseseeeseeeeeeseeeeseeeseeseseseeeaseeeeeeseeeeeeeeeeens 186
TRACELNSDATALY 2ottt eeeeeeeee e eeeeeeseeeeeeseseeeeeeseseseseseseseaseseeeereseeeeeeesens 187
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TR A CE NS I D AT A ettt ettt ettt et et et e et e e e e ea e e e e e e e ean e eaaaeeaaannnns 187
TRACE:IQ:DATAIFORMEL. .. ettt ettt ettt e et et e e e e e e e e e e e ea e aeanas 187
TRACESN>IQ:DATAIMEMOTY.....ceieeeeeeee ettt e e s e e e e e e e e e e aaaeaeeaeeeeeeeeeeeeneenennnnnnnn 188

CALCulate<n>:DELTamarker<m>:Y <Position>

Queries the result at the position of the specified delta marker.

Suffix:

<n> 1..n
Window 1 to x

<m> 1..n
Marker 1 to 4

Parameters:

<Position> Result at the position of the delta marker.
The unit is variable and depends on the one you have currently
set.
Default unit: dBm

Example: CALC:DELT:Y?

Manual operation: See "Marker <x>" on page 108

CALCulate<n>:DELTamarker<m>:Y:RELative?

Queries the relative position of a delta marker of a 3D trace on the y-axis. If necessary,
the command activates the delta marker first.

Suffix:
<n> 1..n

Window 1 to x
<m> 1..n

Marker 1 to 4

Return values:

<XValue> Default unit: Hz
Example: CALC:DELT3:Y:REL?
Usage: Query only

CALCulate<n>:DELTamarker<m>:Z <Result>

Sets a delta marker's current position on the z-axis or queries its result in a 3-dimen-
sional diagram.

Suffix:
<n> 1..n

Window 1 to x
<m> 1..n

Marker 1 to 4
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Parameters:
<Result>

Example:

Example:

Retrieving results

Result at the position of the delta marker.

For 3-dimensional constellation diagrams (Constellation vs car-
rier/symbol), this parameter defines the carrier or symbol,
respectively, to place the marker at.

The unit depends on the type of data displayed on the z-axis.

//Define a power vs. symbol vs. carrier display
LAY:ADD? '1',RIGH, PSC

//Set delta marker 2 at carrier 2

CALC2:DELT2:Y 2

//Query the delta marker result for carrier 2
CALC2:DELT2:Z?

//Define constellation vs. symbol display
LAY:ADD? '1l',RIGH,CSYM

//Set delta marker 2 at carrier 1
CALC2:DELT2:7Z2 1

//Query the delta marker result for carrier 1.
CAL2:DELT2:Y?

CALCulate<n>:MARKer<m>:Y?

Queries the result at the position of the specified marker.

Suffix:
<n>

<m>

Return values:
<Result>

Example:
Usage:

Manual operation:

Window 1 to x

Marker 1 to 4

The position of the marker on the y-axis.
Default unit: DBM

CALC:MARK:Y?
Query only

See "Marker Table" on page 29
See "Marker <x>" on page 108

CALCulate<n>:MARKer<m>:Z <Result>

Sets a marker's current position on the z-axis or queries its result in a 3-dimensional

diagram.
Suffix:

<n>

<m>
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Parameters:

<Result>

Example:

Example:

Manual operation:

Retrieving results

Result at the position of the marker.

For 3-dimensional constellation diagrams (Constellation vs car-
rier/symbol), this parameter defines the carrier or symbol,
respectively, to place the marker at.

The unit depends on the type of data displayed on the z-axis.

//Define a power vs. symbol vs. carrier display
LAY:ADD? '1l',RIGH,PSC

//Set marker 2 at carrier 2

CALC2:MARK2:Y 2

//Query the marker result for carrier 2
CALC2:MARK2:7Z?

//Define constellation vs. carrier display
LAY:ADD? '1l',RIGH,CCAR

//Set marker 2 at symbol 3

CALC2:MARK2:7Z 3

//Query the marker result for symbol 3.
CAL2:MARK2:Y?

See "Constellation" on page 22

See "Constellation vs Carrier" on page 23
See "Constellation vs Symbol" on page 24
See "EVM vs Symbol vs Carrier" on page 26
See "Power vs Symbol vs Carrier" on page 32

FORMat[:DATA] <Format>[, <BitLength>]

Selects the data format that is used for transmission of trace data from the FSWX to
the controlling computer.

Note that the command has no effect for data that you send to the FSWX. The FSWX
automatically recognizes the data it receives, regardless of the format.

For details on data formats, see "Reference: ASCII file export format" in the FSWX

User Manual.

Parameters:
<Format>

<BitLength>
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ASCii

ASCii format, separated by commas.

This format is almost always suitable, regardless of the actual
data format. However, the data is not as compact as other for-
mats can be.

REAL

Floating-point numbers (according to IEEE 754) in the "definite
length block format".

In the Spectrum application, the format setting REATL is used for
the binary transmission of trace data.

Length in bits for floating-point results
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16

16-bit floating-point numbers.

Compared to REAL, 32 format, half as many numbers are
returned.

32

32-bit floating-point numbers

For I/Q data, 8 bytes per sample are returned for this format set-
ting.

64

64-bit floating-point numbers

Compared to REAL, 32 format, twice as many numbers are
returned.

Example: FORM REAL, 32

FORMat:DEXPort:DSEParator <Separator>

Setting parameters:
<Separator> POINt | COMMa

FORMat:DEXPort:GRAPh <State>

Parameters:
<State>

FORMat:DEXPort:HEADer <State>

Parameters:
<State>

FORMat:DEXPort:TRACes <Selection>

Setting parameters:
<Selection> SINGle | ALL

FORMat:DEXPort:XDIStrib <XDistribution>
Defines how the x-values of the trace are determined in the frequency domain.
For more information, see "X-value of the sweep point" in the FSWX User Manual.

Parameters:
<XDistribution> STARtstop | BINCentered

BINCentered

The full measurement span is divided by the number of sweep
points to obtain bins. The x-value of the sweep point is defined
as the x-value at the center of the bin (bin/2).
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STARtstop

(Default): The x-value of the first sweep point corresponds to the
starting point of the full measurement span. The x-value of the
last sweep point corresponds to the endpoint of the full mea-
surement span. All other sweep points are divided evenly
between the first and last points.

Example: FORM:DEXP:XDIS BINC

MMEMory:STORe<n>:TRACe <Trace>, <Filename>

Suffix:
<n> 1..n

Setting parameters:
<Trace>

<Filename>

Usage: Setting only

TRACe<n>[:DATA]? <Trace>
Returns the y-values of the trace data for the current measurement or result display.

For 3-dimensional displays, such as the Allocation Matrix, this command returns the
data values for the third (z-) dimension.

For more information see Section 9.5.4, "Using the TRACe[:DATA] command",

on page 188.
Suffix:
<n> 1..n
Window 1 to x
Query parameters:
<Trace> TRACe1 | TRACe2 | TRACe3 | TRACe4 | TRACe5 | TRACe6
Usage: Query only

Manual operation: See "Allocation Matrix" on page 19
See "Bitstream" on page 20

TRACe<n>[:DATA]:X? [<Trace>]
Returns the x-values for the trace data in the selected result display.

