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R&S®PVSE-K96 Welcome to the OFDM vector signal analysis (VSA) application

Introduction to vector signal analysis

1 Welcome to the OFDM vector signal analy-
sis (VSA) application

The R&S VSE OFDM VSA application performs vector and scalar measurements on
digitally modulated OFDM signals. To perform the measurements it converts RF sig-
nals into the complex baseband.

The R&S VSE 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.

Functions that are not discussed in this manual are the same as in the I/Q Analyzer
application and are described in the R&S VSE base software user manual. The latest
version is available for download at the product homepage http://www.rohde-
schwarz.com/product/VSE.html.

e Introduction to vector signal analySiS...........uuuuuceeeiiiiiiii e 5
e Starting the R&S VSE OFDM VSA application.......ccccccceeeiiiiiiiiiiiieieeee, 6
e Understanding the display information...........cccccoiiiiii e, 7

1.1 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 R&S VSE OFDM VSA application compares
the measurement signal and the reference signal, and the results of this comparison
are displayed.

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®VSE-K96 Welcome to the OFDM vector signal analysis (VSA) application

Starting the R&S VSE OFDM VSA application

Analyzer

Device Under
Test
(DUT)

Extraction of
Ideal Signal

Figure 1-1: Simplified schema of vector signal analysis

1.2 Starting the R&S VSE OFDM VSA application

OFDM Vector Signal Analysis is a separate application on the R&S VSE. It is activated
by creating a new measurement channel in OFDM VSA mode.

To activate the R&S VSE OFDM VSA application

1. &) Channel

Select the "Add Channel" function in the Sequence tool window.

A dialog box opens that contains all operating modes and applications currently
available in your R&S VSE.

=
3G FDD ETS 3G FDD UE 5G NR Amplifier
= '
=2
AN/FM/PM Analog Demod Bluetooth® GSM HRP UWE
! 10 Analyzer LTE NE-IoT OFDM VSA
i 73 &
(EEER|
Pulse Transient Analysis VSA
=
o
WLAN
0 -0

Duplicate
Current Channel
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R&S®VSE-K96 Welcome to the OFDM vector signal analysis (VSA) application

Understanding the display information

2. Select the "OFDM VSA" item.

CFDA WS

The R&S VSE opens a new measurement channel for the R&S VSE OFDM VSA
application.

1.3 Understanding the display information

The following figure shows a measurement diagram during analyzer operation. All dif-
ferent information areas are labeled. They are explained in more detail in the following
sections.

il 1)
Ref Level m 640.0 MHz  Config M FFT 64
Att 9 10dB  Freq 13.25 GHz Capture Time s CPLlength 20
ki

- Q 1 Magnitude Captur - ol ver Spectrum

1 = Color coding for windows of same channel

2 = Channel bar with measurement settings

3 = Window title bar with diagram-specific (trace) information

4 = Diagram area

5 = Diagram footer with diagram-specific information, depending on result display

Channel bar information

In the R&S VSE OFDM VSA application, the R&S VSE shows the following settings:

Table 1-1: Information displayed in the channel bar in R&S VSE OFDM VSA application application

Ref Level Reference level

Att Mechanical and electronic RF attenuation
Freq Center frequency for the RF signal

Offset Reference level offset

SRate Sample Rate

Config Currently loaded configuration file

Capture Time How long data was captured in current sweep
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R&S®PVSE-K96 Welcome to the OFDM vector signal analysis (VSA) application

Understanding the display information

FFT FFT size
CP Length Cyclic prefix length
Res Len Result length

In addition, the channel bar also displays information on instrument settings that affect
the measurement results even though this is not immediately apparent from the display
of the measured values (e.g. transducer or trigger settings). This information is dis-
played only when applicable for the current measurement. For details see the

R&S VSE Base Software User Manual.

Window title bar information

For each diagram, the header provides the following information:

* DFDM VSA: 1 Magnitude Capture olClhw 5 W

2

Figure 1-2: Window title bar information in R&S VSE OFDM VSA application

0 = Color coding for windows of same channel
1 = Edit result display function

2 = Channel name

3 = Window number

4 = Window type

5 = Trace color, trace number, trace mode

6 = Dock/undock window function

7 = Close window function

Diagram area

The diagram area displays the results according to the selected result displays (see
Chapter 2.2, "Evaluation methods for OFDM VSA measurements”, on page 10).

Diagram footer information

The diagram footer (beneath the diagram) contains the start and stop symbols or time
of the evaluation range.

Status bar information

The software status, errors and warnings and any irregularities in the software are indi-
cated in the status bar at the bottom of the R&S VSE window.
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R&S®VSE-K96 OFDM VSA measurement and results

OFDM VSA parameters

2 OFDM VSA measurement and results

2.1

For each measurement, a separate measurement channel is activated. Each measure-
ment channel can provide multiple result displays, which are displayed in individual
windows. The measurement windows can be rearranged and configured in the

R&S VSE to meet your requirements. All windows that belong to the same measure-
ment (including the channel bar) are indicated by a colored line at the top of the win-
dow title bar.

To add further result displays for the OFDM VSA channel

» Select the o1 "Add Window" icon from the toolbar, or select the "Window > New
Window" menu item.

For details on working with channels and windows, see the "Operating Basics" chapter
in the R&S VSE base software user manual.

® OFDM VSA Parameters.......ccccoiiiiiieeeeeeeeecese s s e e e e e e e e e e e e e e e e e e e e e e ee e e e e s 9
e Evaluation methods for OFDM VSA MeasuremMents.........cocoivueeereiieieneeeieieeeeeeeees 10
OFDM VSA parameters

Several signal parameters are determined during vector signal analysis and displayed
in the Result Summary.

For details concerning the calculation of individual parameters, see Chapter C, "Formu-
lae", on page 282.

Table 2-1: OFDM VSA parameters

Parameter Description SCPI Parameter *)

EVM All [%/dB] Error Vector Magnitude of the payload symbols over all carri- | EVM[:ALL]
ers (except the guard carriers)

EVM Data Symbols | Error Vector Magnitude of the payload symbols over all data | EVM:DATA
[%/dB] carriers

EVM Pilot Symbols Error Vector Magnitude of the payload symbols over all pilot | EVM: PILot
[%/dB] carriers

MER [dB] Average Modulation Error Ratio (MER) for all data and all MER[:ALL]
pilot cells of the analyzed frames. The MER is the ratio of the
RMS power of the ideal reference signal to the RMS power
of the error vector.

1/Q offset [dB] Transmitter center frequency leakage relative to the total Tx | IQOFset
channel power

Gain imbalance [dB] | Amplification of the quadrature phase component of the sig- | GIMBalance
nal relative to the amplification of the in-phase component

*) Required to retrieve the parameter result,

See FETCh:SUMM: <parameter>:<statistic> on page 241
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R&S®VSE-K96 OFDM VSA measurement and results

Evaluation methods for OFDM VSA measurements

Parameter Description SCPI Parameter *)

Quadrature error [°] Phase angle between Q-channel and |-channel deviating QUADerror
from the ideal 90 degrees; measure for crosstalk from the Q-
branch into the I-branch

Frequency Error [Hz] | Frequency error between the signal and the currently defined | FERRor
center frequency

The absolute frequency error includes the frequency error of
the connected instrument and that of the DUT. If possible,
the transmitter connected instrument and the DUT should be
synchronized (using an external reference).

See R&S VSE base software user manual > "Configuring
Instruments”

Sample Clock Error | Clock error between the signal and the sample clock of the SERRor
R&S VSE in parts per million (ppm), i.e. the symbol timing
error

The sample clock error is only estimated if at least one of the
following conditions applies:

® Atleast 2 subcarriers have 4 or more pilot cells

® Atleast 256 subcarriers have 2 or more pilot cells

Otherwise, the sample clock error is indicated as "---" and
treated as 0 for compensation purposes.

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

See R&S VSE base software user manual > "Configuring

Instruments"
Frame Power Average time domain power of the analyzed signal frame POWer
Crest factor [dB] The ratio of the peak power to the mean power of the ana- CRESt

lyzed signal frame

*) Required to retrieve the parameter result,

See FETCh:SUMM: <parameter>:<statistic> on page 241

The R&S VSE OFDM VSA application also performs statistical evaluation over several
frames and displays the following results:

Table 2-2: Calculated summary results

Result type Description

Min Minimum measured value
Average Average measured value
Max Maximum measured value

2.2 Evaluation methods for OFDM VSA measurements

The data that was measured by the R&S VSE can be evaluated using various different
methods without having to start a new measurement. Which results are displayed
depends on the selected evaluation.

The OFDM VSA measurement provides the following evaluation methods:
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Evaluation methods for OFDM VSA measurements
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Allocation Matrix
The Allocation Matrix display 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.

BP3E QJPSE 164N ZErD FilotConstellation
T T T T T ] T

20

10

0

-10

-20
Symbo smbo

Figure 2-1: 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 Allocation
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 115.
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Evaluation methods for OFDM VSA measurements

Remote command:

LAY:ADD? '1',RIGH,AMATrix, See LAYout:ADD[:WINDow]? on page 231
TRACe<n> [ : DATA] ? on page 251, see Chapter 8.7.4.1, "Allocation matrix",

on page 256

TRACe<n>[:DATA] : X? on page 252

TRACe<n>[:DATA] : Y? on page 252

Symbol unit: UNIT: SAXes on page 210

Bitstream

This result display 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) ! W

The bitstream is derived from the order of the constellation points in the configuration
file.
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Evaluation methods for OFDM VSA measurements

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
|l1 1 |l.

<Constellation>
<ID>1</ID>
<Name >QPSE< /Name>
<HumanReadableName>QPSK< /HumanReadableName>
<ScalingFactor>1.8</ScalingFactor>
¢<AllocationTyperDataConstellation</AllocationType>

<IQSymbols >
<IQ>
<Re»@. 78711« /Rex> -
Im. 70710/ Tm> 0
< /10>
<10
<Re>-8.70711</Re> Bits "01"
<Im»8. 70711/ Im>
< /10>
<IQ»
<Re»-8.78711</Re> Bits "10"
<Im»-8.78711</Im>
<fT0>
<IQ>
<Rexd. 787114/ Re> Bits "11"
<Im>»-8.78711</Im>
</IQ>
</IQ5Symbols>
</Constellation>

Figure 2-2: Extract from configuration file defining the constellation points

Remote command:
LAY:ADD? '1',RIGH,BITS, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.2, "Bitstream", on page 256

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.

10.0 dB

Figure 2-3: CCDF display

Remote command:

LAY:ADD? '1l',RIGH,CCDF, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.3, "CCDF", on page 256
TRACe<n>[:DATA] : X? on page 252
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Evaluation methods for OFDM VSA measurements

Channel Flatness
The Channel Flatness display shows the amplitude of the channel transfer function vs.
carrier.

The statistic is performed over all analyzed frames.

* 4% OFDM VS&: 3 Channel Flathess ®1 vy e 2 Max®3Min W

Figure 2-4: Channel Flatness Display

Remote command:

LAY:ADD? '1',RIGH,CHFL, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.4, "Channel flatness", on page 257
TRACe<n>[:DATA] : X? On page 252

Carrier unit: UNTT: CAXes on page 208

Constellation Diagram

The Constellation Diagram shows the inphase and quadrature results for the analyzed
input data. The ideal points for the selected cell types are displayed for reference pur-
poses.
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Evaluation methods for OFDM VSA measurements

~ OFDM VSA: 4 Constellation
Main Service 640AM Service Descriotion 160AM Svstem Info OP3K

Figure 2-5: Constellation diagram

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 Chapter 6.1, "Result configuration”, on page 109.

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.
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Evaluation methods for OFDM VSA measurements

* OFDM WSA: 4 Constellation
Main Service 64 OAM Service Descriotion 160AM Svstem Info OPSK PilotConstellation

M1[1] -0.771737
0.155145

Figure 2-6: Marker in a Constellation diagram

See also "Markers in the Constellation diagram and Allocation Matrix" on page 115.

Remote command:

LAY:ADD? '1',RIGH,CONS, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.5, "Constellation diagram", on page 257
Marker 1/Q values:

CALCulate<n>:MARKer<m>:Z on page 248

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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Evaluation methods for OFDM VSA measurements

+ OFDM VSA: 2 Constellation vs Carrier ® 1 Real ¢ 2 Imaginary 51

-1024 carr 1024 carr

Figure 2-7: 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 231
TRACe:DATA?, see Chapter 8.7.4, "Using the TRACe[:DATA] command", on page 255
Carrier unit: UNIT:CAXes on page 208

Symbol selection for marker: CATL.Culate<n>:MARKer<m>:7 on page 248

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.
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Evaluation methods for OFDM VSA measurements

~ OFDM VSA: 2 Constellation vs Symbol ® 1 Real = 2 Imaginary 3

0.0 sym 56.0 sym

Figure 2-8: Constellation vs. Symbol display

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

Remote command:

LAY:ADD? '1',RIGH,CSYM, see LAYout :ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4, "Using the TRACe[:DATA] command", on page 255
Symbol unit: UNTT: SAXes on page 210

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 248

EVM vs Carrier

The EVM vs Carrier display shows the EVM of each carrier of the analyzed signal
frame in the frequency domain. The results are provided in dB. Multiple traces display
statistical evaluations over carriers.
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Evaluation methods for OFDM VSA measurements

= OFDM VSA: 2 MER vs Carrier elayges2Maxe3Min [ W

-1024 carr 1024 carr

Figure 2-9: 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 231
TRACe:DATA?, see Chapter 8.7.4.8, "EVM vs carrier", on page 260
TRACe<n>[:DATA] : X? on page 252

Carrier unit: UNIT:CAXes on page 208

EVM unit: UNTT : EVM on page 209

EVM vs Symbol

The EVM vs. Symbol display shows the EVM of each symbol of the analyzed signal
frame in the time domain. The results are provided in dB. Multiple traces display statis-
tical evaluations over symbols.

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

~ OFDM VSA: 2 MER vs Symbol ®1Avgc2Maxe3Min T

Figure 2-10: 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? '1l',RIGH,EVSY, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.9, "EVM vs symbol", on page 260
TRACe<n>[:DATA] : X? On page 252

Symbol unit: UNTT: SAXes on page 210

EVM unit: UNTT: EVM on page 209

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 signal frame.

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

~ OFDM VSA: 2 MER vs Symbol vs Carrier

55dB

Figure 2-11: 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? '1l',RIGH,EVSC, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.10, "EVM vs symbol vs carrier", on page 260
TRACe<n>[:DATA] : X? on page 252

TRACe<n> [ :DATA] : Y2 on page 252

Carrier unit: UNTIT: CAXes on page 208

Symbol unit: UNTIT: SAXes on page 210

EVM unit: UNTT : EVM on page 209

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 248

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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Evaluation methods for OFDM VSA measurements

* OFDM VSA: 2 Group Delay ®#lAvgs2Maxe3Min 3 T
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Remote command:

LAY:ADD? '1',RIGH,GDEL, see LAYout :ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.11, "Group delay", on page 261
TRACe<n>[:DATA] : X? on page 252

Carrier unit: UNIT:CAXes on page 208

Impulse Response

The "Channel 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.
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Evaluation methods for OFDM VSA measurements

* OFDM VSA: 2 Impulse Response 81Avgs2Maxe3Min [ W

Figure 2-12: Channel Impulse Response Display

Remote command:

LAY:ADD? '1l',RIGH, IRES, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.12, "Impulse response", on page 261
TRACe<n>[:DATA] : X? On page 252

Linear/ logarithmic scaling: UNIT: IRESponse on page 210

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.
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Evaluation methods for OFDM VSA measurements

* OFDM VSA: 1 Magnitude Capture
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Figure 2-13: Magnitude Capture display

Remote command:

LAY:ADD? '1l',RIGH,MCAP, see LAYout:ADD[:WINDow] ? on page 231
TRACe:DATA?, see Chapter 8.7.4.13, "Magnitude capture", on page 261
TRACe<n>[:DATA] : X? On page 252

Time unit: UNTIT: TAXes on page 210

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

This table is displayed automatically if configured accordingly.
* 3 Marker Table

X-Value Y-Value
0.256 0.00 dB

415.512 -1.94 dB
489.512 -1.95 dB
266.512 -2.00 dB

Remote command:

LAY:ADD? '1',RIGH, MTAB, see LAYout:ADD[:WINDow]? on page 231
Results:

CALCulate<n>:MARKer<m>:X on page 215
CALCulate<n>:MARKer<m>:Y? on page 248

Power vs Carrier

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

~ QFDM VSA: 2 Power vs Carrier ®1Avgc2Maxe3Min F i

-1024 carr 1024 carr

Figure 2-14: 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 231
TRACe:DATA?, see Chapter 8.7.4.14, "Power vs carrier", on page 262
TRACe<n>[:DATA] : X? On page 252

Carrier unit: UNTT: CAXes on page 208

Power vs Symbol

The Power vs Symbol display shows the power of all OFDM carriers in the analyzed
signal 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 sym-
bol 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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Evaluation methods for OFDM VSA measurements

* OFDM WSA: 2 Power vs Symbol elAvgc2Maxe3Min W

0.0 sym

Figure 2-15: 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 231
TRACe:DATA?, see Chapter 8.7.4.15, "Power vs symbol", on page 262
TRACe<n>[:DATA] : X? on page 252

Symbol unit: UNIT: SAXes on page 210

Power vs Symbol vs Carrier

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

0.0 sym

Figure 2-16: Power vs Symbol vs Carrier display
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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 231
TRACe:DATA?, see Chapter 8.7.4.16, "Power vs symbol vs carrier", on page 262
TRACe<n>[:DATA] : X? on page 252

TRACe<n>[:DATA] : Y? on page 252

Carrier unit: UNIT:CAXes on page 208

Symbol unit: UNIT: SAXes on page 210

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 248

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.

* OFDM W5A: 3 Power Spectrum

-10.0 MHz 10.0 MHz

Figure 2-17: Power Spectrum display

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

See Chapter 4.5, "Data acquisition", on page 69.
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= OFDM V5A: 3 Power Spectrum

Channel Filter 6dB Bandwidth

Figure 2-18: Power spectrum with active channel filter

Remote command:

LAY:ADD? '1l',RIGH, PSP, see LAYout:ADD[:WINDow]? on page 231
TRACe:DATA?, see Chapter 8.7.4.17, "Power spectrum”, on page 263
Frequency unit: UNTIT: FAXes on page 209

Result Summary
The Result Summary table provides numerical measurement results.

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

* OFDM VSA: 2 Result Summary

EVM All

EVM Data Symbols

EVM Pilot Symbols

MER

1/Q Offset

Gain Imbalance

Quadrature Error

Frequency Error 0.040

Sample Clock Error

Frame Power

Crest Factor

Figure 2-19: 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 Table 2-1.
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Evaluation methods for OFDM VSA measurements

Remote command:

LAY:ADD? '1',RIGH,RSUM, see LAYout :ADD[:WINDow] ? on page 231
Results:

FETCh:SUMMary [ :ALL] ? on page 239

Signal Flow

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

* 4 CFDM WSA: 4 Signal Flow

Time Frame
Sync Sync
84.836% 99,198%,

Burst
Detection

Pilot-Aided
Parameter
Estimation

Maodulation
Detection

Compensate

Figure 2-20: 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 Chap-
ter 3.2.2.1, "Synchronization block", on page 40.

Remote command:

LAY:ADD? '1',RIGH,SFIL, see LAYout:ADD[:WINDow]? on page 231
Retrieving results:

Chapter 8.7.2, "Retrieving signal flow results", on page 242

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.

Remote command:

LAY:ADD? '1l',RIGH, TRIG, see LAYout:ADD[:WINDow]? on page 231
Retrieving results:

FETCh:TTFRame? on page 241
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General information on OFDM signals

3 Measurement basics

3.1

3.11

Some background knowledge on basic terms and principles used in OFDM vector sig-
nal analysis is provided here for a better understanding of the required configuration
settings.

e General information on OFDM SignalS........ccceeieiiiiiiiiiiieeeeeeeeeeeeeeeeee e 30
®  SigNal PrOCESSING.....ccceiiiieiieeeeeeeee e e e e e e e e e e e e e e e e e e et e e e eeee e e e et aeaaaaeas 37
e Sample rate, record length and analysis bandwidth..............ccccoiiiiiiiin . 41
L J B | S ] =Yoo T |1 o SRR 42

General information on OFDM signals

L O | 5 SRS 30
o OFDM parameterization...........couuiiuiiiiiiiiciceeee e 32
OFDMA

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

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

Figure 3-1 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 common modulation
schemes as QPSK, 16QAM, and 64QAM can be defined as well as arbitrarily distrib-
uted constellation points.

In the time domain, a guard interval can be added to each symbol to combat 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.
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Frequency

s Y

Time

Figure 3-1: Frequency-time representation of an OFDM signal

In practice, the OFDM signal can be generated using the inverse fast Fourier transform
(IFFT) digital signal processing. The IFFT converts a number N of complex data sym-
bols used as frequency domain bins into the time domain signal. Such an N-point IFFT
is illustrated in Figure 3-2, where a(mN+n) refers to the n" subchannel modulated data
symbol, during the time period mT, <t < (m+1)T,.

mT, (m+1]T,
| time |
a(mMN+0)
mT, [m+1)T,
a(mh+1) time

a(mh+2) [> 5nl0), Sl 1), Sef2), . S N-1)

S

frequency

a(mM+N-1)

Figure 3-2: OFDM useful symbol generation using an IFFT

The vector s, is defined as the useful OFDM symbol. It is the time superposition of the
N narrowband modulated subcarriers. Therefore, 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 sinc function
(see Figure 3-1).

Figure 3-3 illustrates the mapping from a serial stream of QAM symbols to N parallel
streams, 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. Not shown
in Figure 3-3 is the process of cyclic prefix insertion.
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3.1.2

3.1.21

3.1.2.2

General information on OFDM signals

QAN symbol rate =
NIT, symbolsizsec

l symoal p—
Source o eeme 1) |FFT [ Emaoe Useful OFDM
W odulator monlase Smbole’s symbols

Figure 3-3: OFDM signal generation chain

OFDM parameterization

A generic OFDM analyzer supports various OFDM standards. Therefore a common
parameterization of OFDM systems has to be defined.

e Time domain deSCriPLiON.......cic i e et e e e e e e e e e s e e e e e e e e e s e e seannnes 32
e Frequency domain deSCIIPLION.....ccciiirriieeiiiieeee e rreeee e e e e e e e e e ee e 32
o  Preamble desCriplioN..... ..o 37

Time domain description

The fundamental unit of an OFDM signal in the time domain is a sample.
An OFDM symbol with a length of Ng samples consists of:

® A guard interval of length Ng

® An FFT interval of length Nggr

Ne NEFT

Y
Ns

Figure 3-4: OFDM symbol in time domain

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 frame. A frame is the highest level
unit used in OFDM VSA.
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Carrier no. / DC carrier
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Figure 3-5: Time-Frequency matrix

Carriers
A column of cells at the same frequency is called 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 3-1: Relationship between FFT length and subcarrier range
FFT length Nggr DC-Carrier offset Range
even N r

% _ Nier Nigr 1

2
2 2

odd N.. —1 r

T _NFFT_l Nier —1

2 2 2

OFDM system sample rate

In an OFDM system, an FFT (with the length Ngg7) 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>) * <No_symbols_to _measure>
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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:

SRorpu = <carrier_spacing>* <FFT_size>

For the R&S VSE OFDM VSA application to demodulate OFDM symbols, it is impor-
tant that the number of acquired samples in the application corresponds to the OFDM
system sample rate.

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

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

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 con-
tain signal power.

® Zero cells: Contain no signal power at all; Typically, guard carriers around DC or at
the edges of the carrier axis.
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f DC carrier — — Guard camiers —s -—

Midarmble —

Data

"Don't Care”

Figure 3-6: Allocation matrix

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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B Filots

Figure 3-7: Pilot matrix

Constellation vector

A constellation vector contains all possible numbers in the complex plane that belong
to a specific modulation format. Constellation vectors must be defined for each possi-
ble data modulation format. The magnitude within the constellation vectors must be
scaled according to the pilot matrix. One entry in the constellation vector is called con-
stellation point'.

Differential modulation is not supported. The respective absolute modulation scheme
must be used instead (e.g. QPSK instead of DQPSK). Periodically rotated constella-

tions are not supported. The set union of all constellations must be used instead (e.g.
8PSK instead of PI/4-DQPSK).

Constellation point

-~

. 1 111 o1
0 0l U—1—=|—= 01—
N I IR

el

RIS Y
22T

Figure 3-8: QPSK constellation vector

Modulation matrix

A modulation matrix contains numbers to the underlying constellation vector for each
cell, which is defined as data cell in the allocation matrix. Clusters of data cells with the
same modulation therefore share the same number. A data cell can also contain an
unused number, that is a number for which no constellation vector is defined. In this
case, all data cells sharing that number are assumed to use only one of the valid con-
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Signal processing

stellation vectors. This method can be used within the R&S VSE OFDM VSA applica-
tion to allow for automatic modulation detection.

f o
t
DData Cells
0 0 0 Constellation Vectors
0 -1 1
2 2
1 B ibigiitsit ;1
z B &R ETEE R
2 2
2 (unused)
2 2 2

Figure 3-9: Modulation matrix

3.1.2.3 Preamble description

The OFDM demodulator must support synchronization on repetitive preamble symbols.
A repetitive preamble contains several repetitions of one time domain block. The Fig-
ure 3-10 shows exemplarily the parameterization of a repetitive preamble symbol,
which contains a five times repetition of block T. The allocation matrix can have an
arbitrary offset to the beginning of the preamble symbol. If the offset is zero or nega-
tive, the preamble is also contained within the frame and is used for further estimation
processes.

Preamble Symbol
A

™ T2 T3 T4 T5 Undefined | Symbol 0 soe

[
Block length Frame (Structure Matrix)

Frame Offset !

Figure 3-10: Description of a repetitive preamble symbol

3.2 Signal processing

LI O 0 =T oY [ I {11 =T ST 38
OF DM MEASUIEIMENT......cceeeeeeet ettt ettt e e et e e e e e e e e e e s e s eseeseseaeaenaaees 39
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3.2.1 Channel filter

The R&S VSE OFDM VSA application can use the internal channel filter of the instru-
ment or apply an adjustable channel filter. The filter bandwidth of the internal channel
filter is fully equalized within the digital hardware.

Alternatively to the internal filters, you can apply a channel filter with adjustable band-
width and slope characteristics to the input signal. The R&S VSE OFDM VSA applica-
tion 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 is a trade-off between selectivity and filter impulse
response length. A steep filter leads to superior selectivity between adjacent channels.
On the other hand, such a filter has a long channel impulse response, which can pro-
duce intersymbol interference if used in systems with small guard intervals. 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

Low
Normal []

10

Frequency Response [dB]

. . '
005 01 015 02 025 03 035 04 045 05
Normalized Frequency

Figure 3-11: Slope characteristics for different channel filters (with low, normal, high steepness)

The adjustable channel filter performs a decimation at its output. Thus, the user-defina-
ble maximum output sample rate is reduced compared to the internal filter setting.
Therefore, data is captured by the R&S VSE with an oversampling factor before the
adjustable channel filter is applied.
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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 the adjustable channel filter is disabled, the R&S VSE captures I/Q data and resam-
ples it to 20 MHz. The instrument's hardware defines the flat bandwidth, filter slope and
stopband frequency of the used filter. The R&S VSE OFDM VSA application receives
the data with the required sample rate of 20 MHz.

If the adjustable channel filter is enabled, the R&S VSE captures I/Q data using a dou-
bled sample rate of 40 MHz, that is: an oversampling factor of 2 is applied. The R&S
VSE 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 Figure 3-11). The 20-MHz region of interest in the middle of the signal is not
affected by the filter. Finally, the R&S VSE OFDM VSA application decimates the fil-
tered data from 40 MHz to the required sample rate of 20 MHz.

3.2.2 OFDM measurement

ON/OFF PREAMBLE / CP FFT_SHIFT MAX_BIN_OFFSET
Capture Burst Time Rough Frame
Buffer | Detection [ | Sync ™ Compensate [ Ay R_Ik w/o frame sync Sync IR
Freq. Offset Synchronization Block
Freq / Clock Channel CPE / Gain Modulation Data
R Estimation [ ¥ COMPensate —H  Ectimation Estimation | 7| COMPeMSa® ¥ ‘petection [ 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
R Y Estimation [ * COMPeMsale M Eimation [} 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 —b| EVM Measurement |

Figure 3-12: Block diagram of the R&S VSE OFDM VSA application

The block diagram in Figure 3-12 shows the R&S VSE OFDM VSA application process
from the capture buffer containing the 1/Q data to the actual analysis block. The signal
processing chain can be divided in four major blocks:

®  SyNChronization DIOCK.........cuuuiiii i e 40
L I ] (o) or=1 o [=To B o] o Tox U PR 40
0  Data aided DIOCK. ... oot e 41
0 Measurement DIOCK.........couueiiee e 41
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3.2.2.1 Synchronization block

The synchronization starts with a burst detection that extracts transmission areas
within a burst signal by a power threshold. For seamless transmission, as is the case in
most broadcast systems, it is possible to bypass this block. The following time synchro-
nization uses either the preamble or the cyclic prefix of each OFDM symbol to find the
optimum starting point for the FFT by a correlation metric. If preamble synchronization
is selected, the correlation is done between successive blocks of a repetitive preamble
structure. Alternatively, the cyclic prefix synchronization correlates the guard interval of
each symbol with the end of the FFT part. In addition, both methods return an estima-
tion of the fractional frequency offset by evaluating the phase of the correlation maxi-
mum. This frequency offset has to be compensated before the FFT to avoid intercarrier
interference.

By default, the FFT starting point is put in the center of the guard interval assuming a
symmetric impulse response, but it can optionally be shifted 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
and the integer carrier frequency offset. It is determined by a two-dimensional correla-
tion of R, with the known pilot matrix from the configuration file. To avoid unnecessary
computing time for signals with low frequency offset, the search length in the frequency
direction can be limited by a control parameter.

Furthermore, a threshold for the reliability of time and frame synchronization can be
defined to ensure that only correct frames are evaluated. A threshold is particularly
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, frame synchronization can
be off by half a frame, but since the pilots do not match completely, the reliability is
poor. The EVM results are also poor. By defining a threshold, only the correctly
synchronized frames are evaluated.

3.2.2.2 Pilot-aided block

The pilot-aided block within the signal processing chain uses the predefined pilot cells
for parameter estimation and subsequent compensation of the signal impairments. It
starts with maximum likelihood estimation of the remaining frequency error and sample
clock offset. While a frequency error leads to a phase offset linearly increasing with
time, the clock offset introduces an additional phase error linearly increasing with fre-
quency. 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 frequency domain by rerotating the phase of the R, matrix. However, for severe
clock offsets 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 and uses interpolation to get a complete frequency response vec-
tor 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 presented
measurement system is intended for stationary channels, the interpolation is performed
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along the frequency direction only. The node values on the frequency axis are deter-
mined 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 Wie-
ner filter coefficients is calculated in advance. The Wiener filter is designed under the
assumption that the maximum impulse response length does not exceed the cyclic pre-
fix 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 type of the data cells.
Either each carrier or each symbol can be assigned to one specific constellation. Alter-
natively, 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 and 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, x which is an optimum estimate of the actual transmitted OFDM frame.

3.2.2.3 Data aided block

The data aided block can be activated optionally to refine the parameter estimations
with the help of the reference signal. Whereas the previous stages could only include
pilot cells for the estimation algorithms, the data aided part can treat data cells as addi-
tional pilots. Thus, the accuracy of the estimates increases in good signal to noise
environments without data decision errors. However, if the reference signal matrix A,
contains falsely decided data cells, the data aided estimation part can corrupt the
results and should be omitted.

3.2.2.4 Measurement block

The last part of the signal processing chain comprises the user-defined compensation
and the measurement of modulation quality. The measurement block takes the
received OFDM symbols R, and the previously determined reference OFDM symbols

A« to calculate the error vector magnitude (EVM). The received OFDM symbols can

optionally be compensated using phase, timing and level deviations and the channel
transfer function.

3.3 Sample rate, record length and analysis bandwidth

Definitions

® Input sample rate (ISR): the sample rate of the useful data provided by the device
connected to the input of the connected instrument
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® (User, Output) Sample rate (SR): the sample rate that is defined by the user (e.g.
in the "Data Aquisition" dialog box in the "I/Q Analyzer" application) and which is
used as the basis for analysis or output

® Usable I/Q (analysis) bandwidth: the bandwidth range in which the signal
remains undistorted in regard to amplitude characteristic and group delay; this
range can be used for accurate analysis by the R&S VSE

® Record length: the number of I/Q samples the connected instrument captures dur-
ing the specified measurement time; calculated as the measurement time multi-
plied by the sample rate. By default, the record length is set to the number of mea-
surement points, and the measurement time and sample rate are adapted accord-
ingly. The maximum record length is 524288, but must not exceed the number of
samples provided by the connected instrument.

For the I/Q data acquisition, digital decimation filters are used internally in the connec-
ted instrument. The passband of these digital filters determines the maximum usable
I/Q bandwidth. In consequence, signals within the usable 1/Q bandwidth (passband)
remain unchanged, while signals outside the usable I/Q bandwidth (passband) are
suppressed. Usually, the suppressed signals are noise, artifacts, and the second IF
sideband. If frequencies of interest to you are also suppressed, try to increase the out-
put sample rate to increase the maximum usable 1/Q bandwidth.

As a rule, the usable 1/Q bandwidth is proportional to the output sample rate. However,
the bandwidth used by the R&S VSE software is restricted by the bandwidth provided
by the connected instrument.

3.4 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 this method is used
by the input signal, enable the "Transform Precoding" option to decode the precoding
transformation using an iDFT. The R&S VSE 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, but these cells
are ignored.

e OFDM symbols that contain a pilot or a "Don't Care" cell are skipped and not deco-
ded.

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 with-
out DFT-s.
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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 D8] )

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

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

In the R&S VSE OFDM VSA application:
For this OFDM symbol, the received I/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 R&S VSE OFDM VSA application tries to revert the DFT-S precod-
ing, but it detects the disturbing pilots. Now there are two ways to deal with this OFDM
symbol:

® "[gnore pilot/don't care" enabled:
The R&S VSE 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’ D67] )
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.

® "Ignore pilot/don't care" disabled:
The R&S VSE OFDM VSA application is not told to just ignore those disturbing
pilots. The R&S VSE OFDM VSA application only performs the IFFT for data-only
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OFDM symbols. Since the planned IFFT cannot be performed, it is skipped entirely
for this OFDM symbol.

The received 1/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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4 Configuring OFDM VSA measurements

@ General R&S VSE functions

The application-independent functions for general tasks on the R&S VSE are also
available for OFDM VSA measurements and are described in the R&S VSE base soft-
ware user manual. In particular, this comprises the following functionality:

® Controlling instruments and capturing 1/Q data
® Data management
® General software preferences and information

®  CoNnfiguration OVEIVIEW.........uuiiiiiiiiieee e e e ittt e e e e e e e e e e e e e e e e e s s e ssnrneeeeeeees 45
L IS o Ta =1 e (=T Tor o] (1] o R PPUPUURRIN 47
o Input and frontend settings........coo i ———— 52
®  THQQEr SEHINGS. ..t e e e e —————— 65
@ Data ACqUISITION. . ..ueeceie e e e e —————— 69
®  BUISE SEAICN....cceeie e e ananees 72
®  RESUIT FANGES. ..cciiiieie e e a e 73
e Synchronization, demodulation and tracking..........cccccovueiiieeeee i 74
e Adjusting settings automatically.............ooorrrriiiiiiiii e 78

4.1 Configuration overview

Throughout the measurement configuration, an overview of the most important cur-
rently defined settings is provided in the "Overview".

The "Overview" is displayed when you select the Z5"Overview" icon in the main toolbar,
or the "Meas Setup > Overview" menu item.
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OFDM Veclor Signal Analysis
FFT Size 64 Input RF 50 0
CP Length 16 Frequency 13,25 GHz Source Free Run
Elock Length 0 Ref Level 0.0 cdBm Level
Frame Offset 0 Att 10.0 dB Offset 0.0 s
i (& — E=
Signal Description Input/Frantend Trigger
Max Frames 1 Capture Length 640001
§ Sym per Frame 10 Burst Search an Sample Rate 640.0 MHz
=
(=3
c £ -— i " [AlD]
Result Ranges Burst Search Data Acquisition
Time Sync Cydlic Prefix
Pararn Est Pilot Aided Tracking Fhaze
Mod Detection Configuration File Channel Comp on
e I (=l .
sync f Demod Tracking Result Config

Figure 4-1: Configuration "Overview" for OFDM VSA measurements

In addition to the main
the main settings dialo

measurement settings, the "Overview" provides quick access to
g boxes. Thus, you can easily configure an entire measurement

channel from input over processing to evaluation by stepping through the dialog boxes
as indicated in the "Overview".

In particular, the "Overview" provides quick access to the following configuration dialog
boxes (listed in the recommended order of processing):

1. Signal Description

See Chapter 4.2, "Signal description”, on page 47

Input/Frontend
See Chapter 4.3, "Input and frontend settings", on page 52

Trigger
See Chapter 4.4, "Trigger settings", on page 65

Data Acquisition
See Chapter 4.5, "Data acquisition”, on page 69

Burst Search
See Chapter 4.6, "Burst search", on page 72

Result Range
See Chapter 4.7, "Result ranges", on page 73

Synchronization and Demodulation Settings
See Chapter 4.8, "Synchronization, demodulation and tracking", on page 74

Tracking
See Chapter 4.8, "Synchronization, demodulation and tracking", on page 74

Result Configuration
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4.2

Signal description

See Chapter 6.1, "Result configuration", on page 109

To configure settings

» Select any button in the "Overview" to open the corresponding dialog box.
Select a setting in the channel bar (at the top of the measurement channel tab) to
change a specific setting.

Preset ChAnNEL..........uueiiiiiieee e e e e e e e e e e e e e e ennreneeees 47
SPECIfIC SEHINGS FON...eiiiiiiiit e e e e e e e e e e e e e e e eeaaraees 47

Preset Channel
Select "Preset Channel" in the lower left-hand corner of the "Overview" to restore all
measurement settings in the current channel to their default values.

Remote command:
SYSTem:PRESet :CHANnel [ :EXEC] on page 133

Specific Settings for

The channel can contain several windows for different results. Thus, the settings indi-
cated in the "Overview" and configured in the dialog boxes vary depending on the
selected window.

Select an active window from the "Specific Settings for" selection list that is displayed
in the "Overview" and in all window-specific configuration dialog boxes.

The "Overview" and dialog boxes are updated to indicate the settings for the selected
window.

Signal description

Access: "Overview" > "Signal Description"

You must describe the expected input signal so that the R&S VSE OFDM VSA applica-
tion can compare the measured signal to the expected reference signal. You can load
an existing configuration file, or create one interactively using a wizard for the current
input signal (see Chapter 5, "Creating a configuration file using the wizard",

on page 81).

The R&S VSE OFDM VSA application provides some sample files for I/Q input data
and configuration files in the
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\demo\OFDM-VSA

directory.
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r OFDM Configuration r Symbol Characteristics
Use Configuration File - Mo FFT Size | 64 ‘ Samples
Cyclic Prefix Length | 16 ‘ Samples
Load Config File Create Config File Cydlic Suffix Length | 0 ‘ Samples
Export Data (to Create Config File on Other PC) r Preamble Symbol Characteristics
Elock Length | 0 ‘ Samples
Frame 5tart Offset | ] ‘ Samples
r DFT-s-OFDM / SC-FDMA r Advanced Cyclic Prefix Configuration
Transform Precoding On Off @ Conventional Mode
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e LTS (") Two Different Cyclic Prefix Lengths

r RF Upconversion
Phase Compensation an Off Periodic: Repeat Range 1 and Range 2
f0= -CF - Ex:;l?:leg;r?:e 2 to the End of Frame
Symbaols Samples
e Range 1 | 100 16
Range 2 100 168
Use Configuration File.........cuueeiii it e s e e 48
Load Configuration File..........uuueieiiiiiii e e e e e e 49
Create Configuration File..........cooi i e e e e e e e e eanenes 49
Export Data (to Create Config File on Other PC).........oooiiiiiiiiii e 49
DFT-s-OFDM / SC-FDMA:Transform Precoding........c.ooucieeieiiiiieee e 49
L Ignore PILOT/DONTCARE.........coeucueteeeeeeeeeeeeeeeeeeeeeeeteeeaeaeeee e e enenasananeeeeen, 49
RF Upconversion: Phase Compensation..........c.coouiieiiiiiiiiee e 50
el ST - P PPR PRSP 50
CyClic PrefiX LENGEN....... e e e e e e e e e e e 50
CyClic SUMIX LENGIN. et e e e e e e e e e e 50
Preamble Symbol Characteristics: Block Length............cooooiiiiii e 51
Frame Start OffSet..... .. e e e e e 51
Advanced Cyclic Prefix Configuration............cccceioiiiiiiiii e 51
Different cyclic prefix [eNgths..... ... 51
L Cyclic prefix definition per range (Symbols / Samples).........ccccvveevereerenene. 52

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 138
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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.

Tip: You can load a configuration file simply by selecting it in a file explorer and drag-
ging it to the R&S VSE software. Drop it into the "Measurement Group Setup" window
or the channel bar for any R&S VSE OFDM VSA application channel.

Remote command:
MMEMory: LOAD:CFGF1ile on page 140

Create Configuration File
Opens a wizard that helps you create a new configuration file interactively. See Chap-
ter 5, "Creating a configuration file using the wizard", on page 81.

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 R&S VSE 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 Chapter 3.4, "DFT-S precoding”, on page 42.

Remote command:
CONFigure:TPRecoding on page 139

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.

Remote command:
CONFigure:TPRecoding: IGNore on page 139
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RF Upconversion: Phase Compensation

For example, in 5G uplink signals, the phase shifts from one OFDM symbol to the next.
In this case, the R&S VSE OFDM VSA application must revert the phase compensa-
tion 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 frequency for the shift manually.

Remote command:

CONFigure:RFUC:STATe on page 135
CONFigure:RFUC:FZERo:MODE on page 135
CONFigure:RFUC:FZERo: FREQuency on page 134

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 48). In this case, the FFT length defined in the file is displayed for reference
only.

Remote command:
CONFigure[:SYMBol] :NFFT on page 137

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 50.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 137

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 4-2 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><A
e e i W
Y <Oy e )FFTLength— pe Y0y,

prefix suffix

Figure 4-2: OFDM symbol with cyclic prefix and suffix

The cyclic suffix length must be smaller than or equal to the "FFT Size" on page 50.
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Remote command:
CONFigure[:SYMBol] :NSUFfix on page 138

Preamble Symbol Characteristics: Block Length

Instead of using the cyclic prefix for the time synchronization, the R&S VSE OFDM
VSA application 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 134

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 134

Advanced Cyclic Prefix Configuration
Additional settings for non-conventional cyclic prefixes are displayed when you select
"Advanced", and hidden when you select "Basic".

By default, "Conventional Mode" is assumed, that is: each OFDM symbol has the
same cyclic prefix length. Thus, only the basic cyclic prefix settings are shown.

Remote command:
CONFigure[:SYMBol] : GUARA:MODE on page 136

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

=3 =

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

Figure 4-3: Non-Conventional cyclic prefix case: Periodic mode
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"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 4-4: Non-Conventional cyclic prefix case: Non-Periodic mode

Remote command:
CONFigure[:SYMBol] :GUARd:PERiodic on page 137

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] :GUARA:NSYMbols<cp> on page 136
CONFigure[:SYMBol] :NGUard<cp> on page 137

4.3 Input and frontend settings

Access: "Overview" > "Input/Frontend"
Or: "Input & Output"

The R&S VSE OFDM VSA application can evaluate signals from different input sour-
ces.

The frequency and amplitude settings represent the "frontend" of the measurement
setup.

For the R&S VSE OFDM VSA application, no output settings are available.

®  INPUL SOUICE SEHINGS. . uuuiiiiiiiii i e e e e e e e e e e e e e e e e eeeeeeeraees 52
L I o = To (1= a[oy VA=Y= ai] o [ T 60
0  AMPIItUAE SEEHNGS. .. eeeeeeiieie e a e e e 61

4.3.1 Input source settings

Access: "Overview" > "Input/Frontend" > "Input Source"

Or: "Input & Output" > "Input Source"
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Input and frontend settings

The R&S VSE can control the input sources of the connected instruments.

Input from other sources

The R&S VSE OFDM VSA application can also process input from the following
optional sources:

® External mixer
® External frontend
® Oscilloscope baseband input

For details, see the R&S VSE base software user manual.

L J = Lo [0 I =Y 01T TV T o 11 | S 53
L I 1L I 1T o o T | SRR 58

Radio frequency input

Or: "Input & Output" > "Input Source" > "Radio Frequency"

The default input source for the connected instrument is "Radio Frequency". Depend-
ing on the connected instrument, different input parameters are available.

File Instrument: &9 FSW-85* T InputSource: RF T
Input 1 Input 2
External Input Coupling pC
Mixer
Impedance 750
1/Q File
E High Pass Filter 1 to 3 GHz on
E YIG-Preselector on
g
B2(
——— on
Oscilloscope |
IP Address

Figure 4-5: RF input source settings for an R&S FSW with B2000 option

If the Frequency Response Correction option (R&S VSE-K544) is installed, the R&S
VSE OFDM VSA application also supports frequency response correction using Touch-
stone (. snp) files or . fres files.

For details on user-defined frequency response correction, see the R&S VSE Base
Software User Manual.
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Input Type (INSTrUMENt / FIl)....ceii i 54
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Input Type (Instrument / File)
Selects an instrument or a file as the type of input provided to the channel.

Note: External mixers are only available for input from a connected instrument.

Note: If the R&S VSE software is installed directly on an instrument, or integrated in
Cadence®AWR®VSS, some restrictions apply on the available input type.

Remote command:
INSTrument :BLOCk:CHANnel [ : SETTings] : SOURce<si> on page 147
INPut:SELect on page 146

Instrument
Specifies a configured instrument to be used for input.

