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R&SPFSW-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 FSW 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 FSW 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 Spectrum appli-
cation and are described in the FSW base unit user manual.

The latest version is available for download at the product homepage http://
www.rohde-schwarz.com/product/FSW.

e Introduction to vector signal analysis..........ccccuueiiiiiiiiiiie e 5
e Starting the R&S FSW OFDM VSA application.........ccccveveeeiieiicciiiiiieeeee e 6
e Understanding the display information..........cccoccoiiiiiii 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 FSW 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®FSW-K96 Welcome to the OFDM vector signal analysis (VSA) application

Starting the R&S FSW OFDM VSA application

Analyzer

Device Under
Test
(DUT)

Extraction of
Ideal Signal

Comparison
Result Displays

Figure 1-1: Simplified schema of vector signal analysis

1.2 Starting the R&S FSW OFDM VSA application

The R&S FSW OFDM VSA application adds a new application to the FSW.

To activate the R&S FSW OFDM VSA application

1. Select [MODE].
A dialog box opens that contains all operating modes and applications currently
available on your FSW.

2. Select the "OFDM VSA" item.

CFDA WS

The FSW opens a new measurement channel for the R&S FSW OFDM VSA appli-
cation.

Multiple Measurement Channels and Sequencer Function

When you activate an application, a new measurement channel is created which deter-
mines the measurement settings for that application. The same application can be acti-
vated with different measurement settings by creating several channels for the same
application.

The number of channels that can be configured at the same time depends on the avail-
able memory on the instrument.

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.

If activated, the measurements configured in the currently active channels are per-
formed one after the other in the order of the tabs. The currently active measurement is
indicated by a € symbol in the tab label. The result displays of the individual channels
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Understanding the display information

are updated in the tabs (as well as the "MultiView") as the measurements are per-
formed. Sequential operation itself is independent of the currently displayed tab.

For details on the Sequencer function see the FSW User Manual.

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.

MultiView =2 MyOFDMVSA !

Ref Level 0.00 dBm Capture Time 2ms FFT 64 Result Length 100
Sample Rate 20.0 MHz CP Length 16 Config WianA_64QAM SGL
Inp: File
IMagnitude Capture e 1L, Cirw 3 Power vs Symbol vs Carrier o1 Clrw

LEL L o i il 1k d
'

0's 1.99995 ms . 0.0 sym 99.0 sym
2 Result Summary 4 Constellation
Min Average Max  Unit = EES

EVM All - -54.570 I
0.187 — %
EVM Data Symbols - -54.448 - dB
0.190 %
EVM Pilot Symbols - -55.861 -— dB
0.161 — %
MER [N
1/Q Offset - - - dB
Gain Imbalance --- - dB

1 = Channel bar for firmware and measurement settings

2+3 = Window title bar with diagram-specific (trace) information

4 = Diagram area

5 = Diagram footer with diagram-specific information, depending on measurement application
6 = Instrument status bar with error messages, progress bar and date/time display

Channel bar information

In the R&S FSW OFDM VSA application, the FSW shows the following settings:
Table 1-1: Information displayed in the channel bar in R&S FSW OFDM VSA application

Label Description

Ref Level Reference level

Att Mechanical and electronic RF attenuation
Input Input type of the signal source

Offset Reference level offset

Freq Center frequency for the RF signal

Capture Time How long data was captured in current sweep
Sample Rate Sample rate
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Understanding the display information

Label Description

FFT FFT size

CP Length Cyclic prefix length

Res Len Result length

Config Currently loaded configuration file

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 FSW
base unit user manual.

Window title bar information

For each diagram, the header provides the following information:

1 Magnitude Capture

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

1 = Window name
2 = Result type
3 = Trace color
4 = Trace number
5 = Trace mode

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 11).
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 FSW window.
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OFDM VSA parameters

2 OFDM VSA measurement and results

Access: "Overview" > "Display Config"
Or: [MEAS] > "Display Config"

The R&S FSW OFDM VSA application provides various different result displays for
OFDM VSA measurements.

@ OFDM VSA Parameters.......cccooi ot e e e e e e e e e e e eeeer e aas 9
e Evaluation methods for OFDM VSA MeasuremMents.......c..eeveeeeeeeeeieeeeeeeieeeeesnaeees 11

2.1 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 A, "Formu-
lae", on page 329.

@ Evaluated cells for EVM and MER results

For the numerical EVM and MER results described in Table 2-1, only the symbols in
the specified result length are evaluated. The following cells and carriers are ignored:

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

® All zero cells in all carriers

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

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

Table 2-1: OFDM VSA parameters

Parameter Description SCPI parameter *)

EVM All [%/dB] Error Vector Magnitude of all pilot and data cells of the ana- | EVM[:ALL]
lyzed frames

EVM Data Symbols | Error Vector Magnitude of all data cells of the analyzed EVM:DATA
[%/dB] frames. All pilot cells are ignored.

EVM Pilot Symbols Error Vector Magnitude of all pilot cells of the analyzed EVM:PILot
[%/dB] frames. All data cells are ignored.

**) Maximum EVM of each carrier (frequency domain) and in EVMPeak [ :ALL]

each symbol (time domain) for each analyzed signal frame.
The results are provided in dB or percent.

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

*) Required to retrieve the parameter result, see Chapter 8.8.1, "Retrieving numerical results", on page 295

**) not included in Result Summary, remote query only

User Manual 1179.3844.02 — 06 9



R&S®FSW-K96

OFDM VSA measurement and results

OFDM VSA parameters

Parameter

Description

SCPI parameter *)

**)

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

EVMPeak:DATA

**)

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

EVMPeak:PILot

MER [dB]

Average Modulation Error Ratio (MER) for all data and all
pilot cells of the analyzed frames. If more than one frame is
evaluated, mean square averaging is used.

The MER is the ratio of the RMS power of the ideal refer-
ence signal to the RMS power of the error vector.

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

MER[:ALL]

1/Q offset [dB]

Transmitter center frequency leakage relative to the total Tx
channel power

IQOFset

Gain imbalance [dB]

Amplification of the quadrature phase component of the sig-
nal relative to the amplification of the in-phase component

GIMBalance

Quadrature error [°]

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

QUADerror

Frequency Error [Hz]

Frequency error between the signal and the currently defined
center frequency

The absolute frequency error includes the frequency error of
the FSW and that of the DUT. If possible, the transmitter
FSW and the DUT should be synchronized (using an exter-
nal reference).