For information on how many values are returned see Section 9.5.4, "Using the
TRACe[:DATA] command", on page 188.

Suffix:
<n> 1..n
Window 1 to x
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Query parameters:

<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES5 | TRACES6
Example: TRAC2:DATA:X?
Usage: Query only

Manual operation: See "Allocation Matrix" on page 19
See "CCDF" on page 21
See "Channel Flatness" on page 21
See "EVM vs Carrier" on page 25
See "EVM vs Symbol" on page 25
See "EVM vs Symbol vs Carrier" on page 26
See "Group Delay" on page 27
See "Impulse Response" on page 28
See "Magnitude Capture" on page 29
See "Power vs Carrier" on page 31
See "Power vs Symbol" on page 31
See "Power vs Symbol vs Carrier" on page 32

TRACe<n>[:DATA]:Y? [<Trace>]
Returns the y-values for 3-dimensional trace data in the selected result display.

For information on how many values are returned see Section 9.5.4, "Using the
TRACe[:DATA] command", on page 188.

Suffix:
<n> 1..n
Window 1 to x

Query parameters:

<Trace>
Example: TRAC2:DATA:Y?
Usage: Query only

Manual operation: See "Allocation Matrix" on page 19
See "EVM vs Symbol vs Carrier" on page 26
See "Power vs Symbol vs Carrier" on page 32

TRACe<n>:IQ:DATA?

Suffix:
<n> 1..n
Usage: Query only

TRACe:IQ:DATA:FORMat <Format>

Parameters:
<Format> COMPatible | IQBLock | IQPair
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TRACe<n>:IQ:DATA:MEMory <startSample>, <Samples>

Suffix:
<n> 1..n

Parameters:
<startSample>

<Samples>

9.5.4 Using the TRACe[:DATA] command

This section contains information on the TRACe:DATA command and a detailed
description of the characteristics of that command.

The TRACe<n>[:DATA] ? command queries the trace data or results of the currently
active measurement or result display. The type, number and structure of the return val-
ues are specific for each result display. For results that have any kind of unit, the com-
mand returns the results in the unit you have currently set for that result display.

For several result displays, the command also supports various SCPI parameters in
combination with the query. If available, each SCPI parameter returns a different
aspect of the results. If SCPI parameters are supported, you have to specify them in
the query.

Example:
TRAC:DATA? TRACE1

The format of the return values is either in ASCII or binary characters and depends on
the format you set with FORMat [ : DATA] on page 184.

Following this detailed description, you find a short summary of the most important
functions of the TRACe<n>[:DATA] ? command.

®  AlIOCAION MEALFIX. ...ttt e e e e e e e e e e e e 189
O BitSIrEaM... e 189
L Z O O I L SR 189
@  Channel flatnesS. ... . e e 189
o Constellation diagram.. ... 190
0  CoNStellation VS CAITIEr.......ueiiii ettt 191
e  Constellation VS SYMDOL........ccoi i 192
O EVM VS CalrTir .t e e 192
®  EVM VS SYMDOL. ... a e e e e e e e 192
®  EVM VS SYMDOI VS CAITIEF.... .ottt 193
O GroUP delAY.....eeiiiiiiiiiii e 193
®  IMPUISE MBSPONSE. ... o e et e et et et e e e e e e e e e e e e e e e e e eeee e e e b et b e e eeeas 193
®  Magnitude CAPLUIE.......uiiiiiiieee e e e e e e e e e an 194
®  POWET VS CaITIOI..eeiiiiiieiee ettt e e e e e et ee e e e e e e e e e e e s anneee 194
®  POWEN VS SYMDOL....cciiiiiiiicccciei e e e e e e e e e e e e e e e aeaaaan 194
o  Power vS SYMDOI VS CarTier.........uiiiiiiiiiiiii e 195
@ POWET SPECITUML....eeiiiei i e e e e e e e e e e e e e e e e e e e eeeeeaesesasaaaannnnnas 195
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9.5.4.1

9.5.4.2

9.54.3

Retrieving results

Allocation matrix
The values in the allocation matrix represent the modulation type for that symbol and
carrier. Depending on the parameter, the modulation is provided in different formats.

TRACe<n>:DATA? TRACel returns the modulation indexes used for each symbol
(column-wise from the matrix).

TRACe<n>:DATA? TRACe2 returns the modulation names used for each symbol (col-
umn-wise from the matrix).

To obtain a list of the symbols (corresponding to the x-axis in the matrix), use
TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 186.

To obtain a list of the subcarriers (corresponding to the y-axis in the matrix), use
TRACe<n>:DATA:Y? TRACel, see TRACe<n>[:DATA] :Y? on page 187.

Bitstream

The command returns a demodulated data stream for the symbols in the currently ana-
lyzed result ranges in decimal format. Non-data cells, including the guard carriers, are
indicated as "-1".

CCDF

The command returns the complementary cumulative probability distribution for each
sample in the capture buffer, relative to the average power.

To obtain a list of the average power per sample, use TRACe<n>:DATA:X? TRACel,
see TRACe<n>[:DATA] :X? on page 186.

Channel flatness

The command returns the spectrum flatness as a list over all subcarriers. The list con-
sists of one value for each trace point.

<relative power>,

The unit is always dB.

The following parameters are supported.

® TRACE1

Returns the average power over all frames.
e TRACE2

Returns the minimum power found over all frames.
® TRACE3

Returns the maximum power found over all frames.
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Retrieving results

The command returns two values (I/Q) for each constellation point, for each carrier, in
each symbol, in each frame, as defined in the Allocation matrix.

<I[Fol[Symgl[Carro]>, <Q[Fo][Symel[Carrol>, ..., <I[Fo][Sym][Carry]>,

<I[Fol[Sym4][Carr]>,
<I[Fol[Symy][Carro]>,
<I[F4][Symgl[Carr]>,

<I[F4][Sym.][Carr,]>,

<I[Fal[Sym,][Carro]>,

<QIFol[Sym][Carro]>,
<Q[Fol[Symj][Carro]>,
<Q[F4][Sym][Carrg]>,

<Q[F4][Sym4][Carrg]>,

<Q[F.J[Sym,][Carro]>,

aeey

aeny

aaey

<I[Fol[Sym][Carr,]>,
<I[Fol[Symy][Carr,]>,
<I[F4][Syml[Carr,]>,

<I[F4][Sym/][Carr,]>,

<I[Fal[Sym][Carr,]>,

<Q[Fol[Symg][Carry]>,
<Q[Fo][Symy][Carr,]>,

<Q[Fo][Sym,][Carr,]>,
<Q[F4][Symq][Carry]>,
<Q[F4][Sym4][Carr,]>,

<Q[F,J[Sym,][Carr,]>
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Where:

® [ =frame

® Sym = symbol of that subframe
® Carr = subcarrier in that symbol

The | and Q values have no unit.