Input 1/ Input 2
For instruments with two input connectors, you must define which input source is used
for each measurement channel.

If an external frontend is active, select the connector the external frontend is connected
to. You cannot use the other RF input connector simultaneously for the same channel.
However, you can configure the use of the other RF input connector for another active
channel at the same time.

"Input 1" R&S FSW85: 1.00 mm RF input connector for frequencies up to
85 GHz (90 GHz with option R&S FSW-B90G)

"Input2" R&S FSW85: 1.85 mm RF input connector for frequencies up to
67 GHz

Remote command:
INPut:TYPE on page 147

Input Coupling
The RF input of the R&S VSE can be coupled by alternating current (AC) or direct cur-
rent (DC).

The RF input of the connected instrument can be coupled by alternating current (AC)
or direct current (DC).

Not available for input from the optional "Analog Baseband" interface.
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AC coupling blocks any DC voltage from the input signal. AC coupling is activated by
default to prevent damage to the instrument. Very low frequencies in the input signal
can be distorted.

However, some specifications require DC coupling. In this case, you must protect the
instrument from damaging DC input voltages manually. For details, refer to the data
sheet.

Remote command:
INPut<ip>:COUPling<ant> on page 141

Impedance
For some measurements, the reference impedance for the measured levels of the con-
nected instrument can be set to 50 Q or 75 Q.

Select 75 Q if the 50 Q input impedance is transformed to a higher impedance using a
75 Q adapter of the RAZ type. (That corresponds to 25Q in series to the input impe-
dance of the instrument.) The correction value in this case is 1.76 dB = 10 log (75Q/
50Q).

Not available for input from the optional "Analog Baseband" interface. For analog base-
band input, an impedance of 50 Q is always used.

Remote command:
INPut<ip>:IMPedance<ant> on page 144

Direct Path
Enables or disables the use of the direct path for small frequencies.

In spectrum analyzers, passive analog mixers are used for the first conversion of the
input signal. In such mixers, the LO signal is coupled into the IF path due to its limited
isolation. The coupled LO signal becomes visible at the RF frequency 0 Hz. This effect
is referred to as LO feedthrough.

To avoid the LO feedthrough the spectrum analyzer provides an alternative signal path
to the A/D converter, referred to as the direct path. By default, the direct path is
selected automatically for RF frequencies close to zero. However, this behavior can be
disabled. If "Direct Path" is set to "Off", the spectrum analyzer always uses the analog

mixer path.

"Auto" (Default) The direct path is used automatically for frequencies close
to zero.

"Off" The analog mixer path is always used.

Remote command:
INPut<ip>:DPATh on page 142

High Pass Filter 1 to 3 GHz

Activates an additional internal highpass filter for RF input signals from 1 GHz to

3 GHz. This filter is used to remove the harmonics of the analyzer to measure the har-
monics for a DUT, for example.

For some connected instruments, this function requires an additional hardware option
on the instrument.
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Note: For RF input signals outside the specified range, the high-pass filter has no
effect. For signals with a frequency of approximately 4 GHz upwards, the harmonics
are suppressed sufficiently by the YIG-preselector, if available.)

Remote command:
INPut<ip>:FILTer:HPASs[:STATe] on page 143

YIG-Preselector
Enables or disables the YIG-preselector.

This setting requires an additional option on the connected instrument.

Note: Note that the YIG-preselector is active only higher frequencies, depending on
the connected instrument. Therefore, switching the YIG-preselector on or off has no
effect if the frequency is below that value.

To use the optional 90 GHz frequency extension (R&S FSW-B90G), the YIG-preselec-
tor must be disabled.

To use the optional 54 GHz frequency extension (R&S FSV3-B54G), the YIG-preselec-
tor must be disabled.

Remote command:
INPut<ip>:FILTer:YIG[:STATe] on page 143

B2000 State
Activates the optional 2 GHz bandwidth extension (R&S FSW-B2000).

Note: The R&S VSE software supports input from a connected R&S FSW with a
B2000 option installed. However, the R&S FSW interface to the oscilloscope must be
set up and aligned directly on the instrument before the R&S VSE software can start
analyzing the input.

The analysis bandwidth is defined in the data acquisition settings of the application as
usual. Note that the maximum bandwidth cannot be restricted manually as for other
bandwidth extension options.

Manual operation on the connected oscilloscope, or remote operation other than by the
R&S VSE, is not possible while the B2000 option is active.

Remote command:
SYSTem:COMMunicate:RDEVice:0SCilloscope[:STATe] on page 148

Oscilloscope Splitter Mode

Activates the use of the power splitter inserted between the "IF 2 GHZ OUT" connector
of the R&S FSW and the "CH1" and "CH3" input connectors of the oscilloscope. Note
that this mode requires an additional alignment with the power splitter.

For details see the R&S FSW I/Q Analyzer and I/Q Input user manual.

Remote command:
SYSTem:COMMunicate:RDEVice:0SCilloscope:PSMode[:STATe] on page 149
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Oscilloscope IP Address

When using the optional 2 GHz bandwidth extension (R&S FSW-B2000) with an R&S
FSW as the connected instrument, the entire measurement, as well as both instru-
ments, are controlled by the R&S VSE software. Thus, the instruments must be con-
nected via LAN, and the TCPIP address of the oscilloscope must be defined in the
R&S VSE software.

For tips on how to determine the computer name or TCPIP address, see the oscillo-
scope's user documentation.

Remote command:
SYSTem:COMMunicate:RDEVice:0SCilloscope: TCPip on page 149

Preselector State
Turns the preselector on and off.

When you turn on the preselector, you can configure the characteristics of the prese-
lector and add the preamplifier into the signal path.

When you turn off the preselector, the signal bypasses the preselector and the pream-
plifier, and is fed into the input mixer directly.

Remote command:
INPut<ip>:PRESelection[:STATe] on page 144

Preselector Mode
Selects the preselection filters to be applied to the measurement.

"Auto" Automatically applies all available bandpass filters in a measurement.
Available with the optional preamplifier.

"Auto Wide" Automatically applies the wideband filters consecutively:

® [owpass 40 MHz

® Bandpass 30 MHz to 2250 MHz
® Bandpass 2 GHz to 8 GHz

® Bandpass 8 GHz to 26.5 GHz

Available with the optional preselector.

"Auto Narrow"  Automatically applies the most suitable narrowband preselection fil-
ters in a measurement, depending on the bandwidth you have
selected.

For measurement frequencies up to 30 MHz, the connected instru-
ment uses combinations of lowpass and highpass filters. For higher
frequencies, the connected instrument uses bandpass filters.
Available with the optional preselector.

"Manual" Applies the filter settings you have defined manually.

Remote command:
INPut<ip>:PRESelection:SET on page 144

10 dB Minimum Attenuation
Turns the availability of attenuation levels of less than 10 dB on and off.

When you turn on this feature, the attenuation is always at least 10 dB. This minimum
attenuation protects the input mixer and avoids accidental setting of 0 dB, especially if
you measure EUTs with high RFI voltage.
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When you turn it off, you can also select attenuation levels of less than 10 dB.

The setting applies to a manual selection of the attenuation as well as the automatic
selection of the attenuation.

Remote command:
INPut:ATTenuation:PROTection:RESet on page 141

4.3.1.2 1/Qfile input

Access: "Overview" > "Input/Frontend" > "Input Source" > "I/Q File"
Or: "Input & Output" > "Input Source" > "1/Q File"

Alternatively to "live" data input from a connected instrument, measurement data to be
analyzed by the R&S VSE software can also be provided "offline" by a stored data file.
This allows you to perform a measurement on any instrument, store the results to a
file, and analyze the stored data partially or as a whole at any time using the R&S VSE
software.

The R&S VSE OFDM VSA application provides some sample files for I/Q input data
(and configuration files) in the

C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\OFDM-VSA direc-
tory.

aQ)

Loading a file via drag&drop

aQ)

You can load a file simply by selecting it in a file explorer and dragging it to the

R&S VSE software. Drop it into the "Measurement Group Setup" window or the chan-
nel bar for any channel. The channel is automatically configured for file input, if neces-
sary. If the file contains all essential information, the file input is immediately displayed
in the channel. Otherwise, the "Recall I/Q Recording" dialog box is opened for the
selected file so you can enter the missing information.

If the file contains data from multiple channels (e.g. from LTE measurements), it can be
loaded to individual input sources, if the application supports them.

For details see the R&S VSE Base Software User Manual.

The "Input Source" settings defined in the "Input” dialog box are identical to those con-
figured for a specific channel in the "Measurement Group Setup" window.

(See "Controlling Instruments and Capturing Data" in the R&S VSE User Manual).
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Input Source

Instrument File Instrument: | MORE “ | Input Source: EI
r Input File
Radio Wiinputh k9 swizard\WLANac_64QAM_20MHz_Long CPR.ig.tar Select File
Freguency
Saved by Rohde and Schwarz IQ File Converterversion 1.2 Beta 10
Comment: File generated by the RS IQ File Converter, see hitpi/fnavow rohde-schwarz.comfappnote/1EFES
Date & Time: 2015-07-25 17:4852
Sample Rate: 20 MHz

Mumber of Samples: 48000

Duration of Signal: 2.4 ms

Murber of Channels: 1

r Settings

If the Frequency Response Correction option (R&S VSE-K544) is installed, the R&S
VSE OFDM VSA application also supports frequency response correction using Touch-
stone (. snp) files or . fres files.

For details on user-defined frequency response correction, see the R&S VSE Base
Software User Manual.

Encrypted . wv files can also be imported. Note, however, that traces resulting from
encrypted file input cannot be exported or stored in a saveset.

INput Type (INStrUMENT / Fl@)...uueeeeee e e e e e e e e e e e e e eeeees 59
T 01U 1= S 59
WA= (o T = o (o 1 o o T PO UPUPRRPRPI 60

Input Type (Instrument / File)
Selects an instrument or a file as the type of input provided to the channel.

Note: External mixers are only available for input from a connected instrument.
Note: If the R&S VSE software is installed directly on an instrument, or integrated in
Cadence®AWR®PVSS, some restrictions apply on the available input type.

Remote command:

INSTrument :BLOCk:CHANnel [ : SETTings] : SOURce<si> on page 147
INPut:SELect on page 146

Input File
Specifies the 1/Q data file to be used for input.

Select "Select File" to open the "Load I/Q File" dialog box.

(See "Data Management - Loading the 1/Q Data File" in the R&S VSE base software
user manual).
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Zero Padding

Enables or disables zero padding for input from an 1/Q data file that requires resam-
pling. For resampling, a number of samples are required due to filter settling. These
samples can either be taken from the provided 1/Q data, or the software can add the
required number of samples (zeros) at the beginning and end of the file.

If enabled, the required number of samples are inserted as zeros at the beginning and
end of the file. The entire input data is analyzed. However, the additional zeros can
effect the determined spectrum of the 1/Q data. If zero padding is enabled, a status
message is displayed.

If disabled (default), no zeros are added. The required samples for filter settling are
taken from the provided I/Q data in the file. The start time in the R&S VSE Player is
adapted to the actual start (after filter settling).

Note: You can activate zero padding directly when you load the file, or afterwards in
the "Input Source" settings.

Remote command:
INPut<ip>:FILE:ZPADing on page 142

Frequency settings

Access: "Input & Output" > "Frequency"

r Frequency

Center 100.0 MHz

r Center Frequency Stepsize

Stepsize Manual T Value 1.0 MHz

r Frequency Offset

Value 0.0 Hz

(07101 (=Tl o (=To [UT=T o o Y2 U PPP PPNt 60
Center FreqUeNCY StEPSIZE. ... . e it e s 61
FrequenCy OffSEt.... ... e 61

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

OHzs= fcenter = fmax

fax @nd span,,, depend on the instrument and are specified in the data sheet.
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Note: For file input, you can shift the center frequency of the current measurement
compared to the stored measurement data. The maximum shift depends on the sam-
ple rate of the file data.

SRy
2

CFuist,. = CFpije £

max

If the file does not provide the center frequency, it is assumed to be 0 Hz.

To ensure that the input data remains within the valid analysis bandwidth, define the
center frequency and the analysis bandwidth for the measurement such that the follow-

ing applies:
ABW g,
CF + AB.H/;hannel > CFfile + . fil
ABWC annel ABW, ile
op - 2BWimel ., op,, 27T

Remote command:
[SENSe<ip>:]FREQuency:CENTer on page 177

Center Frequency Stepsize
Defines the step size when scrolling through center frequency values. The step size
can be set to a predefined value, or it can be manually set to a user-defined value.

"Auto" The step size is set to the default value of 1 MHz.

"Manual" Defines a user-defined step size for the center frequency. Enter the
step size in the "Value" field.

Remote command:
[SENSe: ] FREQuency:CENTer: STEP: AUTO on page 178
[SENSe: ] FREQuency:CENTer: STEP on page 178

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.

A frequency offset can be used to correct the display of a signal that is slightly distorted
by the measurement setup, for example.

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

Remote command:
[SENSe<ip>:]FREQuency:0FFSet on page 178

4.3.3 Amplitude settings

Access: "Overview" > "Input/Frontend" > "Amplitude"

Or: "Input & Output" > "Amplitude”
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Amplitude settings determine how the connected instrument must process or display
the expected input power levels.

Configuring amplitude settings allows you to:

® Adapt the instrument hardware to the expected maximum signal level by setting

the Reference Level to this maximum
® (Consider an external attenuator or preamplifier (using the "Offset").

® Optimize the SNR of the measurement for low signal levels by configuring the Ref-
erence Level as high as possible without introducing compression, clipping or over-
load. Use early amplification by the preamplifier and a low attenuation.

® Optimize the SNR for high signal levels and ensure that the instrument hardware is
not damaged, using high attenuation and AC coupling (for DC input voltage).

® Adapt the reference impedance for power results when measuring in a 75-Ohm
system by connecting an external matching pad to the RF input.

Which amplitude settings are available depends on the connected instrument.

Amplitude settings for input from the optional "Analog Baseband" interface are descri-
bed in the R&S VSE I/Q Analyzer and I/Q Input User Manual.

Amplitude

r Reference Level r Input Settings
Walue 0.0 dEm Preamplifier oy Off
Offset 0.0 de
Input Coupling “ D
Unit dEm
Ao Level Impedance m 750
r Attenuation r Electronic Attenuation
State on Off
MMode Manual
Mode Auto I |
Walue 10,0 dE
Walue 0.0 de
REFEIENCE LEVEL .. ..o ittt ettt e e e e e e e e 63
L Shifting the DiSplay (OffSEt)........ceeuiueeeeeeeeeeeeeeeeeeeeseeeeese e eeeees e seeeeeenen e 63
L EBSetting the Reference Level Automatically (Auto Level)............cccccveeenne... 63
AenUAtioN MOAE / VaIUE........coeeee e e e e e e e eeaaaas 63
Using Electronic AtenUAtiON.........euuviiieiecccccce e 64
[ a] 01U SRS 7= 1] o TSR 64
L PIEAMPIIIET. ...ttt ettt e et ee et n s s s seeee s seenas 64
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Reference Level
Defines the expected maximum input signal level. Signal levels above this value are
possibly not measured correctly, which is indicated by the "IF Overload" status display

("OVLD" for baseband input).

Defines the expected maximum reference level. Signal levels above this value are pos-
sibly not measured correctly. Signals above the reference level are indicated by an "IF
Overload" status display.

The reference level can also be used to scale power diagrams; the reference level is
then used for the calculation of the maximum on the y-axis.

Since the hardware of the connected instrument is adapted according to this value, it is
recommended that you set the reference level close above the expected maximum sig-
nal level. Thus you ensure an optimal measurement (no compression, good signal-to-
noise ratio).

Remote command:
DISPlay[:WINDow<n>] [:SUBWindow<w>] :TRACe<t>:Y[:SCALe]:
RLEVel<ant> on page 179

Shifting the Display (Offset) < Reference Level
Defines an arithmetic level offset. This offset is added to the measured level. In some
result displays, the scaling of the y-axis is changed accordingly.

Define an offset if the signal is attenuated or amplified before it is fed into the R&S VSE
so the application shows correct power results. All displayed power level results are
shifted by this value.

The setting range is £200 dB in 0.01 dB steps.

Note, however, that the internal reference level (used to adjust the hardware settings to
the expected signal) ignores any "Reference Level Offset". Thus, it is important to keep
in mind the actual power level the R&S VSE must handle. Do not rely on the displayed
reference level (internal reference level = displayed reference level - offset).

Remote command:
DISPlay[:WINDow<n>] [ :SUBWindow<w>] :TRACe<t>:Y[:SCALe]:
RLEVel<ant>:0FFSet on page 180

EiSetting the Reference Level Automatically (Auto Level) < Reference Level
The connected instrument automatically determines the optimal reference level for the
current input data. At the same time, the internal attenuators and the preamplifier are
adjusted so the signal-to-noise ratio is optimized, while signal compression, clipping
and overload conditions are minimized. This function is not available on all supported
instruments.

Remote command:
[SENSe<ip>:]ADJust:LEVel on page 202

Attenuation Mode / Value
Defines the attenuation applied to the RF input of the R&S VSE.

The RF attenuation can be set automatically as a function of the selected reference
level (Auto mode). Automatic attenuation ensures that no overload occurs at the RF
Input connector for the current reference level. It is the default setting.
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In "Manual" mode, you can set the RF attenuation in 1 dB steps (down to 0 dB). Other
entries are rounded to the next integer value. The range is specified in the data sheet.
If the defined reference level cannot be set for the defined RF attenuation, the refer-
ence level is adjusted accordingly and the warning "limit reached" is displayed.

NOTICE! Risk of hardware damage due to high power levels. When decreasing the
attenuation manually, ensure that the power level does not exceed the maximum level
allowed at the RF input, as an overload can lead to hardware damage.

Remote command:
INPut<ip>:ATTenuation on page 180
INPut<ip>:ATTenuation:AUTO on page 181

Using Electronic Attenuation
If the (optional) Electronic Attenuation hardware is installed on the connected instru-
ment, you can also activate an electronic attenuator.

In "Auto" mode, the settings are defined automatically; in "Manual" mode, you can
define the mechanical and electronic attenuation separately.

Note: Note that restrictions can apply concerning which frequencies electronic attenua-
tion is available for, depending on which instrument is connected to the R&S VSE soft-
ware. Check your instrument documentation for details.

In "Auto" mode, RF attenuation is provided by the electronic attenuator as much as
possible to reduce the amount of mechanical switching required. Mechanical attenua-
tion can provide a better signal-to-noise ratio, however.

When you switch off electronic attenuation, the RF attenuation is automatically set to
the same mode (auto/manual) as the electronic attenuation was set to. Thus, the RF

attenuation can be set to automatic mode, and the full attenuation is provided by the
mechanical attenuator, if possible.

If the defined reference level cannot be set for the given attenuation, the reference
level is adjusted accordingly and the warning "limit reached" is displayed in the status
bar.

Remote command:
INPut:EATT:STATe on page 182
INPut:EATT:AUTO on page 181
INPut:EATT on page 181

Input Settings
Some input settings affect the measured amplitude of the signal, as well.

The parameters "Input Coupling" and "Impedance" are identical to those in the "Input"
settings.

See Chapter 4.3.1.1, "Radio frequency input", on page 53.

Preamplifier < Input Settings
If the (optional) internal preamplifier hardware is installed on the connected instrument,
a preamplifier can be activated for the RF input signal.

You can use a preamplifier to analyze signals from DUTs with low output power.

Note: If an optional external preamplifier is activated, the internal preamplifier is auto-
matically disabled, and vice versa.
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"Off" Deactivates the preamplifier.
"15 dB" The RF input signal is amplified by about 15 dB.
"30 dB" The RF input signal is amplified by about 30 dB.

Depending on the connected instrument, different settings are available. See the
instrument's documentation for details.

Remote command:
INPut<ip>:GAIN<ant>:STATe on page 182
INPut<ip>:GAIN<ant>[:VALue] on page 183

Trigger settings

or: "Input & Output" > "Trigger"

Trigger settings determine when the input signal is measured. Which settings are avail-
able depends on the connected instrument.

Source Ext Trigger 1 -

Level 14V Drop-Cut Time 0.0 s

Offset 0.0s Slope m Falling
Hysteresis 3.0 dB Holdoff 0.0s

External triggers from one of the [TRIGGER INPUT/OUTPUT] connectors on the con-
nected instrument are also available.

Lo T [ S 1o TV (= PP 66
L FTEE RUN....eeeeeeeeeetetctcee ettt ettt ee sttt e s s e se st eteteteananan e 66
L External Trigger / Trigger Channel X........occccoeeeeeeeeeeeeeeeeeeeeeeee e s e e s eene 66
L EXEErNAl ANGIOG. ... v e ee et et e e ee e s e see e ee s e e seeeeen 66
L RF POWET. ...ttt ettt 66
L TIMIE. ettt 67
L Magnitude (OFfliN)..........c.eeueuereeeeeeeeeeeeeeeeeeeeeeee et tete s e e e ssanesaeee e seeneneas 67
L MIBNUAL ..ttt n e en e 67
11 T L= 0= S S 67
RePetition INTEIVAL......coeeeeeee e e e e e e e e 67
[T oT oSl @ 11 S T3 = TP 68
THGGEr OffSEL. it 68
L T =T =] U PR PRSPPI 68
TrGGEr HOIAOM . ..o e 68
][] o 1= TSR 68
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Trigger Source
Selects the trigger source. If a trigger source other than "Free Run" is set, "TRG" is dis-
played in the channel bar and the trigger source is indicated.

Note that the availability of trigger sources depends on the connected instrument.

Remote command:
TRIGger [ :SEQuence] : SOURce on page 187

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

Remote command:
TRIG:SOUR IMM, see TRIGger [:SEQuence] : SOURce on page 187

External Trigger / Trigger Channel X — Trigger Source
Data acquisition starts when the signal fed into the specified input connector or input
channel of the connected instrument meets or exceeds the specified trigger level.

Note: Which input and output connectors are available depends on the connected

instrument. For details, see the instrument's documentation.

For a connected R&S oscilloscope, the following signals are used as trigger input:

e "External Trigger": EXT TRIGGER INPUT connector on rear panel of instrument

® "Trigger Channel 2"/"Trigger Channel 3"/"Trigger Channel 4": Input at channel con-
nectors CH 2/3/4 on front panel of instrument - if not used as an input source

Remote command:
TRIG:SOUR EXT, TRIG:SOUR EXT2, TRIG:SOUR EXT3, TRIG:SOUR EXT4
See TRIGger [ : SEQuence] : SOURce on page 187

External Analog < Trigger Source
Data acquisition starts when the signal fed into the EXT TRIGGER INPUT connector
on the oscilloscope meets or exceeds the specified trigger level.

This trigger source is only available if the optional 2 GHz bandwidth extension (R&S
FSW-B2000) is active in power splitter mode. For details, see the R&S FSW 1/Q Ana-
lyzer and 1/Q Input User Manual.

Remote command:
TRIG:SOUR EXT, see TRIGger [:SEQuence] : SOURce on page 187

RF Power — Trigger Source
Defines triggering of the measurement via signals which are outside the displayed
measurement range.

For this purpose, the software uses a level detector at the first intermediate frequency.

The resulting trigger level at the RF input depends on the RF attenuation and preampli-
fication. For details on available trigger levels, see the instrument's data sheet.

Note: If the input signal contains frequencies outside of this range (e.g. for fullspan
measurements), the measurement can be aborted. A message indicating the allowed
input frequencies is displayed in the status bar.

A "Trigger Offset", "Trigger Polarity" and "Trigger Holdoff" (to improve the trigger stabil-
ity) can be defined for the RF trigger, but no "Hysteresis".
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Not available for input from the optional "Analog Baseband" interface.

If the trigger source "RF Power" is selected and you enable baseband input, the trigger
source is automatically switched to "Free Run".

Remote command:
TRIG:SOUR RFP, see TRIGger [:SEQuence] : SOURce on page 187

Time < Trigger Source
Triggers in a specified repetition interval.

See "Repetition Interval" on page 67.

For file input, data is taken from the file in the specified time interval. Overlap settings
for the R&S VSE Player are ignored.

Remote command:
TRIG:SOUR TIME, see TRIGger [ :SEQuence] : SOURce on page 187

Magnitude (Offline) — Trigger Source
For (offline) input from a file, rather than an instrument. Triggers on a specified signal
level.

Remote command:
TRIG:SOUR MAGN, see TRIGger [ : SEQuence] : SOURce on page 187

Manual — Trigger Source
Only available for a connected R&S RTP:

Any trigger settings in the R&S VSE software are ignored; only trigger settings defined
on the connected instrument are considered. Thus, you can make use of the more
complex trigger settings available on an R&S RTP.

Remote command:
TRIG:SOUR MAN, see TRIGger [ :SEQuence] : SOURce on page 187

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

For details on supported trigger levels, see the instrument data sheet.
Remote command:
TRIGger [:SEQuence] : LEVel [ :EXTernal<port>] on page 185

For baseband input only:
TRIGger [:SEQuence] : LEVel :BBPower on page 185

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 the required interval cannot be set with the available
granularity, configure a multiple of the interval that can be set. Thus, the trigger
remains synchronized to the signal.

Remote command:
TRIGger [:SEQuence] : TIME:RINTerval on page 188
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Drop-Out Time

Defines the time that the input signal must stay below the trigger level before triggering
again.

Note: For input from the optional "Analog Baseband" interface using the baseband
power trigger (BBP), the default drop out time is set to 100 ns. This avoids uninten-
tional trigger events (as no hysteresis can be configured in this case).

Remote command:
TRIGger [ :SEQuence] : DTIMe on page 183

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

Offset > 0: Start of the measurement is delayed

Offset < 0: Measurement starts earlier (pretrigger)

(If supported by the connected instrument.)

Remote command:
TRIGger [:SEQuence] :HOLDoff [ : TIME] on page 184

Hysteresis

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

This setting is only available for "IF Power" or "Magnitude (Offline)" trigger sources.
The range of the value depends on the connected instrument.

Remote command:
TRIGger[:SEQuence] : IFPower:HYSTeresis on page 184
TRIGger[:SEQuence] :MAPower:HYSTeresis on page 186

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.

Remote command:
TRIGger [:SEQuence] : IFPower:HOLDof f on page 184
TRIGger [ :SEQuence] :MAPower : HOLDoff on page 186

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.

When using the optional 2 GHz bandwidth extension (R&S FSW-B2000) with an IF
power trigger, only rising slopes can be detected.

Remote command:
TRIGger [ :SEQuence] : SLOPe on page 187
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4.5 Data acquisition

Configure how data is to be acquired in the "Data Acquisition" dialog box.

Data Acquisition
r IfQ Capture r Filter Settings
Capture Time | 20.0 ms ‘ Filter State on Off
Capture Length | 400001 ‘ r Channel Filter
5 Sample Rate | 20,0 MHz ‘ 6dB Bandwidth 20,0 MHz
; Oversampling 2 Off 50dB Bandwidth 25.0 MHz
=)
[T
o Capture Sample Rate = 20.0 MHz [
Maximum Eandwidth 80 MHz Highpass Filter State Off
6dE Bandwidth 15.0 MHz
Swap /0 On Off
50dB Bandwidth 10.0 MHz
(07T o] (] (TN I 0 [= TS EUUPR 69
(07T o] (V] (= I =Y 0T | { o TSRS 69
SAMPIE RALE..... e e e e e e e e e e e e e e e e e eaaraaara—— 70
Oversampling / Capture Sample Rate. ... 70
Maximum BandWidth...........oooo i 70
3= o I 1L U URR PRSP 71
110 ] ¢ (= TSR 71
6-dB BandWidth.........ccooiiiiee e ———————————— 71
50-dB BandWidth.........coooriiiieerrrr e e e e 72
HIghpass Filter State... ... 72
6-dB Bandwidth...........oooiiiee e 72
B50-dB BandWidth..........coooiiiiececcee e e 72
= =T o T PSSR 72

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: ] SWEep: TIME on page 193

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

A maximum of 8 000 000 samples can be captured.
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Remote command:
[SENSe: ] SWEep:LENGth on page 192

Sample Rate
Defines the 1/Q data sample rate of the R&S VSE OFDM VSA application used for
demodulation.

Note that the sample rate in the R&S VSE OFDM VSA application must correspond to
the OFDM system sample rate, otherwise demodulation can fail.

Remote command:
TRACe:IQ:SRATe on page 193

Oversampling / Capture Sample Rate
By default, the R&S VSE OFDM VSA application captures data with a usable 1/Q band-
width that is 0.8 * sample rate.

(See Chapter 3.3, "Sample rate, record length and analysis bandwidth", on page 41)

However, for some signals and measurements, a higher bandwidth is required. In this
case, you can force the R&S VSE 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 71).
In this case, an oversampling factor of 2 is applied automatically.

® The defined Sample Rate is higher than half the maximum sample rate the
R&S VSE supports.

The actual "Capture Sample Rate", that is: the rate with which the R&S VSE OFDM
VSA application 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 R&S VSE OFDM VSA application initially processes the data in the
file.

"2x" An oversampling of 2 is applied. The sample rate with which the R&S
VSE OFDM VSA application captures data is twice the system sam-
ple rate.

"Off" No oversampling is applied, the capture sample rate of the R&S VSE

OFDM VSA application and the system sample rate are identical.

Remote command:
[SENSe:]CAPTure:0OVERsampling on page 191

Maximum Bandwidth

Depending on the connected instrument, the maximum bandwidth to be used by the
R&S VSE for I/Q data acquisition can be restricted. This setting is only available if a
bandwidth extension option is installed on the connected instrument. Otherwise the
maximum bandwidth is determined automatically.

The available values depend on the instrument and the installed bandwidth extension
options. For details see the instrument's documentation.
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Remote command:
TRACe:TQ:WBANd[:STATe] on page 193
TRACe: TQ:WBANd:MBWidth on page 194

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

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

Off I and Q signals are not interchanged

Normal sideband, 1+j*Q

Remote command:
[SENSe: ] SWAPig on page 191

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:FILTer:CHANnel[:LPASs] [:STATe] on page 191

6-dB Bandwidth

Configures the bandwidth of the channel filter at which an attenuation of 6 dB is
reached (see Figure 4-6). 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 \__

freq

Figure 4-6: Definition of filter bandwidths

Remote command:
INPut:FILTer:CHANnel [ :LPASs] : SDBBw on page 190
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Burst search

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 4-6). This band-
width must always be larger than the "6-dB Bandwidth" on page 71. If necessary, the
50-dB bandwidth is adapted to the current 6-dB bandwidth.

Remote command:
INPut:FILTer:CHANnel [:LPASs] : FDBBw on page 190

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

Remote command:
INPut:FILTer:CHANnel :HPASs[:STATe] on page 190

6-dB Bandwidth

Configures the bandwidth of the high pass filter at which an attenuation of 6 dB is
reached (see Figure 4-6). 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:FILTer:CHANnel :HPASs: SDBRBw on page 189

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 4-6). This band-
width must always be smaller than the 6-dB Bandwidth of the high pass filter.

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 6-dB Bandwidth and 50-dB Bandwidth).

Remote command:
INPut:FILTer:CHANnel :HPASs: FDBBw? on page 189

Refresh
Access: "Auto Set" toolbar: ¢

Repeats the evaluation of the data currently in the capture buffer without capturing new
data. This is useful after changing settings, for example filters or evaluation ranges.

Remote command:
INITiate:REFResh on page 189

Burst search

Access: "Overview" > "Burst Search"

Or: "Meas Setup" > "Burst Search"
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Burst Search Result Range

Burst Search “ Off

OFDM V5A

{ BurstSearch

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 also Chapter 3.2.2, "OFDM measurement”, on page 39.
BUrst Search State.......oooeee e 73

Burst Search State
Activates or deactivates a burst search.

Remote command:
[SENSe: ] DEMod: FORMat : BURSt on page 194

4.7 Result ranges

The result range is an extract from the capture buffer and defines the data basis used
for further analysis.

Burst Search Iﬁ"’aﬁ.

g ResultRange

=

E Max Mo of Frames to Analyze 1

[T

o Result Length 10 Symbols

Max No of Frames t0 ANAIYZE........coooiiiiiiie e 73
RESUIE LENGEN. .t e e e e e e e e e e e e s anees 74

Max No 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 194
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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 195

4.8 Synchronization, demodulation and tracking

Access: "Overview" > "Sync / Demod / Tracking"
Or: "Meas Setup" > "Sync / Demod / Tracking"

The following settings determine how the input signal is synchronized, demodulated,
and tracked.

r Synchronization

Time Synchronization |C3-'-c|ic Prefix N |

Parameter Estimation [Fitat-aided -

Modulation Detection |C-3|1figurati-3|1 File ™ |
Thresholds

Minimum Time Sync Metric 0.5

Minimum Frame Sync Metric 0.5

r Tracking

Phase Tracking On Off

OFDM VSA

Timing Tracking On Off

Level Tracking Cn

Channel Compensation On Off

r Demodulation

FFT Shift relative to Cyclic Prefix Length 0.5
Maximum Carrier Offset 5

Cyclic Delay 4]

Time SYNCIONIZAtION........ci i e e e e e e e s e e eee e 75
Parameter EStimation..........ouueuiiicccceee e 75
Modulation DeteCiON..........cooviii e e e 75
Synchronization ThresShOIAS. .......c..uiii i 76

User Manual 1178.5637.02 — 12 74



R&S®PVSE-K96 Configuring OFDM VSA measurements

Synchronization, demodulation and tracking

L Minimum Time SYNC MEHIC........oeeeeeereceeeeeeeeteeeieeee e e e eeeaeaeae ettt eeees s e enanan 76

L Minimum Frame SyNC MetriC........c.ccueueveveeeeeeeeeeeeeeeceeeeeteeeeeeeeeseeeeessaeasaeeeeenn, 76
Phase TraCKing......oiccceeieeeee it e e e e e s e e e e e e e e e e s 76
TIMING TraCKING . cee et e ettt e e e e e e e e e s s e e e e e e e e e e e e aeaaas 77
(=YY= R I = Tl (] Vo S 77
Channel CompPeNSAtiON.......cccooiii i e e e e e e e e e e e e e e e e e e e ee e naana 77
FFT Shift relative to Cyclic Prefix Length.......ccccooioieiiiiiiccre e 77
Maximum Carrier OffSet.... oo 78
CYCHC DIAY. ettt e e sttt e e e s eb e e e e s aab e e e e e 78

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 198

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 48). In manual configuration mode without a configuration file,
no parameter estimation is performed.

"Pilot-Aided" Uses only the predefined pilot cells for parameter estimation

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

Remote command:
[SENSe: ] DEMod: FSYNc on page 196

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

The R&S VSE OFDM VSA application can use the modulation configured in the config-
uration file for each cell.

Alternatively, the R&S VSE OFDM VSA application tries to detect the used modulation
automatically based on the available modulation types (which are also defined in the
configuration file). For automatic detection, the R&S VSE OFDM VSA application ana-
lyzes the modulation 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 48).

"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
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Remote command:
[SENSe: ] DEMod:MDETect on page 197

Synchronization Thresholds
If you require a particular reliability in synchronization results, define thresholds for the
success of synchronization required to calculate results.

The current reliability is indicated 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 in order 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 may prevent the application
from evaluating any frames at all.

For details see Chapter 3.2.2.1, "Synchronization block", on page 40.

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

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 197

Minimum Frame Sync Metric — Synchronization Thresholds
Defines the minimum correlation rate of the CP or preample 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 198

Phase Tracking
Defines whether phase tracking is used to improve the signal quality. The compensa-
tion is done on a per-symbol basis.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 48).
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Remote command:
SENSe:TRACking:PHASe on page 199

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.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 48).

Remote command:
SENSe:TRACking:TIME on page 199

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.

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 48).

Remote command:
SENSe:TRACking:LEVel on page 198

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 48).

Remote command:
[SENSe:]COMPensate:CHANnel on page 195

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. This is useful if relevant parts of the
channel impulse response fall outside the cyclic prefix interval.

A value of 0 is the first sample; a value of 1.0 is the last sample of the cyclic prefix.

FFT Shift = 0.0
FFT Shift=1.0

NG NH-T

in

Remote command:
[SENSe: ] DEMod: FETShift on page 196
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Adjusting settings automatically

Maximum Carrier Offset

The R&S VSE 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 R&S VSE 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 48).

Remote command:
[SENSe: ] DEMod:COFFset on page 196

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 195

Adjusting settings automatically

Access: "Auto Set" toolbar

Depending on the connected instrument, some settings can be adjusted by the instru-
ment automatically according to the current measurement settings. To do so, a mea-
surement is performed. The duration of this measurement can be defined automatically
or manually.

To activate the automatic adjustment of a setting from the R&S VSE, select the corre-
sponding function in the "Auto Set" toolbar or in the configuration dialog box for the set-
ting, where available.

Adjusting settings automatically during triggered measurements

When you select an auto adjust function a measurement is performed to determine the
optimal settings. If you select an auto adjust function for a triggered measurement, you
are asked how the connected instrument should behave:

® (default:) The measurement for adjustment waits for the next trigger

® The measurement for adjustment is performed without waiting for a trigger.
The trigger source is temporarily set to "Free Run". After the measurement is com-
pleted, the original trigger source is restored. The trigger level is adjusted as fol-
lows for IF Power and RF Power triggers:
Trigger Level = Reference Level - 15 dB

Remote command:
[SENSe<ip>:]ADJust:CONFigure:TRIGger on page 201

User Manual 1178.5637.02 — 12 78



R&S®PVSE-K96 Configuring OFDM VSA measurements

Adjusting settings automatically

E#Setting the Reference Level Automatically (Auto Level)........ccccvvvceiriiinncceeiceeeenee 79
Auto Settings Configuration.........coui i s 79
L Automatic Measurement Time Mode and Value.............ccccevveveeeeeeeveveenenne. 79
L UpPEr LEVEl HYSIEIESIS. .....vieeeeeeececee et et et n et n s en s s 79
L LOWET LEVEl HYSEIESIS. ...ttt et ee et ees s en e 80

EfSetting the Reference Level Automatically (Auto Level)

The connected instrument automatically determines the optimal reference level for the
current input data. At the same time, the internal attenuators and the preamplifier are
adjusted so the signal-to-noise ratio is optimized, while signal compression, clipping
and overload conditions are minimized. This function is not available on all supported
instruments.

Remote command:
[SENSe<ip>:]ADJust:LEVel on page 202

Auto Settings Configuration
For some automatic settings, additional parameters can be configured. The "Auto Set
Config" dialog box is available when you select the icon from the "Auto Set" toolbar.

Meas Time

Mode Manual
Value 1.0 ms

Hysteresis

Upper Value 1,0 dB

Lower Value 1,0 dB

Automatic Measurement Time Mode and Value «— Auto Settings Configuration
To determine the optimal reference level automatically, a level measurement is per-
formed on the connected instrument. You can define whether the duration of this mea-
surement is determined automatically or manually.

To define the duration manually, enter a value in seconds.

Remote command:
[SENSe<ip>:]ADJust:CONFigure:LEVel : DURation:MODE on page 200
[SENSe<ip>:]ADJust:CONFigure:LEVel :DURation on page 200

Upper Level Hysteresis < Auto Settings Configuration

When the reference level is adjusted automatically using the Auto Level function, the
internal attenuators and the preamplifier (if available) of the connected instrument are
also adjusted. To avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines an upper threshold that the signal
must exceed (compared to the last measurement) before the reference level is adap-
ted automatically.

Remote command:
[SENSe<ip>:]ADJust:CONFigure:HYSTeresis:UPPer on page 201
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Lower Level Hysteresis < Auto Settings Configuration

When the reference level is adjusted automatically using the Auto Level function, the
internal attenuators and the preamplifier (if available) of the connected instrument are
also adjusted. To avoid frequent adaptation due to small changes in the input signal,
you can define a hysteresis. This setting defines a lower threshold that the signal must
fall below (compared to the last measurement) before the reference level is adapted
automatically.

Remote command:
[SENSe<ip>:]ADJust:CONFigure:HYSTeresis:LOWer on page 201
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5 Creating a configuration file using the wiz-
ard

The R&S VSE-K96 Configuration File Wizard (referred to as wizard here) is a tool that
supports you in defining the configuration of your OFDM signal directly in the R&S VSE
OFDM VSA application.

The R&S VSE OFDM VSA application has to know the configuration of the OFDM sys-
tem to be able to demodulate an OFDM signal correctly. By configuration, we refer to
the complete 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 etc.)
® The I/Q values of the pilot symbols
® Optional: the definition of the preamble

This section describes how to generate the OFDM system configuration file in the R&S
VSE OFDM VSA application for the current input signal.

and configuration files in the

C:\ProgrambData\Rohde-Schwarz\VSE\<version no>\user\demo\OFDM-VSA
directory.

The R&S VSE-K96 Configuration File Wizard is provided with the R&S VSE OFDM
VSA application software.

O The R&S VSE OFDM VSA application provides some sample files for I/Q input data

It is available from the Windows "Start" menu.

e Understanding the R&S VSE-K96 Configuration File Wizard display.......cccccc........ 82
L I O7o) 1 To 18] =1 o] B (= o S 89
e Reference of wizard menu funCtionsS..........ccoooiiiiiiii e 96
e Example: creating a configuration file from an input signal...........cccccceeiiieninnnnne 101
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Understanding the R&S VSE-K96 Configuration File Wizard display

5.1 Understanding the R&S VSE-K96 Configuration File

51.1

Wizard display

The following figure shows the R&S VSE-K96 Configuration File Wizard user interface.
All different areas are labeled. They are explained in more detail in the following sec-

tions.
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Figure 5-1: Elements of the wizard user interface

1 = Menu functions (see Chapter 5.3, "Reference of wizard menu functions”, on page 96)
2 = Progress indicator (see Chapter 5.2, "Configuration steps", on page 89)

3 = Constellation view

4 = Access to wizard help (see Chapter 5.3.4, "Help", on page 101)

5 = General signal information
6 = Matrix view

General signal information
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 R&S VSE OFDM VSA applica-
tion, others are generated by the wizard. The values displayed here are also included

User Manual 1178.5637.02 — 12

82



R&S®VSE-K96

Creating a configuration file using the wizard

Understanding the R&S VSE-K96 Configuration File Wizard display

in the generated configuration file. If specified in the description, some values are
shown in the "Signal Description" dialog box when you load the file in the R&S VSE
OFDM VSA application.

General Information

Mumber of Camiers 64 Cyclic Prefix 16
Mumber of Symbols 10 System MName C:/Users/SIE
Description Number Of
N T8 g q] o= o) O g =Y R 83
NUMDET Of SYMDOIS. .....eiiiiiiie e e s e e e 83
CyClic Prefix LENGEN... ... it e et e e e 83
Y51 (=Y T V=T = S 83
SYStEM DESCIIPLON.. ..o e e e e 83

Number of Carriers
Indicates the number of subcarriers used by the signal. This value corresponds to the
"FFT Size" on page 50.

Number of Symbols

The number of OFDM symbols corresponds to the result length configured in the
"Result Range" settings in the R&S VSE OFDM VSA application (see "Result Length"
on page 74).

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 50.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 137

System Name
Defines the name of the stored configuration file. The default name is MyData. You
can change the name in the "Settings" (see Chapter 5.3.3, "Settings", on page 97).

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

If you deactivate the "Default” setting, you can overwrite the text with any other.
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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.

Constellation View

D @ Selection Mode
Constellation
| T Rrton e v Hoi-anCaEd FONE (o)
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20 T T T T T T T
15 Lo L [P ]
LI Tt R e S 5 SO U S U
05 L. w ey O WL LR R (T e T ]
m : . Z : . X :
@ : ) E : X .
m 00 ; * E + E *
|E : ‘ : : : : :
—D.S e Do b ek ST e faa L S L P I 4
ap o L e e R e S e L ]
A5 Fen a ....... ........ ........ ........ ........ ....... ]
20 i f i i } f i
-20 15 -1.0 035 an 03 10 18 20
Real d=tz

Figure 5-2: 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.
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E] 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.

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 Maode

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".

&

5.1.3 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.
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b aitrix Wiew
Legend
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Figure 5-3: Matrix View with Power vs Symbol x Carrier diagram

Either a colored or a black-and-white (gray shades) power indication is available
(see Black and white color map / Colored color map). 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.
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Figure 5-4: 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).
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(070] (o] =To I oTo] o] gl o 1 - o 1RSSR 88
Highlight selected CEIIS..........uuuiiiiiiiieic e e e e e e s 88
Selection Mode / Zoom Mode iNAICALOT........uuiiieiiciiiie et 88
S T=Y 1= o o i (o Yo PR 88
Deselect All (CONEXI-MENU)....coiiiiiiiiiii et e e e 88
74 o T o TS 88
4o To) 2 1 1@ 1 ST 88
Select Symbol / Select Carrier (CONtEXI-MENU).....ceevveeeeiiii e 89
Select Specific Symbol / Select Specific Carrier (context-menu)........ccccceeeeeeeeeeieiicnnnns 89
Select Symbol/Carrier Range (CONtEXt-MENU).......c.coiciriiieriiiiieeeeciieee e srieeee e evieeee e 89

L SHAI. ettt 89

L 1= TR 89

] (oo JOU OO 89
Deselect All (CONTEXI-MENU)....uuiiiiiieii it e e e e e e e e e e e e e s 89
Extract Symbols (CONtEXI-MENU).........cceiiiiiieiieec e e e 89
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Selection Mode

Understanding the R&S VSE-K96 Configuration File Wizard display

Black and white color map

The different modulation types 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 types 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.

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

®££iii.:i er/Symbol Range - O
Camer
Stat  |-32 = Step |1 = Stop |31 =
Symbol
Stat |0 = Step |1 = Stop |19 s
Cancsl

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 Chapter 5.2.3, "Step 2: (Optional:) Adjusting the analysis
region", on page 91.