FERRor

Sample Clock Error

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

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

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

SERRor

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-
lyzed signal frame

CRESt

**) not included in Result Summary, remote query only

*) Required to retrieve the parameter result, see Chapter 8.8.1, "Retrieving numerical results", on page 295

The R&S FSW OFDM VSA application also performs statistical evaluation over several
frames and displays the following results:
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Evaluation methods for OFDM VSA measurements

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 FSW can be evaluated using various different
methods without having to start a new measurement. Which results are displayed
depends on the selected evaluation.

The R&S FSW OFDM VSA application provides the following evaluation methods:

oY= 110 TN 1Y = 43 SRS 11
151> o o U 12
L0107 I | SRR 14
Channel FIatness.......uiii it e e et e e e s nre e e e e e areeas 14
Constellation DIagram...........ceeuuiiiiiiiiiiciiieie e e e e aaaaaaaaes 15
CoNStellation VS CarTier. ... .. i ittt e e e e e e e e e e e e e e e e e e eeanns 16
Constellation VS SYMDOL......coi e 17
A = 4 = S 18
EVIM VS SYMDOL.....eeiiiiiieiii ettt s e e 18
EVM VS SYMDBOI VS CaArTIi€r.....uviiiiiiiiieeei ettt e e e ettt e e e e e e e e e e e s s e aneeeaaaae s 19
(€T o TU o I 101 - PSPPI 20
IMPUISE RESPONSE. ... e e e e e e e e e e e e e e e e e e e eeae e s 21
Magnitude Capture.........oooo ettt e e e e e e e e e ee e eaeas 22
T (= G = o [ YOS 22
1] (SO 23
POWET SPECITUM. ... e e e e e e rr e e e e e e e e e s e s ssnenreeeeeeeaaaaeeeanan 23
L Y 0y 1Y SRR 24
oA YIS o o o 25
Power VS SYMDOI VS CalTi€r......cccceiii et e s e e e e e e e e e e e e e e e e e e e e e e eeae et aas 25
RESUIT SUMIMANY ..ot st e e s sb e e s s b e e e e e e anee 26
ST T = LN [ S 27
THGGET 10 SYNC.iiiiiiiiee ettt e e st e e s e b e e e e e s ab e e e e e e naneeas 28

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.
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Evaluation methods for OFDM VSA measurements

1 Allocation Matrix
[~ L 'l = = - _ ol — - '
L spsk N opsk  J{ 1s0am ) 640am EEUCEENN ot Constellatiol DontCare i

0.0 sym 99.0 sym

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 View and Allocation Matrix" on page 136.

Remote command:

LAY:ADD? '1',RIGH,AMATrix, see LAYout:ADD[:WINDow] ? on page 288
TRACe<n>[ : DATA] ? on page 310, see Chapter 8.8.4.1, "Allocation matrix",

on page 314

TRACe<n>[:DATA] : X? on page 310

TRACe<n>[:DATA] : Y? on page 311

Symbol unit: UNTT: SAXes on page 269

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.
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Evaluation methods for OFDM VSA measurements

{(Hexadecimal) 3 T

DontCare

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

Example:

For QPSK, the value that is in the first position defines "00", the value that is in the sec-
ond position defines "01", the value that is in the third position "10" and the last value
Il11ll.

<Constellation>
<ID>1</1D>
<Name >(PSK< /Name>
<HumanReadableName>QPSK< /HumanReadableNamse>
<ScalingFactor>1.8</ScalingFactor:
<AllocationTypesDataConstellation</AllocationTypes

<IQSymbols>
<IQ>
<Re>@.78711</Rex> e
Im0.70711¢/Ims O O
< /10>
<10
<Re»-8.78711</Re> Bits 01"
<Im>@. 78711/ Im>
< /10>
<IQ»
<Rex»-8.78711</Re> Bits "10"
<Im>-8.70711</Im>
<f10>
<IQ»
<Re>B.70711</Re> Bits 11"
<Im>-8.70711</Im>
</10>
</IQ5ymbols>
<fConstellation>

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

Remote command:
LAY:ADD? '1',RIGH,BITS, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.2, "Bitstream", on page 314
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Evaluation methods for OFDM VSA measurements

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

Figure 2-3: CCDF display

Remote command:
LAY:ADD? '1',RIGH,CCDF, see LAYout:ADD[:WINDow] ? on page 288

TRACe:DATA?, see Chapter 8.8.4.3, "CCDF", on page 315
TRACe<n>[:DATA] : X? on page 310

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

carrier.
The statistic is performed over all analyzed frames.
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Evaluation methods for OFDM VSA measurements

1 Channel Flatness o1 Avges 2 Maxe 3 Min

Figure 2-4: Channel Flatness Display

Remote command:

LAY:ADD? '1l',RIGH,CHFL, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.4, "Channel flatness", on page 315
TRACe<n>[:DATA] : X? on page 310

Carrier unit: UNTT: CAXes on page 268

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.

4 Constellation
I BPSK . eagam N pilotConsteliation )|

Figure 2-5: Constellation diagram
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Evaluation methods for OFDM VSA measurements

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

See Chapter 6.1, "Result configuration”, on page 130.

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

00sym  JWEH

4 Constellation

D2[1] 0.996196
0.999092

M1[1] 0.001467
-0.999852

Figure 2-6: Marker in a Constellation diagram

See also "Markers in the Constellation View and Allocation Matrix" on page 136.

Remote command:

LAY:ADD? '1l',RIGH,CONS, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.5, "Constellation diagram", on page 315
Marker 1/Q values:

CALCulate<n>:MARKer<m>:Z on page 306

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

‘4 Constellation vs Carrier e 1 Real » 2 Imaginary

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 288
TRACe:DATA?, see Chapter 8.8.4, "Using the TRACe[:DATA] command", on page 313
Carrier unit: UNIT: CAXes on page 268

Symbol selection for marker: CALCulate<n>:MARKer<m>:7 on page 306

Constellation vs Symbol

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

1 Constellation vs Symbol e 1 Real ® 2 Imaginary

0.0 sym 99.0 sym

Figure 2-8: Constellation vs Symbol display

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

LAY:ADD? '1l',RIGH,CSYM, see LAYout :ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4, "Using the TRACe[:DATA] command", on page 313
Symbol unit: UNIT: SAXes on page 269

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 306

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.