The TRACe<n>[:DATA] ? command evaluates all cells in the Constellation diagram,
including non-allocated cells, for example in guard carriers. Any specific selection by
CONFigure:FILTer<n>:MODulation Or CONFigure:FILTer<n>:MODulation:
TYPE is ignored.

Results for trace export (MMEM:STOR:TRAC)

Note that for the trace export feature, the results are different to the TRACe<n> [ :
DATA] ? results (see MMEMory : STORe<n>: TRACe on page 186):

® Only the constellation activated in the Constellation diagram is exported (see
CONFigure:FILTer<n>:MODulation andCONFigure:FILTer<n>:
MODulation:TYPE). Non-allocated cells are not included.

® The order of the trace data is as follows:

— One modulation type after the next (see CONFigure:FILTer<n>:
MODulation:TYPE)

— Within one modulation type: carriers in ascending order of their number (from
negative to positive)

— For each carrier: measured symbols in ascending order, starting with 0
— For each symbol: First Q, then |
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Example: Trace export results
Assume you measure 2 frames with 4 carriers and 4 symbols each.

Frame 0 Frame 1 Carrier
number

Symbol

0 1 2 3 4 5 6 7

u u u u u u u u +1

P1 B1 Q1 Q3 P3 B3 Q5 Q7 0

PO BO Qo0 Q2 P2 B2 Q4 Q6 -1

u u u u u u u u -2
Where:

® P:pilots

e B: BPSK data cells
® Q: QAM data cells
® U: unallocated guard carriers

Then the trace export results for MMEM: STOR : TRAC? depending on the constellation
is:
® For all modulation types:

PO P2 P1 P3B0B2B1B3Q0Q2Q4 Q6 Q1 Q3 Q5 Q7

® For pilots only:
PO P2 P1 P3

® For QAM modulation only:
Q0 Q2 Q4 Q6 Q1 Q3 Q5 Q7

9.5.4.6 Constellation vs carrier

The command returns one value (I or Q) for each constellation point, for each symbol,
for each carrier, in each frame. Whether the | or Q values are returned depends on the
parameter:

TRACel :DATA? TRACel returns | values
TRACel :DATA? TRACe?2 returns Q values
Table 9-3: Results for TRACe1:DATA? TRACe1

<I[Fol[Carro][Symq]>,<I[Fo][Carro][Sym.]>, ..., <I[Fo][Carro][Sym,]>,
<I[Fol[Carry[Symo]]>,<I[Fol[Carry[Sym4]]> , ..., <I[Fol[Carrs][Sym,]>,

<I[Fol[Carry][Symg]>,<I[Fol[Carr,][Syms]> , ..., <I[Fo][Carr,][Sym,]>,
<I[F4][Carro][Symq]>,<I[F4][Carro][Sym]> , ..., <I[F4][Carro][Sym,]>,

<I[F1][Carr][Symg]>,<I[F][Carr][Symq]> , ..., <I[F4][Carr;][Sym,]>,

<I[Fnl[Carry][Symgl>,<I[Fo][Carr ][Symi]> , ..., <I[F ][Carr,][Sym,]>
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Where:

® F =frame

® Carr = subcarrier in that frame
® Sym = symbol of that subcarrier

The | and Q values have no unit.

O To obtain a list of the subcarriers (corresponding to the x-axis in the matrix), use
= TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 186.

Example for a result length of 4, FFT size = 64:
-32,-32,-32-,32,-31,-31,-31,-31,-30,-30,-30,-30, ... ,+30,+30,+30,+30,+31,+31,+31,+31

9.5.4.7 Constellation vs symbol

The command returns one value (I or Q) for each constellation point, for each carrier,
in each symbol, in each frame, in the same order as for the Constellation vs. Carrier
diagram. Whether the | or Q values are returned depends on the parameter:

TRACel :DATA? TRACel returns | values
TRACel:DATA? TRACe2 returns Q values

The | and Q values have no unit.

O To obtain a list of the symbols (corresponding to the x-axis in the matrix), use
= TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 186.

Example for a result length of 4:
0,0,0,0,..,01,1,11,...,12222, ..,23333..,3
9.5.4.8 EVM vs carrier

The command returns one value for each carrier that has been analyzed.

The following parameters are supported.

e TRACE1

Returns the average EVM over all symbols.
e TRACE2

Returns the minimum EVM found over all symbols.
® TRACE3

Returns the maximum EVM found over all symbols.

9.54.9 EVM vs symbol

The command returns one value for each OFDM symbol that has been analyzed.
The following parameters are supported.

e TRACE1
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Returns the average EVM over all carriers.

e TRACE2
Returns the minimum EVM found over all carriers.
e TRACES3

Returns the maximum EVM found over all carriers.

9.5.4.10 EVM vs symbol vs carrier

9.5.4.11

9.5.4.12

The command returns one value for each OFDM cell.

<[FO][SymbO][Carrier1]>, ..., <[FO][SymbO][Carrier(n)]>,
<[FO][Symb1][Carrier1]>, ..., <[FO][Symb1][Carrier(n)]>,
<[FO][Symb(n)][Carrier1]>, ..., <[FO][Symb(n)][Carrier(n)]>,
<[F1][SymbO][Carrier1]>, ..., <[F1][Symb0][Carrier(n)]>,
<[F1][Symb1][Carrier1]>, ..., <[F1][Symb1][Carrier(n)]>,
<[F(n)][Symb(n)][Carrier1]>, ..., <[F(n)][Symb(n)][Carrier(n)]>

With F = frame and Symb = symbol of that subframe.
The following parameters are supported.

e TRACE1
Returns the EVM over all carriers.

To obtain a list of the symbols (corresponding to the x-axis in the matrix), use
TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 186.

To obtain a list of the subcarriers (corresponding to the y-axis in the matrix), use
TRACe<n>:DATA:Y? TRACel, see TRACe<n>[:DATA] :Y? on page 187.

Group delay

The command returns one value for each trace point.
<group delay>,
The unit is always ns.

The following parameters are supported.

® TRACE1

Returns the average group delay over all frames.
® TRACE2

Returns the minimum group delay found over all frames.
® TRACE3

Returns the maximum group delay found over all frames.

Impulse response

The command returns one value for each trace point.
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<impulse response>,

The channel impulse response is the inverse FFT of the estimated channel transfer
function. The time axis spans one FFT interval.

The following parameters are supported.

® TRACE1

Returns the average impulse response over all frames.
e TRACE2

Returns the minimum impulse response found over all frames.
e TRACES3

Returns the maximum impulse response found over all frames.

9.5.4.13 Magnitude capture

The command returns one value for each 1/Q sample in the capture buffer.
<absolute power>,

The unit is always dBm.

The following parameters are supported.

e TRACE1

9.5.4.14 Power vs carrier

The command returns one value for each carrier that has been analyzed.
<power>, ...
The unit is always dBm.

The following parameters are supported.

® TRACE1

Returns the average power over all symbols.
® TRACE2

Returns the minimum power found over all symbols.
® TRACE3

Returns the maximum power found over all symbols.

9.5.4.15 Power vs symbol

The command returns one value for each OFDM symbol that has been analyzed.
<power>, ...