Configuration steps

The wizard guides you through the process of creating a configuration file. The pro-
gress bar (see Figure 5-1) indicates which step you are currently working on. After you
complete all required steps, you have created a configuration file that you can import to
the R&S VSE OFDM VSA application for signal analysis.
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Configuration steps

Starting the R&S VSE-K96 Configuration File Wizard.........ccccocoeiiiiiiieniiiieee. 90
Step 1: (Optional:) Importing existing fileS.......ccueviiii e, 91
Step 2: (Optional:) Adjusting the analysis region........ccccoccueeeeriiiiiniicee e, 91
Step 3: Synchronizing the measured data........ccccoceeiiiiiiiiiiiii e, 92
Step 4: Adjusting the GaiN.......coi e 93
Steps 5 + 6: Allocating signal COMPONENTS........ccuvvviiiiiiiiiiiiiiiieie e e eeeeeeeens 94
Step 7: STOMNG rESUIS ..o 95

Starting the R&S VSE-K96 Configuration File Wizard

To start the R&S VSE-K96 Configuration File Wizard within the R&S VSE

1.

Configure the required input signal in the R&S VSE OFDM VSA application, either
from a connected instrument or from an input file.

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"
b) "Burst search", if the signal is bursted
c) Inthe "Sync/Demod/Tracking" settings:
e "FFT Shift relative to Cyclic Prefix Length"
e "Cyclic delay"
e If 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 R&S VSE-K96 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
timing errors.

Check the "Signal Flow" result display to ensure 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 76).

Note: Without a configuration file, only the timing synchronization metric, which is
based on 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.
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Configuration steps

6. 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 R&S VSE 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 49). Since the
R&S VSE 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 prefix is still successful. The pilot cells are not affected, and are demodulated
correctly.

7. Select "Overview" > "Signal Description" > "Create New Configuration File".

The R&S VSE-K96 Configuration File Wizard starts.

Step 1: (Optional:) Importing existing files

The wizard requires demodulated data as input. When you open the wizard directly
from the R&S VSE OFDM VSA application, the demodulated data from the input signal
is stored ina .K96_wizv file internally. The wizard automatically loads this file when it
is started and you start with step 2.

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 to load.

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

Step 2: (Optional:) Adjusting the analysis region

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

If necessary, you can restrict the analysis region.

® (Cptional) Extract Sy, El@

Walid Range: 0-99
Firzt Syrabal: i =
Lazt Spmbal: 99 =

User Manual 1178.5637.02 — 12 91



R&S®VSE-K96

Creating a configuration file using the wizard

524

Configuration steps

Example:

The result range in Figure 5-5 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 5-5: 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.

5.2.5 Step 4: Adjusting the gain

The power gain for individual OFDM cells is determined in reference 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.

The reference can be defined 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 gain settings of other cells.
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Configuration steps

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 Chapter 5.2.4, "Step 3: Synchronizing the measured
data", on page 92.

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 type.

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 type: 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 Chapter D, "Reference: IQW format specification for user-
defined constellation points", on page 284.
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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 is defined, the more accurate the EVM
results in the R&S VSE 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.

. Select the checkmark and confirm the message to allocate the selected cells to the
| 9. Selectthe checkmark and confirm th to allocate th lected cells to th
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" on page 85 to see which cells
are still missing in the "Allocation Matrix".

5.2.7 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-
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5.3

5.3.1

Reference of wizard menu functions

ing configuration file can then be used for analysis in the R&S VSE OFDM VSA appli-
cation.

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.

3. Select "Save".

Reference of wizard menu functions

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

L 11 (T o3 1o 1 96
®  Edit fUNCHONS....utitiieeceie et e e e e e e e e e e e e e e e eeeeeese bbb aaans 97
L IS 1Y i (10T - T PR PRSP 97
L I =Y | o T 101

= U PPUPPPPPPR 96
Import Data from R&S OFDM VSA ... 96
Load Configuration File........c..eeiii e 96
Save Configuration File.........coui i 96
L PSPPSRI 97
New

Creates a new, empty configuration file. This function is similar to a preset function.
Any information from the input signal in the R&S VSE OFDM VSA application is no lon-
ger available in the wizard. Load existing signal or configuration data to continue.

See "Import Data from R&S OFDM VSA" on page 96 and "Load Configuration File"
on page 96.

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 R&S VSE 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.

Save Configuration File
Opens a file selection dialog box to save the current configuration to an . xm1 file.
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Reference of wizard menu functions

This function is identical to Chapter 5.2.7, "Step 7: Storing results", on page 95.

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

Reset All AlIOCALIONS......uuii e e e e e e et e e e e eeaanas 97
(6] aTo (@38 =T 7 | (o Tor= 1 1o o 1S 97
Extract Symbols (CONtEXE-MENU)........uuiiiiiiiiiieeee e e e e e e e e snenes 97
Shift Left by 1 Carrier / Shift Right by 1 Carrier........cccooiviieiiieeee e 97

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

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

This function is identical to using the 1 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 Chapter 5.2.3, "Step 2: (Optional:) Adjusting the analysis
region”, on page 91.

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
SYSIEM NAME...ci it e s e b e e s e b ee e e e e e areeas 98
Y (= T =TT 0] o] o TR 98
CyYCliC PrefiX / SUMIX. ..ttt e e e e e e e e s et rr e e e e e e aaeeeeeenannns 98
L CyCliC PrefiX LENGN . ..o oottt ee e n s e eeeenn e 98
L CYClC PrefiX MOGE.......eeeeeeeee ettt ee e en e e en e 99
L Different cyclic prefix IeNgths............c.ocevevecerecececeeeee e e 99
L Cyclic prefix definition per range (Symbols / Samples)............cccco....... 99
L Cyclic SUFfIX LENGHN.......cuieieeeeeeeeeeeeeeeeeeeeeeeeeeee ettt ee s sase et eeeeseseeenaees 100
PreambIe. ... ... e 100
L SEt Preamble.......c.cuceeeeeeieeeireeeiseeeesee ettt 100
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L BIOCK LENGN...evvveteeeeeeee ettt ettt es s ananaeaeaes 100
L Frame Start OffSet.........coiioeeeeeeeeeeeeeeeee et 100
CyCliC Delay DIVEISItY ... .eeeeiiiiiiiie ettt ettt e e e e e 101

System Name
Defines the name of the stored configuration file. The default name is MyData. You
can change the name in the "Settings" (see Chapter 5.3.3, "Settings", on page 97).

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

If you deactivate the "Default” setting, you can overwrite the text with any other.

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

®

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

(® Two Different Cyclic Prefix Lengths

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

Symbols Samples
Range 1 |10 | [64
Range 2 S0 32
Samples
Cyclic Suffix 0
0K Cancel

Cyclic Prefix Length < Cyclic Prefix / Suffix

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 50.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 137
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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] :GUARA:MODE on page 136

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

A

=

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

Figure 5-6: 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 5-7: Non-Conventional cyclic prefix case: Non-Periodic mode

Remote command:
CONFigure[:SYMBol] :GUARd:PERiodic on page 137

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,
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] :GUARA:NSYMbols<cp> on page 136
CONFigure[:SYMBol] :NGUard<cp> on page 137
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Reference of wizard menu functions

Cyclic Suffix Length — Cyclic Prefix / Suffix

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 4-2 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
oM [T T ]
Y 4g¥§ii;N7(i)FFT Length;wgz?flii:*

Figure 5-8: OFDM symbol with cyclic prefix and suffix

The cyclic suffix length must be smaller than or equal to the "FFT Size" on page 50.

Remote command:
CONFigure[:SYMBol] :NSUFfix on page 138

Preamble

Preamble symbol characteristics can be stored in the configuration file. These settings
correspond to the settings in the "Signal Description" dialog in the R&S VSE OFDM
VSA application (see Chapter 4.2, "Signal description", on page 47). The information
can be used by the R&S VSE OFDM VSA application, for example for synchronization.

@ Freamble (Optional) El@

Set Preamble

Block Length: |0

Ak

Frame Offzet: |0 =

Set Preamble — Preamble
If activated, 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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5.3.4

5.4

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.

Help

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

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 R&S VSE OFDM VSA applica-
tion as described in Chapter 7, "How to perform measurements in the R&S VSE OFDM
VSA application”, on page 125, or load existing 1/Q data to the application.

For this example, we use the I/Q data in the demo file
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\demo\

OFDM-VSA\WlanA 64QAM.iq.tar provided with the R&S VSE software.
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 R&S VSE OFDM VSA application can
demodulate the data.

a) Select the "Meas Setup > Signal Description" menu item.

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

e Set "Sample Rate" = 20 MHz.

2. Drag the
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\demo\

OFDM-VSA\WlanA 640QAM. iq. tar file from the file explorer to the OFDM VSA
channel in the R&S VSE software.

The input type is set to "File", and the selected file is loaded as input for the OFDM
VSA channel.
The Magnitude Capture display shows the bursted signal.
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Example: creating a configuration file from an input signal

* OFDM WSA: 1 Magnitude Capture olClw F

2.39995 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 the "Meas Setup > Result Range" menu item.

e Set "Result Length" = 700.

* CQFDM V5A: 1 Magnitude Capture o1lClrw S

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 bursted 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

Irnag d=ta

Figure 5-9: 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 5-10: 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 5-11: 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 type "Zero" as a constellation
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 type "QPSK" as a constella-
tion 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 5-12: 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 5-13: 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 type "BPSK" as a constella-
tion 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 type "45°QPSK" as a constel-
lation marker.
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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.

12. Store the configuration file.
Select "Step 7" in the progress bar.

a) Enter the filename and storage location for the configuration file:
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\demo\
OFDM-VSA\MyWlanA 640QAM.xml

13. Close the wizard.

Now you can load the configuration file in the R&S VSE OFDM VSA application.
See step 4.
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Result configuration

6 Analyzing OFDM VSA vector signals

6.1

Access: "Overview" > "Result Configuration”

General result analysis settings concerning the trace, markers, windows etc. can be
configured. They are identical to the analysis functions in the base unit except for the
special window functions.

®  ResuUlt CONfIGUIAtioN.......uuiiiiieee i e e e e 109
e Table coNfiQUIratioN...........uuuiiiiiiiie e e a e 111
L L U Lo 11 £ PP PPPRI 112
L J o= 11 o P PUPPRT 113
L I V= T =) USSP 115
®  Trace SEHINGS......ci it e e e 121
e Trace / data export CoNfiguration...........ccceieiiiiiiii i 123

Result configuration

Some result displays provide further settings.

Markers Markers Settings Result Configuration  [EEEETSIERWSTT

- E¥M Settings
Marmalize EYWM to RRAS Pilots and Data T

Frame Averaging hMean Square T

r Constellation Display

Modulation Type Pilots and Data T
Modulation All T
Symbol PR
Carrier All -1
a Paint Size Ll -
-
=
(]
[TH
&)
NOIMANZE EVIM 0. 110
= LW ANV =T = o [T PR 110
Constellation Display - Modulation TYPE........cuiiiuiirieiiiiie et 110
Constellation Display - MOAUIAtION...........uiiiiiiiiiii e 110
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Result configuration

Constellation Display - SYMDOL........cooie e 111
Constellation Display = Carfier........ceeii it e e e e e e e e 111
Constellation Display - POINt SiZ€.......c.uuiiiiiiiiii e 111

Normalize EVM to
Specifies the OFDM cells which are averaged to get the reference magnitude for EVM
normalization.

(See Chapter C.1, "Error vector magnitude (EVM)", on page 282 for details).

"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 203

Frame Averaging
Specifies the method of averaging over multiple OFDM frames in one capture buffer
used to get the mean EVM values in the result list.

Frame Averaging Averaged EVM over N frames
Mean square 1 Y .
— > EVM,
NS
RMS 1 Ml
—> EVM,
NS

Mean square averaging is consistent with the EVM calculation within one frame. How-
ever, some standards, e.g. 802.11a, require RMS averaging.

Remote command:
[SENSe: ] DEMod:EVMCalc: FAVerage on page 203

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 204

Constellation Display - Modulation
The constellation diagram includes only symbols with the selected modulation.
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Table configuration

Remote command:
CONFigure:FILTer<n>:MODulation on page 204

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 205

Constellation Display - Carrier
The constellation diagram includes symbols for all or only for the specified carrier num-
ber.

The range of valid carrier numbers is:
[- FFT Size/2, + FFT Size/2]

Remote command:
CONFigure:FILTer<n>:CARRier on page 204

Constellation Display - Point Size
Defines the size of the individual points in a constellation diagram.

6.2 Table configuration

Access: "Overview" > "Result Configuration" > "Table Config"
Or: "Meas Setup" > "Result Configuration" > "Table Config" tab

During each measurement, a large number of characteristic signal parameters are
determined. Select the parameters to be included in the Result Summary table. For a
description of the individual parameters, see Chapter 2.1, "OFDM VSA parameters",
on page 9.
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Units

Markers Markers Settings Result Config Table Config Y Scaling

TableConfig —

EVM &I [dEm)

EvM &I (3]

E'M Data Symbols (dBm)
EVI Data Symbols (%)
EVM Filot Symbals dBm)
EVM Pilot Symbols [3]
MER

Q Offset

Gain Imbalance
Quadrature Error
Frequency Errar

sample Clock Error
Frame Power

Crest Factor

OFDM VSA

Specifics for | 2: Result Summary ™

Bitstream Format

For the Bitstream display, define the format of the symbols: hexadecimal (default), dec-
imal, octal or binary.

Remote command:
CALCulate<n>:BITStream:FORMat on page 203

6.3 Units

Access: "Overview" > "Result Configuration" > "Units"
Or: "Meas Setup" > "Result Configuration" > "Units" tab
For some result configurations, the unit of the displayed values can be configured.

Markers Markers Settings Result Configuration  Table Config m ¥ Scaling

r Result Units
EWM dB -
Impulse Response Linear T
Symbiol Axes Symbols T
Cartier Axes Cattiers s
Time Axes seconds M
Frequency Axes Hertz T

OFDM VSA
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6.4

Y-Scaling

Remote command:

UNIT:EVM on page 209
UNIT:IRESponse on page 210
UNIT:SAXes on page 210
UNIT:CAXes on page 208
UNIT:TAXes on page 210

UNIT:FAXes on page 209

Y-Scaling

Access: "Overview" > "Result Configuration" > "Y Scaling"
Or: "Meas Setup" > "Result Configuration" > "Y Scaling" tab

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.

Markers Markers Settings Marker Search Result Config Table Config m—

ic grid scaling:
Autn Kl o
Auto Scale Once
S Ay p—
Max .0 dBm
| spupm— 50 B
Min -12.0 dBm
a Scaling according to reference and per div:
E Per Division 2.0dB :E
o Ref Position 1000 %
Ref walue .0 dBm © -120dBm
Specifics for | 3: Power Spectrum
AUtomMatic Grid SCalING.......ueieii i 114
AULO SCAIE ONCE......ccceeeeeeeeeeeeeee ettt et e e e e e e e e e e e e et et e e e eeaeaa bbb aneeeseeeeaaaaeens 114
Absolute Scaling (Min/MaxX ValUS).........cceeeiriiiiiiiiiiciiiieie e e e ee e eeeeee e 114
Relative Scaling (Reference/ per DiViSIiON).........cooooeviiiiiiiieeiieere e 114
L PEI DIVISION.......cvvteeeeeeeeeeecececaete ettt eee e e e e s eaeaeae et eesesen s s nananaeseseenas 114
O S e 1110 s OSSR 114
L REFVAIUE.....eveeeeeeee ettt en s e s an et e e e 114
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Y-Scaling

Automatic Grid Scaling
The y-axis is scaled automatically according to the current measurement settings and
results (continuously).

Note: 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>] [ :SUBWindow<n>] :TRACe<t>:Y[:SCALe] :AUTO
on page 206

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>] [ : SUBWindow<n>] :TRACe<t>:Y[:SCALe] :AUTO
on page 206

Absolute Scaling (Min/Max Values)
Define the scaling using absolute minimum and maximum values.

Remote command:
DISPlay[:WINDow<n>] : TRACe<t>:Y[:SCALe] :MAXimum on page 208
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MINimum on page 208

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>] [ :SUBWindow<w>] : TRACe<t>:Y[:SCALe] :PDIVision
on page 206

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>] [ :SUBWindow<w>] : TRACe<t>:Y[:SCALe] :RPOSition
on page 207

Ref Value — Relative Scaling (Reference/ per Division)
Defines the reference value to be displayed at the specified reference position.
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6.5

6.5.1

Markers

Remote command:
DISPlay [ :WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] :RVALue
on page 207

Markers

Access: "Overview" > "Result Config" > "Markers"
Or: "Marker"

Markers help you analyze your measurement results by determining particular values
in the diagram. Thus you can extract numeric values from a graphical display.

Markers in 3-dimensional diagrams

Some diagrams have a third dimension - in addition to the x-axis and y-axis they show
a third dimension (z-dimension) of results using different colors. For such diagrams,
you must define the position of the marker both in the x-dimension and in the y-dimen-
sion to obtain the results in the z-dimension.

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 dia-
gram, its position is defined by the symbol and carrier number the point belongs to,
while 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.

o Individual marker SEtINGS.......uuuuuciieeieee e 115
o General marker SettiNgsS. .....ooo i 118
e Marker positioning fUNCHONS........ceuiiiii e 120

Individual marker settings

Access: "Overview" > "Result Config" > "Markers"
Or: "Marker" > "Marker"

In OFDM VSA evaluations, up to 16 markers can be activated in each diagram at any
time.
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Markers

Markers Settings Marker Search Result Cenfig Tabkle Config Y Scaling

1-5 Marker1  onfBR 0
et onflf o -
Detaz onflg ¢ [t -]
Eeilil peas onfEl o L -]
2 Delta 4 On [} -]
@ Deitas  onfEf 0
12-16
T PlACE NEW IMATKET .....eeeeeeeee ettt e e e s e s e e e e e e e e eaeaaseeeeeeeeeeaeaeres 116
wm [[Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker 16..........cccoeveveeeviivncrennn. 116
Y [=Tex (< To I 1Y, = 1 (=T ST 117
Y =T G S 7= L (< TR 117
D V2= | 6T 117
2= 1 VL= TN 117
Y =T =T 1Y o 1= YU 117
REFEIENCE IMAIKET ... ... e e et e e e e st e e e et e s eaeeeeaaas 118
LinkKing 10 ANOther Marker........cooo it 118
Assigning the Marker t0 @ TracCe.....c.oooiuiiiii i 118
YN Y =10 T £SO L TP 118

o' Place New Marker
Activates the next currently unused marker and sets it to the peak value of the current
trace in the current window.

w -Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker 16

To activate a marker, select the arrow on the marker selection list in the toolbar, or
select a marker from the "Marker" > "Select Marker" menu. Enter the marker position
("X-value") in the edit dialog box.

To deactivate a marker, select the marker name in the marker selection list in the tool-
bar (not the arrow) to display the "Select Marker" dialog box. Change the "State" to
"Off".

Marker 1 is always the default reference marker for relative measurements. If activa-
ted, markers 2 to 16 are delta markers that refer to marker 1. These markers can be
converted into markers with absolute value display using the "Marker Type" function.
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Markers

Remote command:

CALCulate<n>:MARKer<m>[:STATe] on page 214
CALCulate<n>:MARKer<m>:X on page 215
CALCulate<n>:MARKer<m>:Y? on page 248
CALCulate<n>:DELTamarker<m>[:STATe] on page 217
CALCulate<n>:DELTamarker<m>:X on page 218
CALCulate<n>:MARKer<m>:Y? on page 248
CALCulate<n>:DELTamarker<m>:Y? on page 246

Selected Marker
Marker name. The marker which is currently selected for editing is highlighted orange.

Remote command:
Marker selected via suffix <m> in remote commands.

Marker State
Activates or deactivates the marker in the diagram.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 214
CALCulate<n>:DELTamarker<m>[:STATe] on page 217

X-value
Defines the position of the marker on the x-axis.

For Constellation diagrams, the position is defined by a symbol number.

Remote command:
CALCulate<n>:DELTamarker<m>:X on page 218
CALCulate<n>:MARKer<m>:¥X on page 215

Y-value
Defines the position of the marker on the y-axis for 3-dimensional diagrams.

For Constellation diagrams, the position is defined by a carrier number.

Remote command:
CALCulate<n>:DELTamarker<m>:Y? on page 246
CALCulate<n>:MARKer<m>:Y? on page 248

Marker Type

Toggles the marker type.

The type for marker 1 is always "Normal", the type for delta marker 1 is always "Delta".
These types cannot be changed.

Note: If normal marker 1 is the active marker, switching the "Mkr Type" activates an
additional delta marker 1. For any other marker, switching the marker type does not
activate an additional marker, it only switches 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).
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Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 214
CALCulate<n>:DELTamarker<m>[:STATe] on page 217

Reference Marker
Defines a marker as the reference marker which is used to determine relative analysis
results (delta marker values).

If the reference marker is deactivated, the delta marker referring to it is also deactiva-
ted.

Remote command:
CALCulate<n>:DELTamarker<m>:MREFerence on page 216

Linking to Another Marker

Links the current marker to the marker selected from the list of active markers. If the x-
axis value of the initial marker is changed, the linked marker follows to the same posi-
tion on the x-axis. Linking is off by default.

Using this function you can set two markers on different traces to measure the differ-
ence (e.g. between a max hold trace and a min hold trace or between a measurement
and a reference trace).

Remote command:

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> on page 213
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKer<md> on page 216
CALCulate<n>:DELTamarker<m>:LINK on page 216

Assigning the Marker to a Trace

The "Trace" setting assigns the selected marker to an active trace. The trace deter-
mines which value the marker shows at the marker position. If the marker was previ-
ously assigned to a different trace, the marker remains on the previous frequency or
time, but indicates the value of the new trace.

If a trace is turned off, the assigned markers and marker functions are also deactiva-
ted.

Remote command:
CALCulate<n>:MARKer<m>:TRACe oOn page 214

All Markers Off
&
Deactivates all markers in one step.

Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 213

6.5.2 General marker settings

Access: "Overview" > "Result Configuration" > "Marker Settings"

Or: "Marker" > "Marker" > "Marker Settings" tab
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Result Configuration
|
| Markers Markers Settings
|
r Marker Table
r Marker Info
. o
a
=
=
[
(T8
o
Marker Table Display
Defines how the marker information is displayed.
"On" Displays the marker information in a table in a separate area beneath
the diagram.
"Off" No separate marker table is displayed.

If Marker Info is active, the marker information is displayed within the
diagram area.

"Auto" (Default) If more than two markers are active, the marker table is dis-
played automatically.
If Marker Info is active, the marker information for up to two markers
is displayed in the diagram area.

Remote command:
DISPlay[:WINDow<n>] :MTABle on page 218

Marker Info
Turns the marker information displayed in the diagram on and off.
® 1AP Clrw
M1[1] 81.13 dBpv| ~
177.610 MHz

D2[1] -22.18 dB
-28.980 MHz

Remote command:
DISPlay[:WINDow<n>] :MINFo[:STATe] on page 218
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6.5.3 Marker positioning functions

The following functions set the currently selected marker to the result of a peak search.

Access: "Marker" toolbar

o= 1R o] o 1 120
SEAICN NEXE PBAK.....ceueteeiiiiieeiee et e e e e e et e e e s e et e e e e e e aaaanas 120
S T=Y= 1o o TN 1Y/ 1o T 210 T o R 120
SearcCh NeXt IMINIMUM ... ..o e e e e e e e e e et e e e e e e rar e e e s eeraaaanns 120

Peak Search

A

Sets the selected marker/delta marker to the maximum of the trace. If no marker is
active, marker 1 is activated.

Remote command:
CALCulate<n>:MARKer<m>:MAXimum[:PEAK] on page 222
CALCulate<n>:DELTamarker<m>:MAXimum|[:PEAK] on page 220

Search Next Peak
Sets the selected marker/delta marker to the next (lower) maximum of the assigned
trace. If no marker is active, marker 1 is activated.

v

« Y
Iy AN

Remote command:

CALCulate<n>:MARKer<m>:MAXimum:NEXT on page 222
CALCulate<n>:MARKer<m>:MAXimum:RIGHt on page 222
CALCulate<n>:MARKer<m>:MAXimum:LEFT on page 222
CALCulate<n>:DELTamarker<m>:MAXimum:NEXT on page 220
CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt on page 220
CALCulate<n>:DELTamarker<m>:MAXimum:LEFT on page 220

Search Minimum

NYS

Sets the selected marker/delta marker to the minimum of the trace. If no marker is
active, marker 1 is activated.

Remote command:
CALCulate<n>:MARKer<m>:MINimum[:PEAK] on page 223
CALCulate<n>:DELTamarker<m>:MINimum[:PEAK] on page 221

Search Next Minimum
Sets the selected marker/delta marker to the next (higher) minimum of the selected
trace. If no marker is active, marker 1 is activated.

v, v,
Y\,

Remote command:

CALCulate<n>:MARKer<m>:MINimum:NEXT on page 223
CALCulate<n>:MARKer<m>:MINimum:LEFT on page 223
CALCulate<n>:MARKer<m>:MINimum:RIGHt on page 223
CALCulate<n>:DELTamarker<m>:MINimum:NEXT on page 221
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CALCulate<n>:DELTamarker<m>:MINimum:LEFT on page 221
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt on page 221

Trace settings

Access: "Trace" > "Trace"

Trace Trace / Data Export

rTrace Modes ——————————————

Clear Write

Trace 2 || -

Trace 3 || N

OFDM V5A

Trace 5 || N

| Trace 4 || N

Trace & || N

r Quick Config

Preset All Traces

Specifics for | 3: Power Spectrun T

The trace settings determine how the measured data is analyzed and displayed in the
window.

Depending on the result display, between 1 and 6 traces are available.

Trace data can also be exported to an ASCII file for further analysis. For details, see
Chapter 6.7, "Trace / data export configuration", on page 123.

Trace 1/TTrACE 2/TTACE ...t e e et e et e e e e e e e et e et e e e e e e e eeeererenaereranas 121
B = ToT =AY/ (0T [ 121
Predefined Trace Settings - QUICK CONfig........cuuiieiiiiiiiiiiiiiiee e 122

Trace 1/Trace 2/Trace 3
Selects the corresponding trace for configuration. The currently selected trace is high-
lighted orange.

Remote command:
DISPlay[:WINDow<n>] [:SUBWindow<w>] :TRACe<t>[:STATe] on page 212
Selected via numeric suffix of TRACe<t> commands

Trace Mode
Defines the update mode for subsequent traces.
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"Clear/ Write"  Overwrite mode (default): the trace is overwritten by each measure-
ment.
All available detectors can be selected.

"Max Hold" The maximum value is determined over several measurements and
displayed. The R&S VSE saves the measurement result in the trace
memory only if the new value is greater than the previous one.

"Min Hold" The minimum value is determined from several measurements and
displayed. The R&S VSE saves the measurement result in the trace
memory only if the new value is lower than the previous one.

"Average" The average is formed over several measurements.
"View" The current contents of the trace memory are frozen and displayed.

Note: If a trace is frozen, you can change the measurement settings,
apart from scaling settings, without impact on the displayed trace.
The fact that the displayed trace no longer matches the current mea-
surement settings is indicated by a yellow asterisk B on the tab label.
If you change any parameters that affect the scaling of the diagram
axes, the R&S VSE automatically adapts the trace data to the
changed display range. Thus, you can zoom into the diagram after
the measurement to show details of the trace.

"Blank" Removes the selected trace from the display.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:MODE on page 212

Predefined Trace Settings - Quick Config
Commonly required trace settings have been predefined and can be applied very
quickly by selecting the appropriate button.

Function Trace Settings
Preset All Traces Trace 1: Clear Write
Blank
Set Trace Mode Trace 1: Max Hold
Max | Avg | Min Trace 2: Average
Trace 3: Min Hold
Blank
Set Trace Mode Trace 1: Max Hold
Manx | ClrWrite | Min Trace 2: Clear Write
Trace 3: Min Hold
Blank
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®

Trace / data export configuration

Trace / data export configuration

Access: "Edit" > "Trace Export"

Traces resulting from encrypted file input cannot be exported.

The standard data management functions that are available for all R&S VSE applica-
tions are not described here, e.g. saving or loading instrument settings, or exporting
the 1/Q data in other formats.

See the R&S VSE base software user manual for a description of the standard func-
tions.

Trace / Data Export

Traces

|:| Expoart all Traces

Include Instrument and Measurement Settings
|:| Expoart all Traces for Selected Graph

Trace to Export 1 T

Decimal Separator Carmma

Export Trace to A5CT File

Export all Traces and all Table ReSUIS..........oooiiiiiiiiee e, 123
Include Instrument & Measurement Settings.........coooviiiiiiiii e, 123
Export All Traces for Selected Graph..........ccooiieiccciiiiiiiiiie e e 123
I = Lot (o =5 o] o S 124
D= Yot | gF= T IS T=T o = = (o] 124
EXPOrt Trace t0 ASCIH FilE...uuuuu e e e e e e e e e e e e e eeeeeaaens 124

Export all Traces and all Table Results
Selects all displayed traces and result tables (e.g. "Result Summary", marker table
etc.) in the current application for export to an ASCII file.

Alternatively, you can select one specific trace only for export (see Trace to Export).

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Remote command:
FORMat : DEXPort: TRACes on page 251

Include Instrument & Measurement Settings
Includes additional instrument and measurement settings in the header of the export
file for result data.

Remote command:
FORMat :DEXPort:HEADer on page 250

Export All Traces for Selected Graph
Includes all traces for the currently selected graphical result display in the export file.
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Remote command:
FORMat : DEXPort : GRAPh on page 250

Trace to Export
Defines an individual trace to be exported to a file.

This setting is not available if Export all Traces and all Table Results is selected.

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export/import
files. Evaluation programs require different separators in different languages.

Remote command:
FORMat :DEXPort:DSEParator on page 250

Export Trace to ASCII File
Opens a file selection dialog box and saves the selected trace in ASCII format (.dat)
to the specified file and directory.

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Note: Traces resulting from encrypted file input cannot be exported.

Remote command:
MMEMory : STORe<n>: TRACe on page 251
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7 How to perform measurements in the R&S
VSE OFDM VSA application

The following step-by-step instructions demonstrate how to perform measurements
with the R&S VSE OFDM VSA application.

files in the
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\OFDM-VSA direc-
tory.

O The R&S VSE OFDM VSA application provides sample data and sample configuration

To perform a OFDM VSA measurement

1. Open a new channel or replace an existing one and select the "OFDM VSA" appli-
cation.

2. Configure the input source to be used as described in the R&S VSE Base Software
User Manual.

3. Select the "Meas Setup > Overview" menu item to display the "Overview" for a
OFDM VSA measurement.

4. Select the "Signal Description" button and configure the expected signal character-
istics either manually or using a configuration file.
5. To use a configuration file:

a) If no configuration file is available yet, create one from the input signal as
described in Chapter 5, "Creating a configuration file using the wizard",
on page 81.

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".

6. Select the "Input/Frontend" button to define the input signal's center frequency,
amplitude and other basic settings.

7. Optionally, select the "Trigger" button and define a trigger for data acquisition, for
example an external trigger to start capturing data only when a useful signal is
transmitted.

8. For bursted signals, select the "Burst Search" button and activate a burst search.

9. Select the "Data Acquisition" button and define how much and which data to cap-
ture:

e "Capture Time" or "Capture length": the duration or number of samples to be
captured
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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 1/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 33)

10. Select the "Result Range" button and define how many OFDM symbols are to be
interpreted as one frame.

11. To optimize the synchronization process, if necessary, select the "Sync/Demod/
Tracking" button and configure the synchronization and demodulation parameters.
Which compensation and synchronization functions are allowed depends on the
standard defining the tests.

12. Select the &7 "Add Window" icon from the toolbar to add further result displays for
the OFDM VSA.

The measured data is stored in the capture buffer and can be analyzed.
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8 Remote commands for OFDM VSA

8.1

The following commands are required to perform measurements in OFDM VSA in a
remote environment.

It is assumed that the R&S VSE has already been set up for remote control in a net-
work as described in the R&S VSE User Manual.

General R&S VSE Remote Commands

The application-independent remote commands for general tasks on the R&S VSE are
also available for R&S VSE OFDM VSA application and are described in the R&S VSE
Base Software User Manual. In particular, this comprises the following functionality:

® Controlling instruments and capturing data
® Managing Settings and Results

® Setting Up the Instrument

® Using the Status Register

Channel-specific commands

Apart from a few general commands on the R&S VSE, most commands refer to the
currently active channel. Thus, always remember to activate a OFDM VSA channel
before starting a remote program for a OFDM VSA measurement.

The following tasks specific to R&S VSE OFDM VSA application are described here:

L JI 10 o T VT3 1T o USSR 127
®  COMMON SUMTIXES..eiiiiiitiiiiee ittt e et e e e et e e e s s sabee e e e s sneeeeeeeanes 132
e Activating OFDM VSA MeasuremMeNtS.........ccovieiiiiiiiiiiiiiiciiiie e se e e e e e e e e e e eeeeeeeeenenns 132
o  Configuring OFDM VSA.....e it e e e e e e e e e e e e e e e e e e aeeaeens 133
L N g E= S S 202
e Configuring the result diSplay............ceceiiiiii oo 227
®  REtrEVING MESUILS.. ..t e e e e e e e e e an 237
o Status reporting SYSIEM....coi i 263
e Deprecated COMMANGS.......ceiiiiieie i et e e e e e e e e e e e e e e e eeeeeeeenennns 265
e Programming examples: OFDM vector signal analysis.........cccceeeeeeeiiiieieieieeeeeeenn, 267
Introduction

Commands are program messages that a controller (e.g. a PC) sends to the instru-
ment or software. They operate its functions ('setting commands' or 'events') and
request information ('query commands'). Some commands can only be used in one
way, others work in two ways (setting and query). If not indicated otherwise, the com-
mands can be used for settings and queries.

The syntax of a SCPI command consists of a header and, usually, one or more param-
eters. To use a command as a query, you have to append a question mark after the
last header element, even if the command contains a parameter.
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A header contains one or more keywords, separated by a colon. Header and parame-
ters are separated by a "white space" (ASCII code 0 to 9, 11 to 32 decimal, e.g. blank).
If there is more than one parameter for a command, they are separated by a comma
from one another.

Only the most important characteristics that you need to know when working with SCPI
commands are described here. For a more complete description, refer to the user
manual of the R&S VSE.

@ Remote command examples
Note that some remote command examples mentioned in this general introduction are
possibly not supported by this particular application.

8.1.1 Conventions used in descriptions

The following conventions are used in the remote command descriptions:

® Command usage
If not specified otherwise, commands can be used both for setting and for querying
parameters.
If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

® Parameter usage
If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.
Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

® Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S VSE follow the SCPI syntax rules.

® Asynchronous commands
A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

® Default unit
The default unit is used for numeric values if no other unit is provided with the
parameter.

® Manual operation

If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.
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8.1.2 Long and short form

The keywords have a long and a short form. You can use either the long or the short
form, but no other abbreviations of the keywords.

The short form is emphasized in uppercase letters. Note however, that this emphasis
only serves the purpose to distinguish the short from the long form in the manual. For
the instrument, the case does not matter.

Example:
SENSe:FREQuency:CENTer is the same as SENS: FREQ: CENT.

8.1.3 Numeric suffixes

Some keywords have a numeric suffix if the command can be applied to multiple
instances of an object. In that case, the suffix selects a particular instance (e.g. a mea-
surement window).

Numeric suffixes are indicated by angular brackets (<n>) next to the keyword.

If you do not quote a suffix for keywords that support one, a 1 is assumed.

Example:

DISPlay[:WINDow<1...4>]:Z200M:STATe enables the zoom in a particular mea-
surement window, selected by the suffix at WINDow.

DISPlay:WINDow4:ZOOM: STATe ON refers to window 4.

8.1.4 Optional keywords

Some keywords are optional and are only part of the syntax because of SCPI compli-
ance. You can include them in the header or not.

If an optional keyword has a numeric suffix and you need to use the suffix, you have to
include the optional keyword. Otherwise, the suffix of the missing keyword is assumed
to be the value 1.

Optional keywords are emphasized with square brackets.

Example:

Without a numeric suffix in the optional keyword:

[SENSe: ] FREQuency:CENTer is the same as FREQuency:CENTer
With a numeric suffix in the optional keyword:
DISPlay[:WINDow<1l...4>]:Z00M:STATe
DISPlay:ZO0OM:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.
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8.1.5 Alternative keywords

A vertical stroke indicates alternatives for a specific keyword. You can use both key-
words to the same effect.

Example:
[SENSe: |BANDwidth |BWIDth[:RESolution]

In the short form without optional keywords, BAND 1MHZ would have the same effect
as BWID 1MHZ.

8.1.6 SCPI parameters

Many commands feature one or more parameters.

If a command supports more than one parameter, they are separated by a comma.

Example:
LAYout :ADD:WINDow Spectrum,LEFT,MTABle

Parameters can have different forms of values.

L N[0 TCT A (oY 2= U Y 130
L 1Yo ) [<F= 1 o TR 131
L O o P = Tox (= o [ = T 131
L I O o = = T3 (= = 1] o [ 132
L ] o Tt Qe F= | = T 132

8.1.6.1 Numeric values

Numeric values can be entered in any form, i.e. with sign, decimal point or exponent.
For physical quantities, you can also add the unit. If the unit is missing, the command
uses the basic unit.

Example:
With unit: SENSe: FREQuency:CENTer 1GHZ
Without unit: SENSe: FREQuency:CENTer 1E9 would also set a frequency of 1 GHz.

Values exceeding the resolution of the instrument are rounded up or down.

If the number you have entered is not supported (e.g. for discrete steps), the command
returns an error.

Instead of a number, you can also set numeric values with a text parameter in special

cases.
e  MIN/MAX

Defines the minimum or maximum numeric value that is supported.
e DEF

Defines the default value.

User Manual 1178.5637.02 — 12 130



R&S®VSE-K96 Remote commands for OFDM VSA

Introduction

e UP/DOWN
Increases or decreases the numeric value by one step. The step size depends on
the setting. Sometimes, you can customize the step size with a corresponding
command.

Querying numeric values

When you query numeric values, the system returns a number. For physical quantities,
it applies the basic unit (e.g. Hz for frequencies). The number of digits after the decimal
point depends on the type of numeric value.

Example:
Setting: SENSe: FREQuency:CENTer 1GHZ
Query: SENSe : FREQuency: CENTer? would return 1E9

Sometimes, numeric values are returned as text.

® INF/NINF
Infinity or negative infinity. Represents the numeric values 9.9E37 or -9.9E37.

e NAN
Not a number. Represents the numeric value 9.91E37. NAN is returned if errors
occur.

8.1.6.2 Boolean

Boolean parameters represent two states. The "on" state (logically true) is represented
by "ON" or the numeric value 1. The "off" state (logically untrue) is represented by
"OFF" or the numeric value 0.

Querying Boolean parameters

When you query Boolean parameters, the system returns either the value 1 ("ON") or

the value O ("OFE™").

Example:
Setting: DISPlay:WINDow: ZOOM: STATe ON
Query: DISPlay:WINDow: ZOOM: STATe? would return 1

8.1.6.3 Character data
Character data follows the syntactic rules of keywords. You can enter text using a short
or a long form. For more information, see Chapter 8.1.2, "Long and short form",

on page 129.

Querying text parameters

When you query text parameters, the system returns its short form.
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Example:
Setting: SENSe : BANDwidth:RESolution:TYPE NORMal
Query: SENSe:BANDwidth:RESolution:TYPE? would return NORM

8.1.6.4 Character strings

Strings are alphanumeric characters. They have to be in straight quotation marks. You
can use a single quotation mark (') or a double quotation mark (" ).

Example:
INSTRument:DELete 'Spectrum'

8.1.6.5 Block data

Block data is a format which is suitable for the transmission of large amounts of data.

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. The data bytes follow. Dur-
ing the transmission of these data bytes, all end or other control signs are ignored until
all bytes are transmitted. #0 specifies a data block of indefinite length. The use of the
indefinite format requires an NL.*END message to terminate the data block. This format
is useful when the length of the transmission is not known or if speed or other consid-
erations prevent segmentation of the data into blocks of definite length.

8.2 Common suffixes

In the R&S VSE OFDM VSA application, the following common suffixes are used in
remote commands:

Table 8-1: Common suffixes used in remote commands in the R&S VSE OFDM VSA application

Suffix Value range Description

<m> 1to4 Marker

<n> 1to x Window (in the currently selected channel)
<t> 1t06 Trace

<li> 1t08 Limit line

8.3 Activating OFDM VSA measurements

OFDM VSA measurements require a special application in the R&S VSE. The common
commands for configuring and controlling measurement channels, as well as blocks
and sequences, are also used in the R&S VSE OFDM VSA application.

They are described in the R&S VSE base software user manual.
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8.4.1

8.4.2

Configuring OFDM VSA

Configuring OFDM VSA

e Restoring the default configuration (Preset).......cccooiiiiiii e, 133
L IS o g =1 e L=T o o] 1T o TSR 133
e Configuring data iINPUL.........ueiiiiiiii e 140
@ Frontend SEtlNGS....ooeeiiiiieicccce e e e 177
®  Triggering MeEaASUMEMENTS. ... .ccicieiiiiii e et s e e e e e e e e e e e e e e e e e eeeeeeeeeenees 183
e Configuring data acquISItION............eeeiiiiiieiee e 189
e Enabling a burst SEArCh.........cooo i 194
o Defining the result raNge.....ccooi i 194
e Synchronization, tracking and demodulation.............ccccceveeeeeiiiicccieeee e 195
e Adjusting settings automatically............cooorrrriiiiiiiii 199

Restoring the default configuration (Preset)

SYSTem:PRESEt:CHANNEILEXEC] .. i iiiiiieiieeeeeeetiieieeeeeetiee e e e e eeetaeeeeeeaaseeeesestaneeeeerenes 133

SYSTem:PRESet:CHANnel[:EXEC]
Restores the default software settings in the current channel.
Use INST:SEL to select the channel.

Example: INST:SEL 'Spectrum?'
Selects the channel for "Spectrum2".
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2" channel.
Usage: Event

Manual operation: See "Preset Channel" on page 47

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........ccoiiiiiiieeieiee e 134
CONFigure:PREAMDIEIFOFFSEL. ... .uuuuuiiiaiaaeie e e e e ee e e e e e e e aaaeaeeas 134
CONFigure:RFUC:FZERO:IFREQUENCY.....cceerurrerrnrurnnnneaaaaaaeseeeesaeaaeaaseeeeeeeeeeeannesnnsnnnnnnnnnn 134
CONFigure:RFUC:FZERO:MODE........ccuuiieiieiiiiieieeeeeeiiee e e e e ettt e e e s e e tae e e e e e eatae e e e e eeennaanns 135
CONFIQUIEIRFUC STATE. .. cetetttteeeeeeeetie e e e e ettt aaeeeeeeett s eeeseataa e seeserstaeeeeeesanaeeeeesrannnnns 135
CONFigure[:SYMBOI:GUAR:MODE........oiiiieeieeee ettt e e e e e e e enaas 136
CONFigure[:SYMBOI:GUARA:NSYMDOISKCP>....ceiiiiiiei ettt ettt ettt ee e e 136
CONFigure[:SYMBOI:GUAR:PERIOGIC. . .c.eeueeeiei ettt ettt 137
CONFIgUre[:SYMBOIINFF T ... e e eeee et e s e e e e e e e e e e e e e e e e e eeeeeeeeaneeeennnnnnnnnnnn 137
CONFIgure[:SYMBOIINGUEAIASCP ™. .. uuuuuieeieieieieeeeeeeeeieeeeeeeeeeesssssresan e seeeeeeeaaaaseseesenes 137
CONFIQUrE[:SYMBOIJINSUFTiIX.cttuueieeieeiteieeeeeetitieeeeeeeetaeeeeeeestaesaeseetanaeeeeressanseeserssnnnnns 138
CONFIGUIE:SY STEMICFILE. 1.u e ieeiieetee et eeetee e ettt e e e e et ee e e e e e et e e e e e e eesaaeeeeeeessaaaaaeeees 138
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CONFIgUrE: TPRECOMING. .« ccettttttetnnnnnunaaaaaaaaaaeeaaeeaaeaeteeeteeeeeensessnsasaaaaaaaaaeeaaeaaaaaaaaaeaeaaes 139
CONFigure:TPRECOAINGIGNOIE. ... . e e e e e e e et e e e e e e e e e aaeaeeeeas 139
Y Y o T A @ B @ 1 1S 140

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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Preamble Symbol Characteristics: Block Length"
on page 51

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.

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.

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Frame Start Offset" on page 51

CONFigure:RFUC:FZERo:FREQuency <Frequency>

If phase compensation is enabled (see CONFigure:RFUC: STATe on page 135) and
the phase shift frequency is defined manually (see CONFigure:RFUC: FZERoO : MODE
on page 135), this command defines the frequency for phase shift.

Parameters:
<Frequency> numeric value

Default unit: HZ
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CONF:RFUC:STAT ON
CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

See "RF Upconversion: Phase Compensation" on page 50

CONFigure:RFUC:FZERo:MODE <Mode>

If phase compensation is enabled (see CONFigure:RFUC:STATe on page 135), this
command defines the frequency for phase shift.

Parameters:
<Mode>

Example:

Manual operation:

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

CONF:RFUC:STAT ON
CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

See "RF Upconversion: Phase Compensation" on page 50

CONFigure:RFUC:STATe <State>

Enables or disables phase compensation during the upconversion of the baseband sig-
nal to the radio frequency.

Parameters:
<State>

Example:

Manual operation:
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ON|OFF|0]1

OFF | 0

Switches the function off. The R&S VSE OFDM VSA application
assumes that the input signal is not phase-compensated.

ON |1

Switches the function on. The R&S VSE OFDM VSA application
assumes the input signal is phase-compensated for a specific
frequency. Define the frequency using the CONFigure:RFUC:
FZERo:MODE and CONFigure:RFUC: FZERo: FREQuency
commands.

*RST: 0

CONF :RFUC:STAT ON
CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

See "RF Upconversion: Phase Compensation" on page 50

135
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CONFigure[:SYMBol]:GUARd:MODE <Mode>
Selects the type of cyclic prefix.

Parameters:
<Mode> 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).

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Manual operation: See "Advanced Cyclic Prefix Configuration” on page 51
See "Cyclic prefix mode" on page 99

CONFigure[:SYMBol]:GUARd:NSYMbols<cp> <Symbols>

Defines the number of symbols for which the first and second non-conventional cyclic
prefix is used.