3 EVM vs Carrier o1 Avge 2 Maxe® 3 Min

-32 carr 32 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 288
TRACe:DATA?, see Chapter 8.8.4.8, "EVM vs carrier", on page 318
TRACe<n>[:DATA] :X? on page 310

Carrier unit: UNTT: CAXes on page 268

EVM unit: UNTT: EVM on page 268

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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‘4EVM vs Symbol o1 Avge 2 Maxe 3 Min

0.0 sym 99.0 sym

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? '1',RIGH,EVSY, see LAYout:ADD[:WINDow] ? on page 288
TRACe:DATA?, see Chapter 8.8.4.9, "EVM vs symbol", on page 318
TRACe<n>[:DATA] : X? on page 310

Symbol unit: UNTIT: SAXes on page 269

EVM unit: UNTT : EVM on page 268

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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2 EVM vs Symbol vs Carrier
- 70dH

0.0 sym 99.0 sym

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? '1',RIGH,EVSC, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.10, "EVM vs symbol vs carrier”, on page 318
TRACe<n>[:DATA] : X? on page 310

TRACe<n>[:DATA] : Y? on page 311

Carrier unit: UNTIT:CAXes on page 268

Symbol unit: UNTT: SAXes on page 269

EVM unit: UNTT : EVM on page 268

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 306

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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1 Group Delay e1 Avge 2 Max e 3 Min

-32 carr 32 carr

Remote command:

LAY:ADD? '1',RIGH,GDEL, see LAYout:ADD[:WINDow] ? on page 288
TRACe:DATA?, see Chapter 8.8.4.11, "Group delay", on page 319
TRACe<n>[:DATA] : X? on page 310

Carrier unit: UNIT:CAXes on page 268

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.

3 Impulse Response o1 Avge 2 Max e 3 Min

e R R S —

Figure 2-12: Channel Impulse Response Display
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Remote command:

LAY:ADD? '1l',RIGH, IRES, see LAYout:ADD[:WINDow] ? on page 288
TRACe:DATA?, see Chapter 8.8.4.12, "Impulse response”, on page 319
TRACe<n>[:DATA] :X? on page 310

Linear/ logarithmic scaling: UNTT: TRESponse on page 269

Magnitude Capture

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

1 Magnitude Capture

1.99995 ms

Figure 2-13: Magnitude Capture display

Remote command:

LAY:ADD? '1l',RIGH,MCAP, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.13, "Magnitude capture", on page 319
TRACe<n>[:DATA] : X? on page 310

Time unit: UNIT: TAXes on page 270

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

This table is displayed automatically if configured accordingly.

1 Marker Table

Wind Type X-Value Y-Value Function Function Result
2 M 21725 ms -6.80 dBm

13.859 ms -0.00 dB

P 4.6259 ms -0.00 dB
5 9.2331 ms -0.00 dB

Tip: To navigate within long marker tables, simply scroll through the entries with your
finger on the touchscreen.

Remote command:
LAY:ADD? '1l',RIGH, MTAB, see LAYout:ADD[:WINDow]? on page 288
Results:
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CALCulate<n>:MARKer<m>:X on page 272
CALCulate<n>:MARKer<m>:Y? on page 306

Notes
Allows you to add comments or explanations to the current measurement. The content
of the Notes display can also be included in test reports.

For details, see the FSW base unit user manual.

Remote command:
LAY:ADD? '1',RIGH,NOT, see LAYout:ADD[:WINDow]? on page 288

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

2 Power Spectrum o1 Clrw
Usable 1/Q|Bandwidth

| i A |
| | I"Jl'-|||,|r","|| 'I ||,"1|||'I J" | |I|‘ I"'IILt] |!|J]|"|I ']'Jll F“‘
||'

fof
[N 'l
l"l '|||I |||

I|.|
|! |”|i|'ll l
Ilil |'||Il|lr.-|“f" I ll

Figure 2-14: Power Spectrum display

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

See Chapter 4.5, "Data acquisition", on page 90.
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= OFDM V5A: 3 Power Spectrum

Channel Filter 6dB Bandwidth

10.0 MHz

Figure 2-15: Power spectrum with active channel filter

Remote command:

LAY:ADD? '1',RIGH, PSP, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.17, "Power spectrum”, on page 321
Frequency unit: UNTIT: FAXes on page 269

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.

Multiple traces display statistical evaluations over all analyzed frames.

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

-32 carr 32 carr

Figure 2-16: Power vs Carrier display

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

Remote command:
LAY:ADD? '1',RIGH, PCAR, see LAYout:ADD[:WINDow]? on page 288
TRACe:DATA?, see Chapter 8.8.4.14, "Power vs carrier", on page 320
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TRACe<n>[:DATA] : X? on page 310
Carrier unit: UNIT: CAXes on page 268

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.

3 Power vs Symbol e1 Avge 2 Max e 3 Min

0.0 sym 99.0 sym

Figure 2-17: Power vs Symbol display

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

Remote command:

LAY:ADD? '1',RIGH,PSYM, see LAYout:ADD[:WINDow] ? on page 288
TRACe:DATA?, see Chapter 8.8.4.15, "Power vs symbol", on page 320
TRACe<n>[:DATA] : X? on page 310

Symbol unit: UNIT: SAXes on page 269

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.
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4 Power vs Symbol vs Carrier

0.0 sym 99.0 sym

Figure 2-18: Power vs Symbol vs Carrier display

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 288
TRACe:DATA?, see Chapter 8.8.4.16, "Power vs symbol vs carrier”, on page 320
TRACe<n>[:DATA] : X? on page 310

TRACe<n>[:DATA] : Y? on page 311

Carrier unit: UNTT : CAXes on page 268

Symbol unit: UNIT: SAXes on page 269

Carrier selection for marker: CALCulate<n>:MARKer<m>:7 on page 306

Result Summary
The Result Summary table provides numerical measurement results.

Statistical evaluation is performed over all analyzed frames within the capture buffer.
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2 Result Summary
Min Average

EVM All
EVM Data Symbols
EVM Pilot Symbols

MER

I/Q Offset

Gain Imbalance

Quadrature Error
Frequency Error
Sample Clock Error ppm

Frame Power .99 dBm

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 Chapter 2.1, "OFDM VSA parameters",
on page 9.