The unit is always dBm.

The following parameters are supported.

® TRACE1
Returns the average power over all carriers.
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® TRACE2
Returns the minimum power found over all carriers.
®* TRACES

Returns the maximum power found over all carriers.

9.5.4.16 Power vs symbol vs carrier

The command returns one value for each OFDM cell.

<[FO][SymbO][Carrier1]>, ..., <[FO][SymbO][Carrier(n)]>,
<[FO][Symb1][Carrier1]>, ..., <[FO][Symb1][Carrier(n)]>,
<[FO][Symb(n)][Carrier1]>, ..., <[FO][Symb(n)][Carrier(n)]>,
<[F1][SymbO][Carrier1]>, ..., <[F1][SymbO][Carrier(n)]>,
<[F1][Symb1][Carrier1]>, ..., <[F1][Symb1][Carrier(n)]>,
<[F(n)][Symb(n)][Carrier1]>, ..., <[F(n)][Symb(n)][Carrier(n)]>

With F = frame and Symb = symbol of that subframe.
The unit depends on is always dBm.
The following parameters are supported.

e TRACE1
Returns the power over all carriers.

o To obtain a list of the symbols (corresponding to the x-axis in the matrix), use
= TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 186.

To obtain a list of the subcarriers (corresponding to the y-axis in the matrix), use
TRACe<n>:DATA:Y? TRACel, see TRACe<n>[:DATA]:Y? on page 187.

9.5.4.17 Power spectrum

The command returns one value for each trace point.
<power>, ...

The unit is always dBm/Hz.

The following parameters are supported.

e TRACE1

9.6 Status reporting system

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.
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9.7

Programming examples: OFDM vector signal analysis

In this section, only the status registers/bits specific to the "OFDM VSA" application are
described.

For details on the common FSWX status registers refer to the description of remote
control basics in the FSWX User Manual.

*RST does not influence the status registers.

Description of the Status Registers

In addition to the registers provided by the base system, the following register is used
in the "OFDM VSA" application.

The STATus:QUEStionable register "sums up" the information from all subregisters
(e.g. bit 11 sums up the information for all STATus : QUEStionable: SYNC registers).
For some subregisters, there may be separate registers for each active channel. Thus,
if a status bit in the STATus :QUEStionable register indicates an error, the error may
have occurred in any of the channel-specific subregisters. In this case, you must check
the subregister of each channel to determine which channel caused the error. By
default, querying the status of a subregister always returns the result for the currently
selected channel.

This register contains application-specific information about synchronization errors or
errors during burst detection for each window in each OFDM VSA channel.

It can be queried with commands STATus:QUEStionable:SYNC:CONDition and
STATus:QUEStionable:SYNC:EVENt. For details, see the FSWX User Manual.

Table 9-4: Status error bits in STATus:QUEStionable:SYNC register for the OFDM VSA application

Bit Definition
0 Not used.
1 Sync not found

This bit is set if synchronization failed.

2to 14 Not used.

15 This bit is always 0.

Programming examples: OFDM vector signal analysis

The following examples demonstrate how to perform OFDM vector signal analysis in a
remote environment. They use 1/Q data from the demo files provided with the FSWX
software as input.

Note that some of the used commands may not be necessary as they define default
values, but are included to demonstrate their use.
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9.71

Programming examples: OFDM vector signal analysis

Example 1: analysis using a predefined configuration file

This example uses input from the demo file wlanA 640QAM. iq.tar and the configura-
tion file wWlanA 640QAM.xml, which are both provided in the directory:
home/instrument/.local/share/rohde-schwarz/esmain/fswx/user/
demo/OFDM-VSA/.

Note: You must insert the correct path for your installation before executing this script.

/)= Preparing the measurement channel ------------
//Reset the instrument

*RST

//Create OFDM VSA channel as replacement for default Receiver channel

INST:CRE:REPL 'Receiver',K OFDMVSA, 'MyOFDMVSA'
//Load I/Q data file for input

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INP:FILE:PATH 'WlanA 64QAM.iqg.tar', 16000000

//Assign the file as input source

INP:SEL FIQ

[/ ==—mmm === Configuring the OFDM signal --------------
//Use the provided sample file - insert correct path!

MMEM: LOAD:CFGF 'WlanA 64QAM.xml'

//Capture 40000 samples with a sample rate of 20 MHz
SWE:LENG 40000
TRAC:IQ:SRAT 20000000

//Enable burst search

DEM: FORM:BURS ON

//Max 1 frame to be demodulated, result length = 100 symbols per frame
DEM: FORM:MAXF 1

DEM:FORM:NOFS 100

[/ = m——————— Configuring synchronization, tracking, demodulation

//Time synchronization using cp

DEM:TSYN CP

//Enable phase tracking and channel comp., disable timing and level tracking
SENS:TRAC:TIME OFF

SENS:TRAC:PHAS ON

SENS:TRAC:LEV OFF

SENS:COMP:CHAN ON

//FFT shift relative to cp length: 0.5

DEM:FFTS 0.5

[/ ——————————— Configuring Results
// Default displays:
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9.7.2

Programming examples: OFDM vector signal analysis

//1: Magnitude Capture 3: Power Spectrum
//2: Result Summary 4: Constellation

//Replace power spectrum by Power vs. symbol vs. carrier

LAY:REPL:WIND '3',PSC

//Normalize EVM to Peak Pilots and Data
DEM:EVMC:NORM PPD

//Filter constellation - show only data symbols with 64QAM mod.
CONF:FILT4:MOD:TYPE DATA
CONF:FILT4:MOD '64QAM'

//Select single sweep mode.

INIT:CONT OFF

//Initiate a new measurement and wait until the sweep has finished.

INIT:IMM; *OPC?

//Query frame burst count and length (1 frame, 40 symbols)
FETC:BURS:COUN?
FETC:BURS:LENG?

//Query max. EVM of data symbols
FETC:SUMM:EVM:DATA:MAX?

//Query the state of the individual signal flow stages
FETC:SFL:STAT:ALL?

//Retrieve trace data for power vs symbol vs carrier diagram
TRAC3:DATA:X? TRACel

TRAC3:DATA:Y? TRACel

TRAC3:DATA? TRACel

//Retrieve trace data for filtered constellation diagram

TRAC4:DATA? TRACEL

Example 2: analysis with manual signal description

This signal uses input from the demo file WLANac 64QAM 20MHz ShortCP.iqg.tar.

Note: You must insert the correct path for your installation before executing this script.