For more information see:

® CONFigure|[:SYMBol] :GUARd:MODE
® CONFigurel[:SYMBol]:GUARd:PERiodic on page 137

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 136.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267
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Manual operation: See "Cyclic prefix definition per range (Symbols / Samples)"
on page 52

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 |01
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 136.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation:  See "Different cyclic prefix lengths"” on page 51

CONFigure[:SYMBOoI]:NFFT <NFFT>

Defines the FFT length of an OFDM symbol. This command is only available if no con-
figuration file has been loaded.

Parameters:
<NFFT> FFT length in samples.
Range: 8 to 65535
*RST: 64
Example: CONF:SYMB:NFFT 1024
Defines an FFT length of 1024 samples.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "FFT Size" on page 50

CONFigure[:SYMBol]:NGUard<cp> <NGuard>

Defines the cyclic prefix length.
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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).
For conventional cyclic prefix lengths, the suffix is irrelevant.
Parameters:
<NGuard> unsigned integer
Length of the cyclic prefix in samples.
Range: 4 to 65535
*RST: 16
Example: CONF:SYMB:NGU 128
Defines a guard length of 128 samples.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Cyclic Prefix Length" on page 50
See "Cyclic prefix definition per range (Symbols / Samples)"
on page 52

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" on page 50.

Parameters:

<NSuffix> unsigned integer
Length of the cyclic suffix in samples.
Range: 0 to FFT size
*RST: 0

Example: CONF:NSUF 16

Manual operation: See "Cyclic Suffix Length" on page 50

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: CFGF11le com-
mand, the use of the file is automatically set to ON.

Parameters:
<State> ON|OFF |01

OFF | 0
Switches the function off
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ON |1
Switches the function on
*RST: 0
Example: MMEM:LOAD:CFGF 'C:\TEMP\K96Test.xml"

Loads the configuration stored in the file K96Test .xml.
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 48

CONFigure:TPRecoding <State>

Enables or disables transform precoding. See "DFT-s-OFDM / SC-FDMA:Transform
Precoding" on page 49.

Parameters:
<State> ON|OFF |01

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 49

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
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Manual operation: See "Ignore PILOT/DONTCARE" on page 49

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 'C:\TEMP\K96Test.xml'

Loads the configuration stored in the file K96Test . xml.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Load Configuration File" on page 49

8.4.3 Configuring data input

The following commands are required to configure data input.

@ RE INPUL e e e e e e e e e e e e e e e e e e e eeeeeeee s enrarananaaas 140
e Configuring oscilloscope baseband iNPut...........cocoiiiiiiiiiiiii e 151
®  USING XterNal MIXEIS. ...ttt e e e e e e s e s e e e eas 154
e Remote commands for external frontend control............ccccceviiiiiiiiiin e, 162
o Working With POWET SENSOIS.......cciii i e e e e e e e e e e e e e e e e eeeeaees 169

8.4.3.1 RF input

Remote commands exclusive to configuring RF input:

INPut<ip>:ATTenuation:PROTECHON[:STATE] uuuuueeeeieerieeeeeeeerieeeeeeeeraeeeeeeeersseseeeeresnnaeeaees 141
INPut:ATTenuation:PROTECHON:RESEL..........oceiiiiiiiieiiiiieeeieee e e e e e e e e e e e e ee e eeeeeeeeeeseasanannaas 141
INPUL<IP>COUPINGKANT> ...t eieeeeee e e e e e e e e e e e e e e e e e et ae s e e e e e e eaeaaaaaeeeeeeeenennenens 141
INP UKD I D P AT Nt e et et r e e et s e s e a et et s e e ea s e eeeeanenranns 142
1N U1 S To e | I 574 =Y T Vo TSP UPPRON 142
INPULKID> I LT  HPASS S TATE . ettt eeettie e e et ettt ee e e et ettt seeeeeeta e e e e s eesba e eeeseastanseeeseerananns 143
INPULIDS FILTE:Y IG[:STATE . e e eeseeeeeeeeeeeeeeeeseseseseseseseeeeeeeeeeeeseseseseseseseseseeeseeeaeenenenenes 143
[N U S To e |1V =Y Fo T oT=T=T o o 144
[N U S To e d o =S Y=Y F=Yod o] o 11 = LN 144
INPUt<ip>:PRESEIECHON[:STATE]. ceetereeteuununnaaaaaaeaeeeeeeeeeeeaeeeeeeeeeeeaeaeeenennnnaaaaaaaaeeeeeeeaaens 144
INPUL<IP> RF:ICAPMOUE. ....ccvvrviitiiiiiitiaiaieieieeeeeeeeeeeteteeeeeeesersststararan e seseesaeasassesserereens 145
INPUt<ip>:RF:CAPMOAE:IQ:SRATE. ....ouuiiiieeiieteeieeeeetiiee e e e e eerte e e e e e e etate s e e s eesta e eeeeeenranens 145
INPUt<ip>:RF:CAPMOde:WAVETOIM:ISRATE. .....iieeiieetieeeeeeetteeeee ettt e e e e e eeetee e e e s eeanaaeeaees 146
1N ] e Y o P 146
N g 0 R 147
INSTrument:BLOCK:CHANNEI[:SETTINGS]:SOURCESSI>....ccvvuiiiiiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeens 147
INSTrument:BLOCk:CHANNel[:SETTings]:SOURCe<Si>:CONFig.......cuuuuuuuuraaiiirieieeereeaeaaen. 147
INSTrument:BLOCk:CHANNeI[:SETTiNgs]:SOURCE<SI>TYPE........ccvviiieieereirceieeeeeiieeeens 147
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE[:STATE]..cuvuuereeeeerreeeeeeeeiiiieeeeeeeetneeeeaeeenns 148

User Manual 1178.5637.02 — 12 140



R&S®VSE-K96 Remote commands for OFDM VSA

Configuring OFDM VSA

SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:TCPIP......cvvueieeeeeerieeeeeeeeeriaeeeeeernreaeeaeens 149
SYSTem:COMMunicate:RDEVice:OSCilloscope:PSMode[:STATE]...uueveeerirreeeeereeiiieeeeeeens 149
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:SRATE. .....ceeiiiiiiieeeieinincaaaaaaa e eeeeeeeaaaaeens 149
SYSTem:COMMunicate:RDEVice:OSCilloscope:VDEVICE?.....cceeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeieeees 150
SYSTem:COMMunicate:RDEVice:OSCilloscope:VFIRMWAre?.........ccvueeeeeeeevvrieneeeeeeiiieeeeees 150

INPut<ip>:ATTenuation:PROTection[:STATe] <State>

Turns the availability of attenuation levels of 10 dB or less on and off.

Suffix:

<ip> 1..n

Parameters:

<State> ON|OFF|1]0
ON |1
Attenuation levels of 10 dB or less are not allowed to protect the
RF input connector of the connected instrument.
OFF | 0
Attenuation levels of 10 dB or less are not blocked. Provide
appropriate protection for the RF input connector of the connec-
ted instrument yourself.
*RST: 1

Example: INP:ATT:PROT ON

Turns on the input protection.

INPut:ATTenuation:PROTection:RESet [<DeviceName>]

Resets the attenuator and reconnects the RF input with the input mixer for the connec-
ted instrument after an overload condition occurred and the protection mechanism
intervened. The error status bit (bit 3 in the STAT: QUES : POW status register) and the
INPUT OVLD message in the status bar are cleared.

The command works only if the overload condition has been eliminated first.
For details on the protection mechanism, see the instrument's documentation.

Setting parameters:

<DeviceName> string
Name of the instrument for which the RF input protection is to be
reset.

Example: INP:ATT:PROT:RES 'MyDevice'

Manual operation: See "10 dB Minimum Attenuation" on page 57

INPut<ip>:COUPling<ant> <CouplingType>
Selects the coupling type of the RF input.
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Suffix:
<ip> 112
irrelevant
<ant> Input source (for MIMO measurements only)
Parameters:
<CouplingType> AC | DC
AC
AC coupling
DC
DC coupling
*RST: AC
Example: INP:COUP DC

Manual operation: See "Input Coupling" on page 54

INPut<ip>:DPATh <DirectPath>

Enables or disables the use of the direct path for frequencies close to 0 Hz.

Suffix:
<ip> 1..n
Parameters:
<DirectPath> AUTO | OFF
AUTO |1
(Default) the direct path is used automatically for frequencies
close to 0 Hz.
OFF | 0
The analog mixer path is always used.
Example: INP:DPAT OFF

Manual operation: See "Direct Path" on page 55

INPut<ip>:FILE:ZPADing <State>

Enables or disables zeropadding for input from an I/Q data file that requires resam-

pling. For resampling, a number of samples are required due to filter settling. These
samples can either be taken from the provided 1/Q data, or the software can add the
required number of samples (zeros) at the beginning and end of the file.

Suffix:

<ip> 1..n
Parameters:

<State> ON|OFF |01

OFF |0
Switches the function off
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ON |1

Switches the function on

*RST: 0
Example: INP:FILE:ZPAD ON

Manual operation: See "Zero Padding" on page 60

INPut<ip>:FILTer:HPASs[:STATe] <State>

Activates an additional internal high-pass filter for RF input signals from 1 GHz to
3 GHz. This filter is used to remove the harmonics of the connected instrument to mea-
sure the harmonics for a DUT, for example.

Requires an additional high-pass filter hardware option.

(Note: for RF input signals outside the specified range, the high-pass filter has no
effect. For signals with a frequency of approximately 4 GHz upwards, the harmonics
are suppressed sufficiently by the YIG-preselector, if available.)

Suffix:
<ip> 1..n
Parameters:
<State> ON|OFF|0]1
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: INP:FILT:HPAS ON

Turns on the filter.

Manual operation: See "High Pass Filter 1 to 3 GHz" on page 55

INPut<ip>:FILTer:YIG[:STATe] <State>
Enables or disables the YIG filter.

Suffix:
<ip> 1]2

irrelevant
Parameters:
<State> ON|OFF |01
Example: INP:FILT:YIG OFF

Deactivates the YIG-preselector.

Manual operation: See "YIG-Preselector" on page 56
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INPut<ip>:IMPedance<ant> <Impedance>

Selects the nominal input impedance of the RF input. In some applications, only 50 Q
are supported.

Suffix:

<ip> 112
irrelevant

<ant> Input source (for MIMO measurements only)

Parameters:

<Impedance> 50|75
numeric value
User-defined impedance from 50 Ohm to 100000000 Ohm
(=100 MOhm)
User-defined values are only available for the Spectrum applica-
tion, the I/Q Analyzer, and some optional applications.
*RST: 50 Q
Default unit: OHM

Example: INP:IMP 75

Manual operation: See "Impedance" on page 55

INPut<ip>:PRESelection:SET <Mode>
Selects the preselector mode.

The command is available with the optional preselector.

Suffix:

<ip> 1..n
Parameters:

<Mode> NARRow

Performs a measurement by automatically applying all available
combinations of low and high pass filters consecutively. These
combinations all have a narrow bandwidth.

WIDE

Performs a measurement by automatically applying all available
bandpass filters consecutively. The bandpass filters have a wide
bandwidth.

Manual operation: See "Preselector Mode" on page 57

INPut<ip>:PRESelection[:STATe] <State>
Turns the preselector on and off.

Suffix:
<ip> 1]2
irrelevant
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Manual operation: See "Preselector State" on page 57

INPut<ip>:RF:CAPMode <CAPMode>
Determines how data from an oscilloscope is input to the R&S VSE software.

Is only available for connected oscilloscopes.

Suffix:

<ip> 1..n

Parameters:

<CAPMode> AUTO | 1Q | WAVeform
1Q
The measured waveform is converted to 1/Q data directly on the
R&S oscilloscope (requires option K11), and input to the
R&S VSE software as 1/Q data.
WAVeform
The data is input in its original waveform format and converted
to I/Q data in the R&S VSE software. No additional options are
required on the R&S oscilloscope.
AUTO
Uses "I/Q" mode when possible, and "Waveform" only when
required by the application (e.g. Pulse measurement).
*RST: 1Q

Example: INP:RF:CAPM WAV

INPut<ip>:RF:CAPMode:IQ:SRATe <SamplingRate>

Determines the sample rate used by the connected oscilloscope for I/Q capture mode
(see INPut<ip>:RF:CAPMode on page 145).

This setting is only available if an R&S oscilloscope is used to obtain the input data.

Suffix:
<ip> 1..n

Parameters:
<SamplingRate> 20 GHz | 40 GHz

No other sample rate values are allowed.

20 GHz

Achieves a higher decimation gain, but reduces the record
length by half.

Only available for R&S oscilloscope models that support a sam-
ple rate of 20 GHz (see data sheet).

40 GHz

Provides a maximum sample rate.

Only available for R&S RTP13/RTP16 models that support a
sample rate of 40 GHz (see data sheet).
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*RST: 20 GHz
Default unit: HZ

Example: INP:RF:CAPM IQ
INP:RF:CAPM:IQ:SRAT 40 GHZ

INPut<ip>:RF:CAPMode:WAVeform:SRATe <SamplingRate>

Determines the sample rate used by the connected oscilloscope for waveform capture
mode (see INPut<ip>:RF:CAPMode on page 145).

This setting is only available if an R&S oscilloscope is used to obtain the input data,
either directly or via the R&S FSW.

Suffix:
<ip> 1..n

Parameters:
<SamplingRate> 10 GHz | 20 GHz

No other sample rate values are allowed.

10 GHz
Default ; provides maximum record length

20 GHz

Achieves a higher decimation gain, but reduces the record
length by half.

Only available for R&S oscilloscope models that support a sam-
ple rate of 20 GHz (see data sheet).

For R&S oscilloscopes with an analysis bandwidth of 4 GHz or
larger, a sample rate of 20 GHZ is always used.

*RST: 10 GHz
Default unit: HZ

Example: INP:RF:CAPM WAV
INP:RF:CAPM:WAVE: SRAT 10000000

INPut:SELect <Source>

Selects the signal source for measurements, i.e. it defines which connector is used to
input data to the R&S VSE.

Parameters:
<Source> RF
Radio Frequency ("RF INPUT" connector)
FlQ
I/Q data file
AlQ

Analog Baseband signal (only available with optional "Analog
Baseband" interface)

*RST: RF

Manual operation: See "Input Type (Instrument / File)" on page 54
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INPut:TYPE <Input>
The command selects the input path for R&S FSW85 models.

Parameters:
<Input> INPUT1
Selects RF input 1.
INPUT2
Selects RF input 2.
*RST: INPUT1
Example: /[Select input path

INP:TYPE INPUTI1

Manual operation: See "Input 1/ Input 2" on page 54

INSTrument:BLOCk:CHANnNel[:SETTings]:SOURce<si> <Type>

Selects an instrument or a file as the source of input provided to the channel.

Suffix:
<si> 110 99
LTE-MIMO only: input source number
Parameters:
<Type> FILE | DEVice | NONE
FILE
A loaded file is used for input.
DEVice
A configured device provides input for the measurement
NONE

No input source defined.

Manual operation: See "Input Type (Instrument / File)" on page 54

INSTrument:BLOCk:CHANnNel[:SETTings]:SOURce<si>:CONFig <Port>
Configures the port to be used for input on the selected instrument.

Is only available if an oscilloscope is connected.

Suffix:
<sj> 1to 99
LTE-MIMO only: input source number
Parameters:
<Port>

INSTrument:BLOCk:CHANnNel[:SETTings]:SOURce<si>:TYPE <Source>

Configures the source of input to be used from the selected instrument.
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Not all input sources are supported by all R&S VSE applications.

Suffix:
<si> 110 99
LTE-MIMO only: input source number

Parameters:
<Source> RF
Radio Frequency ("RF INPUT" connector)
‘Channel 1' | 'Channel 2' | 'Channel 3' | ‘Channel 4’
Oscilloscope input channel 1, 2, 3, or 4
'Channel 1,2 (I+Q)"'
I/Q data provided by oscilloscope input channels 1 and 2 (for
oscilloscopes with 2 channels only)
‘Channel 1,3 (1+Q)' | ‘Channel 2,4 (1+Q)’
I/Q data provided by oscilloscope input channels 1 and 3, or 2
and 4 (for oscilloscopes with 4 channels only)
‘Channels 1-4 (diff. 1+Q)’
Differential I/Q data provided by oscilloscope input channels (for
oscilloscopes with 4 channels only):
Channel 1: | (pos.)
Channel 2: T (neg.)
Channel 3: Q (pos.)
Channel 4: Q (neg.)
‘Channels 1,3 (Waveform)'
Waveform data provided by oscilloscope input channels 1 and 3
(for oscilloscopes with 2 channels only)
‘Channels 2,4 (Waveform)'
Waveform data provided by oscilloscope input channels 2 and 4
(for oscilloscopes with 2 channels only)
'Channels 1-4 (Waveform)'
Waveform data provided by oscilloscope input channels 1 to 4
(for oscilloscopes with 4 channels only)

*RST: RF

Example: INST:BLOC:CHAN:SOUR:TYPE 'Channel 2,4 (I+Q)'
I/Q data is provided by oscilloscope input channels 2 and 4

SYSTem:COMMunicate:RDEVice:0SCilloscope[:STATe] <State>
Activates the optional 2 GHz bandwidth extension (R&S FSW-B2000).

Note: Manual operation on the connected oscilloscope, or remote operation other than
by the R&S VSE, is not possible while the B2000 option is active.

Parameters:
<State> ON|OFF |01

OFF | 0
Switches the function off
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ON |1
Switches the function on

Example: SYST:COMM:RDEV:0SC ON

Manual operation: See "B2000 State" on page 56

SYSTem:COMMunicate:RDEVice:0SCilloscope:TCPip <Address>

Defines the TCPIP address or computer name of the oscilloscope connected to the
R&S VSE via LAN.

Note: The IP address is maintained after a [PRESET], and is transferred between

applications.

Parameters:

<Address> computer name or IP address

Example: SYST:COMM:RDEV:0SC:TCP '192.0.2.0"
Example: SYST:COMM:RDEV:0SC:TCP 'FSW43-12345"

Manual operation: See "Oscilloscope IP Address" on page 57

SYSTem:COMMunicate:RDEVice:0SCilloscope:PSMode[:STATe] <State>

Activates the use of the power splitter inserted between the "IF 2 GHZ OUT" connector
of the R&S VSE and the "CH1" and "CH3" input connectors of the oscilloscope. Note
that this mode requires an additional alignment with the power splitter.

For details see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual

Parameters:
<State> ON|OFF |01

OFF |0

Switches the function off

ON |1

Switches the function on
Example: SYST:COMM:RDEV:0SC:PSM ON

Manual operation: See "Oscilloscope Splitter Mode" on page 56

SYSTem:COMMunicate:RDEVice:OSCilloscope:SRATe <Rate>

Determines whether the 10 GHz mode (default) or 20 GHz mode of the connected
oscilloscope is used. The 20 GHZ mode achieves a higher decimation gain, but
reduces the record length by half.
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Parameters:

<Rate> 10 GHz | 20 GHz
No other sample rate values are allowed.
*RST: 10 GHz
Default unit: HZ

Example: TRAC:IQ:SRAT?

//Result: 100000000
TRAC:IQ:RLEN?

//Result: 3128
SYST:COMM:RDEV:0SC:SRAT 20GHZ
TRAC:IQ:SRAT?

//Result: 200000000
TRAC:IQ:RLEN?

//Result: 1564

SYSTem:COMMunicate:RDEVice:0SCilloscope:VDEVice?

Queries whether the connected instrument is supported by the 2 GHz bandwidth
extension option(B2000).

Return values:

<State> ON|OFF |01

OFF | 0

Switches the function off

ON |1

Switches the function on
Example: SYST:COMM:RDEV:0SC:VDEV?
Usage: Query only

SYSTem:COMMunicate:RDEVice:0SCilloscope:VFIRmware?

Queries whether the firmware on the connected oscilloscope is supported by the
2 GHz bandwidth extension (B2000) option.

Return values:
<State> ON|OFF |01

OFF | 0
Switches the function off

ON |1
Switches the function on

Example: SYST:COMM:RDEV:0SC:VEIR?

Usage: Query only

User Manual 1178.5637.02 — 12 150



R&S®VSE-K96 Remote commands for OFDM VSA

Configuring OFDM VSA

8.4.3.2 Configuring oscilloscope baseband input

The following commands define settings for oscilloscope baseband input.

The commands for oscilloscope baseband input from an oscilloscope to the R&S VSE
software are similar, but not identical to those used by an R&S FSW.

Remote commands exclusive to oscilloscope baseband input:

INPut<ip>:1Q:OSC:FULLSCAlE[:LEVEI]....ceiiiiiiieie e e 151
INPUt<ip>:1Q:OSC:FULLSCAIEIAUTO .. ittt e e e e e e e e e e e eas 151
1 U T [ @ ST O3] 1€ A TP 152
INPut<ip>:1Q:OSC:SKEW:LINVEEA. ....cccieeeeeee et e e e e e e e e e e e e e eeeeeeeeeees 152
INPUt<ip>:1Q:OSC:SKEW: QL .. et ieeeiieete ettt e et e et e e e et s e e e et e e e e e e e ea e e e e eeanaenn s 152
INPUt<ip>:1Q:OSC:SKEW:Q:INVEIE.......cieeieeiiiieeeeeeeeteeeeeeeetee e e e s eeete e e e e e eeaa e e e eeernnanes 152
INPULKID>: IO C T Y PE. e et r e e aaas 153
INSTrument:BLOCk:CHANNeI[:SETTiNgs]:SOURCE<SI>TYPE.......cceieeiieieieeeeeeeeeeeeeeeeeeeees 153

INPut<ip>:1Q:OSC:FULLscale[:LEVel] <Level>

The full scale level defines the maximum power for baseband input possible without
clipping the signal.

For manual input, this setting corresponds to the setting on the oscilloscope. Thus,
possible scaling values of the oscilloscope are allowed.

Suffix:

<ip> 1..n

Parameters:

<Level> Default unit: V

Example: INP:IQ:0SC:FULL:AUTO OFF
Example: INP:IQ:0SC:FULL:LEV 1.0

INPut<ip>:1Q:OSC:FULLscale:AUTO <State>
If enabled, the full scale level is defined automatically according to the reference level.

For manual mode, define the level using INPut<ip>:10Q:0SC:FULLscale[:LEVel]

on page 151.

Suffix:

<ip> 1..n

Parameters:

<State> ON|OFF|0]1
OFF | 0
Switches the function off
ON |1

Switches the function on
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*RST: 0

Example: INP:IQ:0SC:FULL:AUTO OFF

INPut<ip>:1Q:0SC:SKEW:I <Value>

Compensates for skewed values in the positive | path, e.g. due to different input

cables.

Suffix:

<ip> 1..n

Parameters:

<Value> Default unit: S

Example: INP:IQ:0SC:SKEW:I 0.2

INPut<ip>:1Q:0OSC:SKEW:I:INVerted <Value>

Compensates for skewed values in the negative | path, e.g. due to different input

cables.

Suffix:

<ip> 1..n

Parameters:

<Value> Default unit: S

Example: INP:IQ:0SC:SKEW:I:INV 0.2

INPut<ip>:1Q:0OSC:SKEW:Q <Value>

Compensates for skewed values in the positive Q path, e.g. due to different input

cables.

Suffix:

<ip> 1..n

Parameters:

<Value> Default unit: S

Example: INP:IQ:0SC:SKEW:Q 0.2

INPut<ip>:1Q:0SC:SKEW:Q:INVerted <Value>

Compensates for skewed values in the negative Q path, e.g. due to different input

cables.

Suffix:

<ip> 1..n
Parameters:

<Value> Default unit: S
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Example: INP:IQ:0SC:SKEW:Q:INV 0.2

INPut<ip>:1Q:OSC:TYPE <Type>
Defines the format of the input signal.

Suffix:
<ip> 1..n

Parameters:

<Type> Q]!
1Q
Both components of the complex input signal (in-phase compo-
nent, quadrature component) are filtered and resampled to the
sample rate of the application.
The input signal is down-converted with the center frequency
(Low IF I).
I
The input signal at the channel providing | data is resampled to
the sample rate of the application.
The input signal is down-converted with the center frequency
(Low IF I).

Example: INP:IQ:0SC:TYPE I

INSTrument:BLOCk:CHANnNel[:SETTings]:SOURce<si>:TYPE <Source>
Configures the source of input to be used from the selected instrument.

Not all input sources are supported by all R&S VSE applications.

Suffix:
<si> 1to 99
LTE-MIMO only: input source number
Parameters:
<Source> RF

Radio Frequency ("RF INPUT" connector)

‘Channel 1' | 'Channel 2' | 'Channel 3' | 'Channel 4’
Oscilloscope input channel 1, 2, 3, or 4

'Channel 1,2 (1+Q)'

I/Q data provided by oscilloscope input channels 1 and 2 (for
oscilloscopes with 2 channels only)

‘Channel 1,3 (I+Q)' | 'Channel 2,4 (I+Q)'

1/Q data provided by oscilloscope input channels 1 and 3, or 2
and 4 (for oscilloscopes with 4 channels only)
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‘Channels 1-4 (diff. 1+Q)’

Differential I/Q data provided by oscilloscope input channels (for
oscilloscopes with 4 channels only):

Channel 1: | (pos.)

Channel 2: T (neg.)

Channel 3: Q (pos.)

Channel 4: Q (neg.)

‘Channels 1,3 (Waveform)'
Waveform data provided by oscilloscope input channels 1 and 3
(for oscilloscopes with 2 channels only)

'Channels 2,4 (Waveform)'

Waveform data provided by oscilloscope input channels 2 and 4
(for oscilloscopes with 2 channels only)

‘Channels 1-4 (Waveform)'

Waveform data provided by oscilloscope input channels 1 to 4
(for oscilloscopes with 4 channels only)

*RST: RF

Example: INST:BLOC:CHAN:SOUR:TYPE 'Channel 2,4 (I+Q)'
I/Q data is provided by oscilloscope input channels 2 and 4

Using external mixers

The commands required to work with external mixers in a remote environment are
described here. Note that these commands require the connected instrument to have
an external mixer option installed and an external mixer to be connected to the connec-
ted instrument.

@  BasiC SEINGS. .o i i e 154
L I V13 G =YY ] Vo SRR 156
e Programming example: working with an external mixer...........cccccoevveiieeeiiieennne. 161

Basic settings

The basic settings concern general usage of an external mixer.

[SENSE:IMIXEr XS [:STATE]. cve- e ereereeereeeeseseeeeeeseseseeseseseesesesesseseseseeeeseseseeseseseseeseseseesnenenen 154
[SENSe: IMIXer<x>:BIAS:HIGH. ... ..o e e 155
[SENSE:IMIXEr<X>:BIASTELOW]. .- eeeeeeeeeeeeeeeeeseeseseeseseeseseeseseaseeeesesseseeseseeseseesesesseseesesens 155
[SENSE:IMIXEIr<X>:LOPOWE......ccuuieeeeeiiuueieeeeeeinaeseeseeeiaeeeeesansaaeeesentnnaeeeeentnnnaeeeerenes 155

[SENSe:]MIXer<x>[:STATe] <State>

Activates or deactivates the use of a connected external mixer as input for the mea-
surement. This command is only available if the optional External Mixer is installed and
an external mixer is connected.

Suffix:
<> 1..n
irrelevant
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Parameters:

<State> ON|OFF|1]|0
*RST: 0

Example: MIX ON

[SENSe:]MIXer<x>:BIAS:HIGH <BiasSetting>
Defines the bias current for the high (last) range.

Is only available if the external mixer is active (see [SENSe: [MIXer<x>[:STATe]
on page 154).

Suffix:
<> 1..n
irrelevant
Parameters:
<BiasSetting> *RST: 0.0A

Default unit: A

[SENSe:]MIXer<x>:BIAS[:LOW] <BiasSetting>
Defines the bias current for the low (first) range.

Is only available if the external mixer is active (see [SENSe: [MIXer<x>[:STATe]
on page 154).

Suffix:
<> 1..n
irrelevant
Parameters:
<BiasSetting> *RST: 0.0A

Default unit: A

[SENSe:]MIXer<x>:LOPower <Level>

Specifies the LO level of the external mixer's LO port.

Suffix:
<x> 1..n
irrelevant
Parameters:
<Level> Range: 13.0dBm to 17.0 dBm
Increment: 0.1 dB
*RST: 15.5 dBm
Default unit: DBM
Example: MIX:LOP 16.0dBm
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Mixer settings

The following commands are required to configure the band and specific mixer set-

tings.

[SENSe:IMIXer<x>:FREQUENCY:HANDOVEN.......cccceteerueieeeeeitiieeeeseneneaeseeeeeaneseeeeeennnaeeaees 156
[SENSe:IMIXer<x>:FREQUENCY:STARL......ciiiiiiiieiieeeee it e e e e e e eee e e e e s e e e e ee e e e e e enanans 156
[SENSe:IMIXer<x>:FREQUENCY:STOP.....ccciiiiiieiieeeeiiiee e e e eetee e e e e et e e e e e e eete s e e e e eeraneeaeees 157
[SENSe:]MIXer<x>:HARMONIC:BAND:PRESEL.........coitiiiiiiiiieiieiiiiie et 157
[SENSe:IMIXer<x>:HARMONICIBAND........cceutuiieieeieiiee e e et e e e e et e e e e eearae e e e e eesaa e eaees 157
[SENSe:IMIXer<x>:HARMONIC:HIGH:STATE......uuiiiiiiieiiie et e et e e e eeree e eeaaees 158
[SENSe:IMIXer<x>:HARMONICHIGH[:VALUE ... «cvveeeeeeeeeeeeeeeeeseseseseseseseseseseeeeeeeesesenesenenen. 158
[SENSe: IMIXer<x>:HARMONIC: TYPE.... ..ottt e e e e e e eaeen 158
[SENSE:IMIXEr<x>:HARMONICELOW]. ..o eeeeeeeseseeeeeeeeseeeseseseeeeseseseeseseseeneseseseeeens 159
ST = N ST [ T et 1 159
[SENSE:IMIXEr<x>:LOSS:HIGH......ciieieieeeieeeee et ae e e e e e e e e e e e e e e eeeeeeeeeenenees 159
[SENSe:IMIXer<x>:LOSS: TABLEHIGH. ....ccii ittt e e et e e e e eennaes 159
[SENSe:IMIXEer<x>:LOSS:TABLE[ILOW] .. i iiieeiiieeeeeetieee e e ettt e e e eeeteeeeeseetae s e e e eeernaneaas 160
[SENSE:IMIXEr<X>:LOSSLOW]. e vceeeeeeeeeeeeeeeeeeeeeeseeseseseeeseseeeeeseeeeeeseseseseseseseseseseseseseees 160
[SENSE:IMIXEr<X> P ORTS. .. euieeiiiiieee e e et e e e et e e ee e e e e e e e s en s ea et rensenaeneanaanrenrenns 160
[SENSe:IMIXer<x>:RFOVerrange[:STATE].....ccuuueiieeeeeiuiieeeeeeintiaeeeeeeetneseeeeesennaeeaeeeennnaees 161

[SENSe:]MIXer<x>:FREQuency:HANDover <Frequency>

Defines the frequency at which the mixer switches from one range to the next (if two
different ranges are selected). The handover frequency for each band can be selected
freely within the overlapping frequency range.

Is only available if the external mixer is active (see [SENSe: [MIXer<x>[:STATe]
on page 154).

Suffix:
<> 1..n

irrelevant
Parameters:
<Frequency> Default unit: HZ
Example: MIX ON

Activates the external mixer.
MIX:FREQ:HAND 78.0299GHz

Sets the handover frequency to 78.0299 GHz.

[SENSe:]MIXer<x>:FREQuency:STARt

Sets or queries the frequency at which the external mixer band starts.

Suffix:
<x> 1..n

irrelevant
Example: MIX:FREQ:STAR?

Queries the start frequency of the band.
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[SENSe:]MIXer<x>:FREQuency:STOP

Sets or queries the frequency at which the external mixer band stops.

Suffix:
<x> 1..n

irrelevant
Example: MIX:FREQ:STOP?

Queries the stop frequency of the band.

[SENSe:]MIXer<x>:HARMonic:BAND:PRESet
Restores the preset frequency ranges for the selected standard waveguide band.

Note: Changes to the band and mixer settings are maintained even after using the
[PRESET] function. Use this command to restore the predefined band ranges.

Suffix:
<> 1..n
irrelevant
Example: MIX:HARM:BAND: PRES

Presets the selected waveguide band.

[SENSe:]MIXer<x>:HARMonic:BAND <Band>
Selects the external mixer band. The query returns the currently selected band.

Is only available if the external mixer is active (see [SENSe: |[MIXer<x>[:STATe]
on page 154).

Suffix:
<> 1..n
irrelevant
Parameters:
<Band> KA|Q|U|V|E|W|F|D|G|Y|J|USER

Standard waveguide band or user-defined band.

Table 8-2: Frequency ranges for pre-defined bands

Band Frequency start [GHz] Frequency stop [GHz]
KA (A) ") 26.5 40.0

Q 33.0 50.0

u 40.0 60.0

\Y 50.0 75.0

E 60.0 90.0

W 75.0 110.0

*) The band formerly referred to as "A" is now named "KA".
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Band Frequency start [GHz] Frequency stop [GHz]
F 90.0 140.0

D 110.0 170.0

G 140.0 220.0

J 220.0 325.0

Y 325.0 500.0

USER 32.18 68.22

(default) (default)
*) The band formerly referred to as "A" is now named "KA".

[SENSe:]MIXer<x>:HARMonic:HIGH:STATe <State>

Specifies whether a second (high) harmonic is to be used to cover the band's fre-
quency range.

Suffix:
<> 1..n
Parameters:
<State> ON | OFF
*RST: ON
Example: MIX:HARM:HIGH:STAT ON

[SENSe:]MIXer<x>:HARMonic:HIGH[:VALue] <HarmOrder>

Specifies the harmonic order to be used for the high (second) range.

Suffix:
<x> 1..n
irrelevant
Parameters:
<HarmOrder> Range: 2 to 128 (USER band); for other bands: see band
definition
Example: MIX:HARM:HIGH:STAT ON

MIX:HARM:HIGH 3

[SENSe:]MIXer<x>:HARMonic:TYPE <OddEven>
Specifies whether the harmonic order to be used should be odd, even, or both.
Which harmonics are supported depends on the mixer type.

Suffix:
<x> 1..n
irrelevant
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Parameters:

<OddEven> ODD | EVEN | EODD
ODD | EVEN | EODD
*RST: EVEN

Example: MIX:HARM:TYPE ODD

[SENSe:]MIXer<x>:HARMonic[:LOW] <HarmOrder>

Specifies the harmonic order to be used for the low (first) range.

Suffix:
<> 1..n

irrelevant
Example: MIX:HARM 3

[SENSe:]MIXer<x>:1F?

Queries the intermediate frequency currently used by the external mixer.

Suffix:

<x> 1..n
irrelevant

Example: MIX:IF?

Example: See "Programming example: working with an external mixer"
on page 161.

Usage: Query only

[SENSe:]MIXer<x>:LOSS:HIGH <Average>

Defines the average conversion loss to be used for the entire high (second) range.

Suffix:

<x> 1..n

Parameters:

<Average> Range: 0 to 100
*RST: 24.0dB
Default unit: dB

Example: MIX:LOSS:HIGH 20dB

[SENSe:]MIXer<x>:LOSS:TABLe:HIGH <FileName>
Defines the conversion loss table to be used for the high (second) range.

Suffix:
<> 1..n
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Parameters:

<FileName> String containing the path and name of the file, or the serial
number of the external mixer whose file is required. The
R&S VSE automatically selects the correct cvl file for the current
IF. As an alternative, you can also select a user-defined conver-
sion loss table (. ac1 file).

[SENSe:]MIXer<x>:LOSS: TABLe[:LOW] <FileName>

Defines the file name of the conversion loss table to be used for the low (first) range.

Suffix:

<x> 1..n

Parameters:

<FileName> String containing the path and name of the file, or the serial
number of the external mixer whose file is required. The
R&S VSE automatically selects the correct cvl file for the current
IF. As an alternative, you can also select a user-defined conver-
sion loss table (. ac1 file).

Example: MIX:LOSS:TABL '101567'
MIX:LOSS:TABL?
//Result:

'101567 MAG_6 B5000 3G5.BS5G'

[SENSe:]MIXer<x>:LOSS[:LOW] <Average>

Defines the average conversion loss to be used for the entire low (first) range.

Suffix:

<x> 1..n

Parameters:

<Average> Range: 0 to 100
*RST: 24.0dB
Default unit: dB

Example: MIX:LOSS 20dB

[SENSe:]MIXer<x>:PORTs <PortType>

Selects the mixer type.

Suffix:
<> 1..n
irrelevant
Parameters:
<PortType> 2|3
2

Two-port mixer.
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3
Three-port mixer.

*RST: 2

Example: MIX:PORT 3

[SENSe:]MIXer<x>:RFOVerrange[:STATe] <State>

If enabled, the band limits are extended beyond "RF Start" and "RF Stop" due to the
capabilities of the used harmonics.

Suffix:
<x> 1..n
irrelevant
Parameters:
<State> ON|OFF|1]0
*RST: 0

Programming example: working with an external mixer

This example demonstrates how to work with an external mixer in a remote environ-
ment. It is performed in the Spectrum application in the default layout configuration.
Note that without a real input signal and connected mixer, this measurement will not
return useful results.

[/ =mmmmm Preparing the instrument -----------

//Reset the instrument

*RST

//Activate the use of the connected external mixer.

SENS:MIX ON

[/ === Configuring basic mixer behavior —---—-—-—-—----

//Set the LO level of the mixer's LO port to 15 dBm.

SENS:MIX:LOP 15dBm

//Set the bias current to -1 mA .

SENS:MIX:BIAS:LOW -1mA

[/ ==m——————— Configuring the mixer and band settings -------------
//Use band "V" to full possible range extent for assigned harmonic (6).
SENS:MIX:HARM:BAND V

SENS:MIX:RFOV ON

//Query the possible range

SENS:MIX:FREQ:STAR?

//Result: 47480000000 (47.48 GHz)

SENS:MIX:FREQ:STOP?

//Result: 138020000000 (138.02 GHz)

//Use a 3-port mixer type

SENS:MIX:PORT 3

//Split the frequency range into two ranges;

//range 1 covers 47.48 GHz GHz to 80 GHz; harmonic 6, average conv. loss of 20 dB
//range 2 covers 80 GHz to 138.02 GHz; harmonic 8, average conv.loss of 30 dB

SENS:MIX:HARM:TYPE EVEN
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SENS:MIX:HARM:HIGH:STAT ON

SENS:MIX:FREQ:HAND 80GHz

SENS:MIX:HARM:LOW 6

SENS:MIX:LOSS:LOW 20dB

SENS:MIX:HARM:HIGH 8

SENS:MIX:LOSS:HIGH 30dB

[/ === Activating automatic signal identification functions —---—--—---—-
//Activate both automatic signal identification functions.
SENS:MIX:SIGN ALL

//Use auto ID threshold of 8 dB.

SENS:MIX:THR 8dB

//Select single sweep mode.
INIT:CONT OFF
//Initiate a basic frequency sweep and wait until the sweep has finished.

INIT; *WAT

//Return the trace data for the input signal without distortions
// (default screen configuration)

TRAC:DATA? TRACE3

Remote commands for external frontend control

The following commands are available and required only if the optional external fron-
tend control is installed on the connected instrument.

Further commands for external frontend control described elsewhere:
® TINPut:SELect RF;see INPut:SELect on page 146
® [SENSe<ip>:]FREQuency:CENTer on page 177

® DISPlay[:WINDow<n>] [:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:
RLEVel<ant> on page 179

® TNPut<ip>:ATTenuation:AUTO on page 181

® INPut<ip>:ATTenuation on page 180

e Commands for initial configuration.............ccoooiiiii e 162

Commands for initial configuration

The following commands are required when you initially set up a measurement with an
external frontend on the connected instrument. Note that some commands are not
available for all connected instruments, or only as queries.

[SENSe:]EFRontend:ALIGNMENtSCh>IFILE.......iiiiiiiiiiee ettt 163
[SENSe:]EFRoNtend: ALIGNMENt<Ch>ISTATE. ...iiieeieiieeee et e e e e e e e e e e e e e e e e eaae e eeeees 163
[SENSe:]EFRoNtend: CONNECHON[:STATE] . .uu i eieeeieeteeeeeeetiuaeeeeeeeeteseeeseeannaseeeeentnneeaeeeenes 164
[SENSe:]EFRontend:CONNECON:CONFIG....cuiurrererinrunuaaaaaaaeeeeeeeeseeaeeeerereeeeeeeeneenennnnnnnnns 164
[SENSe:]EFRoNteNd:CONNECHONICSTAIE?. . uuuuuuriieieieieeieeeeeeeeeeeeeeeeeeeeerererarnaae e e eeees 165
[SENSe:]EFRontend:FREQuUeNncy:BAND:COUNL?.......uuiieeeiieiice et eena e 165
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[SENSe:]JEFRontend:FREQuUeNcy:BAND<b>:LOWEI?.......ccuuuiieieeeeiiieeeeeeeeinieeseeeaennneaeeeens 165
[SENSe:]JEFRontend:FREQuUeNcy:BAND<D>:UPPEI?.......ccccuuuieiieeeeeiiieeeeeeeeiiee e e e e e e e e 166
[SENSe:]EFRontend:FREQUeNCY:BCONFIGAUTO. .. .cieeieieeee e e 166
[SENSe:]EFRontend:FREQUENCY:BCONTIGILIST 2. .ieieie e e e e 166
[SENSe:]EFRontend:FREQuUeNcy:BCONFIG:SELECE.....uuuiiieeiiiiiiieeeeeeeice et eeev e 167
[SENSe:]EFRontend:FREQuency:IFRequency:SIDEDaNd?.........cvevuvuieeiiereeiiiiienieeinnineaeeeens 167
[SENSe:]EFRontend:FREQuency:IFReqUENCY[:VALUE]?.....ccuuuieieeiieiieieeeeeeinieeseeeeenineeaeens 168
[SENSe:]EFRontend:FREQUENCY:REFEIENCE. ... .ciiieiieiiciiieeeeeicie e e et e e e e e 168
[SENSe:]EFRontend:FREQuency:REFerence:LIST?....cccuuuiiiieeiieiii e eeeeece e e e 168
ST = S T=H | = (e Ta1 (=Y o o 1 9 USSP 168
[SENSE: I EFRONENALSTATE]. it ieeeeeeeeeeeeeeeei et eeeeeeersrerat b aaaaeseseseeeaaaesesereereesesssssrarssnnnnnn 169

[SENSe:]JEFRontend:ALIGnment<ch>:FILE <File>

Selects or queries the touchstone file that contains correction data to compensate for
signal losses in the cable occurring at different IF signal frequencies.

Suffix:

<ch> 1..n
Currently irrelevant

Parameters:

<File> string in double quotes
Path and file name of the correction data file. The file must be in
s2p format.
If the specified file is not found or does not have the correct for-
mat, an error message is returned (-256, "File name not
found", -150, "String data error").

Example: EFR:ALIG:FILE "FE44S.s2p"

[SENSe:]JEFRontend:ALIGnment<ch>:STATe <State>

Activates correction of the IF signal due to cable loss from the frontend to the analyzer.
Specify the file with correction data using [SENSe: |EFRontend:ALIGnment<ch>:
FILE on page 163.

Suffix:
<ch> 1..n
Currently irrelevant
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
*RST: 0
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[SENSe:]JEFRontend:CONNection[:STATe] <State>
Queries the external frontend connection state in the firmware.

Note: to query the physical connection state of the external frontend, use [SENSe:
JEFRontend:CONNection:CSTate? on page 165.

Parameters:

<State> ON|OFF |01
OFF | 0
The connection to the frontend is deactivated temporarily. The
frontend is thus available for use elsewhere, for example by a
signal generator. The measurement settings on the R&S VSE
remain untouched.
ON |1
Frontend connection enabled.
The frontend is reserved for exclusive use by the R&S VSE.
*RST: 0

Example: //Global activation of external frontend
EFR ON

//Configure frontend

EFR:CONN:CONF "FE44S","123.456.789"
//Activate exclusive use of frontend by
R&S VSE.

EFR:CONN ON

[SENSe:]JEFRontend:CONNection:CONFig <Type>, <IPAddress>[, <DevicelD>,
<SymbolicName>]

Configures the connection to the external frontend.

Parameters:

<Type> String in double quotes containing the type of frontend to be
connected.

<IPAddress> string in double quotes
The IP address or computer name of the frontend connected to
the R&S VSE via LAN. The IP address and computer name are
indicated on the electronic ink display on the side panel of the
frontend.

<DevicelD> string in double quotes

Unique device ID consisting of <type>-<serialnumber>
Not required or relevant for the R&S VSE.

<SymbolicName> string in double quotes

Symbolic name of the external frontend.
Not required or relevant for the R&S VSE.

User Manual 1178.5637.02 — 12 164



R&S®VSE-K96 Remote commands for OFDM VSA

Configuring OFDM VSA

Example: //Global activation of external frontend
EFR ON
//Configure frontend
EFR:CONN:CONF "FE44S","123.456.789"
//Activate exclusive use of frontend by
R&S VSE.
EFR:CONN ON

[SENSe:]JEFRontend:CONNection:CSTate?
Queries the status of the physical connection to the external frontend.

Return values:

<State> ON|OFF |01
OFF |0
Frontend not connected; connection error
ON |1

Frontend connected

Usage: Query only

[SENSe:]JEFRontend:FREQuency:BAND:COUN¢t?
Queries the number of frequency bands provided by the selected frontend.
Return values:
<NoBands> integer
Number of frequency bands
Example: //Query number of frequency bands

EFR:FREQ:BAND:COUN?
//Result: 2

Usage: Query only

[SENSe:]JEFRontend:FREQuency:BAND<b>:LOWer?

Queries the start of the frequency range supported by the selected frontend frequency
band.