Remote command:

LAY:ADD? '1',RIGH,RSUM, see LAYout:ADD[:WINDow]? on page 288
Results:

FETCh:SUMMary [ :ALL] ? on page 297

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.
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2 Signal Flow

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

Pilot-Aided
Parameter
Estimation

Modulation
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 3.4.1, "Synchronization block", on page 38.

Remote command:

LAY:ADD? '1',RIGH,SFL, see LAYout:ADD[:WINDow] ? on page 288
Retrieving results:

Chapter 8.8.2, "Retrieving signal flow results", on page 300

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

5 Trigger to Sync
Current

Trigger to Sync 0.750

Figure 2-21: Trigger to Sync display

Remote command:

LAY:ADD? '1',RIGH, TRIG, see LAYout:ADD[:WINDow] ? on page 288
Retrieving results:

FETCh:TTFRame? on page 299
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3.1

OFDMA

Measurement basics

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.

L I O | 5 SRS 29
o OFDM parameterization...........couuiiiiiiiiiiiciciiieie e 30
L I O F= 1o T = I 11 =Y SRR 36
@  OFDM MEASUIEMENT..... .. e e e e e e e e e e e e e e e e e e e e e s e eenennneeeeeas 37
e Sample rate and maximum usable 1/Q bandwidth for RF input.............cccccvvvineennn.. 40
L J B | o S ) =Y oo T | o RS 56
e OFDM VSA in MSRA operating MOde.........cccuuiieeieiieeeeeeccciieieeee e e e senveeeee s 58
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.

5 MHz Bandwidth

/—-—\ ‘{ Sub-cariers ¥IA

Frequency

e e

Time

Figure 3-1: Frequency-time representation of an OFDM signal
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3.2

3.2.1

OFDM parameterization

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+11T,

| _time, |

a(mMN+0)

Ty m+1)T,

a(mh+1) time
£ || a(miv+2) |:> 5wl0). Sl 1), Sml2). .. Sm{N-1)
.’2 B,

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.

QAN symbol rate =
MNIT, symbeleisec

l symbol o F o
Source {20t e 1) JFFT | fmass 1m Useful OFDM
M odulator ymbnrses imboes symbals

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.

o Time domain desSCriPliON......coeiiiiiiiiiccccrre e s 30
e Frequency domain deSCrIPLION.....cceiiiiiiiee ittt e e ee e 31
o  Preamble desCriptioN...... .o 35

Time domain description

The fundamental unit of an OFDM signal in the time domain is a sample.
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An OFDM symbol with a length of Ng samples consists of:
® A guard interval of length Ng
® An FFT interval of length Nge

Ne NEFT

Y
Ns

Figure 3-4: OFDM symbol in time domain

@ Cyclic suffix
In addition to the guard interval at the beginning of an OFDM symbol, some symbols
also contain a cyclic suffix. See "Cyclic Suffix Length" on page 65.

3.2.2 Frequency domain description

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

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

Carrier no. / DC carrier
0o 1

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

frequency -

Figure 3-5: Time-Frequency matrix
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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 Nger. 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 —

% _ Nier Ny 1

b
2 2

odd r

% _NFFT_l Nier —1

b
2 2

OFDM system sample rate

In an OFDM system, an FFT (with the length 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> + <CyclicSuffixLength>) *
<No_symbols_to_measure>

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

SRorpy = <carrier_spacing>* <FFT_size>

For the R&S FSW 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'".
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3.2.2.1 Allocation matrix

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

into the following cell types:

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

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

® "Don't Care" cells: Cells that are not evaluated for EVM measurement, but con-
tain signal power.

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

£ DOC carrier —s +— (Guard carriers — l—

Midamble —

Data

"Don't Care”

Figure 3-6: Allocation matrix

3.2.2.2 Pilot matrix

A pilot matrix contains known complex numbers in the matrix cells, which are defined
as pilot cells in the allocation matrix. Within the analyzer, the pilot matrix is correlated
with the received time frequency matrix. Thus, it obtains the frame start and the fre-
quency offset of the received signal relative to the given allocation matrix.
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3.2.2.3

3.2.24

OFDM parameterization

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

o~

I .1 1.1 1 .1
N o R Woa

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
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case, all data cells sharing that number are assumed to use only one of the valid con-
stellation vectors. This method can be used within the R&S FSW OFDM VSA applica-
tion to allow for automatic modulation detection.

f

t
DData Cells

0 0 0 Constellation Wectors

0 -1 1
2 2

1 B iblgii it 1

£ R[RTRETRERE TR

2 2

2 (unused)
2 2 2

Figure 3-9: Modulation matrix

3.2.3 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
|

T1 T2 T3 T4 T5 Undefined | Symbol 0 see

|
Block length Frame (Structure Matrix)

! Frame Offset !

Figure 3-10: Description of a repetitive preamble symbol
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3.3 Channel filter

The R&S FSW 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 FSW 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]

I I I I
0.05 041 015 0.2 025 03 035 04
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 FSW with an oversampling factor before the adjust-
able 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 FSW captures 1/Q data and resamples it
to 20 MHz. The instrument's hardware defines the flat bandwidth, filter slope and stop-
band frequency of the used filter. The R&S FSW OFDM VSA application receives the
data with the required sample rate of 20 MHz.

If the adjustable channel filter is enabled, the FSW captures I/Q data using a doubled
sample rate of 40 MHz, that is: an oversampling factor of 2 is applied. The R&S FSW
OFDM VSA application then applies the adjustable channel filter. The user-defined 6-
dB bandwidth defines the overall bandwidth of the filter. The distance between the 6-
dB bandwidth and the user-defined 50-dB bandwidth defines the filter slope (see Fig-
ure 3-11). The 20-MHz region of interest in the middle of the signal is not affected by
the filter. Finally, the R&S FSW OFDM VSA application decimates the filtered data from
40 MHz to the required sample rate of 20 MHz.