[/ === Preparing the measurement channel —----—-—-—-—-
//Reset the instrument

*RST

//Create a second OFDM VSA channel
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INST:CRE:NEW OFDMVSA, 'ManualOFDMVSA'
//Load I/Q data file for input

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INP:FILE:PATH 'WLANac 640AM 20MHz ShortCP.ig.tar', 16000000
//Assign the file as input source

INP:SEL FIQ

[/ = —————— Configuring the OFDM signal —--—--—--——--—--
//Define 64 subcarriers

CONF:SYMB:NFFT 64

//Non-conventional, non-periodic cyclic prefixes;
//Range 1 (10 symbols): 16 samples

//Range 2 (all other symbols): 8 samples
CONF : GUAR:MODE GU2

CONF:GUAR:PER OFF

CONF:GUAR1:NSYM 10

CONF:SYMB:NGU1l 16

CONF:SYMB:NGU2 8

//Preamble of 16 samples; frame starts at -560 samples
CONF:PRE:BLEN 16

CONF:PRE:FOFF -560

//Capture 43680 samples with a sample rate of 20 MHz
SWE:LENG 43680
TRAC:IQ:SRAT 20000000

//Enable burst search

DEM: FORM:BURS ON

//Max 1 frame to be demodulated, result length = 100 symbols per frame
DEM: FORM:MAXF 1

DEM:FORM:NOFS 100

[/ =mmmmm e Configuring Results

// Default displays:

//1: Magnitude Capture 3: Power Spectrum
//2: Result Summary 4: Constellation

//Select single sweep mode.
INIT:CONT OFF
//Initiate a new measurement and wait until the sweep has finished.

INIT:IMM; *OPC?

//Query frame burst count and length (1 frame, 40 symbols)
FETC:BURS:COUN?
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Programming examples: OFDM vector signal analysis

FETC:BURS:LENG?

//Query the state of the individual signal flow stages
FETC:SFL:STAT:ALL?

//Retrieve trace data for capture buffer
TRAC1:DATA:X? TRACel
TRAC1:DATA? TRACel

O After the signal has been demodulated correctly, you can use the configuration to cre-
= ate a new configuration file with the interactive wizard. See Section 6, "Creating a con-
figuration file using the wizard", on page 76.
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I/Q impairments

Annex
A Formulae

A1 1/Q impairments

The 1/Q imbalance can be written as

r(0)=G, - Ris@y+ -Gy - 360

Where:

® s(t):s the transmit signal

® r(t): the received signal

® G, Gq: the weighting factors

Variable Meaning Definition from transmitter model
G Gain I-branch 1
Gq Gain Q-branch 1+ AQ

(complex)

1G]

. —o1ee| %!
Gain-Imbalance = 20 log dB

Error = m{Go}) 1501
Quadrature-Error =arctan [ e {GQ }J A
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B Reference: IQW format specification for
user-defined constellation points

For a user-specific, unusual constellation of a signal component, you can configure the
constellation in an 1Qw file in advance. Then load the file to the wizard instead of
selecting a predefined modulation for a specific signal component. See Section 6,
"Creating a configuration file using the wizard", on page 76.

Constellation View

Constellation Markers Allocation
User k4 > Mlocate as: | Data | v
Radius < > Undo last allocation L)
11 Selection Mode o
Constellation
| SEcie (2 + Nan-aiocaed Pois (720850
Caonsiallaion Markars
20 T T T T T T T
18 Lol ]
- . H
e s . H
1.0 I e T T e e e e e B T e e e
05 L. P R, N v S
i -
z L
g 0.0 - . .+
E . .
05 L. oo e R N A AP S ]
Coe - : . e ae e e
Ao X e R [P P o P ]
s Lo R P DRSS S U S ]
-2,0 . t . . : t t
=20 -1.5 =10 -0 0.0 05 1.0 1.5 20
Real data

Figure B-1: Example for user-defined constellation points

Create the constellation file using a python or Matlab script, for example.

Consider the following prerequisites:
® The file must contain the ideal complex values for the N constellation points.

® Define the symbols in the correct order (symbol number 0, 1, 2, 3.., N-1). Other-
wise, the bitstream results are incorrect.

® The number of points must be between 2 and 64*1024.

® For each constellation point, define the real component first, than the imaginary
component. One point after the next. (Reg, Img, Req, Imy, ..., Re,,, Imy)

® Define each value in binary, single-precision float format.
® Do not include any header or length information, only the values themselves.
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Sample script to configure 16 constellation points in Matlab

You can use the following script to configure the 16 points on the unit circle (16-PSK),
as shown in Figure B-2.

sFilename = '16PSK.igw';
iN = 16
vfcVector = exp (13*2*pi/iN*[0:iN-11])

fileID = fopen(sFilename, 'w');
if -1==filelD
error ('file open failed')
end
for iK = l:length(vfcVector)
fwrite (fileID, real (vfcVector (iK)) ,'single', 'ieee-le');
fwrite (fileID, imag(vfcVector (iK)) , 'single', 'ieee-le');
end
fclose (filelID) ;

As a result, the following constellation points are configured:

Figure B-2: 16-PSK ideal constellation points

.00 +3*0.00 //corresponds to symbol number 0
.92 +3*0.38
.71 +3*0.71
.38 +3*0.92
.00 +3*1.00
-0.38 +3*0.92
-0.71 +3*0.71
-0.92 +3*0.38
-1.00 +3*0.00
-0.92 +3*-0.38
-0.71 +3*-0.71
-0.38 +3*-0.92
-0.00 +3*-1.00
0.38 +j*-0.92
0.71 +3*-0.71

o O O O =

0.92 +3%-0.38 //corresponds to symbol number 15
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List of commands (OFDMVSA)