Suffix:

<b> 1..n
Band for multi-band frontends
Use [SENSe: ]EFRontend:FREQuency:BAND:COUNt?
on page 165 to determine the number of available bands.

Return values:
<StartFreqg> Start frequency of the specified band

Example: //Query start frequency of second band
EFR:FREQ:BAND2 : LOW?
//Result: 24000000000
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Usage: Query only

[SENSe:]JEFRontend:FREQuency:BAND<b>:UPPer?

Queries the end of the frequency range supported by the selected frontend frequency
band.

Suffix:

<b> 1..n
Band for multi-band frontends
Use [SENSe: ]EFRontend:FREQuency:BAND:COUNt?
on page 165 to determine the number of available bands.

Return values:
<StopFreq> End frequency of the specified band

Example: //Query end frequency of second band
EFR:FREQ:BANDZ2:UPP?
//Result: 44000000000

Usage: Query only

[SENSe:]JEFRontend:FREQuency:BCONfig:AUTO <State>

Determines whether the frequency band of the external frontend is configured automat-
ically or manually.

Parameters:
<State> ON|OFF |01
OFF |0
Uses the frequency band configured by [SENSe: ]EFRontend:
FREQuency:BCONfig:SELect on page 167.
ON |1
Configures the frequency band automatically
*RST: 1
Example: /IConfigures the use of the IF high band manually.

EFR:FREQ:BCON:AUTO O
EFR:FREQ:BCON:SEL "IF HIGH"

[SENSe:]JEFRontend:FREQuency:BCONfig:LIST?
Returns the intermediate frequency (output) range of the external frontend.

Return values:
<BandConfigs> string

"IF LOW"
A higher intermediate frequency is used on the external fron-
tend, resulting in a higher input frequency at the R&S VSE.
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"IF HIGH"
A lower intermediate frequency is used on the external frontend,
resulting in a lower input frequency at the R&S VSE.

Example: EFR:FREQ:BCON:LIST?
//Result: "IF HIGH", "IF LOW"
EFR:FREQ:BCON:SEL "IF HIGH"

Usage: Query only

[SENSe:]JEFRontend:FREQuency:BCONfig:SELect <BandConfig>

Defines the intermediate frequency (output) range of the external frontend.

Parameters:
<BandConfig> "IF HIGH"
(R&S FE44S/ R&S FE50DTR)
A higher intermediate frequency is used on the external fron-
tend, resulting in a higher input frequency at the connected
instrument.
"IF LOW"
(R&S FE44S/ R&S FE50DTR)
A lower intermediate frequency is used on the external frontend,
resulting in a lower input frequency at the connected instrument.
"Spur Optimized"
(R&S FE170SR/R&S FE110SR only)
The selected IF range avoids unwanted spurious effects.
"EVM Optimized"
(R&S FE170SR/R&S FE110SR only)
The selected IF range provides an optimal EVM result.
"Shared LO"
(R&S FE170SR/R&S FE110SR only)
Ensures that multiple external frontends (R&S FE170SR/
R&S FE170ST or R&S FE110SR/R&S FE110ST) use the same
LO frequencies for upconversion and downconversion.
Example: EFR:FREQ:BCON:LIST?

//Result: "IF HIGH", "IF LOW"
EFR:FREQ:BCON:SEL "IF HIGH"

[SENSe:]JEFRontend:FREQuency:IFRequency:SIiDeband?
Queries the currently used sideband for frequency conversion.

Return values:

<Sideband> "USB" | "LSB"
llUSBll
Upper sideband
"LSB"

Lower sideband
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Example: EFR:FREQ:IFR?
EFR:FREQ:IFR:SID?

Usage: Query only

[SENSe:]JEFRontend:FREQuency:IFRequency[:VALue]?
Queries the currently used intermediate frequency (IF) for frequency conversion.

Return values:

<IFFrequency> numeric
Example: EFR:FREQ:IFR?
Usage: Query only

[SENSe:]JEFRontend:FREQuency:REFerence <Frequency>

Sets the reference frequency that is used for frequency conversion on the frontend.
Depending on the connected type of frontend, different values are available. To deter-
mine which reference levels are available, use [SENSe: |EFRontend: FREQuency:
REFerence:LIST? on page 168.

Parameters:
<Frequency> Default unit; HZ
Example: //Query the available reference levels

EFR:FREQ:REF:LIST?

//Result: 10000000,640000000,1000000000
//Use 640 MHz reference

EFR:FREQ:REF 640000000

[SENSe:]JEFRontend:FREQuency:REFerence:LIST?
Queries the available reference signals for the connected frontend type.

Return values:
<References> 10000000 | 640000000 | 1000000000

Example: //Query the available reference levels
EFR:FREQ:REF:LIST?
//Result: 10000000, 640000000,1000000000
//Use 640 MHz reference
EFR:FREQ:REF 640000000

Usage: Query only

[SENSe:]JEFRontend:IDN?

Queries the device identifcation information (* 1DN?) of the frontend.
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Return values:
<Devlnfo> string without quotes

Rohde&Schwarz,<device type>,<part number>/<serial num-
ber>,<firmware version>

Example: EFR:IDN?
//Result: Rohde&Schwarz,FE44S,
1234.5678K00/123456,0.8.0

Usage: Query only

[SENSe:]JEFRontend[:STATe] <State>

Enables or disables the general use of an external frontend for the application.

Parameters:

<State> ON|OFF |01
OFF | 0
The frontend is disconnected. The application adapts the mea-
surement settings to the common settings supported by the
R&S VSE.
ON |1
The R&S VSE allows you to configure and connect an external
frontend for the application. The application adapts the available
measurement settings to the connected frontend.
The channel bar indicates "Inp: ExtFe".
*RST: 0

Example: EFR ON

Working with power sensors

The following commands describe how to work with power sensors.

These commands require the use of a Rohde & Schwarz power sensor. For a list of
supported sensors, see the data sheet.

®  CoNfiQUrNG POWET SENSOIS....ccciiiccceeiitieieeeeeeeeeesseeeerteeerereeaaeeesssssasnnreereeeeaaeeesannas 169
e Configuring power SENSOr MEASUIEMENTS........ccccuiviiiiieeeiee e e e e s e e e e e e e e 171

Configuring power sensors

SYSTem:COMMunicate:RDEVice:PMETer<p>:CONFigure:AUTO[:STATE]...ccuvueereererinnarrnanns 169
SYSTem:COMMunicate:RDEVice:PMETer<p>:COUNL?.......cccceeiiiruiiieiieeiiiie e eeeeeeie e e eeeeenns 170
SYSTem:COMMunicate:RDEVice:PMETer<p>:DEFINE..........uuuuuuuiaaiaaaaie e e eeeeeeeeeeeeeeeeeeeeens 170

SYSTem:COMMunicate:RDEVice:PMETer<p>:CONFigure:AUTO[:STATe] <State>
Turns automatic assignment of a power sensor to the power sensor index on and off.

Suffix:
<p> Power sensor index

User Manual 1178.5637.02 — 12 169



R&S®VSE-K96 Remote commands for OFDM VSA

Configuring OFDM VSA

Parameters:
<State> ON|OFF |01
*RST: 1
Example: SYST:COMM:RDEV:PMET : CONF:AUTO OFF

SYSTem:COMMunicate:RDEVice:PMETer<p>:COUNt?
Queries the number of power sensors currently connected to the R&S VSE.

Suffix:
<p> Power sensor index

Return values:
<NumberSensors>  Number of connected power sensors.

Example: SYST:COMM: RDEV: PMET : COUN?

Usage: Query only

SYSTem:COMMunicate:RDEVice:PMETer<p>:DEFine <Placeholder>, <Type>,
<Interface>, <SerialNo>

Assigns the power sensor with the specified serial number to the selected power sen-
sor index (configuration).

The query returns the power sensor type and serial number of the sensor assigned to
the specified index.

Suffix:

<p> Power sensor index

Parameters:

<Placeholder> Currently not used

<Type> Detected power sensor type, e.g. "NRP-Z81".

<Interface> Interface the power sensor is connected to; always "USB"

<SerialNo> Serial number of the power sensor assigned to the specified
index

Example: SYST:COMM:RDEV:PMET2:DEF '', 'NRP-Z81','"',
'123456"

Assigns the power sensor with the serial number '123456' to the
configuration "Power Sensor 2".
SYST:COMM:RDEV: PMET2 : DEF?

Queries the sensor assigned to "Power Sensor 2".

Result:

"', '"NRP-Z81','USB', '123456"

The NRP-Z81 power sensor with the serial number '123456' is
assigned to the "Power Sensor 2".
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Configuring power sensor measurements

CALibration:PMETer<p>:ZERO:AUTO ONCE......ccciiiiiiiiiic it eas 171
CALCulate<n>:PMETer<p>:RELativVe[:MAGNItUAE].......c.uueeereereerreeeeeeeeeiee e e e e e e e eeeaananes 171
CALCulate<n>:PMETer<p>:RELative[: MAGNitude]:AUTO ONCE...........ceeeerereeeeerereeeeeeennns 172
CALCulate<n>:PMETer<p>:RELatiVE:ISTATE....ccceieeeeeeeeeeeeeeeeeee et e e e e e aaa e 172
L o WO g oV | =Y o U 172
READ:PMETEISPS7?. . eettieieeeeeetite i e e e ettt aeeeeeeee b e eeeseeaataeaesessanneeaerastannaeserssnnnsaesersnnns 172
[SENSE:JPMETEr<p>:DCY CIEL:STATE]. .. eveeeeeeeeeeeeseseeeeseseseeseseseeeeseseseeseseseseeseseseseeseneses 173
[SENSE:JPMETEr<p>:DCY CIE:VALUE. cvv-veeeeeeeseeeeeeeseeeeseseeseeseseeseseeseseesessesesesesesesesesenn. 173
[SENSE:IPMETEr<p>:FREQUENCY....cuutiieieiiiuieeeeieitiaieeeeettnuaeseesrestnaeeeessennaeeeesensnnaaaaeees 173
[SENSe:]PMETer<p>:FREQUENCY:LINK.....ccoetiiieieiiiaaaaaaaaeee e e e e e e e e e e e e eeeeeeeeeeeeeaeeeneeenes 174
[SENSE:IPMETEr<p>:MTIME.........ceeeieiiieeeeeeererettiti i eresaeieseeeeeeeaeaaeeeseeeeeeeessssersrrarannnnnnnns 174
[SENSe:]PMETer<p>:MTIMe:AVERAQGE:COUNL......cccuuiiiiiiiiiiieeeeeeeeeieeeeeeeeree e e e e eere e eees 174
[SENSe:]PMETer<p>:MTIME:AVERAGE[:STATE] . ..v.veeeeeereeeererereeseseseereseseseeseseseesesesesesnesen. 175
[SENSE:]PMETEr<p>:ROFFSE:STATE]:.ecv-eeeeeseeeeeereseereseseseeeeseseseeseseseeseseseseesesesessesesenes 175
[SENSE:IPMETEr<p>:SOFFSEL...ceuiiiitieieiiii ettt e e e e e e e e e e e eeeeeen 175
ST SN S TN [ Y 1 S £ R o b RS A =Y N 176
[SENSe:PMETer<p>:UPDate[:STATE]....ceeteeeeeeeieieeeeeeeeeaeeenensnnnnnaaaaaeseeeeaaaaaaaeeeeeeeeememennnes 176
UNIT N> PMETEISP> P OWET . .. uueeeieeeeieeeeeeeeeeeeeeeeeeeeeeeaesb bbb eaeseseeeeeeeasaaseseeeereeeesseseres 176
UNIT<N>:PMETEr<p>:POWEIRATIO....ccuuieieeiiitiieieeeeettiiaeeeeeeeetaeeeeseetaaeeeeerestaeeeeseesnnannns 177

CALibration:PMETer<p>:ZERO:AUTO ONCE
Zeroes the power sensor.

Note that you have to disconnect the signals from the power sensor input before you
start to zero the power sensor. Otherwise, results are invalid.

Suffix:

<p> Power sensor index

Example: CAL:PMET2:ZERO:AUTO ONCE; *WAT
Starts zeroing the power sensor 2 and delays the execution of
further commands until zeroing is concluded.

Usage: Event

CALCulate<n>:PMETer<p>:RELative[:MAGNitude] <RefValue>

Defines the reference value for relative measurements.

Suffix:

<n> Window

<p> Power sensor index

Parameters:

<RefValue> Range: -200 dBm to 200 dBm

*RST: 0
Default unit: DBM
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Example: CALC:PMET2:REL -30
Sets the reference value for relative measurements to -30 dBm
for power sensor 2.

CALCulate<n>:PMETer<p>:RELative[:MAGNitude]:AUTO ONCE

Sets the current measurement result as the reference level for relative measurements.

Suffix:

<n> Window

<p> Power sensor index

Example: CALC:PMET2:REL:AUTO ONCE
Takes the current measurement value as reference value for rel-
ative measurements for power sensor 2.

Usage: Event

CALCulate<n>:PMETer<p>:RELative:STATe <State>

Turns relative power sensor measurements on and off.

Suffix:
<n> Window
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:PMET2:REL:STAT ON
Activates the relative display of the measured value for power
sensor 2.

FETCh:PMETer<p>?

Queries the results of power sensor measurements.

Suffix:
<p> Power sensor index
Usage: Query only

READ:PMETer<p>?

Initiates a power sensor measurement and queries the results.
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Suffix:
<p> Power sensor index
Usage: Query only

[SENSe:]PMETer<p>:DCYCle[:STATe] <State>

Turns the duty cycle correction on and off.

Suffix:
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: PMET2:DCYC:STAT ON

[SENSe:]PMETer<p>:DCYCle:VALue <Percentage>
Defines the duty cycle for the correction of pulse signals.

The power sensor uses the duty cycle in combination with the mean power to calculate
the power of the pulse.

Suffix:

<p> Power sensor

Parameters:

<Percentage> Range: 0.001 to 99.999
*RST: 99.999
Default unit: %

Example: PMET2:DCYC:STAT ON

Activates the duty cycle correction.
PMET2:DCYC:VAL 0.5

Sets the correction value to 0.5%.

[SENSe:]PMETer<p>:FREQuency <Frequency>

Defines the frequency of the power sensor.

Suffix:

<p> Power sensor index

Parameters:

<Frequency> The available value range is specified in the data sheet of the
power sensor in use.
*RST: 50 MHz

Default unit: HZ
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Example: PMET2:FREQ 1GHZ
Sets the frequency of the power sensor to 1 GHz.

[SENSe:]PMETer<p>:FREQuency:LINK <Coupling>

Selects the frequency coupling for power sensor measurements.

Suffix:

<p> Power sensor index

Parameters:

<Coupling> CENTer
Couples the frequency to the center frequency of the analyzer
MARKer1
Couples the frequency to the position of marker 1
OFF
Switches the frequency coupling off
*RST: CENTer

Example: PMET2:FREQ:LINK CENT

Couples the frequency to the center frequency of the analyzer

[SENSe:]PMETer<p>:MTIMe <Duration>

Selects the duration of power sensor measurements.

Suffix:

<p> Power sensor index

Parameters:

<Duration> SHORt | NORMal | LONG
*RST: NORMal

Example: PMET2:MTIM SHOR

Sets a short measurement duration for measurements of station-
ary high power signals for the selected power sensor.

[SENSe:]PMETer<p>:MTIMe:AVERage:COUNt <NumberReadings>

Sets the number of power readings included in the averaging process of power sensor
measurements.

Extended averaging yields more stable results for power sensor measurements, espe-
cially for measurements on signals with a low power, because it minimizes the effects
of noise.

Suffix:
<p> Power sensor index
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Parameters:
<NumberReadings> An average count of 0 or 1 performs one power reading.

Range: 0 to 256
Increment: binary steps (1, 2, 4, 8, ...)

Example: PMET2 :MTIM:AVER ON

Activates manual averaging.
PMET2 :MTIM:AVER:COUN 8

Sets the number of readings to 8.

[SENSe:]PMETer<p>:MTIMe:AVERage[:STATe] <State>

Turns averaging for power sensor measurements on and off.

Suffix:
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: PMET2 :MTIM:AVER ON

Activates manual averaging.

[SENSe:]PMETer<p>:ROFFset[:STATe] <State>

Includes or excludes the reference level offset of the analyzer for power sensor mea-

surements.
Suffix:
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: PMET2:ROFF OFF

Takes no offset into account for the measured power.

[SENSe:]PMETer<p>:SOFFset <SensorOffset>

Takes the specified offset into account for the measured power. Only available if
[SENSe: ] PMETer<p>:ROFFset [:STATe] is disabled.
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Suffix:

<p> Power sensor index
Parameters:

<SensorOffset> Default unit: DB
Example: PMET2:SOFF 0.001

[SENSe:]PMETer<p>[:STATe] <State>

Turns a power sensor on and off.

Suffix:
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: PMET1 ON

Switches the power sensor measurements on.

[SENSe:]PMETer<p>:UPDate[:STATe] <State>
Turns continuous update of power sensor measurements on and off.

If on, the results are updated even if a single sweep is complete.

Suffix:
<p> Power sensor index
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: PMET1:UPD ON

The data from power sensor 1 is updated continuously.

UNIT<n>:PMETer<p>:POWer <Unit>

Selects the unit for absolute power sensor measurements.

Suffix:
<n> irrelevant
<p> Power sensor index
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Parameters:

<Unit> DBM | WATT |W | DB | PCT
*RST: DBM

Example: UNIT:PMET:POW DBM

UNIT<n>:PMETer<p>:POWer:RATio <Unit>

Selects the unit for relative power sensor measurements.

Suffix:
<n> irrelevant
<p> Power sensor index
Parameters:
<Unit> DB | PCT
*RST: DB
Example: UNIT:PMET:POW:RAT DB

Frontend settings

The frequency and amplitude settings represent the "frontend" of the measurement
setup.

L I 1= To {1 1= o[V 177
0 AMPlItUAE SEHNGS. ..o ——————————— 179
L I N (Y a1 = 11T TSP 180
e Configuring @ preamplifier...... ..o 182
Frequency

[SENSe<ip>IFREQUENCY:CENTEN....ccittuiieeieeiitiee i e e ettt s e e e e eetaae e e e e e eet s e e e e e e anna e e eeeeerane s 177
[SENSe:]FREQUENCY:CENTEISTEP. ...t 178
[SENSe:]JFREQUENcY:CENTErSTEP:AUTO......cciieiie e e eeiee e e e e et e e e e eetse s e e e e eat e e e e eeenan 178
[SENSe<ip>:]FREQUENCY:OFFSEL..cuuuuuiuuiiaaieie e e e e e e e e e e e e e e e e e eaaeas 178

[SENSe<ip>:]FREQuency:CENTer <Frequency>

Defines the center frequency.

Suffix:

<ip> 1..n

Parameters:

<Frequency> The allowed range and f,. is specified in the data sheet.

*RST: fmax/2
Default unit: Hz
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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.

Parameters:

<StepSize> fax IS specified in the data sheet.
Range: 1 to fMAX
*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:]JFREQuency:CENTer:STEP:AUTO <State>
Defines the step width of the center frequency.

Parameters:

<State> ON |1
Links the step width to the current standard (currently 1 MHz for
all standards)
OFF | 0
Sets the step width as defined using the FREQ: CENT : STEP
command (see [SENSe: ] FREQuency:CENTer: STEP
on page 178).

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” will be corrected for this
shift numerically by the application.

Suffix:
<ip> 1..n
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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

Amplitude settings
Amplitude and scaling settings allow you to configure the vertical (y-)axis display and
for some result displays also the horizontal (x-)axis.

Useful commands for amplitude settings described elsewhere:
® TINPut<ip>:COUPling<ant> on page 141
® [SENSe<ip>:]ADJust:LEVel on page 202

Remote commands exclusive to amplitude settings:

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:RLEVel<ant>.................... 179
DISPlay[:WINDow<n>][:SUBWindow<w>]:-TRACe<t>:Y[:SCALe]:RLEVel<ant>:OF FSet........ 180

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel<ant>
<ReferencelLevel>

Defines the reference level (for all traces in all windows).

With a reference level offset * 0, the value range of the reference level is modified by
the offset.

Suffix:
<n> irrelevant
<w> subwindow
Not supported by all applications
<t> irrelevant
<ant> Input source (for MIMO measurements only)
Parameters:
<ReferencelLevel> The unit is variable.
Range: see datasheet
*RST: 0dBm

Default unit: DBM
Example: DISP:TRAC:Y:RLEV -60dBm

Manual operation: See "Reference Level" on page 63
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DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel<ant>:
OFFSet <Offset>

Defines a reference level offset (for all traces in all windows).

Suffix:
<n> irrelevant
<w> subwindow
Not supported by all applications
<t> irrelevant
<ant> Input source (for MIMO measurements only)
Parameters:
<Offset> Range: -200 dB to 200 dB
*RST: 0dB
Default unit: DB
Example: DISP:TRAC:Y:RLEV:OFFS -10dB

Manual operation: See "Shifting the Display (Offset)" on page 63

Attenuation

[N U S 1o By I £=Y s U F= i e o PSR 180
INPUt<ip>:ATTENUAtIONIAUTO ... .c.ceitiieieee ettt i eeeeeetee e e e e e eet e e e e e eeasbaeeeeseesannaeeaesessannsaeeeees 181
1N o = I U 181
1N = I I U 0 181
1N N I S X N =TSN 182

INPut<ip>:ATTenuation <Attenuation>
Defines the total attenuation for RF input.

If you set the attenuation manually, it is no longer coupled to the reference level, but
the reference level is coupled to the attenuation. Thus, if the current reference level is
not compatible with an attenuation that has been set manually, the command also
adjusts the reference level.

Suffix:

<ip> 1..n

Parameters:

<Attenuation> Range: see data sheet
Increment: 5 dB (with optional electr. attenuator: 1 dB)
*RST: 10 dB (AUTO is set to ON)
Default unit: DB

Example: INP:ATT 30dB

Defines a 30 dB attenuation and decouples the attenuation from
the reference level.

Manual operation: See "Attenuation Mode / Value" on page 63
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INPut<ip>:ATTenuation:AUTO <State>

Couples or decouples the attenuation to the reference level. Thus, when the reference
level is changed, the R&S VSE determines the signal level for optimal internal data
processing and sets the required attenuation accordingly.

Suffix:

<ip> 1..n

Parameters:

<State> ON|OFF |01
*RST: 1

Example: INP:ATT:AUTO ON

Couples the attenuation to the reference level.

Manual operation: See "Attenuation Mode / Value" on page 63

INPut:EATT <Attenuation>

Defines an electronic attenuation manually. Automatic mode must be switched off
(INP:EATT:AUTO OFF, see INPut:EATT:AUTO on page 181).

If the current reference level is not compatible with an attenuation that has been set
manually, the command also adjusts the reference level.

Parameters:

<Attenuation> attenuation in dB
Range: see data sheet
Increment: 1 dB
*RST: 0 dB (OFF)
Default unit: DB

Example: INP:EATT:AUTO OFF

INP:EATT 10 dB

Manual operation: See "Using Electronic Attenuation" on page 64

INPut:EATT:AUTO <State>
Turns automatic selection of the electronic attenuation on and off.

If on, electronic attenuation reduces the mechanical attenuation whenever possible.

Parameters:

<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 1

Example: INP:EATT:AUTO OFF
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Manual operation: See "Using Electronic Attenuation" on page 64

INPut:EATT:STATe <State>

Turns the electronic attenuator on and off.

Parameters:
<State> ON|OFF|0]1
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: INP:EATT:STAT ON

Switches the electronic attenuator into the signal path.

Manual operation: See "Using Electronic Attenuation” on page 64

Configuring a preamplifier

INPUL<IP> I GAIN<ANES I STATE. . ttetteaeaeeee e e e e e eeeeeeeeeeeeeeeeeeeeeeesessnnnnaaaaaaeaeseesaaaaeaeaeeeeeeennnns 182
INPULKID> I GAINSANES[IVALUE. .. eeeeetieieeeeetiiee e e e ettt e e e s ettt eeeeeeesbaeeeeseesnaaeeessassannsaaeenes 183

INPut<ip>:GAIN<ant>:STATe <State>

Turns the internal preamplifier on the connected instrument on and off. It requires the
additional preamplifier hardware option on the connected instrument.

Suffix:
<ip> 112
irrelevant
<ant> Input source (for MIMO measurements only)
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: INP:GAIN:STAT ON

INP:GAIN:VAL 15
Switches on 15 dB preamplification.

Manual operation: See "Preamplifier" on page 64
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INPut<ip>:GAIN<ant>[:VALue] <Gain>

Selects the "gain" if the preamplifier is activated (INP: GAIN: STAT ON, see
INPut<ip>:GAIN<ant>:STATe on page 182).

The command requires the additional preamplifier hardware option.

Suffix:
<ip> 112
irrelevant
<ant> Input source (for MIMO measurements only)
Parameters:
<Gain> 15 dB and 30 dB
All other values are rounded to the nearest of these two.
30 dB
Default unit: DB
Example: INP:GAIN:STAT ON

INP:GAIN:VAL 30
Switches on 30 dB preamplification.

Manual operation: See "Preamplifier" on page 64

Triggering measurements

The trigger commands define the beginning of a measurement.

TRIGQEN: SEQUENCELDTIME...uuiiieiieiiie e et eeieteee e e ettt e e e e e e taa e s e e e e ear s e e e eeeasneseeeeeeraaaaaees 183
TRIGger[:SEQUeNCE]:HOLDO: TIME]. ...uuuiiiieeeieeieeeeeeeeieie e e e eectiee e e eeeeeie e e e e eeeans e e e e eeean s 184
TRIGger[:SEQuence]:IFPoOWer:HOLDOR . ........ciiiieeiiie e e et e e e e e e e 184
TRIGer[:SEQUENCE]:IFPOWEIHY STEIESIS. ... ciieeieeiieieeeeeeiiie e e e eeesie s e e e e eeee e e e e eenaaeeeeenenes 184
TRIGQer[:SEQUENCE]:LEVEI:BBPOWET.........cceviiiieieeinrniaeaaaae e eeeeeeeeaaaaaeeeeeeeeeeeeeeennennnnnnnnns 185
TRIGger[:SEQuence]:LEVel[:EXTerNal<port>]......ccccceiuuieieeieeiiiieeeeeeetee s e e e e eeree e e e e eeer s 185
TRIGQEN:SEQUENCE]:LEVEIIFPOWET ... ..cciiieieieeee e ettt e e et e e e et e e e e e e eeaee e e e e e eebaaeeaeas 185
TRIGQer[:SEQUENCE]:LEVEIIQPOWET......uiiiiieeiiiiee e eeeeeiee e e e ee et e e e e e e eeaae e e e eeeaaaas 186
TRIGQer:SEQUENCE]:LEVEIMAPOWET.......cceviiieeie ettt ee ettt e e e et e e e e e e e e ean e 186
TRIGger[:SEQuence]:MAPOWErHOLDOS........coiiiieieiiee e e e e e e e e e e e e e eees 186
TRIGger[:SEQUeNCce]:MAPOWEIHY STEIrESIS. ..ccuuueurreurueunaaaaaaaaeeeeeeeeeaaaeeaeeeeeeeeeeeeneennnennnnns 186
TRIGE:SEQUENCE]:SLOPE. ...cii i e i e e e e e ee ettt r e e e e e e e e e e e e e e e e e e eeeeeeeeeesensnnnnnnan 187
TRIGQEN:SEQUENCEI:SOURCE. .. ..cettuuieieeeeettie et eeeeieee e e e ettt e e e e e e eats e e e e eeenaaeeeeseesaaaeeaees 187
TRIGGer[:SEQUENCE]:TIME:RINTEIVAL ...ccvutuieiieeeiiiies e ee et e e e et e e e e aases e e s s eeaa e e aeeeees 188

TRIGger[:SEQuence]:DTIMe <DropoutTime>

Defines the time the input signal must stay below the trigger level before a trigger is
detected again.

For input from the "Analog Baseband" interface using the baseband power trigger
(BBP), the default drop out time is set to 100 ns to avoid unintentional trigger events
(as no hysteresis can be configured in this case).
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Parameters:
<DropoutTime> Dropout time of the trigger.

Range: 0st0o10.0s
*RST: Os
Default unit: S

Manual operation: See "Drop-Out Time" on page 68

TRIGger[:SEQuence]:HOLDoff[: TIME] <Offset>

Defines the time offset between the trigger event and the start of the measurement.

Parameters:

<Offset> *RST. 0s
Default unit: S

Example: TRIG:HOLD 500us

Manual operation: See "Trigger Offset” 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 IF Power
(despite the legacy keyword).

Parameters:
<Period> Range: Os 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.

Manual operation: See "Trigger Holdoff" on page 68

TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>

Defines the trigger hysteresis, which is only available for "IF Power" trigger sources.

Parameters:

<Hysteresis> Range: 3 dB to 50 dB
*RST: 3dB
Default unit: DB

Example: TRIG:SOUR IFP

Sets the IF power trigger source.
TRIG:IFP:HYST 10DB

Sets the hysteresis limit value.
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Manual operation: See "Hysteresis" on page 68
TRIGger[:SEQuence]:LEVel:BBPower <Level>

Sets the level of the baseband power trigger.

Is available for the optional "Analog Baseband" interface.

Parameters:

<Level> Range: -50 dBm to +20 dBm
*RST: -20 dBm
Default unit: DBM

Example: TRIG:LEV:BBP -30DBM

Manual operation: See "Trigger Level" on page 67

TRIGger[:SEQuence]:LEVel[:EXTernal<port>] <TriggerLevel>

Defines the level the external signal must exceed to cause a trigger event.

Suffix:

<port> Selects the trigger port.
1 = trigger port 1 (TRIGGER INPUT connector on front panel)
2 = trigger port 2 (TRIGGER INPUT/OUTPUT connector on front
panel)
3 = trigger port 3 (TRIGGER3 INPUT/OUTPUT connector on
rear panel)

Parameters:

<TriggerLevel> Range: 0.5V to 35V
*RST: 14V
Default unit: V

Example: TRIG:LEV 2V

Manual operation: See "Trigger Level" on page 67

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.

For compatibility reasons, this command is also available for the "Baseband Power"
trigger source when using the "Analog Baseband" interface.

Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths,
see the data sheet.
*RST: -20 dBm

Default unit: DBM
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Example: TRIG:LEV:IFP -30DBM

TRIGger[:SEQuence]:LEVel:IQPower <TriggerLevel>
Defines the magnitude 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.

Parameters:

<TriggerLevel> Range: -130 dBm to 30 dBm
*RST: -20 dBm
Default unit: DBM

Example: TRIG:LEV:IQP -30DBM

TRIGger[:SEQuence]:LEVel:MAPower <TriggerLevel>

Defines the power level that must be exceeded to cause a trigger event for (offline)
input from a file.

Parameters:

<TriggerLevel> For details on available trigger levels and trigger bandwidths,
see the data sheet.
Default unit: DBM

Example: TRIG:LEV:MAP -30DBM

TRIGger[:SEQuence]:MAPower:HOLDoff <Period>

Defines the holding time before the next trigger event for (offline) input from a file.

Parameters:
<Period> Range: Os to 10s
*RST: Os
Default unit: S
Example: TRIG:SOUR MAGN

Sets an offline magnitude trigger source.
TRIG:MAP:HOLD 200 ns

Sets the holding time to 200 ns.

Manual operation: See "Trigger Holdoff" on page 68

TRIGger[:SEQuence]:MAPower:HYSTeresis <Hysteresis>

Defines the trigger hysteresis for the (offline) magnitude trigger source (used for input
from a file).
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Parameters:

<Hysteresis> Range: 3dB to 50 dB
*RST: 3dB
Default unit: DB

Example: TRIG:SOUR MAP

Sets the (offline) magnitude trigger source.
TRIG:MAP:HYST 10DB

Sets the hysteresis limit value.

Manual operation: See "Hysteresis" on page 68

TRIGger[:SEQuence]:SLOPe <Type>

Parameters:
<Type> 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>

Selects the trigger source.

Note that the availability of trigger sources depends on the connected instrument.
Note on external triggers:

If a measurement is configured to wait for an external trigger signal in a remote control
program, remote control is blocked until the trigger is received and the program can
continue. Make sure that this situation is avoided in your remote control programs.

Parameters:

<Source> IMMediate
Free Run
EXTernal

Trigger signal from the "Trigger Input" connector.

If power splitter mode is active, this parameter activates the
"EXT TRIGGER INPUT" connector on the oscilloscope. Then
the R&S VSE triggers when the signal fed into the "EXT TRIG-
GER INPUT" connector on the oscilloscope meets or exceeds
the specified trigger level.
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EXT | EXT2 | EXT3 | EXT4

Trigger signal from the corresponding "TRIGGER INPUT/ OUT-
PUT" connector on the connected instrument, or the oscillo-
scope's corresponding input channel (if not used as an input
source).

For details on the connectors see the instrument's Getting Star-
ted manual.

BBPower
Baseband power
For input from the optional "Analog Baseband" interface.

MAGNitude

For (offline) input from a file, rather than an instrument.
The trigger level is specified by TRTIGger [ : SEQuence] :
LEVel :MAPower.

MAIT
For trigger information stored as markers in an . igx file.

MANual

Only available for a connected R&S RTP:

Any trigger settings in the R&S VSE software are ignored; only
trigger settings defined on the connected instrument are consid-
ered. Thus, you can use the more complex trigger settings avail-
able on an R&S RTP.

*RST: IMMediate

Example: TRIG:SOUR EXT
Selects the external trigger input as source of the trigger signal

Manual operation: See "Trigger Source" on page 66
See "Free Run" on page 66
See "External Trigger / Trigger Channel X" on page 66
See "External Analog" on page 66
See "RF Power" on page 66
See "Time" on page 67
See "Magnitude (Offline)" on page 67
See "Manual" on page 67

TRIGger[:SEQuence]:TIME:RINTerval <Interval>

Defines the repetition interval for the time trigger.

Parameters:

<Interval> numeric value
Range: 2ms to 5000 s
*RST: 10s
Default unit: S

Example: TRIG:SOUR TIME

Selects the time trigger input for triggering.
TRIG:TIME:RINT 5

The measurement starts every 5 s.
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Manual operation: See "Repetition Interval" on page 67

Configuring data acquisition

INITIAtEIREFRESN. ...t ieeeete ettt e et e e e et r e e e e e e aaae s e e e e ee e e e e eeannaseeeeennnnns 189
INPUt:FILTer:CHANNEI:HPASS:FDBBW?. ... ettt et e e e e e e e 189
INPUL:FILTEr:CHANNEIHPASS:SDBBW.....cuuuiiiieiiiiieeeeeeeeiieeeeeeeentneeeeseeannnaeseesessnnnseesesssnns 189
INPUt:FILTer:CHANNEIHPASS[:STATE].....ceeeeteeeeeeeeeeererritiieaeeaeseseseeeeeaeaesesseeeesessssssarasnnes 190
INPUL:FILTEr:CHANNEI[:LPASS]:FDBBW......ciiiiiiiieeieeeeeeicee e e e eeeetee e e e e eete e e e e e e eare e e e e eeeanaanns 190
INPUt:FILTer:CHANNEI[:LPASS]:SDBBW. ....iiuiiiieieeiiei ettt e e e e e eanes 190
INPUEFILTEr: CHANNEILPASSISTATE]. o e eeeeeeeeeeeeeeeeeeeeeeseeeeeeseseeeeseseseeeeseseseeneseseenenenen. 191
[SENSe:]CAPTUre:OVERSAMPIING...ccuuuieiieiieiieeeeeeieiiee e e eeeaaee s e e e e eete e e e eeeeenaseeeeensnnaeaaees 191
[SENSEISWWAPIG. 1. e eeeeeeeereeeeeeeeseseseseeeeseseseseeseseesaneseeeseseseeeeseseseesesesseeseenesesesesesraseenenes 191
[SENSE:ISWEEDPICOUNT. ...uuiiieieieeeeeeeeeeeeseeeeeeeeeeeeeieteee e sss s s s e e e e eeeaaeaaeeeeeeeeeeeenennensnnnnnnnn 192
[SENSE:ISWEEP:LENGIN. ...uuiiiieiiiee ettt e e e e e et s e e e e e et e e e e e e eeb e eeseeenan 192
[SEN S SWEED: TIME ..t eeeeeeeeeeeeeeeseeeeseseeeeseseseeeseseseeseseseeeeseseseeneseseseseseseenesenenes 193
TRACE:IQ:BWIDIN. ...ttt et e 193
TRA CE: I S R AT €. ettt e e et et et et et e e s e e e e e s ea et e e e e e e ranannns 193
TRACE: QI NV BANA S T AT ettt ettt e et e et e e e e e e e e e s ea et s e s ene e eanannaenaenns 193
TRACE:IQ:WBANA:MBWIALN. ..eeeeeeieeeee e et e et e e e e e aeenenns 194
INITiate:REFResh

Updates the current measurement results to reflect the current measurement settings.

No new 1/Q data is captured. Thus, measurement settings apply to the 1/Q data cur-
rently in the capture buffer.

The command applies exclusively to I/Q measurements. It requires 1/Q data.

Example: INIT:REFR
Updates the 1Q measurement results.

Usage: Event

Manual operation: See "Refresh" on page 72

INPut:FILTer:CHANnel:HPASs:FDBBw?

Return values:
<Frequency> Default unit; HZ

Usage: Query only
Manual operation: See "50-dB Bandwidth" on page 72

INPut: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.
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Parameters:
<Frequency> Default unit: HZ
Example: INPU:FILT:CHAN:HPAS:SDBB 30 MHZ

Manual operation: See "6-dB Bandwidth" on page 72

INPut:FILTer:CHANnNel:HPASs[:STATe] <State>

Activates an additional internal highpass filter.

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 72

INPut: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 TNPut:
FILTer:CHANnel [ : LPASs] : SDBBw on page 190).

Parameters:

<Frequency> Default unit: HZ

Example: INP:FILT:CHAN:FDBB 40MHZ

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "50-dB Bandwidth" on page 72

INPut:FILTer:CHANnNel[: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 INPut:FILTer :CHANnel [ : LPASs] :
FDBBw on page 190).

Parameters:

<Frequency> Default unit; HZ

Example: INP:FILT:CHAN:SDBB 30MHZ

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267
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Manual operation: See "6-dB Bandwidth" on page 71

INPut:FILTer:CHANnRel[:LPASs][:STATe] <State>
Turns an adjustable (lowpass) channel filter in the signal path on and off.

You can define its characteristics with
® INPut:FILTer:CHANnel [:LPASs] :SDBBw on page 190
® TINPut:FILTer:CHANnel[:LPASs] :FDBBw on page 190

Parameters:
<State> ON | OFF
*RST: OFF
Example: INP:FILT:CHAN ON
Turns on the adjustable channel filter.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Filter State" on page 71

[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:OVERsampling 2
Capture sample rate = 4 MHz

Manual operation: See "Oversampling / Capture Sample Rate" on page 70

[SENSe:]SWAPiq <State>

Defines whether or not the recorded 1/Q pairs should be swapped (I<->Q) before being
processed. Swapping | and Q inverts the sideband.
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This is useful if the DUT interchanged the | and Q parts of the signal; then the
R&S VSE can do the same to compensate for it.

Parameters:

<State> ON |1
| and Q signals are interchanged
Inverted sideband, Q+j*l
OFF |0
| and Q signals are not interchanged
Normal sideband, I1+j*Q

*RST: 0

Manual operation: See "Swap I/Q" on page 71

[SENSe:]SWEep:COUNt <SweepCount>

This command defines the number of measurements that the application uses to aver-
age traces.

In case of continuous measurement mode, the application calculates the moving aver-
age over the average count.

In case of single measurement mode, the application stops the measurement and cal-
culates the average after the average count has been reached.

Suffix:
<n> Window
Example: SWE : COUN 64

Sets the number of measurements to 64.
INIT:CONT OFF

Switches to single measurement mode.
INIT; *WAT

Starts a measurement and waits for its end.

[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
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Capture Length" on page 69
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[SENSe:]SWEep:TIME <Time>

Defines the measurement time. It automatically decouples the time from any other set-

tings.
Parameters:
<Time> refer to data sheet
*RST: depends on current settings (determined automati-
cally)

Default unit: S

Manual operation: See "Capture Time" on page 69

TRACe:1Q:BWIDth <Bandwidth>
Queries the bandwidth in Hz of the resampling filter ("Usable I/Q Bandwidth").

Parameters:

<Bandwidth> Usable 1/Q bandwidth
Default unit: Hz

Example: TRAC1:IQ:BWID?

TRACe:IQ:SRATe <SampleRate>

Sets the final user sample rate for the acquired 1/Q data. Thus, the user sample rate
can be modified without affecting the actual data capturing settings on the R&S VSE.

Parameters:

<SampleRate> The valid sample rates depend on the connected instrument.
Refer to the instrument's documentation.
*RST: 32 MHz

Default unit;: HZ

Manual operation: See "Sample Rate" on page 70

TRACe:1Q:WBANd[:STATe] <State>

Determines whether the wideband provided by bandwidth extension options is used or
not (if installed).

Parameters:

<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1

Switches the function on

Manual operation: See "Maximum Bandwidth" on page 70
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TRACe:IQ:WBANd:MBWidth <Limit>

Defines the maximum analysis bandwidth. Any value can be specified; the next higher
fixed bandwidth is used.

The available fixed values depend on the connected instrument and the installed band-
width extension options.

Manual operation: See "Maximum Bandwidth" on page 70

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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Burst Search State" on page 73

Defining the result range

The result range determines which part of the capture buffer or burst is displayed.

[SENSe:]IDEMOd:FORMAt:MAXFIAMES. ....ceeeeeieueeeeeeeeinieeeeeeennaseeeseetnaeeeseseasaaeeaeeenennns 194
[SENSe:]IDEMod:FORMat:NOFSYMDOIS.....uuceiiieiieieeeeeeieiieeeeeeeetiee e e e e eeenee e s e e eeeane e e e e eeeenan 195

[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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Max No of Frames to Analyze" on page 73
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[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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Result Length" on page 74

Synchronization, tracking and demodulation

[SENSE:JCOMPENSAtEICHANNEL. ... ceieetiieeee ettt eee et e e et e e e e e et e e e e eerabe e e e e eeebananns 195
[SENSE:IDEMOA:CDD... ittt et e e et e e e e e e e e e e e e e eneeneeaneaneenen 195
[SENSE:IDEMOA:COFFSEL.. ettt et e et e e e et e e e e e e eneeaeens 196
[SENSE:IDEMOA:FFTSNIfL....ceieieiie e e e e e e e e e e e eaeens 196
ST = ST [ 1Y T Yo S 4 NSO 196
[SENSE:]IDEMOG:MDETECL. .....ccetvrrrrrrririrnnnaiaieieseseeeeeeeeeseseererersesrsrsrarsnnraesesesaeaaeeeses 197
[SENSe:]IDEMOd: THRESNOIA:TIME.....ccutuiiieeieiiiiieeeeeeeeice e eeeeeetee e e e s eesbeeeeeeeest s eeesenrnnanes 197
[SENSe:]IDEMOd: THRESNOIA:FRAME. ....cevueeieeieetiiieeeeeeeetee e eeeeeetee e e e e eeebe e e e e e eetaaeeeeeeeeranns 198
[SENSE: IDEMOA: TSYNC. .cuiuiiiiiieiie it e et et e e et e e e e e e e e s e e en et s e seaaennes 198
SENSE:TRACKINGILEVEL. ...ttt e e e 198
SENSETRACKING:PHASE. .....eeeteaaaae et e e ettt eas s e e e e e e e eeaaaeeaeeeeeeennnnees 199
SENSETRACKING:TIME. ... ueieeieieeeeeeeeeeeeeeeee e et eeeeeeeaeie e aa e s e s e e e eeeeeaaaaeaeeeeeeeeeenennnnsnnes 199

[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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Channel Compensation" on page 77

[SENSe:]DEMod:CDD <IQSamplingRate>

Defines the cyclic delay.
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Parameters:

<IQSamplingRate>  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 78

[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.

Manual operation: See "Maximum Carrier Offset" on page 78

[SENSe:]DEMod:FFTShift <IQSamplingRate>
Defines an offset for the FFT start sample in the guard interval.

Parameters:
<lQSamplingRate> Numeric value that defines the FFT shift.
The value is normalized to the length of the guard interval.
If a cyclic suffix is used, the FFT shift can be a negative value,
down to
-1* (cyclic suffix length / cyclic prefix length)
*RST: 0.5

Example: DEM:FFTS 0.6
Defines an FFT shift of 0.6.

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Manual operation: See "FFT Shift relative to Cyclic Prefix Length" on page 77

[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.
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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 75

[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

Example: DEM:MDET CFG
Selects evaluation of the modulation matrix in the configuration
file.

Manual operation: See "Modulation Detection" on page 75

[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 76
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[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: 0 to 1
*RST: 0.5
Example: SENS:DEM:THR:FRAM 0.5

Manual operation: See "Minimum Frame Sync Metric" on page 76

[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.

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Manual operation: See "Time Synchronization" on page 75

SENSe:TRACKing:LEVel <State>

Turns tracking of the power level on and off.

Note

The syntax element [SENSe] is not optional for this command.

Parameters:
<State> ON | OFF

*RST: OFF
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Example: SENS:TRAC:LEV ON
Turns on power level tracking.

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Manual operation: See "Level Tracking" on page 77

SENSe:TRACking:PHASe <State>
Turns phase tracking on and off.
Note

The syntax element [SENSe] is not optional for this command.

Parameters:
<State> ON | OFF
*RST: ON
Example: SENS:TRAC: PHAS ON
Turns on phase tracking.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Phase Tracking" on page 76

SENSe:TRACking: TIME <State>
Turns tracking of the sample clock deviation on and off.
Note

The syntax element [SENSe] is not optional for this command.