OFDM measurement

ON/OFF PREAMBLE / CP FFT_SHIFT MAX_BIN_OFFSET
Capture Burst Time Rough Frame
Buffer — | Detection | |  Sync Compensate | | A R_Ik w/o frame sync Sync R
Freq. Offset Synchronization Block
Freq / Clock Channel CPE / Gain Modulation Data
Rk " Estimation [ ¥ COMPeNsAe M Ectimation [ Estimation [ | COTPeNSA® A petection Decision w Al
Freq. / Clock Offset Channel CPE / Gain Pilot Aided Block
Ak A Ik Data Aided Block Measurement Block
Freq / Clock Channel CPE / Gain
Rk Y Estimation [ | COMPeNsae X Ehimation Estimation PHASE_TRACKING
TIMING_TRACKING
1 1 GAIN_TRACKING
Freq. / Clock Offset Channel CPE / Gain CHANNEL_COMP
R_Ik _'l User Defined Compensation |
A_lk —Dl EVM Measurement |

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

The block diagram in Figure 3-12 shows the R&S FSW OFDM VSA application proc-
ess 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:

ISV, aTed o] ro] T2 i o] o I o] (oY1 G 38
L 1 l0) cr= o [T B o] [oTo: SO RSO 38
I D=1 = Y= 1o [=To [ o] Lo o PR 39
0 MeasuremeNnt DIOCK.........oouueeeii e e 39
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3.4.1 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.

3.4.2 Pilot-aided block

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

The subsequent channel estimator determines the channel transfer function at the
known pilot positions 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.

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

® Demodulate the signal correctly

® Compensate phase, timing or level offsets

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.

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.
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3.5 Sample rate and maximum usable I/Q bandwidth for

RF input

Definitions

® |nput sample rate (ISR): the sample rate of the useful data provided by the device
connected to the input of the FSW

® (User, Output) Sample rate (SR): the user-defined sample rate (e.g. in the "Data
Acquisition" dialog box in the "I/Q Analyzer" application) which is used as the basis
for analysis or output

e 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 FSW

® Record length: the number of 1/Q samples to capture during the specified mea-
surement time; calculated as the measurement time multiplied by the sample rate

For the I/Q data acquisition, digital decimation filters are used internally in the FSW.
The passband of these digital filters determines the maximum usable I/Q bandwidth. In
consequence, signals within the usable I/Q bandwidth (passband) remain unchanged,
while signals outside the usable 1/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 output sample rate, which
increases the maximum usable 1/Q bandwidth.

Bandwidth extension options

You can extend the maximum usable I/Q bandwidth provided by the FSW in the basic
installation by adding options. These options can either be included in the initial instal-
lation (B-options) or updated later (U-options). The maximum bandwidth provided by
the individual option is indicated by its number, for example, B40 extends the band-
width to 40 MHz.

Note that the U-options as of U40 always require all lower-bandwidth options as a pre-
requisite, while the B-options already include them.

As a rule, the usable I/Q bandwidth is proportional to the output sample rate. Yet, when
the 1/Q bandwidth reaches the bandwidth of the analog IF filter (at very high output
sample rates), the curve breaks.

e Available bandwidth extension OptioNS..........ouuiiiiiiiiiiiiiiiie s 41
e Relationship between sample rate, record length and usable 1/Q bandwidth......... 41
e FSW without additional bandwidth extension options.........cccccceeiiiiiiccciiiiieeeeeeenn, 44
e FSW with I/Q bandwidth extension option B40 or U40...........cccoveveieirviiriiiieiniinnn, 44
e FSW with 1/Q bandwidth extension option B80 or U80.............cceveeiiiiiiiiiiiiiiieeenen. 45
e FSW with activated 1/Q bandwidth extension option B160 or U160........................ 45
e FSW with activated 1/Q bandwidth extension option B320/U320........ccccccveeeeeeeen... 46
e FSW with activated I/Q bandwidth extension option B512...........coovvicciiviieennennnn. 47
e FSW with activated I/Q bandwidth extension option B1200...........ccccoecviererninnennn. 48
e FSW with activated I/Q bandwidth extension option B2001............cccccviviieeeeeennn. 50
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e FSW with activated I/Q bandwidth extension option B2000..............ccccciiieeeeeennn. 52
e FSW with activated 1/Q bandwidth extension option B5000.............cccccciiieeerennn.n. 53
e FSW with activated 1/Q bandwidth extension option B4001/B6001/B8001............. 54

3.5.1 Available bandwidth extension options

Table 3-2: Available bandwidth extension options

Max. usable | Required B-option | Required U-options

1/Q band-

width

28 MHz - -

40 MHz B40 u40

80 MHz B80 U40+U80 or
B40+U80

160 MHz B160 U40+U80+U160 or
B40+U80+U160 or
B80+U160

320 MHz B320 U40+U80+U160+U320 or
B40+U80+U160+U320 or
B80+U160+U320 or
B160+U320

512 MHz B512 U40+U80+U512 or
B40+U80+U512 or
B80+U512 or

1200 MHz B1200 B40 + U80 + U1200 or
B80 + U1200

2000 MHz B2000 U2000

2000 MHz B2001 U2001

4000 MHz B4001 U4001

5000 MHz B5000 U5000

6000 MHz B6001 U6001

8000 MHz B8001 U8001

3.5.2 Relationship between sample rate, record length and usable I/Q
bandwidth

Up to the maximum bandwidth, the following rule applies:
Usable I/Q bandwidth = 0.8 * Output sample rate
Regarding the record length, the following rule applies:

Record length = Measurement time * sample rate
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Maximum record length for RF input

The maximum record length, that is, the maximum number of samples that can be cap-
tured, depends on the sample rate.

For activated option B1200, see Table 3-14.

For activated option B2001, see Chapter 3.5.10, "FSW with activated 1/Q bandwidth
extension option B2001", on page 50.

For activated option B2000, see Chapter 3.5.11, "FSW with activated 1/Q bandwidth
extension option B2000", on page 52.

For activated option B5000, see Chapter 3.5.12, "FSW with activated 1/Q bandwidth
extension option B5000", on page 53.

For activated option B4001/B6001/B8001, see Chapter 3.5.13, "FSW with activated 1/Q
bandwidth extension option B4001/B6001/B8001", on page 54.