[SENSe:]CAPTUre:OVERSAMPIING. .....ueiiiiiiiiiiitieie ettt ettt
[SENSE:JCOMPENSALEICHANREL ..ottt ettt s
[SENSE:IDEMOU:CDD........oeiiiiiiieeciiee ettt et e et e e et e e e eat e e e ssaeeesasaeeessseeeabseeeensaeesensseesanneeeannns
[SENSE:IDEMOU:COFFSEL. ... .eeeiiiiiiiieitie ettt ettt ettt e e st e e b e e s ae e e st e enteeseeenteeeneeensaeeneeeseeaneeas
[SENSe:IDEMOA:EVMCAICIFAVEIAGE. .......eeiiiiiiiiii ettt sttt
[SENSe:IDEMod:EVMCAICINORMAIIZE.........ccccviieeciiie ettt et e e e e eara e e
[SENSE:IDEMOA:FFTSRIfL.......oiiieieii ettt et sa e et e e et e et e e eseeenseesaeeenseeeneeeeseesnneenns
[SENSe:IDEMOd:FORMAEBURST.......c..oiiiiiiiiciiectie ettt ettt ettt e et e s nsaeeaeeesaeeneeas
[SENSe:IDEMOd:FORMAtMAXFIAMES. .....cc.uviieiiieeeeieie e eetiee e ettt e ettt e e e et e e ebe e e st e e e s as e e e saaaeeeesseeeesaeaeanes
[SENSe:]DEMod:FORMat:NOFSymbols....
[SENSEIDEMOG:FSYNC. ......uiiiiiieiie ettt ettt ettt e e et e et eeeseeeseeesteebeeesseesaeesseeeseeenseesnneeneeanns
[SENSE:IDEMOU:MDETECL. .....cuuiiieiiie et eete ettt ettt e e et e e et e e s eaa e e e e b e e easbeeesnseeesnsseeesnseeeeasseeeanns
[SENSe:IDEMOd: THRESOIA:FRAME. .......ooiiiiiiiiie ettt ettt et s e e e eeeseesneaens
[SENSe:IDEMOd: THRESOIA: TIME ... .ottt ettt
[SENSE: IDEMOG: TSYINC. ...cieitiie ettt et e e e et e e e et e e et e e e e be e e e e sbeeeeaaseeesaaseeeansseeeanseeeeansaeeaenseeeannes
[SENSe:JFREQUENCY:CENTENRSTEP.....coiiiiiiiiie ettt
[SENSe:]SWEep:LENGth...
[SENSE: I TRACKINGILEVEL .....ciiiiiiiie ettt h ettt e bt eab e et e e enteeabeeanteenee
[SENSE:ITRACKINGIPHASE. ...ttt ettt ettt e et e e e st e e te e et e e aeesneeeseeenseeeseeannaeas
[SENSE:ITRACKINGITIME......cciiiiiiietie ettt ettt et ettt et e et e st e et e e esteebeeesseeseeenseeseeesseesseeansaenees
[SENSe<ip>:JFREQUENCY:ICENTEN ... ettt ettt ettt b et he e et e st e e b e e eaeeebeeenbeeebeeaneeens
[SENSe<ip>:]FREQUENCY:OFFSEL.......ooiiiiiiieii ettt
[SENSERIPZISWWAPI. ... .o ettt ettt ettt ettt et e et e e st e e se e e st e e s e e saseeeseeeaseeseeesteesseaenseeenseesenanneas
[SENSe<ip>:]SWEep:COUNL....
[SENSE<IP>ISWEEP:TIME...... .ottt ettt e s a et e e e st e et e e eseeeseesneaeseeenseeaseeannaenns
CALCulate<n>:BITStream:FORMEL...........ccoiiiiiiiee ettt et e e s e e e e e e sneeeesseeeesnneaeensneeeanns
CALCulate<n>:DELTamarker<m>:AOFF ..........cooi ittt ettt ene e
CALCulate<n>:DELTamarker<m>:LINK ........ ..ot e e e e e e eneeas
CALCulate<n>:DELTamarker<m>:MAXIMUMAPEGK..........ccooiiiiiiiiiei ettt
CALCulate<n>:DELTamarker<m>:MAXIMUM:LEFT........cooiiiii e
CALCulate<n>:DELTamarker<m>:MAXIMUMINEXT ..o e
CALCulate<n>:DELTamarker<m>:MAXIMUM:RIGHL..........ccciiiiiiiiie e
CALCulate<n>:DELTamarker<m>:MAXIMUM[:PEAK]..........cooiiiiieiiie et e
CALCulate<n>:DELTamarker<m>:MINIMUM:LEFT....... .o e
CALCulate<n>:DELTamarker<m>:MINimum:NEXT....
CALCulate<n>:DELTamarker<m>:MINIMUM:RIGHL............cooiiiiiiii e
CALCulate<n>:DELTamarker<m>:MINIMUM[:PEAK]........c.cooiiiiii e
CALCulate<n>:DELTamarker<m>:MODE..............ccoiritiiiiie e see e e see e e e e e s e e e snseeeanneeeeneeeeannes
CALCulate<n>:DELTamarker<m>:MREFEIENCE. .........ccicuiiiiiiiieiie ettt

CALCulate<n>:DELTamarker<m>:X:RELative?...
CALCulate<n>:DELTamMarker<m>:Y ... ...t ee e et e e et e e st e e e snseeeasteeeeateeeeanseeeeanneeeanes 182
CALCulate<n>:DELTamarker<m>:Y:RELGVE?.........coieiiiiiieiie ettt e e e e ee e 182
CALCUlate<n>:DELTaMArKErSM>:Z.......coouiiiiieiie ittt ettt ettt et e e b et et eebeeanee s 182
CALCulate<n>:DELTamarker<m>[:STATE]........ccotiiiiiiieiii ettt 161
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEI<MA>........cccoiiiiiiiiiieiiiiie e eee e 160
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CALCuUlate<n>:MARKEIr<M>IAOFF ... ..ottt ettt ettt
CALCulate<n>:MARKer<m>:MAXimum:APEak...
CALCulate<n>:MARKer<m>:MAXIMUM:LEF T ..ot e sre e e e e e e neee s

CALCulate<n>:MARKer<m>:MAXIMUMINEXT ..ottt

CALCulate<n>:MARKer<m>:MAXIMUM:RIGHL. ...

CALCulate<n>:MARKer<m>:MAXIMUM[IPEAK]....... ottt 168
CALCulate<n>:MARKer<m>:MINIMUMLEFT........ooiiiii e 169
CALCulate<n>:MARKer<m>:MINIMUM:INEXT ...t a e e e e anes 169
CALCulate<n>:MARKer<m>:MINIMUM:RIGHTL...........ccccoiiiiii e 169
CALCulate<n>:MARKer<m=>:MINIiMUM[:PEAK]........coouiiiiiii ettt e aae e 170
CALCulate<n>:MARKEr<mM>:SEARCI.......coo ettt e e e e s s e e e snaee e snneeee 170
CALCuUlate<n>:MARKEISMZITRACE. ......cciiiieeiieeeiee ettt et e st e et eesentee e e seeeeanseeeeasseeesasseeeaneeeesnnes 158
CALCUIAtE NS IMARKEISIMZIX ottt ettt ettt h e e bt ea bt e b e e et e e beeenbeeeneeaabeeaneas 159
CALCUIAte<N>IMARKEISIMZIY 2.ttt e et e et e ettt e e eas b e e e sanb e e e amneeeanseeeasaeaesnseeaeanneeas 183
CALCUIAtESNZIMARKEISIMSIZ . ... ettt e e e e st e e e ee e e asa e e asteeesnsaeeessseeeeasseeeaseeeeansaeeeanseeeannneeeannes 183
CALCUIate<n>:MARKEI<MS[:STATE].....ueeteiitiie e eteee ettt ettt e et e e st e e s e e e e aaeeeanbeeesasseeesnseeesnseaeenns 158
CALCulate<n>:MARKer<ms=>:LINK:TO:MARKEI<MA>.......cooiiiiiiiiiiiiie ettt 157
CONFIgUrE:FILTEr<N>ICARRIET . ...ttt ettt ettt ettt ettt enees

CONFigure:FILTer<n>:MODUIBHION. .........ciiiiiiiiiit ettt ettt ettt et e

CONFigure:FILTer<n>:MODulation: TYPE
CONFIgUre:FILTEr<N>:SYMBOL. ...ttt ettt et nbeeaane e
CONFigure:PREAMDBIEIBLENGEN. .......ooiiiiii ittt
CONFigure:PREAMDIEIFOFFSEL. ..ottt ettt e e et e et e e e sne e e e e neeeeannes
CONFigure:RFUC:FZERO:FREQUENCY........coiuiiiiiiiiiiteete ettt
CONFigure:RFUC:FZERO:IMODE..........ooiiiiiii ittt b et eabe e s
CONFIGUIEIRFUCISTATE. ...ttt ettt ettt ettt ettt et et e e bt e eaeeeaeeeeaeeebeeeaeeeneeemeeaseeanseeaneeenneenneas
CONFigure:SYSTem:CFlLe....
(10 1o U = I = TeTe Lo [ T TSRO PURURRPP