Parameters:
<State> ON | OFF
*RST: OFF
Example: SENS:TRAC:TIME ON
Turns on tracking of sample clock deviations.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation:  See "Timing Tracking" on page 77
8.4.10 Adjusting settings automatically

Some settings can be adjusted by the R&S VSE automatically according to the current
measurement settings.
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[SENSe<ip>:]ADJust: CONFigure:LEVEl:DURALION. .......coieiiiiiiieeeeeeiiies e ee e e e e 200
[SENSe<ip>:]ADJust:CONFigure:LEVel:DURation:MODE...........cciiiiiiiiiiiieeeeeeeeee, 200
[SENSe<ip>:]ADJust: CONFigure:HY STeresiS:LOWET..........uuuuuuuuaaaaaaeeeeeeeeeeeaeeeeeeeeeeeeeneeens 201
[SENSe<ip>:]ADJust: CONFigure:HY STeresis:UPPET............uuuruuciaaiaieieeeeeeeeeeeeeeeeeeeeeeeeenens 201
[SENSe<ip>:]ADJUSt: CONFIQUIE:TRIGQEN....uuuiieeeeeiiiieeeeeietiiieeeeeetateseeeeeetanaaeeeeeestanaaaaeens 201
[SENSE<IP>JADJUSELEVEL. .. ccieeiieieeeeeeeiee ettt e e e e et ee e e e e e ee b e e e e e eeaabeeeesensanas 202

[SENSe<ip>:]JADJust:CONFigure:LEVel:DURation <Duration>

To determine the ideal reference level, the R&S VSE performs a measurement on the
current input data. This command defines the length of the measurement if
[SENSe<ip>:]ADJust:CONFigure:LEVel :DURation:MODE is set to MANual.

Suffix:

<ip> 1..n

Parameters:

<Duration> Numeric value in seconds
Range: 0.001 to 16000.0
*RST: 0.001
Default unit: s

Example: ADJ:CONF:DUR:MODE MAN

Selects manual definition of the measurement length.
ADJ:CONF:LEV:DUR 5ms
Length of the measurement is 5 ms.

Manual operation: See "Automatic Measurement Time Mode and Value"
on page 79

[SENSe<ip>:]JADJust:CONFigure:LEVel:DURation:MODE <Mode>

To determine the ideal reference level, the R&S VSE performs a measurement on the
current input data. This command selects the way the R&S VSE determines the length
of the measurement .

Suffix:

<ip> 1..n
Parameters:

<Mode> AUTO

The R&S VSE determines the measurement length automati-
cally according to the current input data.

MANual

The R&S VSE uses the measurement length defined by
[SENSe<ip>:]ADJust:CONFigure:LEVel:DURation
on page 200.

*RST: AUTO

Manual operation: See "Automatic Measurement Time Mode and Value"
on page 79
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[SENSe<ip>:]JADJust:CONFigure:HYSTeresis:LOWer <Threshold>

Suffix:

<ip> 1..n

Parameters:

<Threshold> Range: 0dB to 200 dB
*RST: +1dB
Default unit: dB

Example: SENS:ADJ:CONF:HYST:LOW 2

For an input signal level of currently 20 dBm, the reference level
is only adjusted when the signal level falls below 18 dBm.

Manual operation: See "Lower Level Hysteresis" on page 80

[SENSe<ip>:]JADJust:CONFigure:HYSTeresis:UPPer <Threshold>

Suffix:
<ip> 1..n
Parameters:
<Threshold> Range: 0dB to 200 dB
*RST: +1 dB
Default unit: dB
Example: SENS:ADJ:CONF:HYST:UPP 2
Example: For an input signal level of currently 20 dBm, the reference level

is only adjusted when the signal level rises above 22 dBm.

Manual operation: See "Upper Level Hysteresis" on page 79

[SENSe<ip>:]JADJust:CONFigure:TRIGger <State>

Defines the behavior of a triggered measurement when adjusting a setting automati-
cally (using SENS:ADJ:LEV ON, for example).

Suffix:
<ip> 1..n
Parameters:
<State> ON|OFF |01
OFF | 0
(default:) The measurement for adjustment waits for the next
trigger.
ON |1

The measurement for adjustment is performed without waiting
for a trigger (corresponds to "Continue" in manual operation).

*RST: 0
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Example: //Use default ref level at 0.00 dBm.
//Define an RF power trigger at -20 dBm
:TRIG:SEQ:SOUR RFP
:TRIG:SEQ:LEV:RFP -20
//Perform adjustment measurement without waiting for trigger
SENS:ADJ:CONF:TRIG ON
//Perform auto level adjustment

:SENS:ADJ:LEV; *WATI

[SENSe<ip>:]ADJust:LEVel

Initiates a single (internal) measurement that evaluates and sets the ideal reference
level for the current input data and measurement settings. Thus, the settings of the RF
attenuation and the reference level are optimized for the signal level. The R&S VSE is
not overloaded and the dynamic range is not limited by an S/N ratio that is too small.

Suffix:
<ip> 1..n
Example: ADJ:LEV

Manual operation: See "E#Setting the Reference Level Automatically (Auto Level)"
on page 63

8.5 Analysis

8.5.1

General result analysis settings concerning the trace, markers, windows etc. can be
configured.

o  Result configuIration...... ..o oo 202
L S T~ 1 1T TS 205
®  UNIS TOF FESUILS....eeiiiiiieie e e e e e e e e e e e e ssnnnes 208
L I O] 1 To 18y aTo IR =Tt R SR 211
o  Working With Markers..........ueiiiiiei i e e e e e e e e e e e e e e eeeees 213
e Zooming iNto the diSPlay........ccoi i ————- 224

Result configuration

[SENSE:]IDEMOA:EVMCAIC:FAVEIAQE. ....cevvueeeeeeeeeiieeeeeeeetieeeeeeeeeteeeeeseeasaaeeeeeeesannseeeeeesnns 203
[SENSe:]IDEMod:EVMCaIC:NORMaAIIZE......ciuiieeeeieii ettt e et e e e e 203
CALCulate<n>:BITStream:FORMEL.........ccoeeiiiiiiieieeeeiiie e ee e e e e e e e e e e e e e eeennaes 203
CONFIgUre:FILTEr<N>:CARRIE . ... . i ieieae et eeeeeeeeeeee et e eeeeeeeeeeeente s aa e e e e e e e e eeaaeaaaaaeeeeeeeennes 204
CONFigure:FILTer<n>:MODUIBHION. ... ccieieieeeeeeeeeeeieeeeeee et ssae e e e e e e e e eeaeeaeeeeeeeeennees 204
CONFigure:FILTer<n>:MODUIatiON:TYPE.......cuuciiiieeiiiiice e ee ettt e et e e ee e e e e eer s 204
CONFIgUre:FILTEr<N>:SYMBOL....uucieeieeiiiieeeeeetiee e e e ettt e e e e e et ete e e e e e eete e e e e eeaasaeeeeseernaaanns 205
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[SENSe:]DEMod:EVMCalc:FAVerage <Type>

Selects the averaging method for the mean EVM over multiple frames.

Parameters:

<Type> MSQ
Mean EVM is based on squared EVM values.
RMS
Mean EVM is directly based on the EVM values.
*RST: MS

Example: DEM:EVMC:FAV MS

Selects EVM averaging based on squared EVM values.

Manual operation: See "Frame Averaging" on page 110

[SENSe:]DEMod:EVMCalc:NORMalize <Method>

Selects the normalization method for EVM results.

Parameters:
<Method> NONE
Normalization is turned off.
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.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Normalize EVM to" on page 110

CALCulate<n>:BITStream:FORMat <Mode>

Defines the format of the symbols for the Bitstream display.
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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.

Manual operation: See "Bitstream Format" on page 112

CONFigure:FILTer<n>:CARRier <CarrierNo>

The constellation diagram includes symbols for all or only for the specified carrier num-
ber.

The range of valid carrier numbers is:

[- FFT Size/2, +FFT Size/2]

Suffix:
<n> 1..n
Window
Parameters:
<CarrierNo> ALL | integer
Example: CONF:FILT:CARR -2

Manual operation: See "Constellation Display - Carrier" on page 111

CONFigure:FILTer<n>:MODulation <Modulation>

The constellation diagram includes only symbols for the selected modulation.

Suffix:
<n> 1..n
Window
Parameters:
<Modulation> ALL | 'string'
Modulation as defined in the configuration file.
Example: CONF:FILT:MOD 'Zero'
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Constellation Display - Modulation" on page 110

CONFigure:FILTer<n>:MODulation: TYPE <ModType>

The constellation diagram includes only cells for the selected modulation type.
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Suffix:
<n> 1..n
Window
Parameters:
<ModType> PDATa | PlLots | DATA
PDATa
Pilot and data cells
PlLots
Pilot cells only
DATA
Data cells only
Example: CONF:FILT:MOD:TYPE DATA
Only data cells are displayed.
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267

Manual operation: See "Constellation Display - Modulation Type" on page 110

CONFigure:FILTer<n>:SYMBol <SymbolNo>

The constellation diagram includes all or only the specified symbol number. The first
symbol is 0.

Suffix:
<n> 1..n

Window
Parameters:
<SymbolNo> ALL | integer
Example: CONF:FILT:SYMB 2

Manual operation: See "Constellation Display - Symbol" on page 111

Scaling

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:AUTO ONCE.................... 205
DISPlay[:WINDow<n>][:SUBWindow<n>]:TRACe<t>:Y[:SCALEJ:AUTO. ......rvreererrererrererrerens 206
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACE<t>:Y[:SCALE]...cccetteeeereeeereeeeeeeeeeeeeeeeaes 206
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:PDIVision..........c.cceeereereun. 206
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RPOSition.............ccevrrrrr.. 207
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RVALUE.........cc.eerrrrrrreernnns 207
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]l:MAXIMUM.....c.ittiriiiiiiieieeee e eee e 208
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:MINIMUM.....cccoiiiiiiiiiiiiiii e 208

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).
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Suffix:
<n> Window
<t> irrelevant

DISPlay[:WINDow<n>][:SUBWindow<n>]:TRACe<t>:Y[:SCALe]:AUTO <State>

If enabled, the Y-axis is scaled automatically according to the current measurement.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> irrelevant

Parameters for setting and query:
<State> OFF
Switch the function off

ON
Switch the function on

*RST: ON

Manual operation: See "Automatic Grid Scaling" on page 114
See "Auto Scale Once" on page 114

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe] <Range>

Defines the display range of the y-axis (for all traces).

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> irrelevant
Example: DISP:TRAC:Y 110dB

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:PDIVision
<Value>

This remote command determines the grid spacing on the Y-axis for all diagrams,
where possible.

In spectrum displays, for example, this command is not available.

Suffix:
<n> Window
<w> subwindow

Not supported by all applications
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<t> irrelevant
Parameters:
<Value> numeric value WITHOUT UNIT (unit according to the result dis-
play)

Defines the range per division (total range = 10*<Value>)

*RST: depends on the result display
Default unit: DBM

Example: DISP:TRAC:Y:PDIV 10
Sets the grid spacing to 10 units (e.g. dB) per division

Manual operation: See "Per Division" on page 114

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RPOSition
<Position>

Defines the vertical position of the reference level on the display grid (for all traces).

The R&S VSE adjusts the scaling of the y-axis accordingly.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> irrelevant
Example: DISP:TRAC:Y:RPOS 50PCT

Manual operation: See "Ref Position" on page 114

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

<w> subwindow

<t> irrelevant

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 114
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DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MAXimum <Value>
Defines the maximum value on the y-axis in the specified window.
Suffix:
<n> Window
<t> irrelevant
Parameters:
<Max> numeric value
Example: DISP:WIND2:TRAC:Y:SCAL:MAX 10
Manual operation: See "Absolute Scaling (Min/Max Values)" on page 114
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MINimum <Value>
Defines the minimum value on the y-axis in the specified window.
Suffix:
<n> Window
<t> irrelevant
Parameters:
<Min> numeric value
Example: DISP:WIND2:TRAC:Y:SCAL:MIN -90
Manual operation: See "Absolute Scaling (Min/Max Values)" on page 114
Units for results
L1 07, == 208
L0818 1 209
(0] 7 =TT 209
L]l Yoo g =T 210
LN I RS T N = N 210
L I 0 Y= TP 210

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
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Example: UNIT:CAX CARR
Selects 'subcarriers' as the unit of the carrier axis.

Manual operation: See "Channel Flatness" on page 14
See "Constellation vs Carrier" on page 16
See "EVM vs Carrier" on page 18
See "EVM vs Symbol vs Carrier" on page 20
See "Group Delay" on page 21
See "Power vs Carrier" on page 24
See "Power vs Symbol vs Carrier" on page 26

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.

Manual operation: See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 19
See "EVM vs Symbol vs Carrier" on page 20

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.
CARRier
Frequency axis represents carrier number.
*RST: Hz
Example: UNIT:FAX HZ

Selects 'Hz' as the unit of the frequency axis.

Manual operation: See "Power Spectrum" on page 27
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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 22

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.

*RST: SYM

Example: UNIT:SAX SYM
Selects 'symbols' as the unit of the symbol axis.

Manual operation: See "Allocation Matrix" on page 11
See "Constellation vs Symbol" on page 17
See "EVM vs Symbol" on page 19
See "EVM vs Symbol vs Carrier" on page 20
See "Power vs Symbol" on page 25
See "Power vs Symbol vs Carrier" on page 26

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.
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SYMBol

Time axis represents symbols.

This setting is not available if 2 different cyclic prefix lengths are
used (see CONFigure[:SYMBol] : GUARd :MODE on page 136).

*RST: SEC

Example: UNIT:TAX SEC
Selects 'seconds' as the unit of the time axis.

Manual operation: See "Magnitude Capture" on page 23

8.5.4 Configuring traces

The trace settings determine how the measured data is analyzed and displayed on the
screen. Depending on the result display, between 1 and 6 traces may be displayed.

Commands for storing trace data are described in Chapter 8.7.3, "Retrieving trace data
and marker values", on page 246.

Useful commands for trace configuration described elsewhere:

® DISPlay[:WINDow<n>] [:SUBWindow<w>]:TRACe<t>:Y[:SCALe]
on page 206

Remote commands exclusive to trace configuration:

CALCUIate<N>TRACESEI[:IVALUE ... e e eeieeetieeeeeeeeieseeeeeetaaeseeeeesbaseeesesaasaseessessnnneeeserenes 211
DISPlay[: WINDow<n>][:SUBWindow<w>]:TRACE<t>:MODE.........ccceetmreiereeerieeeeeeeeerereeeennns 212
DISPlay[: WINDow<n>][:SUBWIindow<w>]:TRACE<t>[:STATE].....uuuuucereieieeeeeeeeeeeeeerereeeeeennns 212

CALCulate<n>:TRACe<t>[:VALue] <TraceRefType>
This commands selects the signal to be used as the data source for a trace.

For DISPlay[:WINDow<n>] [:SUBWindow<w>] : TRACe<t>:MODE View, the data
source to be evaluated cannot be changed. It remains set to the value that was most
recently set.

Suffix:

<n> Window

<t> Trace

Parameters:

<TraceRefType> MEAS | REF | ERRor | TCAP
MEAS
Measurement signal
REF
Reference signal
ERR
Error
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TCAP
Capture buffer
*RST: Depends on the current measurement.
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:MODE <Mode>
Selects the trace mode. If necessary, the selected trace is also activated.
Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> Trace
Example: INIT:CONT OFF
Switching to single sweep mode.
SWE : COUN 16
Sets the number of measurements to 16.
DISP:TRAC3:MODE WRIT
Selects clear/write mode for trace 3.
INIT; *WAT
Starts the measurement and waits for the end of the measure-
ment.

Manual operation: See "Trace Mode" on page 121

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>[:STATe] <State>
Turns a trace on and off.

The measurement continues in the background.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> Trace
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: DISP:TRAC3 ON

Manual operation: See "Trace 1/Trace 2/Trace 3" on page 121
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8.5.5 Working with markers

8.5.5.1

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 SEtINGS.......uuuuiiiiiiie e 213
o General marker SEtHNGS......ooviiiiiiiicccrr e ————— 218
o Marker positioning SEHINGS......uuuuiiiiiiiie e 219

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 248

® CALCulate<n>:DELTamarker<m>:Y? on page 246

Remote commands exclusive to individual markers

CALCulate<n>:MARKEr<mM>:AOFF......cuuciieiiiiiiee et e et e e e e e e eab e e e e e e ranaens 213
CALCulate<n>:MARKer<ms>:LINK:TO:MARKEr<md>.......cccceeerirurieeeeeieeiiieeeeeeeeieeeeeeeeennns 213
CALCUIate<n>:MARKEIr<MS[:STATE] ceuuuueieeeieetieaeeeeeeetiaeeeeeeeetaaeeeeeeeetaaeeeserranaeeeerenrannnns 214
CALCuUlate<n>:MARKEIr<M>:TRACE. ......uceeiieeieereeeeeieeteeeeeeeeetaeeeeseraaaaeeeereesaseeeeresnnanns 214
CALCUIate<N>MARKEISMS X ..eui i e et e et et et e et e e e e e eea e e e e e e e eanaeeeanneeeeans 215
CALCulate<n>:DELTamarker<m>:AOFF........ccocuuiiiieee et e e e e e e e e e e eranaas 215
CALCulate<n>:DELTamarker<m>:LINK........ccccioiiiiiiiiiiiiiiiice et e e e e e eer e e e e eeeees 216
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEr<md>.........ccceeerirrrieierrneeennierenneeennnns 216
CALCulate<n>:DELTamarker<m>:MREFEIENCE.........c..uceereeeiririiieeeeieiiieeeeeeeeraeeeeeeeeranns 216
CALCulate<n>:DELTamarker<m>[:STATE]......ccuuueeeeeererriieieeeereriiaeeeereerraaeeeerersnaeseeeerernnnns 217
CALCulate<n>:DELTamarker<m>:TRACE.........ccuuueieeeeieerieeeeeeeeiiaeeeeeeeeraeeeeeeeraaaeeeeeeeeranns 217
CALCulate<n>:DELTaMarKer<m>:X.......couuiiieuueeieiieeeeeeeeeeeeeeeae e e e e e e eeeeeeeaaeeeeaneeeenneeeenn 218

CALCulate<n>:MARKer<m>:AOFF

Turns off all markers.

Suffix:

<n> Window

<m> Marker

Example: CALC:MARK:AOQOFF

Switches off all markers.

Manual operation: See "All Markers Off" on page 118

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).
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If you change the horizontal position of marker <md>, marker <ms> changes its hori-
zontal position to the same value.

Suffix:
<n> Window
<ms> source marker, see Marker
<md> destination marker, see Marker
Parameters:
<State> ON|OFF |01

OFF |0

Switches the function off

ON |1

Switches the function on
Example: CALC:MARK4 :LINK:TO:MARK2 ON

Links marker 4 to marker 2.

Manual operation: See "Linking to Another Marker" on page 118

CALCulate<n>:MARKer<m>[:STATe] <State>

Turns markers on and off. If the corresponding marker number is currently active as a
delta marker, it is turned into a normal marker.

Suffix:
<n> Window
<m> Marker
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 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "Marker State" on page 117
See "Marker Type" on page 117

CALCulate<n>:MARKer<m>:TRACe <Trace>
Selects the trace 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.
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Suffix:

<n> Window

<m> Marker

Parameters:

<Trace>

Example: /IAssign marker to trace 1

CALC:MARK3:TRAC 2

Manual operation: See "Assigning the Marker to a Trace" on page 118

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

<m> Marker

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 24
See "w ~Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "X-value" on page 117

CALCulate<n>:DELTamarker<m>:AOFF

Turns off all delta markers.

Suffix:

<n> Window

<m> irrelevant
Example: CALC:DELT:AOQFF

Turns off all delta markers.
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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.

Suffix:
<n> Window
<m> Marker
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 "Linking to Another Marker" on page 118

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).

Suffix:
<n> Window
<ms> source marker, see Marker
<md> destination marker, see Marker
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.

Manual operation: See "Linking to Another Marker" on page 118

CALCulate<n>:DELTamarker<m>:MREFerence <Reference>

Selects a reference marker for a delta marker other than marker 1.

Suffix:
<n> Window
<m> Marker
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Parameters:
<Reference> D1
Selects the deltamarker 1 as the reference.
Example: CALC:DELT3:MREF 2
Specifies that the values of delta marker 3 are relative to marker

2.

Manual operation: See "Reference Marker" on page 118

CALCulate<n>:DELTamarker<m>[:STATe] <State>
Turns delta markers on and off.
If necessary, the command activates the delta marker first.

No suffix at DELTamarker turns on delta marker 1.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:DELT2 ON

Turns on delta marker 2.

Manual operation: See " -Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "Marker State" on page 117
See "Marker Type" on page 117

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

<m> Marker

Parameters:

<Trace> Trace number the marker is assigned to.
Example: CALC:DELT2:TRAC 2

Positions delta marker 2 on trace 2.
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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

<m> Marker
Example: CALC:DELT:X?

Outputs the absolute x-value of delta marker 1.

Manual operation: See "™ -Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "X-value" on page 117

8.5.5.2 General marker settings

DISPIay[:WINDOWSNS:MINFOLSTATE] cvvvveeeeeeeereereeesessessesesssesseeseeseessesseseseseeseessessseenses 218
DISPIAY[:WINDOWSNSEMTABIE. .. eeeeeeeeeee e eeeeeeeeseseeseseeeeseeeseeseseeseesseeseeseeseeesessesenenes 218

DISPlay[:WINDow<n>]:MINFo[:STATe] <State>

Turns the marker information in all diagrams on and off.

Suffix:

<n> irrelevant

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 "Marker Info" on page 119

DISPlay[:WINDow<n>]:MTABIe <DisplayMode>

Turns the marker table on and off.

Suffix:

<n> irrelevant
Parameters:

<DisplayMode> ON |1

Turns on the marker table.
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OFF | 0
Turns off the marker table.

*RST: AUTO

Example: DISP:MTAB ON
Activates the marker table.

Manual operation: See "Marker Table Display" on page 119

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:

® (CALCulate<n>:MARKer<m>:TRACe on page 214

® CALCulate<n>:DELTamarker<m>:TRACe on page 217

Remote commands exclusive to positioning markers:

CALCulate<n>:DELTamarker<m>:MAXimUM:APE@K........cc.couiiiimmiiiiiieeeeie e, 219
CALCulate<n>:DELTamarker<m>:MAXIiMUM:LEFT.........coiiiiiiie e 220
CALCulate<n>:DELTamarker<m>:MAXIMUM:NEXT ........citiruieriiiieeeie e eeee e e e 220
CALCulate<n>:DELTamarker<m>:MAXIiMUM[:PEAK].........ccoerrimiiiieieeeieiiicieeeeeeeneeeeeeeenanns 220
CALCulate<n>:DELTamarker<m>:MAXIiMUM:RIGHL...........c.eeiiiiiiiiiieeieeieercce e, 220
CALCulate<n>:DELTamarker<m>:MINIMUM:LEFT.......ccuuieeiiiiiiiiiiieeeeeeeee e eevaann 221
CALCulate<n>:DELTamarker<m>:MINIMUMNEXT.......coeiiiiiiiieeieeieerieeee e e e e eeraeee e 221
CALCulate<n>:DELTamarker<m>:MINIMUM[:PEAK].......ccevureeeeeiieeeieeeeeeeeveeeeeeeeeeeeeeeeeees 221
CALCulate<n>:DELTamarker<m>:MINIMUM:RIGHL..........cccouuiiiiieieiie e 221
CALCulate<n>:MARKer<m>:MAXIMUM:APEGK...........ccevvrrrrrrrruriiiiieieieieseeeeeaseeseeeeeereeeenens 221
CALCulate<n>:MARKer<m>:MAXIMUM:LEF T......ciiiiiiiiieeiieiiee et eeerre e e e e eerne e e e eees 222
CALCulate<n>:MARKer<m>:MAXIMUMINEXT .......ccuuiieiieiiiiiiieeeeeetiieeeeeeeeereeeeeeeenraeeeeaees 222
CALCulate<n>:MARKer<m>:MAXIiMUM:RIGHTL..........ccoiiiiiiiiiei it 222
CALCulate<n>:MARKer<m>:MAXIiMUM[:PEAK]......cetteeeeeeeeeeeeetee e eee et e e e e eeaanns 222
CALCulate<n>:MARKer<m>:MINIMUM:LEFT.......ccoeuiiiiieeeee e e e 223
CALCulate<n>:MARKer<m>:MINIMUMINEXT .......couuieiiiiieeieeeieeeeeeveee e e e eee e e e eeenaneees 223
CALCulate<n>:MARKer<m>:MINIMUM:RIGHL............cevvrrriuririiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeanans 223
CALCulate<n>:MARKer<m>:MINIiMUM[:PEAK]........cciitiiiiiiieeeeeeeiie e e eeeree e e e e eeeteeeeeeeene 223
CALCulate<n>:MARKEr<m>:SEARCN........cciitiiiiiiieieee ittt eeeeeeetee e e e et e e e e e eeaabeeeeeeeeranns 224

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
<m> Marker
Usage: Event
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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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Peak" on page 120

CALCulate<n>:DELTamarker<m>:MAXimum:NEXT

Moves a marker to the next positive peak value.

Suffix:

<> 1..n
Window

<m> 1..n
Marker

Manual operation: See "Search Next Peak" on page 120

CALCulate<n>:DELTamarker<m>:MAXimum[:PEAK]
Moves a delta marker to the highest level.

If the marker is not yet active, the command first activates the marker.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Peak Search" on page 120

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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Peak" on page 120
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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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

CALCulate<n>:DELTamarker<m>:MINimum:NEXT

Moves a marker to the next minimum peak value.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

CALCulate<n>:DELTamarker<m>:MINimum[:PEAK]
Moves a delta marker to the minimum level.

If the marker is not yet active, the command first activates the marker.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Search Minimum" on page 120

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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

CALCulate<n>:MARKer<m>:MAXimum:APEak

sets the marker to the largest absolute peak value (maximum or minimum) of the
selected trace.
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Suffix:

<n> Window
<m> Marker
Usage: Event

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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Peak" on page 120

CALCulate<n>:MARKer<m>:MAXimum:NEXT

Moves a marker to the next positive peak.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Search Next Peak" on page 120

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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Peak" on page 120

CALCulate<n>:MARKer<m>:MAXimum[:PEAK]
Moves a marker to the highest level.

If the marker is not yet active, the command first activates the marker.

Suffix:
<n> Window
<m> Marker
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Manual operation: See "Peak Search" on page 120
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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

CALCulate<n>:MARKer<m>:MINimum:NEXT

Moves a marker to the next minimum peak value.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

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.

Suffix:

<n> Window
<m> Marker

Manual operation: See "Search Next Minimum" on page 120

CALCulate<n>:MARKer<m>:MINimum[:PEAK]
Moves a marker to the minimum level.

If the marker is not yet active, the command first activates the marker.

Suffix:
<n> Window
<m> Marker

Manual operation: See "Search Minimum" on page 120
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CALCulate<n>:MARKer<m>:SEARch <MarkReallmag>

Specifies whether the marker search works on the real or the imag trace (for all mark-

ers).
Suffix:
<n> 1..n
Window
<m> 1.4
Marker
Parameters:
<MarkReallmag> REAL | IMAG
*RST: REAL

8.5.6 Zooming into the display

8.5.6.1 Using the single zoom

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:AREA.........ccceeteeerereeeeeeeeeeeeen e 224
DISPlay[:WINDow<n>][:SUBWIndow<w>]:ZOOM[:STATE].....csettueeeerrreririeeeeiieeeenieeeeneeeee 225

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:AREA <x1>,<y1> <x2>,<y2>
Defines the zoom area.

To define a zoom area, you first have to turn the zoom on.

1 Frequency Sweep  1Rm Clrw 5)

“
CF 2.000519931 GHz 498 pt

1 = origin of coordinate system (x1 =0, y1 =0)
2 = end point of system (x2 = 100, y2= 100)
3 = zoom area (e.g. x1 =60, y1 = 30, x2 = 80, y2 = 75)

Suffix:
<n> Window
<w> subwindow

Not supported by all applications
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Parameters:
<x1> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT
<y1> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT
<x2> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT
<y2> Diagram coordinates in % of the complete diagram that define

the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.

Range: 0 to 100
Default unit: PCT

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM[:STATe] <State>

Turns the zoom on and off.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: DISP:ZOOM ON

Activates the zoom mode.
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8.5.6.2 Using the multiple zoom
DISPlay[: WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>:AREA..........cccccevrrmrurnnnnnnns 226
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>[:STATE]........ccvsrvrrerrrrrrrrens 227

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>:AREA
<X1>,<y1> <x2> <y2>

Defines the zoom area for a multiple zoom.

To define a zoom area, you first have to turn the zoom on.

1 Frequency Sweep e 1Rm Clrw e

1 = origin of coordinate system (x1 =0, y1 =0)
2 = end point of system (x2 = 100, y2= 100)
3 = zoom area (e.g. x1 =60, y1 = 30, x2 = 80, y2 = 75)

Suffix:

<n> Window

<w> subwindow
Not supported by all applications

<zn> Selects the zoom window.

Parameters:

<x1> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT

<y1> Diagram coordinates in % of the complete diagram that define

the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.

Range: 0 to 100
Default unit: PCT
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<x2> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.

Range: 0 to 100
Default unit: PCT

<y2> Diagram coordinates in % of the complete diagram that define
the zoom area.
The lower left corner is the origin of coordinate system. The
upper right corner is the end point of the system.
Range: 0 to 100
Default unit: PCT

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>[:STATe] <State>

Turns the multiple zoom on and off.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<zn> Selects the zoom window.
If you turn off one of the zoom windows, all subsequent zoom
windows move up one position.
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1

Switches the function on

8.6 Configuring the result display

The commands required to configure the screen display in a remote environment are
described here.

o Global layout COMMANGAS........uuriiiiiieie e e 227
e Working with windows in the display..........cccceiiiieiiiiiee e 230

8.6.1 Global layout commands

The following commands are required to change the evaluation type and rearrange the
screen layout across measurement channels as you do in manual operation.
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For compatibility with other Rohde & Schwarz Signal and Spectrum Analyzers, the lay-
out commands described in Chapter 8.6.2, "Working with windows in the display",

on page 230 are also supported. Note, however, that the commands described there
only allow you to configure the layout within the active measurement channel.

LAYOUt:GLOBAI:ADD[:WINDOW]?....ccieittieieeeieeiieeeeeeeteteeeeeseetttaeeeesesstseeserssanaeaeseesransens 228
LAYout: GLOBal:CATalOG[:WINDOW] ...ttt ettt e st e et e e e e e e e e e e e eees 229
LAYout: GLOBal: IDENLfy[:WINDOW]?.... ettt ettt e e et e e e e e e e e 229
LAYout:GLOBal:REMOVE[:WINDOW]. ...ttt et e et e e et e e e e e e e e ee e eanas 230
LAYout:GLOBaI:REPLACE[:WINDOW]. ... ceeeieeeeeeeeeeeieieeeeeieeieneeeentnneaaaaaeaeaeeeeeaeaaaaeaeeeeeeennen 230

LAYout:GLOBal:ADD[:WINDow]?
<ExChanName>,<ExWinName>,<Direction>,<NewChanName>,<NewWinType>

Adds a window to the display next to an existing window. The new window may belong
to a different channel than the existing window.

To replace an existing window, use the LAYout : GLOBal :REPLace [ : WINDow] com-
mand.

Parameters:
<ExChanName> string
Name of an existing channel

<ExWinName> string

Name of the existing window within the <ExChanName> chan-
nel the new window 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:GLOBal:IDENtify[:WINDow]? query.

<Direction> LEFT | RIGHt | ABOVe | BELow | TAB

Direction the new window is added relative to the existing win-
dow.

TAB
The new window is added as a new tab in the specified existing
window.
<NewChanName>  string
Name of the channel for which a new window is to be added.

<NewWinType> string

Type of result display (evaluation method) you want to add.
See the table below 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: LAYout:GLOBal:ADD:WINDow? 'IQ
Analyzer','l',RIGH, 'IQ Analyzer2',6 '"FREQ'
Adds a new window named 'Spectrum' with a Spectrum display
to the right of window 1 in the channel 'lQ Analyzer'.

Usage: Query only

LAYout:GLOBal:CATalog[:WINDow]?

Queries the name and index of all active windows from top left to bottom right for each
active channel. The result is a comma-separated list of values for each window, with
the syntax:

<ChannelName_1>: <WindowName_ 1> <WindowIndex_1>..<WindowName_n>,<Win-
dowlndex_n>

<ChannelName_m>: <WindowName_1>,<WindowIndex_1>..<WindowName_n>,<Win-
dowlndex_n>

Return values:
<ChannelName> String containing the name of the channel. The channel name is
displayed as the tab label for the measurement channel.

<WindowName> string

Name of the window.
In the default state, the name of the window is its index.

<WindowlIndex> numeric value
Index of the window.

Example: LAY :GLOB:CAT?
Result:
IQ Analyzer: '1',1,'2',2
Analog Demod: '1',1,'4',4
For the I/Q Analyzer channel, two windows are displayed,
named '2' (at the top or left), and '1' (at the bottom or right).
For the Analog Demodulation channel, two windows are dis-
played, named '1' (at the top or left), and '4' (at the bottom or
right).

Usage: Query only

LAYout:GLOBal:IDENtify[:WINDow]? <ChannelName>,<WindowName>
Queries the index of a particular display window in the specified channel.

Note: to query the name of a particular window, use the LAYout : WINDow<n>:
IDENtify? query.

Parameters:
<ChannelName> String containing the name of the channel. The channel name is
displayed as the tab label for the measurement channel.
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Query parameters:
<WindowName> String containing the name of a window.

Return values:
<WindowlIndex> Index number of the window.

Example: LAYout:GLOBal:ADD:WINDow? IQ,'l',6RIGH,
'Spectrum', FREQ
Adds a new window named 'Spectrum' with a Spectrum display
to the right of window 1.

Example: LAYout:GLOBal:IDENtify? 'IQ Analyzer',
'Spectrum'
Result:
2

Window index is: 2.

Usage: Query only

LAYout:GLOBal:REMove[:WINDow] <ChannelName>, <WindowName>

Setting parameters:
<ChannelName>

<WindowName>

Usage: Setting only

LAYout:GLOBal:REPLace[:WINDow] <ExChannelName>, <WindowName>,
<NewChannelName>, <WindowType>

Setting parameters:
<ExChannelName>

<WindowName>
<NewChannelName>
<WindowType>

Usage: Setting only

8.6.2 Working with windows in the display

Note that the suffix <n> always refers to the window in the currently selected channel.

The following commands are required to change the evaluation type and rearrange the
screen layout for a channel as you do in manual operation. Since the available evalua-
tion types depend on the selected application, some parameters for the following com-
mands also depend on the selected channel.

Note that the suffix <n> always refers to the window in the currently selected channel.
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To configure the layout of windows across channels, use the Chapter 8.6.1, "Global
layout commands", on page 227.

LAYOUL ADD:WWIND OW] 2. s ettt ettt e et ettt e e e e e e e e e et et s e e et e e e e s e e eneeaeanseneeneen 231
LAYOUt:CATaIOG:WINDOW]?.. ..ttt ettt e et e e et et e et e e ee e e e e e e e e e e e eea e eeans 233
LAYOUL: IDENEY[:MWVINDOW]?...cceeetiieeeeeeeteie s e e ettt s e e e e et e e s e e e e eeaa s e e e seetaaeeeeeeentnneeeeennnnnnnns 233
LAYOUE:MOVE[:WINDOW]. .. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeetessaaasasaeseaeesaaaaaaaesesseeseenennnnsnnes 234
LAYOUt:REMOVE[IWINDOW]....evtuunieeeeitiiiieieeeiettiieeeeeeetstaeeeeeeetanaeeeseestaneeeseesnnnaeaesensnnnnnns 234
LAYOUt:REPLACE[:WINDOW]....ceutuueieeiietiiiieeeeeettieeeeeeeetttaeeeeeeestaseeesestanneeeeeeesrnaeaesensnnnnnns 234
LAYOULWINDOWSNZ I ADD 2. ittt ettt et e e s e e it s e s e e e e a e e anans 235
LAYOUt:WINDOWSNZ:IIDENLfY 2. ..ottt et e e e e e e e e 236
LAYOUt:WINDOWSNZREMOVE. ....ccettiuuieeieeeiiiieeeeeeetiieeeessetae s e s e eeeaansaeeeeeanaesaeeeennanneaeeens 236
LAYOUE:WINDOWSN>REPLACE. ......ucieeeeeiet e e et e et e e e e e e e e eae e e e e e enaeeees 236
LAYOUE:WINDOWSNZTYPE . ... cciiieeet et e et ee et e et e et e e e e e e e e e s et e e saa e e eean e e eaaneeeanns 237

LAYout:ADD[:WINDow]? <WindowName>, <Direction>, <WindowType>
Adds a window to the display in the active channel.

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.

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> text value

Type of result display (evaluation method) you want to add.
See the table below for available parameter values.

Note that the window type must be valid for the active channel.
To create a window for a different channel, use the LAYout :
GLOBal:REPLace [ :WINDow] command.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Usage: Query only
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Manual operation: See "Allocation Matrix" on page 11
See "Bitstream" on page 12
See "CCDF" on page 13
See "Channel Flatness" on page 14
See "Constellation Diagram" on page 14
See "Constellation vs Carrier" on page 16
See "Constellation vs Symbol" on page 17
See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 19
See "EVM vs Symbol vs Carrier" on page 20
See "Group Delay" on page 21
See "Impulse Response" on page 22
See "Magnitude Capture" on page 23
See "Marker Table" on page 24
See "Power vs Carrier" on page 24
See "Power vs Symbol" on page 25
See "Power vs Symbol vs Carrier" on page 26
See "Power Spectrum" on page 27
See "Result Summary" on page 28
See "Signal Flow" on page 29
See "Trigger to Sync" on page 29

Table 8-3: <WindowType> parameter values for OFDM VSA application

Parameter value Window type

AMATTiX "Allocation Matrix"
BITStream "Bitstream"

CCARrier "Constellation vs Carrier"
CCDF "CCDF"

CHFLatness "Channel Flatness"
CONStell "Constellation Diagram"
CSYMbol "Constellation vs Symbol"
EVCarrier "EVM vs Carrier"
EVSYmbol "EVM vs Symbol"

EVSC "EVM vs Symbol vs Carrier"
GDELay "Group Delay"

IRESponse "Impulse Response"
MCAPture "Magnitude Capture"
MTABle "Marker Table"

PCARrier "Power vs Carrier"

PSC "Power vs Symbol vs Carrier"
PSPectrum "Power Spectrum"
PSYMbol "Power vs Symbol"
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Parameter value Window type
RSUMmary "Result Summary"
SFLow "Signal Flow"
TRIGger "Trigger to Sync"

LAYout:CATalog[:WINDow]?

Queries the name and index of all active windows in the active channel from top left to
bottom right. The result is a comma-separated list of values for each window, with the
syntax:

<WindowName_1>,<WindowIndex_1>..<WindowName_n>,<WindowIndex_n>

To query the name and index of all windows in all channels, use the LAYout :GLOBal:
CATalog[:WINDow]? command.

Return values:
<WindowName> string
Name of the window.
In the default state, the name of the window is its index.

<WindowlIndex> numeric value
Index of the window.

Example: LAY :CAT?
Result:
'2',2,'1',1
Two windows are displayed, named '2' (at the top or left), and "1’
(at the bottom or right).

Usage: Query only

LAYout:IDENtify[:WINDow]? <WindowName>
Queries the index of a particular display window in the active channel.

Note: to query the name of a particular window, use the L.AYout : WINDow<n>:
IDENtify? query.

To query the index of a window in a different channel, use the LAYout :GLOBal :
IDENtify[:WINDow]? command.

Query parameters:
<WindowName> String containing the name of a window.

Return values:

<WindowlIndex> Index number of the window.

Example: LAY:IDEN:WIND? '2'
Queries the index of the result display named '2".
Response:
2
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Usage: Query only

LAYout:MOVE[:WINDow] <WindowName>, <WindowName>, <Direction>

Setting parameters:

<WindowName> String containing the name of an existing window that is to be
moved.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows in the active
channel, use the LAYout :CATalog [ :WINDow] ? query.

<WindowName> String containing the name of an existing window the selected
window is placed next to or replaces.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows in the active
channel, use the LAYout : CATalog [ :WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow | REPLace

Destination the selected window is moved to, relative to the ref-
erence window.

Example: LAY:MOVE '4','l',6LEFT
Moves the window named '4' to the left of window 1.
Example: LAY:MOVE '1','3',REPL
Replaces the window named '3' by window 1. Window 3 is
deleted.
Usage: Setting only

LAYout:REMove[:WINDow] <WindowName>
Removes a window from the display in the active channel.

Setting parameters:
<WindowName> String containing the name of the window. In the default state,
the name of the window is its index.

Example: LAY:REM '2'
Removes the result display in the window named '2'".

Usage: Setting only

LAYout:REPLace[:WINDow] <WindowName>,<WindowType>

Replaces the window type (for example from "Diagram" to "Result Summary") of an
already existing window in the active channel while keeping its position, index and win-
dow name.

To add a new window, use the LAYout : ADD[ : WINDow] ? command.
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Setting parameters:

<WindowName> String containing the name of the existing window.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows in the active
channel, use the LAYout : CATalog [ :WINDow] ? query.

<WindowType> Type of result display you want to use in the existing window.
See LAYout :ADD[ :WINDow] ? on page 231 for a list of availa-
ble window types.
Note that the window type must be valid for the active channel.
To create a window for a different channel, use the LAYout :
GLOBal:REPLace[:WINDow] command.

Example: LAY:REPL:WIND '1l',MTAB
Replaces the result display in window 1 with a marker table.

Usage: Setting only

LAYout:WINDow<n>:ADD? <Direction>,<WindowType>

Adds a measurement window to the display. Note that with this command, the suffix
<n> determines the existing window next to which the new window is added. Unlike
LAYout :ADD[ :WINDow] ?, for which the existing window is defined by a parameter.

To replace an existing window, use the LAYout : WINDow<n>:REPLace command.

Is always used as a query so that you immediately obtain the name of the new window
as a result.

Suffix:
<n> Window

Query parameters:
<Direction> LEFT | RIGHt | ABOVe | BELow

<WindowType> Type of measurement window you want to add.
See LAYout:ADD[ :WINDow] ? on page 231 for a list of availa-
ble window types.
Note that the window type must be valid for the active channel.
To create a window for a different channel, use the LAYout:
GLOBal:ADD[:WINDow]? command.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY :WIND1:ADD? LEFT,MTAB
Result:
A 2 A
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only
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LAYout:WINDow<n>:IDENtify?

Queries the name of a particular display window (indicated by the <n> suffix) in the
active channel.

Note: to query the index of a particular window, use the LAYout : TDENtify [ :
WINDow] ? command.

Suffix:
<n> Window

Return values:
<WindowName> String containing the name of a window.
In the default state, the name of the window is its index.

Example: LAY :WIND2:IDEN?
Queries the name of the result display in window 2.
Response:
A} 2 A}

Usage: Query only

LAYout:WINDow<n>:REMove
Removes the window specified by the suffix <n> from the display in the active channel.
The result of this command is identical to the L.AYout : REMove [ :WINDow] command.

To remove a window in a different channel, use the LAYout : GLORal : REMove [ :
WINDow] command.

Suffix:
<n> Window
Example: LAY :WIND2:REM
Removes the result display in window 2.
Usage: Event

LAYout:WINDow<n>:REPLace <WindowType>

Changes the window type of an existing window (specified by the suffix <n>) in the
active channel.

The effect of this command is identical to the LAYout :REPLace [ :WINDow] com-
mand.

To add a new window, use the LAYout : WINDow<n>:ADD? command.

Suffix:
<n> Window
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Setting parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout:ADD[ :WINDow] ? on page 231 for a list of availa-
ble window types.
Note that the window type must be valid for the active channel.
To create a window for a different channel, use the LAYout :
GLOBal :REPLace [ :WINDow] command.

Example: LAY :WIND2:REPL MTAB
Replaces the result display in window 2 with a marker table.

Usage: Setting only

LAYout:WINDow<n>:TYPE <WindowType>

Queries or defines the window type of the window specified by the index <n>. The win-
dow type determines which results are displayed. For a list of possible window types,
see LAYout :ADD[ :WINDow] ? on page 231.

Note that this command is not available in all applications and measurements.

Suffix:
<n> 1..n
Window
Parameters:
<WindowType>
Example: LAY :WIND2:TYPE?