Table 3-3: Maximum record length (without I/Q bandwidth extension options FSW-B160/-B320/-B512/-
B1200/-B2001/-B4001/-B6001/-B8001)

Sample rate Maximum record length
100 Hz to 200 MHz 440 Msamples

200 MHz to 20 GHz 220 Msamples
(upsampling)

The Figure 3-13 shows the maximum usable 1/Q bandwidths depending on the output
sample rates.
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Figure 3-13: Relationship between maximum usable I/Q bandwidth and output sample rate with and
without bandwidth extensions

Restricting the maximum bandwidth manually

By default, all installed bandwidth extension options are activated, allowing for the
maximum bandwidth for measurements on the FSW. However, sometimes the maxi-
mum bandwidth is not necessary. For example, due to the correlation of both parame-
ters, high sample rates automatically lead to an extended analysis bandwidth. How-
ever, while a high sample rate can be necessary (for example due to postprocessing in
an OFDM system), the wide bandwidth is not necessarily required.

On the other hand, low sample rates lead to small usable I/Q bandwidths. To ensure
the availability of the required bandwidth, the minimum required bandwidth for the
specified sample rate can be selected (via remote command only).

Thus, if one of the bandwidth extension options is installed, the maximum bandwidth
can be restricted manually to a value that can improve the measurement (see "Maxi-
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mum Bandwidth" on page 92). In this case, the hardware of the "regular" RF path is
used, rather than the hardware required by the bandwidth extension options.

The following improvements can be achieved:

® [ onger measurement time for sample rates under 300 MHz

® Data processing becomes up to 10 times faster.

® Digital baseband output becomes available (with bandwidth extension options that
do not support output).

@ General notes and restrictions

® The memory extension option FSW-B106 is only available together with the
R&S FSW-B160 or B320 bandwidth extension options.

® The memory extension option FSW-B108 is only available together with the FSW-
B1200/-B2001/-B800R options.

® The memory extension option FSW-B124 is only available together with the FSW-
B4001/B6001/B8001 options.

® In MSRA operating mode, the MSRA primary is restricted to a sample rate of
600 MHz.

3.5.3 FSW without additional bandwidth extension options

Sample rate: 100 Hz - 20 GHz
Maximum 1/Q bandwidth: 28 MHz

Table 3-4: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth
100 Hz to 28 MHz Proportional up to maximum 28 MHz
28 MHz to 20 GHz 28 MHz

@ MSRA operating mode
In MSRA operating mode, the MSRA primary is restricted to a sample rate of 600 MHz.

3.5.4 FSW with I/Q bandwidth extension option B40 or U40

Sample rate: 100 Hz - 20 GHz
Maximum bandwidth: 40 MHz

Table 3-5: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth
100 Hz to 50 MHz Proportional up to maximum 40 MHz
50 MHz to 20 GHz 40 MHz
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@ MSRA operating mode
In MSRA operating mode, the MSRA primary is restricted to a sample rate of 600 MHz.

3.5.5 FSW with I/Q bandwidth extension option B80 or U80

Sample rate: 100 Hz - 20 GHz

Maximum bandwidth: 80 MHz
Table 3-6: Maximum I/Q bandwidth

Sample rate

Maximum 1/Q bandwidth

100 Hz to 100 MHz

Proportional up to maximum 80 MHz

100 MHz to 20 GHz

80 MHz

@ MSRA operating mode
In MSRA operating mode, the MSRA primary is restricted to a sample rate of 600 MHz.

3.5.6 FSW with activated 1/Q bandwidth extension option B160 or U160

Sample rate: 100 Hz - 20 GHz

Maximum bandwidth: 160 MHz
Table 3-7: Maximum I/Q bandwidth

Sample rate

Maximum I/Q bandwidth

100 Hz to 200 MHz

Proportional up to maximum 160 MHz

200 MHz to 20 GHz

160 MHz

Table 3-8: Maximum record length with activated 1/Q bandwidth extension option B160 or U160

Sample rate

Maximum record length

100 Hz to 200 MHz

440 Msamples

220 Msamples

@ Notes and restrictions for FSW-B160 or U160
® In MSRA operating mode, the MSRA primary is restricted to a sample rate of

600 MHz.
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3.5.7 FSW with activated 1/Q bandwidth extension option B320/U320

Table 3-9: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth

100 Hz to 400 MHz Proportional up to maximum 320 MHz

400 MHz to 20 GHz 320 MHz

Usable I/C
bandwidth 1/Q bandwidths for RF input
[MHz] Activated option

320 B320 / U320

300
280

2860

240

220

200

180

160 RF-Input:
BW = 0.80
140 * Fout

120 7

100

80
60

40

20—

» Qutput sample
40 80 120 160 200 240 280 320 360 400 .. mﬂmratafm[MHz]

Figure 3-14: Relationship between maximum usable 1/Q bandwidth and output sample rate for active
FSW-B320

Table 3-10: Maximum record length with activated I/Q bandwidth extension option B320 or U320

Sample rate Maximum record length

100 Hz to 200 MHZz*) 440 Msamples
With FSW-B106 option: 1400 Msamples

200 MHz to 468 MHz 470 Msamples * sample rate / 1GHz
With FSW-B106 option: 1400 Msamples * sample rate / 1GHz

468 MHz to 20 GHz 220 Msamples
With FSW-B106 option: 700 Msamples

*) for sample rates up to 200 MHz the I/Q bandwidth extension B320 is not used
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@ Notes and restrictions for FSW-B320

® In MSRA operating mode, the MSRA primary is restricted to a sample rate of
600 MHz.

3.5.8 FSW with activated 1/Q bandwidth extension option B512

The bandwidth extension option FSW-B512 provides measurement bandwidths up to
512 MHz.

Table 3-11: Maximum I/Q bandwidth

Sample rate Maximum 1/Q bandwidth
100 Hz to 600 MHz 0.8 * sample rate (up to maximum 512 MHz)
600 MHz to 20 GHz 512 MHz

I/Q bandwidths for RF input
Usable 1/Q

bandwidth

[MHZ]

' 1

Eﬂlﬁ Activated option
B500f B512

440
e

400
360
920 RF-Input;
280

240 4
200 /]
160
120 A

a0 Vi
40 Vi

. Dutput sample
40 120 200 280 360 440 520 10000 pate £, [MHz]

Figure 3-15: Relationship between maximum usable I/Q bandwidth and output sample rate for active
FSW-B512

Table 3-12: Maximum record length with activated I/Q bandwidth extension option FSW-B512

Sample rate Maximum record length

100 Hz to 20 GHz 440 Msamples
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Notes and restrictions for FSW-B512

® In MSRA operating mode, the MSRA primary is restricted to a sample rate of
600 MHz and a maximum record length of 220 Msamples.