CONFigure:TPRECOAING:IGNOIE. ......coiiiiiiitiie ettt ettt ettt e et e e e e eaee e e e beeeeabeeeaanteeeeanseeeaneeeaannes

CONFigure[:SYMBOIJ:GUAR:MODE..........cciiiiieitieeiie ettt ettt et e et e e b e snseesneeenraeaneeas

CONFigure[:SYMBOI[:GUARA:INSYMDOISKCPS......couiiiiieiiie ettt sttt 125
CONFigure[:SYMBOIJ:GUAR:PERIOIC. .....c..eiiiieitiiiiie ettt ettt ebe e eeeeanea s

CONFIGUIE[:SYMBOIINFF T ...ttt ettt ettt e bt et e e et e aaee s

CONFIgUre[:SYMBOIJ:INGUAIASCPS.......ciiuiieiie ittt ettt bttt et e e bt e bt et e e i e ebeesaeeas

CONFIQUrE[:SYMBOIJINSUFFIX. ...ttt ettt ettt ettt ettt e bt e s e e e st e eaeeeeseeenbeesaeeenseeeneeebeaaneaanns

CONFigure[:SYMBOI]:ZPADAING:LENGIN......c..eiiiiiiiii e

CONFigure[:SYMBOI]:ZPADAING OFFSEL......couiiiiiiiii ittt

CONFigure[:SYMBol]:ZPADding:REPetition
CONFigure[:SYMBOI]:ZPADAING:STATE. ......tteitiiiiee ittt ettt ettt reeaiae e
DISPIay[:WINDOWSNSJIMINFO[ISTATE]. ...ttt ettt ettt ettt ettt e b e e s
DISPIay[:WINDOWSNSJIMTABIE.. ...ttt ettt et e e eae e et e e eseeebeeeneaeneeenneeseeeneas
DISPlay[:WINDOWS<N>[: TRACEStZIY[:SCALE]. .. .ei ittt
DISPlay[:WINDow<n>]:TRACE<t>:Y[:SCALELAUTO . ......eiiiiiiiiiii ettt
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MAXIMUM......ccciiiiiiiiiiiieiie ettt
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MINimum..
DISPlay[:WINDow<n>]:TRACEe<t>:Y[:SCALEL:PDIVISION........coiiiiiiiiiiiiteiee e
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RPOSition
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALeJ:AUTO ONCE..........ccceevrerrirrerrirreienenns 152
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE:RVALUE.........ccceriieiiiiiiiiiiie e 153
FETCh:BURSECOUNL? ...ttt ettt et et e e ae e et e et e e e s b e e eheeenseeeseeenbeeaseeeneeennaanseeanne 172
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FETCh:BURSELENGINS? ...ttt ettt 172
FETCh:BURSt:STARts?..

L] S O RS T 0T S N oSS 177
FETCN:SFLOWISTATEIALLT ...ttt b ettt ettt e e nae s 178
FETCh:SFLOW:STATEIBDETECHON?....c..eitiieieie ittt sttt ees 178
FETCh:SFLOW:STATEICOMPENSALE?.......eeiieiiie et eeiiee et e st e et e e et e e st e e e st e e e neeeeanneeeansaeeesnaeeesnneaeens 179
FETCh:SFLOW:STATE:DESTIMALIONT.....ctiiiiitiiiieii ettt 179
FETCh:SFLOW:STATEIEVMMEAS?.......ei ittt ettt ettt 179
FETCN:SFLOW:STATEIFSYNC?. ...ttt ettt e e s et e st e et ene e e ene e e eneeneeaneeneanean 180
FETCh:SFLOW:STATEIMDETECHON?. ..ottt ettt 180
FETCh:SFLOW:STATEIPESTIMAIONT. ...ttt bttt 180
FETCN:SFLOW: STATEI TSYNC? ..ottt ettt ettt este s e teen e teeme e e ene e e e eneeneeaneeneeanean 181
FETCh:SFLow:TSYNc?.............

FETCh:SUMMary:CRESEMAXIMUM ...ttt ettt 173
FETCh:SUMMary:CRESEMINIMUM ...ttt bttt 173
FETCh:SUMMary:CRESI[IAVERGGE]?. ...ttt ettt ettt ettt 173
FETCh:SUMMary:EVM:DATAIMAXIMUM?......oiiiiiiiiiie ettt nesbeens 173
FETCh:SUMMary:EVM:DATAIMINIMUM? ...t esaesneeeesneeeenneeneenneenees 173
FETCh:SUMMary:EVM:DATALAVERGQGE]?.....c..i ittt 173
FETCh:SUMMary:EVM:PILot:MAXimum?.. .
FETCh:SUMMary:EVM:PILOtMINIMUM?.....oiiiiiieee ettt 174
FETCh:SUMMary:EVM:PILOt:PCTIAVERGGE]?......ociiiiieieeiieeceee e 174
FETCh:SUMMary:EVM:PILOt[:AVERGGE]?.......cviiiiiiitietesiiete ettt 174
FETCh:SUMMary:EVM[:ALLIEMAXIMUM?....ciiiiiiieeieeie ettt nne e nneaneenneaneens 174
FETCh:SUMMary:EVMALLLEMINIMUM? ..ottt 174
FETCh:SUMMary:EVM[:ALLIPCT:MAXIMUM?....cuiiiiiiiiieiee ettt 175
FETCh:SUMMary:EVM[:ALL]:PCT:MINimum?.....
FETCh:SUMMary:EVM[:ALLI:PCTAVERGGE]?......ociiiiiiiitieecee e 175
FETCh:SUMMary:EVM[:ALL]:AVERGGE]?.....cctiiiiiiitieteeieete ettt et st 174
FETCh:SUMMary:EVMPeak: DATAIMAXIMUM ..ottt sttt nne e 174
FETCh:SUMMary:EVMPeak: DATAPCT:MAXIMUM ...ttt 174
FETCh:SUMMary:EVMPeak:PILOEMAXIMUM?.......iiiiiiiieiiie ettt 174
FETCh:SUMMary:EVMPeak:PILOt:PCT:MAXIMUM?.....ciiiiiiiiieiieiie et 174
FETCh:SUMMary:EVMPeak[: ALLIMAXIMUM?......ooiiiiiiiiiit ettt 174
FETCh:SUMMary:EVMPeak[:ALLL::PCT:MAXIMUM?.....ouiiiiiiiiiitieiesie ettt 174
FETCh:SUMMary:FERROFMAXIMUM ...ttt ettt ettt 175
FETCh:SUMMary:FERROFMINIMUM?.......iiiiiiii ettt ettt 175
FETCh:SUMMary:FERRor[:AVERage]?.