8.7 Retrieving results

The following commands are required to retrieve the calculated OFDM VSA parame-

ters.

o Retrieving NUMErICal rESUILS.........uuiiiiiiiiiie e 237
e Retrieving signal floOW reSUIS........cccoiiiiiiccieee e 242
e Retrieving trace data and marker values..............ooorvrriiiiiiiiiiiicccccrie e, 246
e Using the TRACEe[:DATA] COMMANA..........ccoiiiiiiiiiiiiiiicccere i e e e e e e e e e e e e e e e e e eeeneeens 255

8.7.1 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:BURSECOUNL 2. L.ttt et e e et et e et e e e e e e e e aeaeeeas 239
FETCh:BURSELENGENS?. ...ttt ettt et e e e e e e e e e a e e e e enns 239
FETCh: BURSE S TARLS 7. . ittt et e et e et e et e et e e e ea e et e eeaaeanaeen 239
] O RS0 =Y o AN I 239
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FETCh:SUMMary:CRESHMAXIMUM . ...ttt ettt et e e e e e e e e e e eeaae 240
FETCh:SUMMary:CRESHMINIMUM? ...ttt e e e e e 240
FETCh:SUMMary:CRESI:AVERAGE]?......veeereeeereseseeseseeseseesessesesseseseeseesessesessesesseseseaees 240
FETCh:SUMMary:EVM:DATAIMAXIMUM?.....iieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeieeennseasaesaeeeeaeaaaaees 240
FETCh:SUMMary:EVM:DATAIMINIMUM?....uiieiieiieeeeeecettieee e e e ettt eeeeeeteeeeeeeennaeeeeseesnnns 240
FETCh:SUMMary:EVM:DATA[AVERAGE]?.....ceeeeeeeeeeieininiiincciiaseieseseeeaaaaaaseseseeesesesessnnnnes 240
FETCh:SUMMary:EVM:DATA:PCT:MAXIMUM?.....cceieieieieceeeeeeeeeeeeeesene e e e e e e e e e e e e 240
FETCh:SUMMary:EVM:DATA:PCT:MINIMUM ...ttt et e e e e 240
FETCh:SUMMary:EVM:DATA:PCT[:AVERAQGE]?.... eeueeeeeeeeeee ettt ee e 240
FETCh:SUMMary:EVM:PILOE:MAXIMUM?....ciiiieee et e e e e e e e e e e e e e e e eeeeeeeeeees 240
FETCh:SUMMary:EVM:PILOGMINIMUM?. ..uuuiiiieeieieeeeeeeeeeeeeeeeeeeeeeeeeererebabaaann e e e s e s eeaeeeas 240
FETCh:SUMMary:EVM:PILOt:AVERAQGE]?.....cceeeiieieieeeieeiieeeeeeeeae e e e e e eetaeeeeeeeeataeeeeeeeennan 240
FETCh:SUMMary:EVM:PILOt:PCT:MAXIMUM?.....ceeieeeieeeeieiiiiiiiieeeesese e e e e e e eeaaeaeeeeeeeeeenenens 241
FETCh:SUMMary:EVM:PILOt:PCTMINIMUM ...ttt 241
FETCh:SUMMary:EVM:PILOt:PCT[:AVERGAQGE]? ... ettt ettt 241
FETCh:SUMMary:EVM[:ALL]:MAXIMUM ...ttt e s ee e e e e e e 241
FETCh:SUMMary:EVM[:ALLLMINIMUM?. ...ueieaeeae e e e e ee e e e ee e eeeeeeeeeeeeneesess e e e e e e e e e e e 241
FETCh:SUMMary:EVM[ALLILAVERAGE]?. v vveveveeeereeeeseeeeeeeeeeesesesesessesesessesessesessssseensneas 241
FETCh:SUMMary:EVM[:ALL]:PCT:MAXIMUM?.....cciiiiiiieeeeetiiieeeee e et e eeeeeevnneseeeeestanaeeaeees 241
FETCh:SUMMary:EVM[:ALLL:PCT:MINIMUM?...uiiiieeeiieeeee et e e e e e e e 241
FETCh:SUMMary:EVM[:ALL]:PCT[:AVERGAQGE]?. ... ettt ettt e e e 241
FETCh:SUMMary:FERROIMAXIMUM?....iieeeei ettt ettt e e e e e e e e e 241
FETCh:SUMMary:FERROIMINIMUM?...ceieiieeie ettt e e e e e e e e 241
FETCh:SUMMary:FERROI:AVERGAGE]?......cceteeeeeeiieieieinniiiaaaaaaeaeseeeeeeaaaaeseeeeseeeeeneennnsnnnnns 241
FETCh:SUMMary:GIMBalance:MAXIMUM?......uuiieeeeeiiiieeeeeeeticieeeeeeenteseeeeeetnneeeeseennannnns 241
FETCh:SUMMary:GIMBalance:MINIMUM?........ccuiiieiiiiiiieieeeeeeiieeeeeeeeeteeeeeeeernneeeeeeeeranns 241
FETCh:SUMMary:GIMBalanCe[:AVERAGE]?....uuuuuuieiieieieieeeeeeeeeeeeeeeeeeeeeseeesinnnnnnn e e e e 241
FETCh:SUMMary:IQOFfset:MAXIMUM? ..ot e e e e e e e e e e e e e eeeeeeeeeees 241
FETCh:SUMMary:IQOFfset:MINIMUM .. .cene et e 241
FETCh:SUMMary:IQOFfSEt[:AVERAQJE]?...ceerreeurnrnuunaaaaaaaeeeeeeeeeeeeeeeeeeeeeeeeeanenaensnnnnnnns 241
FETCh:SUMMary:MER[ALLLEMAXIMUM?...euvuririiuiiieieieeeeseeeeeeeeeeesereeeeeeesessssssernnnnnnnnnnns 241
FETCh:SUMMary:MER[:ALLIMINIMUM?...eeitiiieeeeitiiieeee ettt seeeeeetnteseeeseetaneseessestaneaaeens 241
FETCh:SUMMary:MER[:ALL][:AVERAJE]?.....ccceieieeeeeeeeeeeitiintitcsesese s e e e e e aeaaaaaaeeeeeeeesssnnens 241
FETCh:SUMMary:MER:DATA:MAXIMUM? ... ettt e e e e e e e e e eaae 241
FETCh:SUMMary:MER:DATA:MINIMUM?. ...ttt e e e e e 241
FETCh:SUMMary:MER:PILOtMAXIMUM?....niiiiieeie et e e e e e e e e e ea e 241
FETCh:SUMMary:MER:PILOtMINIMUM?....ceeeiiiieiiiiieieeeaaaeae e e e e eeeeeaeeeeeeeeeeeeeaeeenennnnnnnnnnns 241
FETCh:SUMMary:POWErMAXIMUM?..........ceeeeeeeerereritteiiiaaaaeseseseeeaeaeseseseeeeesessssssarssnnnnns 241
FETCh:SUMMary:POWEr:MINIMUM?......ciiiiiiriieieeeietiieeeeeeetttie s eeeeeetaeeeeeeestaeeeesessannaeaaens 241
FETCh:SUMMary:POWEIT:AVERAQE]?...uuuuuuiiiieieieieeeeeaeaeieeeeeeeeeeeesasstnsnnaannaaseeeeaeaeaaaans 241
FETCh:SUMMary:QUADEIOr:MAXIMUM?.....cciiiiiiiiieieinieieaeaaaae e e s e e aaaaeaaaeeeeeeeeeaessssnsnnnnan 241
FETCh:SUMMary:QUADEITOr:MINIMUM?.....ieiieeeeeeee ettt e e e e e e e e e e e aaeeeeeeeees 241
FETCh:SUMMary:QUADEITOI:AVERAQGE]?. .. . aaaeieieeeeeeeeeeeeeee e ee e e e e e e 241
FETCh:SUMMary:SERROIMAXIMUM?....cciiiieeieeeeeeeeeeeeeeeeietese s se s e s e e e e e e e aaaeaaeeeeeeeeennnes 241
FETCh:SUMMary:SERROIMMINIMUM?....uuiiiiiiiiiie et e et e e e e e et e e e e e e e e e e eeenaa s 241
FETCh:SUMMary:SERROIT:AVERAGE]?....uuuuiieieieieeieeeeeeeeee e eeeeeeeeetarnannnnsssn e s e e e e e eaaaaaes 241
FETCh:SUMM:<parameter>:<statiStiC™.........uceieiieiiiiiieieeiieiiieeeeeeeereeseeeeeeraaeeeeeeeebaaeeeeees 241
[ = 1O o B I I =T L= R 241
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FETCh:BURSt:COUNt?
Returns the number of analyzed bursts from the current capture buffer.

Return values:

<Value>

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

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

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

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
(See "Result Summary" on page 28.)

For details on the individual parameters, see Chapter 2.1, "OFDM VSA parameters",
on page 9.
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Return values:

<Result> <EVMAII_dB_Min><EVMAIl_dB_Avg>,<EVMAIl_dB_Max>,
<EVMAII_PCT_Min><EVMAIl_PCT_Avg><EVMAIl_PCT_Max>
, <EVMData_dB_Min><EVMData_dB_Avg>,<EVM-
Data_dB_Max>, <EVMData_PCT_Min>,<EVM-
Data_PCT_Avg>,<EVMData_PCT_Max>, <EVMPi-
lot_dB_Min>,<EVMPilot_dB_Avg>,<EVMPilot_dB_Max>, <EVM-
Pilot PCT_Min>,<EVMPilot_PCT_Avg>,<EVMPilot PCT_Max>,
<MER_Min><MER_Avg>,<MER_Max>, <I/QOffset_Min>,<I/
QOffset_Avg>,<I/QOffset Max>, <Gainlmbalance Min>,<Gain-
Imbalance_Avg>,<Gainimbalance_Max>, <QuadEr-
ror_Min>,<QuadError_Avg>,<QuadError_Max>, <Fre-
gErr_Min> ,<FreqErr_Avg>,<FreqErr_Max>, <SampleClock-
Err_Min>,<SampleClockErr_Avg>,<SampleClockErr_Max>,
<FramePower_Min> <FramePower_Avg>,<FramePower_Max>,
<CrestFactor_Min>,<CrestFactor_Avg>,<CrestFactor_Max>,

Comma-separated list with 3 statistical values for each result.

Example: FETC:SUMM:ALL?
//-34.6742,-34.6742,-34.6742,
//1.84624,1.84624,1.84624,
//-34.5875,-34.5875,-34.5875,
//1.86477,1.86477,1.864717,
//-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 28

FETCh:SUMMary:CRESt:MAXimum?
FETCh:SUMMary:CRESt:MINimum?
FETCh:SUMMary:CRESt[:AVERage]?
FETCh:SUMMary:EVM:DATA:MAXimum?
FETCh:SUMMary:EVM:DATA:MINimum?
FETCh:SUMMary:EVM:DATA[:AVERage]?
FETCh:SUMMary:EVM:DATA:PCT:MAXimum?
FETCh:SUMMary:EVM:DATA:PCT:MINimum?
FETCh:SUMMary:EVM:DATA:PCT[:AVERage]?
FETCh:SUMMary:EVM:PILot:MAXimum?
FETCh:SUMMary:EVM:PILot:MINimum?
FETCh:SUMMary:EVM:PILot[:AVERage]?
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FETCh:SUMMary:EVM:PILot:PCT:-MAXimum?
FETCh:SUMMary:EVM:PILot:PCT:MINimum?
FETCh:SUMMary:EVM:PILot:PCT[:AVERage]?
FETCh:SUMMary:EVM[:ALL]:MAXimum?
FETCh:SUMMary:EVM[:ALL]:MINimum?
FETCh:SUMMary:EVM[:ALL][:AVERage]?
FETCh:SUMMary:EVM[:ALL]:PCT:-MAXimum?
FETCh:SUMMary:EVM[:ALL]:PCT:MINimum?
FETCh:SUMMary:EVM[:ALL]:PCT[:AVERage]?
FETCh:SUMMary:FERRor:MAXimum?
FETCh:SUMMary:FERRor:MINimum?
FETCh:SUMMary:FERRor[:AVERage]?
FETCh:SUMMary:GlMBalance:MAXimum?
FETCh:SUMMary:GiMBalance:MINimum?
FETCh:SUMMary:GiMBalance[:AVERage]?
FETCh:SUMMary:1QOFfset:MAXimum?
FETCh:SUMMary:lIQOFfset:MINimum?
FETCh:SUMMary:IQOFfset[:AVERage]?
FETCh:SUMMary:MER[:ALL]:MAXimum?
FETCh:SUMMary:MER[:ALL]:MINimum?
FETCh:SUMMary:MER[:ALL][:AVERage]?
FETCh:SUMMary:MER:DATA:MAXimum?
FETCh:SUMMary:MER:DATA:MINimum?
FETCh:SUMMary:MER:PILot:MAXimum?
FETCh:SUMMary:MER:PILot:MINimum?
FETCh:SUMMary:POWer:MAXimum?
FETCh:SUMMary:POWer:MINimum?
FETCh:SUMMary:POWer[:AVERage]?
FETCh:SUMMary:QUADerror:MAXimum?
FETCh:SUMMary:QUADerror:MINimum?
FETCh:SUMMary:QUADerror[:AVERage]?
FETCh:SUMMary:SERRor:MAXimum?
FETCh:SUMMary:SERRor:MINimum?
FETCh:SUMMary:SERRor[:AVERage]?
FETCh:SUMM:<parameter>:<statistic>

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 Chapter 2.1,
"OFDM VSA parameters", on page 9.

FETCh:TTFRame?

Retrieves the time offset between the trigger event and the start of the first OFDM
frame.

Return values:
<Time>

Example: FETC:TTFR?
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Usage: Query only

Manual operation:  See "Trigger to Sync" on page 29

8.7.2 Retrieving signal flow results

The following commands are required to retrieve the results of the signal flow stages.

See also "Signal Flow" on page 29

FETCN:SFLOWIFSYNGC?...ciiittirttiiiiiiiiieeaieieieseeeeeeeeeeeeeeeeeeeesssssarasanaaiaseseesaaasassesserereens 242
FETCN:SFLOW:STATEIALL?...ceeiiiiee ettt e ettt e e e e e e e e e e e e et e e e e eeaba e eeeeernaanns 242
FETCh:SFLOW:STATE:BDETECHON?....eniitieieie ettt et e e e e e e e e e e e s e ranens 243
FETCh:SFLOW:STATE:COMPENSALE?......eiiieeiii ettt e et e et e e e eeeena s 243
FETCh:SFLOW:STATE: DESTIMAtION?. e ettt e e e e e eneens 244
FETCH:SFLOW:STATE:EVMMEAS?....uu i ciieieeeieeeeeeeeiieeeeeeeeateeeeeseetaseesseeaesaeseeseesnnneeaereees 244
FET CN:SFLOW:STATEIFSYNC?. . ceen it eeeee ettt et e et e e et e e e e e e e e e eeaneeeeanneeeean 244
FETCh:SFLOW:STATEIMDETECHON?...cvuueieeeietiiiee et eetteeeeeeeeetee e e e e eetraaeeeeeessaaseeeeeernnaeaaes 245
FETCh:SFLOW:STATE:PESTIMAtiON?. ...ttt e e e e e e e e e e e e e en e 245
L e O g RS Y o W o R AN =T IS 1 (o3 245
[ = O g RS Y o oYY I Vo PN 246

FETCh:SFLow:FSYNc?
Returns the Frame Synchronisation value.

Return values:

<Value>
Example: FETC:SFL:FSYN?
Usage: 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> FAIL
Not successful
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PASS
Successful

WARN
Warning occurred

DiSabled
Inactive
Example: FETC:SFL:STAT:ALL?

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Usage: Query only

FETCh:SFLow:STATe:BDETection?
Returns the state of the burst detection stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:BDET?

Usage: Query only

FETCh:SFLow:STATe:COMPensate?
Returns the state of the compensation stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:COMP?

Usage: Query only
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FETCh:SFLow:STATe:DESTimation?
Returns the state of the data-aided parameter estimation stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
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> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:EVMM?

Usage: Query only

FETCh:SFLow:STATe:FSYNc?
Returns the state of the frame synchronization stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:FSYN?
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FETCh:SFLow:STATe:MDETection?
Returns the state of the modulation detection stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DISabled
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> FAIL
Not successful

PASS
Successful

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:PEST?

Usage: Query only

FETCh:SFLow:STATe:TSYNc?
Returns the state of the time synchronization stage of the signal flow.

Return values:
<Value> FAIL
Not successful

PASS
Successful

WARN
Warning occurred
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DiSabled

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 215

Remote commands exclusive to retrieving trace data and marker values:

CALCUIate<n>:DELTAMArKEr<mM> Y 2. . couuieeeeeeieteieeeeeetieeeeeeeeetaeeeesertateeeeerestaseesersrananns 246
CALCulate<n>:DELTamarker<m>:Y:RELAVE?..........ceeeeiiiiiiieeeieieireeeeeeeevieeeeeeeeere e eeeens 247
CALCuUlate<n>:DELTAMArKEr<M>:Z.....ccuuieeeeieieieeeeeeeeeiieeeeeeeeeae e e e e s eetaeeeeeeeabaeeeeseesnnnnnns 247
CALCUIAte<N>MARKEISIMZIY 2. ..ottt et e e e e e e e e e e e eae e e eeaaeeennnnnns 248
CALCUIAtESN>IMARKEISIMSIZ. .. ettt et e e et e e et ae e e e e e e e e e e e e et eeennnas 248
FORMEILDATA et eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseseseseseseeeseseseseseeeseseseseseseeeseseseseeeesesaseseseseeen 249
FORMat:DEXPOI:DSEPAratOr. ... .ccccevuiieeeeeiietiieeeeeeettiee e e e e ettt eeeeeerstteseesseeraaeeeeseennanenns 250
FORMAAt DEXPOIGRAP K. ettt ettt et e e et et e e e ea e en e e e enenenanns 250
FORMat:DEXPOIMHEADET......... et e et e e e ee e et eeeeaeeeenaeaes 250
FORMAt:DEXPOM:TRACES. .....uneeeeee et e et e e et e e e e e eee e e e e enneas 251
MMEMOIY:STORESNZTRACE. ...cetttieturenuuuaaaaaaeieeeeeeeaaaeeeteeeteeeeeeeerernrnsnnnnnnaaaaaaeaeeeaaaaaeees 251
TRACENSDATA]Z. et et eeeeeeeeeeeeeereseeeeeeeeeeeseseeeseeseeeseseseseseeeseseseaesesseseseseseseseeseeseseseaees 251
TRACENS[DATALX?: et eeeeeeeeeeeeeeeeeeeeeeeeseseseseseseseeeseseeeeeasseseseseseseseseseseeeeeeeesesseseseneeen 252
TRACENSDATALY 2.t eeeeeeeeeeeeeeeeeeeeeeeeee e s seseseseseseeeee et et ee e s seseseseseseseseeeeeeeesenenesesesesen 252
RV O (@ A N P 253
TRACEIQ:DATAIFORMAL. ...ttt e et e e e et e e e e e e ene e saernsanrnnans 254
TRACEIQ:DATAIMEMOIY ?.c.eteteeeaaaaaeae e e e e e e e e aeaeee et et e eeeeaeaeantnsnnn e aaaaeaeaeeeeeaaaaaaaaaanenee 254

CALCulate<n>:DELTamarker<m>:Y?
Queries the result at the position of the specified delta marker.

Suffix:
<n> 1..n
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<m> 1..n

Return values:

<Result> Result at the position of the delta marker.
The unit is variable and depends on the one you have currently
set.

Default unit: DBM
Usage: Query only

Manual operation: See " ~Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "Y-value" on page 117

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
<m> 1..n
Marker
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
<m> 1..n
Marker
Parameters:
<Result> 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.
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Example: //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:DELT2:77

Example: //Define constellation vs. symbol display
LAY:ADD? '1',RIGH,CSYM
//Set delta marker 2 at carrier 1
CALC2:DELT2:Z 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> 1..n
<m> 1..n

Return values:
<Result> Default unit: DBM

Usage: Query only

Manual operation: See "Marker Table" on page 24
See "m ~Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker
16" on page 116
See "Y-value" on page 117

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> 1..n
Window
<m> 1..n
Marker
Parameters:
<Result> 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.

User Manual 1178.5637.02 — 12 248



R&S®VSE-K96 Remote commands for OFDM VSA

Retrieving results

Example: //Define a power vs. symbol vs. carrier display
LAY:ADD? '1',RIGH, PSC
//Set marker 2 at carrier 2
CALC2:MARK2:Y 2
//Query the marker result for carrier 2
CALC2:MARK2:77?

Example: //Define constellation vs. carrier display
LAY:ADD? '1',RIGH,CCAR
//Set marker 2 at symbol 3
CALC2:MARK2:7Z 3
//Query the marker result for symbol 3.
CAL2:MARK2:Y?

Manual operation: See "Constellation Diagram" on page 14
See "Constellation vs Carrier" on page 16
See "Constellation vs Symbol" on page 17
See "EVM vs Symbol vs Carrier" on page 20
See "Power vs Symbol vs Carrier" on page 26

FORMat[:DATA] <Format>[, <BitLength>]

Selects the data format that is used for transmission of trace data from the R&S VSE to
the controlling computer.

Note that the command has no effect for data that you send to the R&S VSE. The
R&S VSE automatically recognizes the data it receives, regardless of the format.

Parameters:

<Format> 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".

<BitLength> Length in bits for floating-point results

16

16-bit floating-point numbers.

Compared to REAL, 32 format, half as many numbers are
returned.

32

32-bit floating-point numbers

For 1/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.
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Example: FORM REAL, 32

FORMat:DEXPort:DSEParator <Separator>

Selects the decimal separator for data exported in ASCII format.
Parameters:

<Separator> POINt | COMMa

COMMa
Uses a comma as decimal separator, e.g. 4,05.

POINt
Uses a point as decimal separator, e.g. 4.05.

*RST: *RST has no effect on the decimal separator.
Default is POINt.

Example: FORM:DEXP:DSEP POIN
Sets the decimal point as separator.

Manual operation: See "Decimal Separator” on page 124

FORMat:DEXPort:GRAPh <State>

If enabled, all traces for the currently selected graphical result display are included in
the export file.

Trace data resulting from encrypted file input cannot be queried.

Parameters:

<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0

Manual operation: See "Export All Traces for Selected Graph" on page 123

FORMat:DEXPort:HEADer <State>

If enabled, additional instrument and measurement settings are included in the header
of the export file for result data. If disabled, only the pure result data from the selected
traces and tables is exported.

Trace data resulting from encrypted file input cannot be queried.

Parameters:
<State> ON|OFF |01

*RST: 1

Manual operation: See "Include Instrument & Measurement Settings" on page 123
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FORMat:DEXPort:TRACes <Selection>

Selects the data to be included in a data export file (see MMEMory : STORe<n>: TRACe
on page 251).

Trace data resulting from encrypted file input cannot be queried.
Parameters:
<Selection> SINGle | ALL

SINGle
Only a single trace is selected for export, namely the one speci-
fied by the MMEMory : STORe<n>: TRACe command.

ALL

Selects all active traces and result tables (e.g. "Result Sum-
mary", marker peak list etc.) in the current application for export
to an ASClII file.

The <trace> parameter for the MMEMory : STORe<n>: TRACe
command is ignored.

*RST: SINGle

Manual operation: See "Export all Traces and all Table Results" on page 123

MMEMory:STORe<n>:TRACe <Trace>, <FileName>
Exports trace data from the specified window to an ASCII file.
You cannot query trace data resulting from encrypted file input.

For details on the order of the trace results depending on the display type, see Chap-
ter 8.7.4, "Using the TRACe[:DATA] command", on page 255.

Suffix:

<n> Window

Parameters:

<Trace> Number of the trace to be stored

<FileName> String containing the path and name of the target file.
Example: MMEM: STOR1:TRAC 1, 'C:\TEST.ASC'

Stores trace 1 from window 1 in the file TEST . ASC.

Manual operation: See "Export Trace to ASCII File" on page 124

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 Chapter 8.7.4, "Using the TRACe[:DATA] command",
on page 255.
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Trace data resulting from encrypted file input cannot be queried.

Suffix:
<n> 1..n
Window
Query parameters:
<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES5 | TRACE®6
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267
Usage: Query only

Manual operation: See "Allocation Matrix" on page 11

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 Chapter 8.7.4, "Using the
TRACe[:DATA] command", on page 255.

Trace data resulting from encrypted file input cannot be queried.

Suffix:
<n> 1..n
Window
Query parameters:
<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES5 | TRACEG6
Example: TRAC2:DATA:X?
Example: See Chapter 8.10.1, "Example 1: analysis using a predefined

configuration file", on page 267
Usage: Query only

Manual operation: See "Allocation Matrix" on page 11
See "CCDF" on page 13
See "Channel Flatness" on page 14
See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 19
See "EVM vs Symbol vs Carrier" on page 20
See "Group Delay" on page 21
See "Impulse Response" on page 22
See "Magnitude Capture" on page 23
See "Power vs Carrier" on page 24
See "Power vs Symbol" on page 25
See "Power vs Symbol vs Carrier" on page 26

TRACe<n>[:DATA]:Y? [<Trace>]

Returns the y-values for 3-dimensional trace data in the selected result display.
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For information on how many values are returned see Chapter 8.7.4, "Using the
TRACe[:DATA] command", on page 255.

Trace data resulting from encrypted file input cannot be queried.

Suffix:

<n> 1..n
Window

Query parameters:

<Trace>

Example: TRAC2:DATA:Y?

Example: See Chapter 8.10.1, "Example 1: analysis using a predefined
configuration file", on page 267

Usage: Query only

Manual operation: See "Allocation Matrix" on page 11
See "EVM vs Symbol vs Carrier" on page 20
See "Power vs Symbol vs Carrier" on page 26

TRACe:IQ:DATA?

Initiates a measurement with the current settings and returns the captured data from
I/Q measurements.

Corresponds to:

INIT:IMM; *WAT; : TRACe: IQ:DATA:MEMory?

However, the TRACe : IQ: DATA? command is quicker in comparison.
Trace data resulting from encrypted file input cannot be queried.

Return values:
<Results> Measured voltage for | and Q component for each sample that
has been captured during the measurement.

Default unit: V

Example: TRAC:IQ:STAT ON
Enables acquisition of 1/Q data
TRAC:IQ:SET NORM, 10MHz, 32MHz, EXT, POS,0,4096
Measurement configuration:
Sample Rate = 32 MHz
Trigger Source = External
Trigger Slope = Positive
Pretrigger Samples =0
Number of Samples = 4096
FORMat REAL, 32
Selects format of response data
TRAC:IQ:DATA?
Starts measurement and reads results

Usage: Query only
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TRACe:IQ:DATA:FORMat <Format>
Selects the order of the 1/Q data.

Parameters:

<Format> COMPatible | IQBLock | IQPair
COMPatible
I and Q values are separated and collected in blocks: A block
(512k) of | values is followed by a block (512k) of Q values, fol-
lowed by a block of | values, followed by a block of Q values etc.
(LL,11,Q,Q,Q,Q,LLLLQ,Q,Q,Q...)

IQBLock

First all I-values are listed, then the Q-values
(LLLLLL...Q,Q,Q,Q,Q,Q)

IQPair

One pair of I/Q values after the other is listed
(L,Q,1L,Q,L,Q...).

*RST: IQBL

TRACe:IQ:DATA:MEMory? [<OffsetSamples>,<NoOfSamples>]
Queries the 1/Q data currently stored in the capture buffer of the R&S VSE.

By default, the command returns all I/Q data in the memory. You can, however, narrow
down the amount of data that the command returns using the optional parameters.

If no parameters are specified with the command, the entire trace data is retrieved.

In this case, the command returns the same results as TRACe : 10 : DATA?. (Note, how-
ever, that the TRAC: 1Q: DATA? command initiates a new measurement before return-
ing the captured values, rather than returning the existing data in the memory.)

Trace data resulting from encrypted file input cannot be queried.

The command returns a comma-separated list of the measured values in floating point
format (comma-separated values = CSV). The number of values returned is 2 * the
number of complex samples.

The total number of complex samples is displayed in the channel bar in manual opera-
tion and can be calculated as:

<SampleRate> * <CaptureTime>

Query parameters:

<OffsetSamples> Selects an offset at which the output of data should start in rela-
tion to the first data. If omitted, all captured samples are output,
starting with the first sample.

Range: 0 to <# of samples> — 1, with <# of samples> being
the maximum number of captured values
*RST: 0
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<NoOfSamples> Number of samples you want to query, beginning at the offset
you have defined. If omitted, all captured samples (starting at
offset) are output.

Range: 1 to <# of samples> - <offset samples> with <# of
samples> maximum number of captured values
*RST: <# of samples>
Return values:
<lQData> Measured value pair (1,Q) for each sample that has been recor-
ded.

The data format of the individual values depends on FORMat | :
DATA] on page 249.

Default unit: V

Example: /I Perform a single 1/Q capture.
INIT; *WAT

/I Determine output format (binary float32)
FORMat REAL, 32

/l Read 1024 1/Q samples starting at sample 2048.
TRAC:IQ:DATA:MEM? 2048,1024

Usage: Query only

Using the TRACe[:DATA] command

This chapter 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.

Trace data resulting from encrypted file input cannot be queried.

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 249.

Following this detailed description, you find a short summary of the most important
functions of the TRACe<n>[:DATA] ? command.

I N1 ToYor=Y i (o] a T 1 1=11 ) ST TR 256
L 11 oY (=T |0 VTR 256
(0107 ] TR 256
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8.7.4.1 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).

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 252.

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 252.

8.7.4.2 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".

8.7.4.3 CCDF

The command returns the complementary cumulative probability distribution for each
sample in the capture buffer, relative to the average power.

O To obtain a list of the average power per sample, use TRACe<n>:DATA:X? TRACel,
= see TRACe<n>[:DATA] :X? on page 252.
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8.7.4.4 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.

e TRACE1

Returns the average power over all frames.
® TRACE2

Returns the minimum power found over all frames.
e TRACES3

Returns the maximum power found over all frames.

8.7.4.5 Constellation diagram

The command returns two values (1/Q) for each constellation point, for each carrier, in
each symbol, in each frame, as defined in the Allocation matrix.

User Manual 1178.5637.02 — 12

<I[Fol[Sym][Carr]>,
<I[Fol[Sym4][Carr]>,

<I[Fo][Sym,][Carr]>,
<I[F4][Symc][Carro]>,

<I[F{][Sym4][Carro]>,

<I[F,][Sym.][Carro]>,

Where:
® [ =frame

<Q[Fol[Symo][Carro]>, ...,
<Q[Fol[Sym4][Carrg]>, ...,

<Q[Fol[Sym.][Carrg]>, ...,
<Q[F4I[Sym][Carrg]>, ...,

<Q[F4][Sym4][Carro]>, ...,

<Q[F,J[Sym,][Carro]>, ...,

® Sym = symbol of that subframe

® Carr = subcarrier in that symbol

The | and Q values have no unit.

<I[Fol[Symcl[Carr,]>,
<I[Fol[Sym4][Carr,]>,

<I[Fo][Sym,][Carr,]>,
<I[F4][Symc][Carr,]>,

<I[F+][Sym4][Carr,]>,

<I[Fo][Sym,][Carr,]>,

<Q[Fo][Symgl[Carr,]>,
<Q[Fol[Sym4][Carry]>,

<Q[Fol[Sym.][Carr,]>,
<Q[F4I[Sym¢][Carr,]>,
<Q[F][Sym,][Carr,]>,

<Q[F,J[Sym,][Carr,]>

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.
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@ Results for trace export (MMEM:STOR:TRAC)

Note that for the trace export feature, the results are different to the TRACe<n> [ :
DATA] 2 results (see MMEMory : STORe<n>: TRACe on page 251):

® Only the constellation activated in the Constellation diagram is exported (see
CONFigure:FILTer<n>:MODulation and CONFigure: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 on page 204)

— 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 |

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
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8.7.4.6 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 8-4: Results for TRACe1:DATA? TRACe1

<I[Fol[Carro][Symq]>,<I[Fol[Carro][Sym.]>, ..., <I[Fo][Carro][Sym,]>,
<I[Fol[Carry[Symg]]>,<I[Fo][Carry[Symy]]> , ..., <I[Fo][Carr;][Sym,]>,

<I[Fol[Carry][Symq]>,<I[Fol[Carry][Symq]> , ..., <I[Fol[Carr.][Sym,]>,
<I[F1][Carro][Symg]>,<I[F4][Carro][Symq]> , ..., <I[F4][Carro][Sym,]>,
<I[F4][Carry][Symg]>,<I[F4][Carr;][Symi]> , ..., <I[F4][Carr;][Sym,]>,

<I[Fql[Carry][Symgl>,<I[F J[Carr ][Symi]> , ..., <I[F,][Carr,][Sym,]>

Where:

® [ =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 252.

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

8.7.4.7 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? TRACe?2 returns Q values

The | and Q values have no unit.
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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 252.

Example for a result length of 4:
0,0,00,..,0,1,1,11,...,1,2222,...,23333...,3

8.7.4.8 EVM vs carrier

The command returns one value for each carrier that has been analyzed.

The following parameters are supported.

® TRACE1

Returns the average EVM over all symbols.
® TRACE2

Returns the minimum EVM found over all symbols.
® TRACES

Returns the maximum EVM found over all symbols.

8.7.4.9 EVM vs symbol

The command returns one value for each OFDM symbol that has been analyzed.

The following parameters are supported.

e TRACE1

Returns the average EVM over all carriers.
®* TRACE2

Returns the minimum EVM found over all carriers.
e TRACE3

Returns the maximum EVM found over all carriers.

8.7.410 EVM 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 following parameters are supported.

e TRACE1
Returns the EVM over all carriers.
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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 252.

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 252.

8.7.4.11 Group delay

The command returns one value for each trace point.
<group delay>,
The unit is always ns.

The following parameters are supported.

e TRACE1

Returns the average group delay over all frames.
® TRACE2

Returns the minimum group delay found over all frames.
e TRACES3

Returns the maximum group delay found over all frames.

8.7.4.12 Impulse response

The command returns one value for each trace point.

<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.

8.7.4.13 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
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8.7.4.14 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.

e TRACE1

Returns the average power over all symbols.
® TRACE2

Returns the minimum power found over all symbols.
e TRACES3

Returns the maximum power found over all symbols.

8.7.4.15 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.

e TRACE1

Returns the average power over all carriers.
® TRACE2

Returns the minimum power found over all carriers.
® TRACES

Returns the maximum power found over all carriers.

8.7.4.16 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][SymbO0][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.
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8.7.4.17

8.8

Status reporting system

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 252.

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 252.

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

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.

In this section, only the status registers/bits specific to the R&S VSE OFDM VSA appli-
cation are described.

For details on the common R&S VSE status registers refer to the description of remote
control basics in the R&S VSE 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 R&S VSE 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.
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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? on page 264
and STATus:QUEStionable:SYNC[:EVENt]? on page 264.

Table 8-5: Status error bits in STATus:QUEStionable:SYNC register for the R&S VSE 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.

The following commands query the contents of the individual status registers.

STATUs:QUEStIONable:SYNC:CONDItION?...uuuiieeiiitieeeeeeeeeteeeeeeeeetee e ee e et s e e e e e eenneeeeeeens 264
STATUs:QUEStIoNable:SYNCLEVENL] 2. e e 264
STATUS:QUESHIONADIE:SYNCENABIE. .. ..ttt e e e e e e e eneenas 264
STATus:QUEStionable:SYNCINTRANSIHION. ......c.uiiiiieeiii e 265
STATus:QUEStionable:SYNC:PTRANSItION. .......ccvueeeieieeeee e eeeee e e e eeeaans 265

STATus:QUEStionable:SYNC:CONDition? <ChannelName>
Reads out the CONDition section of the status register.
The command does not delete the contents of the EVENTt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:SYNC[:EVENt]? <ChannelName>
Reads out the EVENTt section of the status register.
The command also deletes the contents of the EVENt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:SYNC:ENABIe <BitDefinition>, <ChannelName>
Controls the ENABIe part of a register.
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The ENABIe part allows true conditions in the EVENt part of the status register to be
reported in the summary bit. If a bit is 1 in the enable register and its associated event
bit transitions to true, a positive transition will occur in the summary bit reported to the
next higher level.

Parameters:
<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:SYNC:NTRansition <BitDefinition>[,<ChannelName>]
Controls the Negative TRansition part of a register.

Setting a bit causes a 1 to 0 transition in the corresponding bit of the associated regis-
ter. The transition also writes a 1 into the associated bit of the corresponding EVENt

register.

Parameters:

<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:SYNC:PTRansition <BitDefinition>[,<ChannelName>]
These commands control the Positive TRansition part of a register.

Setting a bit causes a 0 to 1 transition in the corresponding bit of the associated regis-
ter. The transition also writes a 1 into the associated bit of the corresponding EVENt

register.

Parameters:

<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

8.9 Deprecated commands

Note that the following commands are maintained for compatibility reasons only. Use
the specified alternative commands for new remote control programs.

Note that this command is maintained for compatibility reasons only. Use the LAYout
commands for new remote control programs (see Chapter 8.6.2, "Working with win-
dows in the display", on page 230).
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CALCulate<n>:FEED <ResultDisplay>
This command selects the result display.

Note that this command is maintained for compatibility reasons only. Use the L.AYout
commands for new remote control programs (see Chapter 8.6.2, "Working with win-
dows in the display", on page 230).

Suffix:
<n> Window

Parameters for setting and query:
<ResultDisplay> String containing a short form of the result display.

'POW:PVSC’

(Power vs Symbol X Carrier)
'POW:PVCA'

(Power vs Carrier)
'POW:PVSY"

(Power vs Symbol)
'POW:CBUF'

(Capture Buffer)
'POW:PSPE'

(Power Spectrum)
'EVM:EVSC'

(EVM vs Symbol X Carrier)

'EVM:EVCA'
(EVM vs Carrier)

'EVM:EVSY"

(EVM vs Symbol)
'EVM:FERR'
(Frequency Error)
'EVM:PERR'

(Phase Error)
'CHAN:FLAT'

(Channel Flatness)
'CHAN:GDEL'

(Group Delay)
'CHAN:IRES'

(Impulse Response)
'CONS:CONS'
(Constellation Diagram)
'CONS:CVCA'
(Constellation vs Carrier)
'CONS:CVSY"
(Constellation vs Symbol)

'STAT:CCDF’
(CCDF)
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'STAT:SFLO'
(Signal Flow)

Example: CALC2:FEED 'POW:CBUF'
Selects the Capture Buffer result display for screen B.

8.10 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
R&S VSE 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.

8.10.1 Example 1: analysis using a predefined configuration file

This example uses input from the demo file WlanA 64QAM. iq. tar and the configura-
tion file wlanA 640QAM.xml, which are both provided in the directory:
C:\ProgramData\Rohde-Schwarz\VSE\<version no>\user\OFDM-VSA\.

Note: You must insert the correct path for your installation before executing this script.

/)= Preparing the measurement channel ------------
//Reset the software

*RST

DEVice:DELete:ALL

//Create OFDM VSA channel as replacement for default I/Q Analyzer channel
INST:CRE:REPL 'IQ Analyzer',OFDMVSA, 'MyOFDMVSA'

//Load I/Q data file for input
//Assign the file as input source for channel 1
INST:BLOC:CHAN:SETT:SOUR FILE

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INST:BLOC:CHAN:SETT:FILE:IQT 'WlanAf64QAM.iq.tar', 16000000

[/ == 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
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//Max 1 frame to be demodulated, result length = 100 symbols per frame
DEM:FORM:MAXF 1
DEM:FORM:NOFS 100

[/ == ———————— 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:

//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
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Programming examples: OFDM vector signal analysis

TRAC3:DATA:Y? TRACel
TRAC3:DATA? TRACel

//Retrieve trace data for filtered constellation diagram

TRAC4:DATA? TRACEL

8.10.2 Example 2: analysis with manual signal description

This signal uses input from the demo file WLANac 640AM 20MHz ShortCP.iqg.tar.

Note: You must insert the correct path for your installation before executing this script.

[/ === Preparing the measurement channel —--—--—-—-—-—-
//Reset the software

*RST

DEVice:DELete:ALL

//Create a second OFDM VSA channel
INST:CRE:NEW OFDMVSA, '"ManualOFDMVSA'

//Load I/Q data file for input

//Assign the file as input source for channel 'ManualOFDMVSA'
INST:SEL 'ManualOFDMVSA'

INST:BLOC:CHAN:SETT:SOUR FILE

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INST:BLOC:CHAN:SETT:FILE:IQT 'WLANac 64QAM 20MHz ShortCP.iqg.tar', 16000000

[/ =mmmmmmm—————— 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:GUARL:NSYM 10

CONF:SYMB:NGUL 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

//Bpply a channel filter with 6-dB bw = 15 MHz, 50-dB bw = 20 MHz
INP:FILT:CHAN ON

INP:FILT:CHAN:SDBB 15000000
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INP:FILT:CHAN:FDBB 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?
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 Chapter 5, "Creating a con-
figuration file using the wizard", on page 81.
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Common R&S VSE menus

A Menu reference

A1

A11

Most functions in the R&S VSE are available from the menus.

o  Common R&S VSE MENUS....cccoiiiiiiii ittt 273
OFDM vector signal analysisS MENUS.........oooiiiiiiiiiiiiieee e 275

Common R&S VSE menus

The following menus provide basic functions for all applications:

L 1 = 0 1T o LU 1R 273
L I VAV AT oo oV 5/ 1Y o T 274
L I =Y o 3 01 T T 275
File menu

The "File" menu includes all functionality directly related to any file operations, printing
or setting up general parameters.

For a description of these functions see the "Data Management" chapter in the
R&S VSE base software user manual.

Menu item Correspond- | Description
ing icon in
toolbar
Save Im Saves the current software configuration to a file
Recall H Recalls a saved software configuration from a file
Save 1Q Recording - Saves the recorded 1/Q data from a measurement channel to a
file
Recall 1Q Recording - Loads the recorded I/Q data from a file
Measurement Group > | - Configures measurement channels and groups
> New Group - Inserts a new group in the measurement sequence
> Rename Group - Changes the name of the selected group
> New Measurement - Inserts a new channel in the selected group
Channel
> Replace Measure- - Replaces the currently selected channel by the selected applica-
ment Channel tion.
> Rename Measure- - Changes the name of the selected channel.
ment Channel
> Delete Current Mea- | - Deletes the currently selected channel.
surement Channel
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Menu item

Correspond-
ing icon in
toolbar

Description

> Measurement Group
Setup

Displays the "Measurement Group Setup" tool window.

Instruments >

Configures instruments to be used for input to the R&S VSE soft-
ware

> New - Creates a new instrument configuration

> Search - Searches for connected instruments in the network
> Delete All - Deletes all current instrument configurations

> Setup - Hides or displays the "Instrument" tool window
Preset > - Restores stored settings

> Selected Channel

Restores the default software configuration for an individual
channel

> All

Restores the default software configuration globally for the entire
software

> All & Delete Instru-
ments

Restores the default software configuration globally for the entire
software and deletes all instrument configurations

> Reset VSE Layout

Restores the default layout of windows, toolbars etc. in the
R&S VSE

Preferences >

Configures global software settings

> General

> Displayed Items

Hides or shows individual screen elements

> Theme & Color

Configures the style of individual screen elements

> Network & Remote

Configures the network settings and remote access to or from
other devices

> Recording - Configures general recording parameters
Print - Opens "Print" dialog to print selected measurement results
Exit - Closes the R&S VSE

A.1.2 Window menu

The "Window" menu

allows you to hide or show individual windows.

Menu item Correspond- | Description

ing icon in

toolbar
Player - Displays the "Player" tool window to recall I/Q data recordings
Instruments - Displays the "Instruments" window to configure input instruments

Measurement Group
Setup

Displays the "Measurement Group Setup" window to configure a
measurement sequence
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A13

A.2

A.21

OFDM vector signal analysis menus

Menu item Correspond- | Description
ing icon in
toolbar
New Window > 01 Inserts a new result display window for the selected measure-

ment channel

Channel Information >

Displays the channel bar with global channel information for the
selected measurement channel

Active Windows >

Selects a result display as the active window; the corresponding
channel is also activated

Help menu

The "Help" menu provides access to help, support and licensing functions.

Menu item Correspond- | Description
ing icon in
toolbar
Help f? Opens the Online help window
License - Licensing, version and options information
Support - Support functions

Register VSE

Opens the Rohde & Schwarz support page (http://www.rohde-
schwarz.com/support) in a browser for registration.

Online Support

Opens the default web browser and attempts to establish an
Internet connection to the Rohde & Schwarz product site.

About

Software version information

OFDM vector signal analysis menus

The following menus are only available if a OFDM Vector Signal Analysis channel is

selected.

Edit menu

o 1 0 0= o T TR
Input & output menu
Meas setup menu
LI c= 1= 1.2 1T 0 L6 PN
Y = T T 0 L= o LU PSRRI
[T 01 (3 0 0= a1 SRR

The "Edit" menu contains functions for processing the temporarily stored current mea-

surement results.
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OFDM vector signal analysis menus

Menu item Correspond- | Description
ing icon in
toolbar
Results Export - Stores the currently selected results in the active window to an
ASCII file.
See Chapter 6.7, "Trace / data export configuration"”,
on page 123.
Copy to Clipboard - Copies the graphical measurement results (ASCII data) to the

Windows clipboard for further processing.

A.2.2 Input & output menu
The "Input & Output" menu provides functions to configure the input source, frontend
parameters and output settings for the measurement.

This menu is application-specific.

Table A-1: "Input” menu items for OFDM Vector Signal Analysis

Menu item Description

Amplitude Chapter 4.3.3, "Amplitude settings", on page 61

Scale Chapter 6.4, "Y-Scaling", on page 113

Frequency Chapter 4.3.2, "Frequency settings", on page 60
Trigger Chapter 4.4, "Trigger settings", on page 65

Input Source Chapter 4.3, "Input and frontend settings”, on page 52
Output -

A.2.3 Meas setup menu

The "Meas Setup" menu provides access to most measurement-specific settings, as
well as bandwidth, sweep and auto configuration settings, and the configuration "Over-
view" window.

This menu is application-specific.

Table A-2: "Meas Setup” menu items for OFDM Vector Signal Analysis

Menu item Description

Signal Description Chapter 4.2, "Signal description", on page 47

Input/Frontend Chapter 4.3, "Input and frontend settings", on page 52

Data Acquisition Chapter 4.5, "Data acquisition", on page 69

Burst Search Chapter 4.6, "Burst search”, on page 72

Result Range Chapter 4.7, "Result ranges", on page 73

Sync/Demod/Tracking Chapter 4.8, "Synchronization, demodulation and tracking", on page 74
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Menu item Description
Result Configuration Chapter 6.1, "Result configuration”, on page 109
Overview Chapter 4.1, "Configuration overview", on page 45

A.2.4 Trace menu

The "Trace" menu provides access to trace-specific functions.
See Chapter 6.6, "Trace settings", on page 121

This menu is application-specific.

Table A-3: "Trace" menu items for OFDM Vector Signal Analysis

Menu item Description

Trace <x> Selects the corresponding trace for configuration. The currently selected
trace is highlighted blue

Trace ... Opens the "Traces" configuration dialog box

A.2.5 Marker menu

The "Marker" menu provides access to marker-specific functions.

This menu is application-specific.

Table A-4: "Marker" menu items for OFDM Vector Signal Analysis

Menu item Correspond- | Description
ing icon in
toolbar
Select marker <x> ﬂv "[m Marker 1/ Delta Marker 1/ Delta Marker 2/ Delta Marker 16"
on page 116

Marker to Trace "Assigning the Marker to a Trace" on page 118

All Markers Off &v "All Markers Off" on page 118
Marker g Chapter 6.5.1, "Individual marker settings", on page 115
Search @ Chapter 6.5.2, "General marker settings", on page 118

A.2.6 Limits menu

The "Limits" menu is not used by the R&S VSE OFDM VSA application.
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B Reference of toolbar functions

Common functions can be performed via the icons in the toolbars.