® The memory extension options FSW-B106/-B108/-B124 are not available together
with the -B512 option.

Bandwidths between 480 MHz and 512 MHz with FSW-B512 option

Note the irregular behavior of the relationshipt between the sample rate and the usable
I/Q bandwidth for bandwidths between 480 MHz and 512 MHz with the -B512 options,
depending on which setting you change.

For compatibility reasons, the common relationship is maintained for bandwidths
< 480 MHz:

Usable I/Q bandwidth = 0.8 * output sample rate

However, to make use of the maximum sample rate of 600 MHz at the maximum band-
width of 512 MHz, there is an exception. If you change the bandwidth between
480 MHz and 500 MHz, the sample rate is adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (600/600)
Or
Output sample rate = usable I/Q bandwidth / 0.8333

When using option R&S FSW-B512R, if you change the bandwidth between
500 MHz and 512 MHz, the sample rate is adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (512/600)
Or
Output sample rate = usable I/Q bandwidth / 0.8533

On the other hand, if you decrease the sample rate under 600 MHz, the 1/Q band-
width is adapted according to the common relationship:

Usable I/Q bandwidth = 0.8 * output sample rate.

FSW with activated 1/Q bandwidth extension option B1200

The bandwidth extension option FSW-B1200 provides measurement bandwidths up to
1200 MHz.

Table 3-13: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth
100 Hz to 600 MHz 0.8 * sample rate
600 MHz 0.8533 * sample rate (=512 MHz)

600 MHz to 1500 MHz 0.8 * sample rate *)

1500 MHz to 20 GHz 1200 MHz

*) Exception: for active digital 1/Q 40G streaming output, a sample rate of 1200 MHz provides a maximum
1/Q bandwidth of 1000 MHz
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Figure 3-16: Relationship between maximum usable I/Q bandwidth and output sample rate for active
FSW-B1200

Table 3-14: Maximum record length with activated I/Q bandwidth extension option FSW-B1200

Sample rate Maximum record length

100 Hz to 600 MHz 440 Msamples
With FSW-B108 option: max. 1800 Msamples

600 MHz to 1250 MHz 480 Msamples * (sample rate / 1250 MHz); max. 440 Msamples

With FSW-B108 option: 990 Msamples * (sample rate / 1250 MHz); max. 900
Msamples

1250 MHz to 20 GHz max. 440 Msamples

With FSW-B108 option: 900 Msamples * (sample rate / 1250 MHz); max. 900
Msamples

@ Notes and restrictions for FSW-B1200

® The memory extension option FSW-B106 is not available together with the B1200
option.

® When the FSW-B1200 option is active, only an external trigger (or no trigger) is
available.
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Irregular behavior in bandwidths between 480 MHz and R&S FSW512 MHz with
FSW-B1200 option

Note that the B1200 bandwidth extension option has the same irregular behavior of the
relationship between the sample rate and the usable I/Q bandwidth for bandwidths
between 480 MHz and 512 MHz as the B512 option. The FSW uses the same hard-
ware for both options up to 512 MHz.

For compatibility reasons, the common relationship is maintained for bandwidths
< 480 MHz:

Output sample rate = usable I/Q bandwidth / 0.8

However, to make use of the maximum sample rate of 600 MHz at the maximum band-
width of 500 MHz, there is an exception. If you change the bandwidth between
480 MHz and 500 MHz, the sample rate is adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (500/600)
Or
Output sample rate = usable I/Q bandwidth / 0.8333

If you change the bandwidth between 500 MHz and 512 MHz, the sample rate is
adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (512/600)

Or

Output sample rate = usable I/Q bandwidth / 0.8533

If you increase the bandwidth above 512 MHz, the common relationship is maintained
again:

Output sample rate = usable I/Q bandwidth / 0.8

On the other hand, if you set the sample rate to 600 MHz, the I/Q bandwidth is set to:
Output sample rate * 0.8533 = 512 MHz

However, if you decrease the sample rate under 600 MHz or increase the sample
rate above 600 MHz, the I/Q bandwidth is adapted according to the common relation-
ship:

Usable I/Q bandwidth = 0.8 * output sample rate.

3.5.10 FSW with activated 1/Q bandwidth extension option B2001

The (internal) bandwidth extension option FSW-B2001 provides measurement band-
widths up to 2 GHz, with no additional devices required.

Table 3-15: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth
100 Hz to 600 MHz 0.8 * sample rate
600 MHz 0.8533 * sample rate (=512 MHz)

*) Exception: for active digital I/Q 40G streaming output, a sample rate of 1200 MHz provides a maximum
1/Q bandwidth of 1000 MHz
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Sample rate

Maximum I/Q bandwidth

600 MHz to 2500 MHz

0.8 * sample rate *)

2500 MHz to 20 GHz

2000 MHz

1/Q bandwidth of 1000 MHz

*) Exception: for active digital I/Q 40G streaming output, a sample rate of 1200 MHz provides a maximum
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Figure 3-17: Relationship between maximum usable 1/Q bandwidth and output sample rate for active

FSW-B2001

Table 3-16: Maximum record length with activated I/Q bandwidth extension option FSW-B2001

Sample rate

Maximum record length

100 Hz to 600 MHz

440 Msamples
With FSW-B108 option: max. 1800 Msamples

600 MHz to 1250 MHz

440 Msamples * (sample rate / 1250 MHz); max. 900 Msamples

With FSW-B108 option: 900 Msamples * (sample rate / 1250 MHz);
max. 900 Msamples

1250 MHz to 20 GHz

440 Msamples * (sample rate / 2500 MHz); max. 900 Msamples

With FSW-B108 option: 900 Msamples * (sample rate / 1250 MHz);
max. 900 Msamples
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Notes and restrictions for FSW-B2001

® The memory extension option FSW-B106 is not available together with the B2001
option.

e \When the FSW-B2001 option is active, only an external trigger (or no trigger) is
available.

Irregular behavior in bandwidths between 480 MHz and 512 MHz with FSW-B2001
option

Note that the B2001 bandwidth extension option has the same irregular behavior of the
relationship between the sample rate and the usable 1/Q bandwidth for bandwidths
between 480 MHz and 512 MHz as the -B512 options. The FSW uses the same hard-
ware for both options up to 512 MHz.