FETCh:SUMMary:GIMBalance:MAXIMUM?........iiiiiiiiiiieeie ettt ettt 175
FETCh:SUMMary:GIMBalance:MINIMUM?.........c..oiiiiiii ettt 175
FETCh:SUMMary:GIMBalanCe[:AVERAGE]?........coi ittt ettt et e e e e nes 175
FETCh:SUMMary:IQOFFSEtMAXIMUM ..ottt ettt ee s e sneeneesneeneenseeneeneenn 175
FETCh:SUMMary:IQOFFSEt:MINIMUM?.......coiiiiiiiiiie ettt 175
FETCh:SUMMary:IQOFfSEt[:AVERAGE]? ... ..ottt 175
FETCh:SUMMary:MER[:ALL]:MAXimum?. .
FETCh:SUMMary:MER[:ALLLMINIMUM?.....couiiiiiiiiiii ettt 176
FETCh:SUMMary:MER[:ALL]:AVERGQGE]?.......eiiiiiiiiiiiiee ettt 176
FETCh:SUMMary:POWErMAXIMUM?.......coiiiiiiiiie ittt ettt ettt sttt eb e sene e 176
FETCh:SUMMary:POWErMINIMUM ...ttt ettt ettt 176
FETCh:SUMMary:POWEIT:AVERGGE]?.......oiuiiiiiiiiieiteeiee ittt sttt 176
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FETCh:SUMMary:QUADEITONMAXIMUM ..ottt 176
FETCh:SUMMary:QUADerror:MINimum?.....

FETCh:SUMMary:QUADEITOI[:AVERGGE]?......coiiiiiiieieie ettt 176
FETCh:SUMMary:SERROIMAXIMUM? ...ttt ettt ettt sbe et e e et e anee s 177
FETCh:SUMMary:SERROIMINIMUM ..ottt ettt 177
FETCh:SUMMary:SERROI:AVERGGE]?........uiiiiiiiiieett ettt 177
FETCR:SUMMAIY[ALL]?. ..ottt ettt h ettt ettt n e e e 172
FETCRITTIRAME?......c ittt a et h et b ekt b e ettt e et et e bttt e b e be e ntean 177
FORMat:DEXPOMDSEPAIAtON. ... iiiiiiiie et et eee st e st e et e e et e e e et e e e steeesnneeeesssaaeeanseeeaanseeeaneeeenns 185
FORMat:DEXPOIMTGRAPR. ...ttt b ettt ne e 185
FORMEAt:DEXPOMHEADET ...ttt ettt ettt eb e bttt et e bt sttt nae et e nneene e 185
FORMAaEDEXP O TRACES. ...cee ittt ettt ee e et e sttt e et e e et e e e saeeeessse e e e seeeeanseeeaanseeeeanseeeaanseeeanseeeeanseeeeanseeenn 185
FORMat:DEXPort:XDIStrib

LR O = {3 N PSSRSO UP PP
INPut<ip>:FILTer: CHANNEIHPASS:FDBBW?.......cotiiiiiitieiit ettt 132
INPUt<ip>:FILTer:CHANNEIHPASS:SDBBW........cccociieeiiiie et e ettt ettt s e et e e e enbaeeenreeesnnnas 132
INPUt<ip>:FILTer:CHANNEIHPASS[:STATE]. .....cueetiitieie ittt sttt 133
INPut<ip>:FILTer: CHANNEI[:LPASS]:FDBBW........ccuiiiiiiiieiit ettt 133
INPUt<ip>:FILTer:CHANNEI[:LPASS]:SDBBW........ccciiuiieiiiee et ee e eeee ettt ete e st e et e e e staeaessaeaeensaeeaenns 133
INPut<ip>:FILTer:CHANnel[:LPASSs][:STATe]....

INSTrumMENE:CREGIE[INEW]......eeiiiie ettt ettt et
LAYOUL ADDWINDOW]?.....eeeeeeee ettt ettt e ettt e e et e e e et e e e eaa e e e ssaeeensseeeensseesanseeeassaeeensneeeansanennnes 148
MMEMOTY:LOAD:CFGRIIE. ...ttt bbbttt ittt ae et be et s 130
MMEMOTY:STORESNZITRACE. ...ttt ettt a ettt ettt b e e s bt e e b nareenbe e 186
SYSTEM:PRESEt:CHANRNEIEXEC].......eii ittt ettt e e et e e et e e et e e e eas e e s enneeeannes 122
TRACEIIQIBWIDEN. ...ttt bbbttt bttt eb et b e b e b e st et e b e
TRACe:IQ:DATA:FORMat...

TRACEIIQ:ISRATE. ...ttt bbbttt ettt eh et na et
TRACEIQ:WBANG:IMBWIGN. ... ettt 136
TRACEIQ:IWBANGISTATE. ...ttt e sttt e et eee et nee s st eneeeaeen e e seeseeaneeseenteeneeeenneeneenneeneens 136
TRACE<NZHQIDATAIMEMOIY ...ttt ettt sttt ettt 188
LR AN 0T =R g [ B SRR PPR S 187
LR AX 07T g e T 1 PSS 186
TRACESNSZIDATALY 2.ttt h et b et e e bt et et e it et e ettt nae et sae et e ae e e 187
TRACESNZIDATA] . et b bt a et a et h et he bt h e et bt ekt e bttt et ennas 186
TRIGGEr:SEQUENCELDTIME. ...ttt b ettt ettt e b et aees
TRIGGEr:SEQUENCEIIHOLDO . ...ttt ettt e e b eanee e
TRIGger[:SEQuence]:IFPower:HOLDoff.... .
TRIGGer[:SEQUENCE]:IFPOWEIHY STEIESIS. ......cuiiiiieiii ittt
TRIGger[:SEQUENCE]:LEVEIAMIRELALIVE. .........oiiiiiiiiiii e
TRIGger[:SEQuence]:LEVEl:AM[IABSOIULE]..........cciiiiiiii it
TRIGGer[:SEQUENCELLEVEIFM. .. ..ottt
TRIGGEr:SEQUENCELLEVEIIFPOWET ...ttt ettt ettt
TRIGGer[:SEQUENCELLEVEIPM. ...
TRIGger[:SEQuence]:LEVel[:EXTernal<tp>]..

TRIGGer[:SEQUENCE]:POWEIHOLDOR.........oiiiiiiii ettt
TRIGGEr[:SEQUENCE]I:SLOPE. ...t sttt
TRIGGEr:SEQUENCELSOURCE. ...ttt ettt b ettt b e enees
TRIGQer[:SEQUENCE]TIMEIRINTEIVAL ......ccuiiiiiiiie ittt ettt et
TRIGger<ip>[:SEQuence]:lQPOWErHYSTErESIS. .......c.oiiiiiiiiiiii e 138
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TRIGger<ip>[:SEQUENCE]:LEVEIIIQPOWET..........ooiiiiiiiiii ettt 139
TRIGger<ip>[:SEQUENCE:LEVEIPOWET ...t 140
TRIGger<ip>[:SEQUENCE:POWETHY STEIESIS. .....c.ueiiiiiiieiiieiiee et 141
UNITECAXES. ..ottt ettt ettt ettt et e ae e e e st e e et e e st e et e e me e e st e ms e es e emeeeseemeense e s e e eaeene e sees e eteeneenseeneennenneennean 154
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