O Individual toolbars can be hidden or displayed.

Hiding and displaying a toolbar
1. Right-click any toolbar or the menu bar.

A context menu with a list of all available toolbars is displayed.

2. Select the toolbar you want to hide or display.

A checkmark indicates that the toolbar is currently displayed.

The toolbar is toggled on or off.

Note that some icons are only available for specific applications. Those functions are
described in the individual application's User Manual.

General toolbars

The following functions are generally available for all applications:

"Main" toolbar

Table B-1: Functions in the "Main" toolbar

Icon Description
--n Overview: Displays the configuration overview for the current measurement channel
u-0

Save: Saves the current software configuration to a file

Recall: Recalls a saved software configuration from a file

)| W | 13

Eﬂ Save I/Q recording: Stores the recorded I/Q data to a file
. Recall I/Q recording: Loads recorded 1/Q data from a file
n Print immediately: prints the current display (screenshot) as configured
0'1 Add Window: Inserts a new result display window for the selected measurement channel

MultiView mode: displays windows for all active measurement channels (disabled: only windows
for currently selected channel are displayed)
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"Control" toolbar

Table B-2: Functions in the "Control” toolbar

Icon Description
Selects the currently active channel
I Analyzer -
> Capture: performs the selected measurement
Pause: temporarily stops the current measurement
C) Continuous: toggles to continuous measurement mode for next capture
- Single: toggles to single measurement mode for next capture
® Record: performs the selected measurement and records the captured data and
results
-, Refresh: Repeats the evaluation of the data currently in the capture buffer without
"-+ capturing new data (VSA application only).

"Help" toolbar

Table B-3: Functions in the "Help" toolbar

Icon Description

k,? Help (+ Select): allows you to select an object for which context-specific help is displayed

(not available in standard Windows dialog boxes or measurement result windows)

f) Help: displays context-sensitive help topic for currently selected element

Application-specific toolbars

The following toolbars are application-specific; not all functions shown here may be
available in each application:

"Zoom" toolbar

Table B-4: Functions in the "Zoom" toolbar

Icon Description

Normal mouse mode: the cursor can be used to select (and move) markers in a zoomed display

Zoom mode: displays a dotted rectangle in the diagram that can be expanded to define the
zoom area

Multiple zoom mode: multiple zoom areas can be defined for the same diagram

a5

Zoom off: displays the diagram in its original size

g

-
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Table B-5: Functions in the "Marker" toolbar

Icon Description
°v Place new marker

Percent Marker (CCDF only)

Select marker

L |
VA Marker type "normal"
V_A Marker type "delta"
/V\ Global peak
/!'\ Absolute peak
(Currently only for GSM application)
?V\ Next peak to the left
Vs Next peak to the right
/\
Next peak up (for spectrograms only: search in more recent frames)
Next peak down (for spectrograms only: search in previous frames)
W/ Global minimum
N/ Next minimum left
<«
Y/ Next minimum right
»

Next min up (for spectrograms only: search in more recent frames)

Next min down (for spectrograms only: search in previous frames)

Set marker value to center frequency

Set reference level to marker value

All markers off

Marker search configuration

Marker configuration

IECAF S
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Table B-6: Functions in the "AutoSet” toolbar

Icon Description
-, Refresh measurement results (R&S VSE VSA and OFDM VSA applications only)
Auto level
LEVEL
Auto frequency
FREQ

Auto trigger (R&S VSE GSM application only)

Auto frame (R&S VSE GSM application only)

Auto search (R&S VSE 3GPP FDD application only)

Auto scale (R&S VSE 3GPP FDD + Pulse applications only)

Auto scale all (R&S VSE 3GPP FDD + Pulse applications only)

Auto all
ALL

Configure auto settings
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Error vector magnitude (EVM)

C Formulae

C.1 Error vector magnitude (EVM)

The EVM of a cell (symbol number |, carrier number k) is defined as

EVM,, =

where

® 1, is the received symbol point in the complex plane of symbol number | and car-
rier number k.
The received symbol point is compensated by phase and clock errors as well as
channel transfer function according to the user settings.

® 3 is the ideal symbol point in the complex plane of symbol number | and carrier
number k.
P.orm iS @ normalization value that can be set in four different ways

Normalize EVM to P
norm
RMS Pilots & Data 1 | |2
T E— al k
N ,i10r + N, Z ?
pilot data 1,kePilot,Data
RMS Data 1 Z|a |2
1k
N ,
data l,keData
1k
N, ?
pilot | ¥ Pilo
Peak Pilots & Data 2
max |a1’k|

1,kePilot,Data

Peak Data
max |a1 k|
lkeData'
Peak Pilots P
max |a] k|
1kePilot'
None 1.0

® Nyt is the number of pilot cells

® Ny is the number of data cells
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I/Q impairments

C.2 1/Q impairments
The I/Q imbalance can be written as
r()=G,-RE@+ /-Gy - 350}

where s(t) is the transmit signal, r(t) is the received signal, and G, and Gq are the
weighting factors.

Variable Meaning Definition from Transmitter Model
G, Gain I-branch 1
Gq Gain Q-branch 1+ AQ

(complex)

Gain-Imbalance = 20 log [ |GQ |J dB

1G]

_ m{Go}) 1501
Quadrature-Error = arctan{Rc {GQ }J A
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D 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 IQW file in advance. Then load the file to the wizard instead of
selecting a predefined modulation for a specific signal component. See Step 3: Syn-
chronizing the measured data, step 3.

Constellation View

Constellation Markers Allocation
User v > AMlocate as: | Data |
Goosing 1000 < |1 > [Ado
Radius < > Undo last allocation L)
11 Selection Mode o
Constellation
| SEcie (2 + Nan-aiocaed Pois (720850
Canstaigion Markars
20 T T T T T T T
1.6 L 1
- . H
e . H
1.0 I T e e e e e a a T T e
o5 Lo e e - N - T e
i1 *
b i
g 0.0 - . .+
E . .
05 L. i e R R A S 1
. Foe : 5 A L S
Hqotoo e R P Lol w - 1
45 Lo SRS LT DU L R SR ]
20 i i i i i i i
=20 -1.5 =10 -05 0.0 05 1.0 1.5 20
Real data

Figure D-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. (Rey, Img, Rey, 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

The following script can be used to configure the 16 points on the unit circle (16-PSK)
as shown in Figure D-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 D-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 (OFDM VSA)

[SENSe:]CAPTUre:OVERSAMPIING. ....c.ueiiiiiiiiiitieie ettt sttt s
[SENSE:JCOMPENSALEICHANREL.......coiiiiiiiie ettt as
[SENSE:IDEMOU:CDD.........eiiiiiiie ettt e e e e e e e e et e e e eta e e e steeeesasaeeesaseeeebseesensaeeeensseesanneeeannes
[SENSE:IDEMOG:COFFSEL......cueiiiiiieieeieete ettt ettt ettt ettt e bt ee e b be e s ere s
[SENSe:IDEMOA:EVMCAICIFAVEIAGE. .......coiiiiiiiiit ettt ettt
[SENSe:IDEMod:EVMCAICINORMAIIZE.........ccccviieeciiie ettt e ettt e e eaaa e e
[T ST [ =Y oo H o i IS 1 SRR
[SENSe:IDEMOd:FORMAEBURSL. .....c.eiiiiiieiiieie sttt enae e e ene s
[SENSe:IDEMOd:FORMAtMAXFIAMES......cc.vviieiiieecetiie e eetiee ettt e ettt e e e e tae e e ebe e e e eaae e e s e e e e eaaeeeeesseeessaeeeenes
[SENSe:]DEMod:FORMat:NOFSymboils....
[T =N ST [ 1Y oo B S NSRS
[SENSE:IDEMOU:IMDETECL. ......cuuviieiiie et eee ettt e et e e et e e e et e e st e e e st e e e asbeeesnseeesnsseeesnseeeeassneeanes
[SENSe:IDEMOd: THREShOIA:FRAME. ...ttt sttt ne
[SENSe:IDEMOd: THRESOIA: TIME ... .oiiiiiiii ittt
[SENSE: IDEMOG: TSYINC. .. ittt et e et e e e et e e et e e e e be e e e e sbeeeeeaseeeaaaseeeanseeeeansneeeassaeeaanreeeannes
[SENSe:]JEFRontend:ALIGNMENt<Ch>:FILE.......c.oooiiiiii s
[SENSe:]JEFRontend:ALIGnment<ch>:STATe...
[SENSe:]EFRoNtend:CONNECHONICONFIG. ......citiiiiiiiieitie ettt
[SENSe:JEFRoNtend:CONNECHON:CSTAE?.......oiiiiiiii et 165
[SENSe:]EFRoNtend:CONNECHON[ISTATE]......cciiiiitieitie ittt 164
[SENSe:]JEFRontend:FREQUENCY:BAND:COUNL?.........iiiiiiiiieiie ettt 165
[SENSe:]JEFRontend:FREQUENCY:BAND<D>LOWEI?.......cooiiiiiiieiiieie et 165
[SENSe:]JEFRontend:FREQuUeNCY:BAND<D>IUPPEI?.......cociiiiiiiii e 166
[SENSe:]JEFRontend:FREQuency:BCONfig:AUTO
[SENSe:]EFRontend:FREQUENCY:BCONFIGILIST?......eiiiiiiiiiieiie e 166
[SENSe:]JEFRontend:FREQuency:BCONTFIG:SELECT..........iiiiiiiiiiiiiiiee e 167
[SENSe:]JEFRontend:FREQuency:IFRequency:SIDeband?............cccoiiiiiiiiiiiiiiiiesie e 167
[SENSe:]JEFRontend:FREQuency:IFReqUeNCY[:VALUE]?........coci i 168
[SENSe:]JEFRontend:FREQUENCY:REFErENCE. .........ooiiiiiiiiiiiiiieee e 168
[SENSe:]JEFRontend:FREQUENCY:REFEreNCEILIST 2 ... uiiiiiiiiieiie et 168
[T ST =L 20 Ta1 (=Y o H 5 USSR RSN 168
[SENSE:]EFRONIENA[ISTATE]. ...ttt ettt ettt ettt e bt et st e b e e nbeenaeeaaeeee 169
[SENSe:JFREQUENCY:CENTEISTEP... ..ottt ettt e eb et e e be e as 178
[SENSe:JFREQUENCY:CENTENSTEP:AUTO . ....ciiiiiiiieieii ittt ettt 178
[SENSe:]MIXer<x>:BIAS:HIGH.....................

[SENSe:]MIXer<x>:BIAS[:LOW]
[SENSe:]MIXer<x>:FREQUENCY:HANDOVET..........ccoiiiiiiiii ettt
[SENSe:IMIXer<x>:FREQUENCY:ISTARL. ..ottt ettt be e
[SENSe:IMIXer<x>:FREQUENCY:ISTOP.......cii ittt ettt ettt et b e e e sneeenbeeanee s
[SENSe:]MIXer<x>:HARMONICIBAND.........ccutiiiiiiieiee ettt ettt e e ene e ens
[SENSe:]MIXer<x>:HARMonic:BAND:PRESet
[SENSe:]MIXer<x>:HARMonic:HIGH:STATe....

[SENSe:]MIXer<x>:HARMONICIHIGH[:VALUE]........coiiiiiiiiieite et
[SENSe:IMIXer<x>:HARMONICITYPE........cooiiiiiiiiie ettt ettt
[SENSe:IMIXer<x>:HARMONICELOW].......uiiiiitiie ittt se e et e et e e etae e e s e e e enseeeeeanea s
[SENSE:IMIXEISXZIIF 2. .ttt ettt ettt a et e st et bttt b e et e e e bt et e bt ene et e eneeneeenee 159
[SENSE:IMIXErSXZILOPOWET . ......eeiiiiieiit ettt ettt ettt ettt e bttt e ebeeeane s 155
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[SENSE:IMIXEr<x>:LOSS:HIGH. .......ooiiiiiieeeie et e e e e e e e e e e eente e e snseeesnnnaeans
[SENSe:]MIXer<x>:LOSS:TABLe:HIGH
[SENSe:IMIXEr<x>:LOSS:TABLE[ILOWY].......oiiieiiieeiieeteeetie ettt eteesae e e st e stae e e ssseesaesnseenseesnneenns 160
[SENSE:IMIXEr<X>:LOSS[ILOWYI....cii ittt ettt e e e e et e e e aae e e e e e e enbeeeesbeeeennraeeannnas 160
[SENSE:IMIXEISXZIPORTS. ...ttt ettt et e ettt e e et e e st e eat e e beeeseeeeaeeemeeeaseeenbeeabeeanseeenseenneaaneaas 160
[SENSe:IMIXer<x>:RFOVErrange[:STATE]........cucuiiiiiiieiet ettt 161
[SENSE: IMIXEISXZ[:STATE]. .. ttee et e ettt eetee e ettt e et e e et e e et e e et e e et e e e aseeessaseeessaeeeeanaeaeanseeesnseeesnneaeanns 154
[SENSE:IPMETEr<p>:DCYCIEIVALUE. ......eiiiiiiiie ettt ettt ettt e et e e et e e ae e sneeeseeenbeeaaeaanneean 173
[SENSE:IPMETEr<p>:DCY CIE[:STATE] ... tieiuiietieetie ettt ettt et etee ettt et esste et e ssseeseeesseesseesnseessseeseeaseeas 173
[SENSE:IPMETEr<p>:FREQUENCY......cuiiiiiaiititieitit ettt ettt ettt b et be et et e bt eebe e et e e anneebeeaaeeas 173
[SENSe:IPMETer<p>:FREQUENCY:LINK .....c..iiiiiii ettt ettt 174
[SENSE:IPMETEISPZIMTIME. ...ttt ettt ettt ettt beeaene e 174
[SENSe:]PMETer<p>:MTIMe:AVERAGEICOUNTL........ooiuiiiiiiiie ittt 174
[SENSe:IPMETer<p>:MTIME:AVERAGE[:STATE].......eeiuieiiieiie ettt ettt ettt e eeaeeeneeeneas 175
[SENSe:IPMETer<p>:ROFFSEI[:STATE]......cuutiitieiieeiiei ittt 175
[SENSE: IPMETEr<P>:SOFFSEL.......iiiiiiiiectiie ettt e e et e e e e e e e e e et eeeeanseeeenseeeennnas 175
[SENSE:IPMETEr<p>:UPDatE[:STATE]. ... .ceiteeitieiiie ittt ettt et et et e e bt e e e e eteeemeeeaseeesbeeaneeeseeeneeeeeeaneaans 176
[SENSE: I PMETEIPS[1STATE] .t etieetie ettt ettt ettt ettt et e et e e e e e st e et e e eseeeeseeesseeseeenseesseesnsaeenseeseenneeas 176
(5] =N ST AT 1o TSP P PSPPI

[SENSe:]SWEep:COUNt
[SENSe:]SWEep:LENGth
[SENSE:ISWEED:TIMEL.......ooiiiiieeieee ettt e et e ettt e e e st e e e st e e e easeeeessseaeabseeeentaeeeensseeanneeeannes
[SENSe<ip>:]ADJust:CONFigure:HY STeresisS:LOWET.........ccoiiiiieiiiieaiiiee et 201
[SENSe<ip>:]JADJust:CONFigure:HY STeresis:UPPET...........couiiiiiiieiie et 201
[SENSe<ip>:]ADJust:CONFigure:LEVEl:DURGLION. ........coiiiiiiiiiiiiie e 200
[SENSe<ip>:]JADJust:CONFigure:LEVel:DURatioN:MODE.............ccooiiiiiiiieiie et 200
[SENSe<ip>:]JADJust:CONFigure:TRIGger....
[SENSE<IPZ:JADJIUSELEVEL ... e et e e e e et e e e sae e e esaeeesnneeas
[SENSe<ip>:]FREQUENCY:ICENTEN ... .ottt sttt
[SENSe<ip>:]FREQUENCY:IOFFSEL. ... oottt et
CALCulate<n>:BITStream:FORMAL..........c.ooiiiiiieiii ettt ab ettt e s
CALCulate<n>:DELTamarker<m>:AOFF ........... ittt et a e see e e e eneeeas
CALCulate<n>:DELTamarker<m>:LINK...........cccciiiiiieeiiee e eee e e e e e e ee e st e e snaeeesnneeeenneeas
CALCulate<n>:DELTamarker<m>:MAXIMUMAPEGK..........ccceiiiiiiiiiiiiii e
CALCulate<n>:DELTamarker<m>:MAXIMUM:LEFT ... e
CALCulate<n>:DELTamarker<m>:MAXIMUMINEXT........cccoiiiiiiieiiie e eee e eee e eeee e s e e s eeanaeaeens
CALCulate<n>:DELTamarker<m>:MAXIimUM:RIGHL...........cccoiiiiiii e
CALCulate<n>:DELTamarker<m>:MAXimum[:PEAK]....
CALCulate<n>:DELTamarker<m>:MINIMUMILEFT.........cooiiiiiiie e
CALCulate<n>:DELTamarker<m>:MINIMUMINEXT ........cooiiiiiiii e
CALCulate<n>:DELTamarker<m>:MINimMUM:RIGHTL............cooii e
CALCulate<n>:DELTamarker<m>:MINIMUM[:PEAK]........c.coiiiiiii s
CALCulate<n>:DELTamarker<m>:MREFEIENCE...........ccouiiiiiiiiiiii ittt
CALCulate<n>:DELTamarker<m>:TRACE. .......cccuii ettt et e et e e e saseeeasaeeeeabeeeeannes
CALCulate<n>:DELTamarker<m>:X............c.......
CALCulate<n>:DELTamarker<m>:Y:RELAHVE?........ccoiiiiiiiiii e 247
CALCulate<n>:DELTamMarker<m>:Y 2. ... ittt ettt e et e e et e e e aseeeeaabe e e e anbeeaeanseeeaanseeeanes 246
CALCUIate<n>:DELTAMArKEI<M>:Z.......c..oii it eeiiee et ee e sete et e e st e e e st e e e sneeeeaneeeeeseeeaanseeeannseeeaneeeens 247
CALCulate<n>:DELTamarker<m>[:STATE].........eeiiiiieeiiie e et eeee et e e e e et e e e et e e esae e e esreeesaseeeesnneeas 217
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEr<mMA>.......cccoiiiiiiiiiiiiiieieie et 216
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CALCUIAESNZIFEED. ...t ettt ettt a e ekt e e h b e e b et a bt e b e et e e e be e et e ennteebeeanne
CALCulate<n>:MARKer<m>:AOFF
CALCulate<n>:MARKer<m>:MAXIMUM:IAPEGK.........c.cceiiiiieiiie et ste e see e seeesnaeeesneeeesnneeeees 221
CALCulate<n>:MARKer<m>:MAXIMUMILEF T ..ot 222
CALCulate<n>:MARKer<m>:MAXIMUMINEXT ...ttt ettt et e e e e sneee e aeeeaannes 222
CALCulate<n>:MARKer<m>:MAXIMUM:RIGHL.........cciiiiiiee e sneaeenes 222
CALCulate<n>:MARKer<m>:MAXIMUM[PEAK]........oooiiiieieie ettt et e e e e naeeeannes 222
CALCulate<n>:MARKer<m>:MINIMUM:LEFT ... 223
CALCulate<n>:MARKer<m=>:MINIMUMINEXT ........cooiiiiiiieeiie e e e e snee e e seee e e e e e eneeeennes 223
CALCulate<n>:MARKer<m>:MINIimUM:RIGHL..........cccciiiiiiii e 223
CALCulate<n>:MARKer<m>:MINIMUM[:PEAK]....... .ottt e s 223
CALCulate<n>:MARKEr<M>:SEARCI.......ccoiiieiie ettt e e st e e e e e e e naeeeaenaeeesneeeesnseeens 224
CALCulate<n>:MARKer<m>:TRACe

(67 RGN = 1 (AN g B 1Y o =T £ 11 B SRR SPTRR 215
CALCUIAtE<N>IMARKEISIMZIY 2. oottt ee et et e e et e e e e e e e st e e e steeesnsteeesnseeeeasseeeaasaeeeesseeesnseeeennnenas 248
CALCUIAtESNZIMARKEISIMSIZ. ..ottt h ettt h ettt e bt e bt e eae e e e e ent e e beeanaeenes 248
CALCUIate<n>:MARKEI<MZ[ISTATE]. ...ttt ettt ettt st et e e eaeeeteeaseeebeesaeeeseeeneeeneeaneeans 214
CALCulate<n>:MARKer<ms>:LINK: TO:MARKEI<MA>.......cccoiiiiiiiie e eiee e siie e siee e e stee e sneeeesnneee e e 213
CALCulate<n>:PMETer<p>:RELAtVEISTATE. ......ccciieiiiiie ettt et e e e ersae e e eanee s 172
CALCulate<n>:PMETer<p>:RELative[:MAGNItUAE].........c.coiiiiiiiiiiiiii e 171
CALCulate<n>:PMETer<p>:RELative[:MAGNitude]:AUTO ONCE...........cccctiiiiiiiiiiiieieene e 172
CALCUIate<N>TRACESIZ[IVALUE]. ... .eiieeeiee ettt et e et e e e et e e e e e e e saae e e esbeaessseaesnreeas 211
CALibration:PMETer<p>:ZERO:AUTO ONCE...........ooiiiiiieiiee ettt 171
CONFIgUrE:FILTEr<N>ICARRIET . ...ttt ettt ettt ettt e e nes 204
CONFigure:FILTer<n>:MODUIBHION. ........ccuiiiiiiiiit ettt ettt ettt ettt e aneeeas 204
CONFigure:FILTer<n>:MODUIatioN:TYPE...... ..o ettt e e e e aaee e 204
CONFigure:FILTer<n>:SYMBol

CONFigure:PREAMDBIEIBLENGEN. .......ooiiiiii ettt 134
CONFigure:PREAMDIEIFOFFSEL. ..ottt ettt e e et e et e e e e sneeeeaneeeaannes 134
CONFigure:RFUC:FZERO:FREQUENCY........coiuiiiiiiiiiiteetee ettt 134
CONFigure:RFUC:FZERO:IMODE..........ooiiiiiii ittt ettt b ettt e s 135
CONFIGUIEIRFUCISTATE. ...ttt ettt ettt et e et e et e e eae e e et e eaeeebeeeseeeneeeaseeseeanseenneeenseanneas 135
CONFIGUIEISY STEMICFILE. ...ttt ettt st e nbeeaeee e 138
(10 1o U = I = Tete Lo [ T TSRO PVRORRPP 139
CONFigure:TPRECOAING:IGNOIE. ......coiiiiieitiee ettt ettt ettt e e ettt e e st e e e saee e e e abeeeeanbeeeeenteeeeanseeeaneeaaannes 139
CONFigure[:SYMBOIJ:GUAR:MODE..........cciiiiieitie ettt ettt ettt et e et e et e snsaesneeensaeaneeas 136
CONFigure[:SYMBOI[:GUARA:INSYMDOISKCPS......couiiiiieiiie ettt ettt 136
CONFigure[:SYMBol]:GUARd:PERiodic

CONFIGUIE[:SYMBOIINFF T ...ttt ettt ettt et e bttt e e et e e aaee s
CONFIgUre[:SYMBOIJ:INGUAIASCPS........ciiuiieiie ittt ettt ettt b e eeb et e e b e e ebe e et e e aneeebeesaee s
CONFIQUrE[:SYMBOIJINSUFFIX. ...ttt ettt ettt ettt ettt e bt e e et e e eaeeeaeeeeseeenbeesaeeanneeaneeebeeaneaanns
DISPIay[:WINDOWSNS>JIMINFO[:STATE]. .....eeiutieitit ittt ettt ettt
DISPIay[:WINDOWSNSJIMTABIE.. ...ttt ettt ettt b e bt bttt et te e
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MAXIMUM......coiiiiiiiiiiiiieiie ettt 208
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MINIMUM........coiiiiiiiiiiiiie e 208
DISPlay[:WINDow<n>][:SUBWindow<n>]:-TRACe<t>:Y[:SCALEJ:AUTO.......ccceiriiiiiaiiiaiie e 206
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACE<t>:MODE...........cc.ccootiiiiiiieie et 212
DISPlay[:WINDow<n>][:SUBWIindow<w>]:TRACE<t>:Y[:SCALE].......cerrtiritiiirieiiiiiieiie et 206
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe:AUTO ONCE.........cccceerirriiriiirrreanirenne 205
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]:PDIViSion........cccccceeriiiiiiiiiiieieeeeee 206
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DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel<ant>..............cccccceerviiiiiiinnines
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel<ant>:OFF Set...
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RPOSItioN.........ccccvrrirriiiiiiiiiiiicriee
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE:RVALUE.........ccceeriieiiiiiiiiiiic e
DISPlay[:WINDow<n>][:SUBWINdow<w>]:TRACE<t>[:STATE].....cceiitieiiieiieeie ettt
DISPlay[:WINDow<n>][:SUBWINdow<w>]:ZOOM:AREA.........ccct it
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTIiple<zn>:AREA............ccooiiiiiiiitieeie e
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>[:STATE]........cccrrrieiiraieiie e
DISPlay[:WINDow<n>][:SUBWIiNdow<w>]:ZOOM[:STATE].....c..eiruriiiieairieriie ittt
FETChIBURSECOUNL? ...ttt ekttt et h e bt e et e b et e e e be e e bt e eneeeneeanne 239
FETCh:BURSELENGENS? ...ttt ettt te et e e e e sheeeneeeeseeebeeessaeneeenneenseaanne 239
FETCNBURSESTARLS?. ...ttt ettt et st s et et s ae e eene et eeeeen e e te e e eseeneenreeneenneanees 239
FET CRIPMETEISD> . ..ttt h et h et b e b e he e ekt e e e bt ekt e eh bt e he e ea bt e be e e b e e ebeeebeeenbeebeean 172
FETCRISFLOWIFSYNC?. ...ttt ettt ettt et e ae e e ae e et e e see e st e e eaeeeaseeeseeebeeassaeneeenneanneeanne 242
FET CN:SFLOW: STATEIALL? ..ottt ettt e st e s et s et e e n e teene e teane e teeneeneeaneenneanean 242
FETCh:SFLOW:STATE:BDETECHON?. ...ttt ettt et et eneeanee 243
FETCh:SFLOW:STATE:COMPENSALE?. ...ttt ettt ettt ettt ettt e et e e ebe e e e e e eneeeneeeneeeaeeeneeanneas 243
FETCh:SFLOW:STATEIDESTIMAIONT?....cciiiieeiiiie ettt et e e e e e st e e e snnteeesnaeaeennneeeenseeaennneeas 244
FETCh:SFLOW:STATEIEVIMIMEAS?.......nieetiiiiiie ittt ettt bttt ettt e be et e e 244
FET O SFLOW:STATEIFSYNC? . ..ottt ettt ettt et et e e b e e et e e ae e e nse e et e e e beeeseeeneeenseeeseeannas 244
FETCh:SFLOW:STATEIMDETECHON?.....eeiiiiiee et et e eee et e e e e e s e e e e st e e snae e e sneeeesnneeeeassseeennseaeenseeaesnseeas 245
FETCh:SFLOW:STATE:IPESTIMAION?. ...ttt ettt b et be et e e e b e ate e 245
FET O S LOW: STATE TSYNC? .ttt ettt ettt et e et e e b e e et e e eaeeease e et e e ebeeeneeanneeenseaaseeannas 245
L] = O RS T 0T IS oSS 246
FETCh:SUMM:<parameter>:<StatiStic™.........ccciiiiiiiiiiie ettt e enree s 241
FETCh:SUMMary:CRESHMAXIMUM? ...ttt ettt st e e e et e e teeenee e eneeenneenes 240
FETCh:SUMMary:CRESEMINIMUM?. ..ottt e st e st e e s e e sneeneesneeneene 240
FETCh:SUMMary:CRESI[IAVERAGE]?. ...ttt ettt ettt et et et 240
FETCh:SUMMary:EVM:DATAIMAXIMUM?.......ooiiiiiiie ittt ettt et eeeae e e eesbeeeneeeeneeenneeaneeas 240
FETCh:SUMMary:EVM:DATAIMINIMUM?......coiiieiieieeeeseeeee st esne e e e sneeneenneeneenneenees 240
FETCh:SUMMary:EVM:DATAIPCT:MAXIMUM?. ...ttt ettt 240
FETCh:SUMMary:EVM:DATAIPCT:MINIMUM?....oiiiiii ittt e e e neaaneeas 240
FETCh:SUMMary:EVM:DATA:PCT:AVERGAGE]?.....ceitieeieaieeiesieeie sttt see e snee e sne e sne e nneenees 240
FETCh:SUMMary:EVM:DATA[AVERGGE]?. ...ttt ettt ettt sttt 240
FETCh:SUMMary:EVM:PILOMAXIMUM? ...ttt ettt ettt e et e e e e e e eeeeeneaas 240
FETCh:SUMMary:EVM:PILOtMINIMUM ...ttt e 240
FETCh:SUMMary:EVM:PILOt:PCT:MAXIMUM? ..ottt 241
FETCh:SUMMary:EVM:PILot:PCT:MINimum?.....

FETCh:SUMMary:EVM:PILOt:PCTIAVERGGE]?. ... .eeeeieeeiesieee et eas 241
FETCh:SUMMary:EVM:PILOt:AVERGGE] ...ttt ettt 240
FETCh:SUMMary:EVM:ALLLEMAXIMUM? ...ttt ettt et e et esaeeeneeeeneeeneaaneaas 241
FETCh:SUMMary:EVMALLIEMINIMUM ...ttt e e e 241
FETCh:SUMMary:EVM[:ALL]PCTMAXIMUM?......oiiiiiiiiiiit ettt 241
FETCh:SUMMary:EVM[:ALL]:PCT:MINIMUM?. ..ottt et e e eneeeeeesneeen 241
FETCh:SUMMary:EVM[:ALL]:PCT[:AVERage]?..

FETCh:SUMMary:EVM[:ALL]:AVERGGE] ...ttt 241
FETCh:SUMMary:FERROIMAXIMUM?.......iiiiiieiie ettt ettt ettt e et e e s st e eeeenteeseeaneeeeneeenneenes 241
FETCh:SUMMary:FERROFMINIMUM? ..ottt 241
FETCh:SUMMary:FERROIT:AVERGQJE]?......co ittt 241
FETCh:SUMMary:GIMBalanCe:MAXIMUM? ...ttt ettt e e e e s esae e e s asbeeesnbeeeannneeees 241
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FETCh:SUMMary:GIMBalance:MINIMUM?........c..iiiiiiiiii ittt 241
FETCh:SUMMary:GIMBalance[:AVERage]?.

FETCh:SUMMary:IQOFFSEtMAXIMUM ..ottt ettt eesne e e eneeneeateeneenseeneeneean 241
FETCh:SUMMary:IQOFFSEt:MINIMUM?......coiiiiiieii ittt 241
FETCh:SUMMary:IQOFfSEt[:AVERGGE]?.....cctiiiiiiiiieie ittt 241
FETCh:SUMMary:MER:DATA:MAXIMUM?.....c.utiiiieiiereeiente et e ee s eee e e e sneeneesseeneesneeneeneeeneeneeenes 241
FETCh:SUMMary:MER:DATA:MINIMUM?.......oiiiiiiiieiit ittt ettt ettt ebe et e e s 241
FETCh:SUMMary:MER:PILOt:MAXIMUM?.......oiiiiiiiiieieeieie ettt 241
FETCh:SUMMary:MER:PILOtMINIMUM?....uiiiiiiiiieie ettt 241
FETCh:SUMMary:MER[ALLIEMAXIMUM ...ttt ettt ettt e e e e 241
FETCh:SUMMary:MER[:ALLLMINIMUM? ...ttt 241
FETCh:SUMMary:MER[:ALL]:AVERGQGE]?.......eeieeiiieieiiieie ettt enee e e nne e e 241
FETCh:SUMMary:POWer:MAXimum?.......

FETCh:SUMMary:POWETrMINIMUM?.......oiuiiiiiiiieii ettt ettt 241
FETCh:SUMMary:POWET[:AVERGGE]?........eiiiiiiiiiiieeiee ettt et 241
FETCh:SUMMary:QUADEITONMAXIMUM?........eiiiiiieiiiiiete sttt ettt 241
FETCh:SUMMary:QUADError:MINIMUM?.......ocoiiiiiiiee et 241
FETCh:SUMMary:QUADEITOI[:AVERGQJE]?.......coiiiiiiiiieii ittt 241
FETCh:SUMMary:SERROIMAXIMUM? ...ttt ettt ettt sbe ettt esnee s 241

FETCh:SUMMary:SERRor:MINimum?...
FETCh:SUMMary:SERRor[:AVERage]?

FETCRISUMMEIY[IALL] ...ttt et e b e bttt e a bttt e e hb e e bt e et et e et e e aneeaneee s 239
FETCRITTIRAME? ... ettt ettt ettt et e e et e e bt e e st e e eaeeeateeeseeeaseeeaeeenseeeneeebeeaneeenneeenneeseeannas 241
FORMat:DEXPOMDSEPAIAtON. ... eiiiiiiie et et eiee st e e see e et ee e et e e e et e e s ntaeesnneeeeasneaeeanseeeaanneeesnneeeenns 250
FORMAt:DEXPOMIGRAPKI. ...ttt ettt a bttt e et b ettt e et e e saeeaneee s
FORMAE:DEXPOMHEADET ...ttt ettt et e e s e e be e e ae e e st e eabe e beeemee e st e eaneaseeenseeeneeanneean
FORMat:DEXPort:TRACes....
FORMEE D ATA] ettt ettt h e a ettt a e e bt e R et ekt eea bt e bt e e e bt e bt e em bt e enb e e bt e e s e e b e e et e e teeanee
INITIAEEIREFRESN.....c...eeeee ettt e ettt e et bt e e e bb e e e sass e e e anseeeaanteeeannneaaanes
INPUt: ATTenuation:PROTECHONIRESEL.......cccuiiiiiiiie ettt se e e e e et eeennneee s 141
LU = I SRR SPR 181
INPULEATTIAUTO . ..ttt ettt a ettt oo h et e bt e ehe e e st e eae e e seeen b e e eaeeemseeenseabeeenseenneeensaanneas 181
IN P UL E AT TeS T AT ..ttt ettt ettt ettt ettt e e bt e et e e st e e st e esteeaeeesseeaseeesse e beeenseesseeenseeasseenseesnneanneean 182
INPuUt:FILTer:CHANNELIHPASSIFDBBW?. ...ttt ettt 189
INPUt:FILTEr:CHANNEIHPASSISDBBW. .......coiuiiiiiieiieitie ettt ettt ebe et e e et e et eenteeenseesaeeeneeenes
INPUt:FILTEr:CHANRNEIHPASS[:STATE]. ...ttt ettt

INPut:FILTer:CHANnel[:LPASs]:FDBBw
INPut:FILTer:CHANnel[:LPASs]:SDBBw
INPut:FILTer:CHANnNel[:LPASSs][:STATe]
INPUESELECL. ...ttt ettt ettt ettt ettt na e
INPUETY PE .. ettt e bt a et h e b e e s e bt ea e bt e et et e ettt e e e bt eaeena e be e b e
INPULKIDZ AT TENUALION. ...ttt bbbttt ettt e bttt et e e e e sbeeenns
INPUL<ip>:ATTENUAtIONIAUTO ... .eii ettt e e e et e e et e e et e e e et e e e sase e e e sasaeeesneeeenseeeeenseeeas
INPut<ip>:ATTenuation:PROTECHON[:STATE]........eiieieiie ittt e et e et e e sne e e e aneeeaanes 141
INPut<ip>:COUPling<ant>
INPULKIDZIDPATRL ..ttt ettt ettt et et et b et
INPULSIPZIFILE:ZPADING. ...ttt bbbttt ettt eb et a e bt e bt e bt e et
INPUL<IP> I FILTErRHPASS :STATE]. ...ttt ettt ettt ettt nees 143
INPULKID> I F LTI Y IG i STATE]. .ottt ettt e e e e e e e et e e et e e e ssa e e e snsseeesssaeeeasseaeesseaeanes 143
INPULSIDZIGAINSGNEZISTATE. ...ttt b et b ettt s bt ese ettt e e e naeeneas 182
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INPULSID> GAINSANES[IVALUE]. ...ttt e e et e e et a e et e e e et e e e snseeeesneeeenbeeeeennaeean 183
INPut<ip>:IMPedance<ant>

INPUt<ip>:1Q:OSC:FULLSCAIE:AUTO . ......eiiiiiiii ettt sttt 151
INPut<ip>:1Q:OSC:FULLSCAIE[:LEVEI].....cuiiiiiiiiiiiiie ettt 151
INPUL<Ip>IQIOSCISKEW:L ...ttt b et b ettt et e eae 152
INPuUt<ip>:1Q:OSC:SKEW:LINVEIEA. ..ottt 152
INPUt<ip>:1Q:OSCISKEW:QL..... ettt ettt b et e e h bttt e b e e bt e ene e e beeenbeebeeanees 152
INPUt<ip>:1Q:OSC:SKEW:Q:INVEME. ......ciuiiiiiiieiieiee ettt 152
LA LU AT o [ @ 1T @ I 4 SR 153
INPULKID> P RESEIECHON:SET ... ..ottt e e e et e et e e et e e e et e e e easseeesssaeeesnneeennseeeas 144
INPUt<ip>:PRESEIECHON[ISTATE]. ...ttt bt nb ettt s 144
INPULKIPZIRFICAPNMOGE. ... ..ottt ettt ettt ettt et b e naneeneees 145
INPuUt<ip>:RF:CAPMOAE:IQISRATE. ...ttt ettt ettt b et ettt et e 145
INPuUt<ip>:RF:CAPMOde:WAVEfOrMISRATE. .......eiiiiiiieiiiiiee ittt 146
INSTrument:BLOCK:CHANREI[:SETTINGS]:SOURCESSIZ ..ottt 147
INSTrument:BLOCk:CHANNel[:SETTiNgs]:SOURCE<SIZICONFIG.......cciiiiiieiiiiiie et 147
INSTrument:BLOCk:CHANNeI[:SETTINgs]:SOURCESSIZ TYPE........cooiiiiiiiiieierecicneeeeee s 147
INSTrument:BLOCKk:CHANReI[:SETTIiNgs]:SOURCESSIZ TYPE.......cccoiiiiiiiiiiieiiiee e 153
LAYOUL ADDWINDOW] 2.ttt ettt et e ettt e e et e e e et e e e eaa e e e ssaeeensseeeeasseesansseeassseeensnaeeanseneannnes 231
LAYout:CATalog[:WINDow]?......

LAYOUt:GLOBAI:ADD[:WINDOW]?......ceiieieieieiesie et eiee st eseeseeeneeeesneeeesneeneesseeneesseeneeaseeneesseensenneeneenseaneensenns 228
LAYout:GLOBaI:CATaIOG:WINDOW]?.......eeiieiiiee ittt ettt ettt b ettt et beeaneeennes 229
LAYout:GLOBaI:IDENfY[:WINDOW] ..ottt ettt sttt 229
LAYout:GLOBal:REMOVE[:WINDOW]........eiiiiiiiieiie ettt ettt te e 230
LAYout:GLOBAI:REPLACE[:WINDOW]......oeiiiiiieeiiiee e et e ettt eette e et ste et a e et a e et e e e snsseeesnsaeeesnseaeensseaeanes 230
LAYOUL IDENLIfY[:WVINDOW] 2.ttt bbbttt ettt nee s 233
LAYout:MOVE[:WINDow]

LAYOUE:REMOVE[:WINDOW] ...ttt e eeeiete ettt e e ettt e e e e et e e e e e e st et e e e e e e sans e e e e e e e s annsnneneeeeeannnnnenees 234
LAYOUt:REPLACE[:WINDOW]. ...ttt bbbttt ettt ettt ettt seean 234
LAYOUL:WINDOWSNZIADD? ... eeiee ettt s e e st e e st e e ettt e e snte e e snsteeeasseeeesaeeeaseeeeanseeeeanseeeeanseeeannseeeansenenn 235
LAYOUt:WINDOWSNZIIDENLIfY 2. ..ttt ettt ettt et e e e saee s 236
LAYOUt:WINDOWSNZIREMOVE. ...ttt ettt ettt b et e bt e bt 236
LAYOUL:WINDOWSNZIREPLACE. .....cctiiieiiiie ettt et e et et e e ettt e e et e e et e e e nnteeesneeeeanseeeeanneaeeanneaeans 236
LAYOULWINDOWSNZITYPE. ...ttt et et e e et e e e e aanes 237
MMEMOTY:LOAD:CFGRII. ...ttt bbbttt ettt ettt ae et et e et s 140
MMEMOTY:STORESNZITRACE. ...ttt ettt a ettt ettt e bt e sbe et naneenbe e 251
READIPMETEISPS 2.ttt ettt h e bk h ekttt ekttt et et e e e et e e ene e es 172
SENSe:TRACking:LEVel.....

SENSe:TRACking:PHASe

SENSETRACKING:TIME ...ttt ettt a et h e bt ehb e et e et e et e e e nbeeeaeeeaeeenees
STATUs:QUESHIONabIe:SYNC:CONDItION?......c.uiiiiiiiiiieieitiee ettt 264
STATUS:QUESHIONADIEISYNCENABIE. ...ttt e e neeeeaneens 264
STATus:QUESHIoNable:SYNCINTRANSIHION. ......coiiiiiiiiiieiit et 265
STATus:QUEStIoNable:SYNC:PTRANSIION. .....ccoiiiiiiiiiie ettt e e 265
STATUS:QUESHIONADIEISYNCEVENL]?......cceeiieese ettt neeenes 264
SYSTem:COMMunicate:RDEVice:OSCilloscope:PSMOdE[:STATE].....c.uuvieiiieieeiee e et 149
SYSTem:COMMunicate:RDEVice:OSCilloSCOPEISRATE.......c..uiiiiiiii ettt 149
SYSTem:COMMunicate:RDEViCe:OSCilloSCOPEITCPIP. .....uuiiuiiiiiiiiieiie ettt 149
SYSTem:COMMunicate:RDEVice:OSCillosCope:VDEVICE?........ccviieiiieeceee et 150
SYSTem:COMMunicate:RDEVice:OSCilloscope:VFIRMWAre?.........ccoouiiiiiiiiiiiceiie e 150
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SYSTem:COMMunicate:RDEVice:OSCilloSCOPEL:STATE]......uuieeiciieeiiiee et eettie ettt aee e
SYSTem:COMMunicate:RDEVice:PMETer<p>:CONFigure:AUTO[:STATe]....
SYSTem:COMMunicate:RDEVice:PMETer<p>:COUNI?.........cooiiiiiiiiiii e 170
SYSTem:COMMunicate:RDEVice:PMETEr<p>:DEFINE..........cccociiiiiiiie et 170
SYSTem:PRESE:CHANNEIEEXEC]. ... ittt bttt ettt 133
TRACEIIQ:IBWIDTN. ...ttt ettt ettt sttt et e et et e s et e m e e ea e eme e seeseenteeneeteeneenenneennean 193
TRACEIQ:DATAIFORMAEL. ...ttt ettt et 254
TRACEIQ:DATAIMEMOIY ...ttt h et b et b ettt ettt e st et e e et eaeesaeaneas 254
IR AN O = [ I S 253
TRACEIQISRATE. .. ettt ettt ettt h e o1t e ket e e bt e b et e e bt e eh et e bt e ehb e e bt e s ae e e beeenbeeteean 193
TRACE:IQ:WBANG:IMBWIGN. ... et 194
IR AN O (@ RSy o | S 3 N 1= SR 193
TRACe<n>[:DATA]:X?............

LR A 0TI g B TN N B RSSO P PRSPPI 252
QLR AN O =T g e [ T 1 SRR 251
TRIGGEM:SEQUENCELDTIME. ...ttt ettt e bttt e eae e be e st e e b e sneeennees 183
TRIGger[:SEQUeNce]:HOLDOS:TIMEL]......cciiiiiiiiieiesteeete ettt 184
TRIGger[:SEQUEeNCE]:IFPOWEIHOLDOR ...ttt 184
TRIGGer[:SEQUENCE]:IFPOWEIHY STEIESIS. ...ttt 184
TRIGGer[:SEQUENCE]:LEVEIBBPOWET........c..coiiiiiiiii et 185
TRIGGEr[:SEQUENCELLEVEIIFPOWET ...ttt 185
TRIGGer[:SEQUENCEL:LEVEIIQPOWET ..ottt 186
TRIGGer[:SEQUENCEL:LEVEIMAPOWET..........oiiiiiiiii ittt 186
TRIGger[:SEQuence]:LEVEI[:EXTerNal<POIrt>].........coiiiiiiiiiiiie ettt 185
TRIGger[:SEQUENCE]:MAPOWEHOLDOS.........ccuiiiiiii et 186
TRIGger[:SEQUENCE]:MAPOWEIHY STEIESIS.......ccueiiiiiiii et 186
TRIGger[:SEQuence]:SLOPe....

TRIGGE:SEQUENCELSOURCE. ... .ottt ettt h ettt e b et e bttt e b e b e sneeenees
TRIGGer[:SEQUENCE]:TIME:RINTEIVAL......ccciiiiiiii e 188
LT O =SSR 208
UNITEEVIML e bt h et ettt h et e h et e bt et e e bt e bt et e bt et e eteeaeene e 209
UN T FAXES ettt ettt a e h e a4t h e bt b et bt et b e e et e bt e ae e bt e aeenn e be e b neean 209
UNITIIRESPONSE. ...ttt b et h ettt e bt e bt e et et e bt e bt e e st e e nae e et et e e bt e naneeneees 210
UNITESAXES. ..ttt ettt ettt et e bbbt e bt ekt e bt ekt e et et e et e e e e e e e a e et e ene e es 210
UN T TAXES ettt b bt b e b e bt e h et e et et e h e et eb e e et b e et e bt ettt et e et 210
UNIT N> PMETErSPZIPOWET ...ttt bttt ettt b ettt e nbe e 176
UNIT<N>PMETEr<p>:POWEIRATIO. ....cciitiieeitiie ettt e et e et e e e et e e e eaaeeeeesaeaeesaeaesnneeas 177
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