For compatibility reasons, the common relationship is maintained for bandwidths
<480 MHz:

Output sample rate = usable I/Q bandwidth / 0.8

However, to make use of the maximum sample rate of 600 MHz at the maximum band-
width of 500 MHz, there is an exception. If you change the bandwidth between
480 MHz and 500 MHz, the sample rate is adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (600/600)
Or
Output sample rate = usable I/Q bandwidth / 0.8333

If you change the bandwidth between 500 MHz and 512 MHz, the sample rate is
adapted according to the relationship:

Output sample rate = usable I/Q bandwidth / (512/600)

Or

Output sample rate = usable I/Q bandwidth / 0.8533

If you increase the bandwidth above 512 MHz, the common relationship is maintained
again:

Output sample rate = usable I/Q bandwidth /0.8

On the other hand, if you set the sample rate to 600 MHz, the 1/Q bandwidth is set to:
Output sample rate * 0.8533 = 512 MHz

However, if you decrease the sample rate under 600 MHz or increase the sample
rate above 600 MHz, the 1/Q bandwidth is adapted according to the common relation-
ship:

Usable I/Q bandwidth = 0.8 * output sample rate.

FSW with activated 1/Q bandwidth extension option B2000

The bandwidth extension option FSW-B2000 provides measurement bandwidths up to
2 GHz.
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Table 3-17: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth

10 kHz to 20 GHz Proportional up to maximum 2 GHz

I/Q bandwidths for RF input

Usable 1/Q
bandwidth
[GHz] Activated
2 option
18 B2000
1.6

| ——
| /

! /
0.8 _ RF-Input:
/| BW =0.80 * fo

0.6
0.4 //
0.2

_ Output sample
1 2 25 .. 10 rate fou [GHZ]

Figure 3-18: Relationship between maximum usable 1/Q bandwidth and output sample rate for active
FSW-B2000

Notes and restrictions for FSW-B2000

® The memory extension options FSW-B106/-B108/-B124 are not available together
with the B2000 option.

® |f the FSW-B2000 bandwidth extension option is active, MSRA operating mode is
not available.

® The maximum memory size, and thus record length, available for a single input
channel can be reduced by half in the following cases:

— When using an external trigger in common B2000 mode, which uses another
channel on the oscilloscope.

— In power splitter mode, which uses two input channels on the oscilloscope.

For details, see the oscilloscope's specifications document and documentation.
For details on the power splitter mode, see the FSW I/Q Analyzer and I/Q Input
user manual.

FSW with activated 1/Q bandwidth extension option B5000

The bandwidth extension option FSW-B5000 provides measurement bandwidths up to
5 GHz.
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Table 3-18: Maximum I/Q bandwidth

Sample rate Maximum I/Q bandwidth

10 kHz to 20 GHz Proportional up to maximum 5 GHz

I/Q bandwidths for RF input
Usable 1/Q
bandwidth
[GHZ] Activated
] - option
45 / B5000
4
is
3 /
25 i
2 -
15 7
1
osZ
7 _ Output sample
25 5 825 .. 20 rate fou [GHZ]

Figure 3-19: Relationship between maximum usable 1/Q bandwidth and output sample rate for active
FSW-B5000

@ Notes and restrictions for FSW-B5000

® The memory extension options FSW-B106/-B108/-B124 are not available together
with the B5000 option.

® |f the FSW-B5000 bandwidth extension option is active, MSRA operating mode is
not available.

® The maximum memory size, and thus record length, available for a single input
channel can be reduced by half in the following cases:

— When using an external trigger in common B5000 mode, which uses another
channel on the oscilloscope.

— In power splitter mode, which uses two input channels on the oscilloscope.

For details, see the oscilloscope's specifications document and documentation.
For details on the power splitter mode, see the FSW I/Q Analyzer and I/Q Input
user manual.

3.5.13 FSW with activated 1/Q bandwidth extension option B4001/B6001/
B8001

The (internal) bandwidth extension options FSW-B4001/B6001/B8001 provide mea-

surement bandwidths up to 4 GHz, 6 GHz or 8 GHz, respectively, with no additional
devices required. The B4001 option is activated automatically for bandwidths larger

User Manual 1179.3844.02 — 06 54



R&S®FSW-K96 Measurement basics

Sample rate and maximum usable 1/Q bandwidth for RF input

than 80 MHz, if installed. The B6001 and B8001 options are activated automatically for
bandwidths larger than 80 MHz and center frequencies above 18 GHz, if installed.

The memory extension options FSW-B106/-B108 are not available together with the
B4001/B6001/B8001 options.

Table 3-19: Maximum I/Q bandwidth

Option Sample rate Maximum 1/Q bandwidth
B4001 100 Hz to 5500 MHz 0.8 * sample rate
5500 MHz to 20 GHz 4400 MHz
B6001 100 Hz to 8000 MHz 0.8 * sample rate
8000 MHz to 20 GHz 6400 MHz
B8001 100 Hz to 10390 MHz 0.8 * sample rate
10390 MHz to 20 GHz 8312 MHz
Usable 1/Q . .
bandwidth 1/Q bandwidths for RF input
[MHz]
8312 ___ Activated option
8000 B8001
7000
RF-Input:
6000 BW = 0.80 * fout
5000 ¥f
3388 Activated option
B4001
3000 /’
/]
2000 e
1000 /
y Output sample
rate fout [MHZ]
5500 10390
1000 2000 3000 4000 5000 6000 7000 9000 10000 --- max

Figure 3-20: Relationship between maximum usable I/Q bandwidth and output sample rate for active
FSW-B4001/B6001/B8001

Table 3-20: Maximum record length with activated I/Q bandwidth extension option FSW-B4001/B6001/

B8001
Sample rate Maximum record length
100 Hz to 100 MHz 440 Msamples
100 MHz to 20 GHz 1039 Msamples
100 MHz to 5.32 GHz 1039 Msamples
With FSW-B124 option: max. 5600 Msamples
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Sample rate Maximum record length

5.32 GHz to 10.64 GHz 1039 Msamples
With FSW-B124 option: max. 6440 Msamples

10.64 GHz to 20 GHz 1039 Msamples

With FSW-B124 option: max. 2800 Msamples

Notes and restrictions for FSW-B4001/B6001/B8001

® In MSRA operating mode, the MSRA primary is restricted to a sample rate of
200 MHz and a maximum bandwidth of 80 MHz.

e |fa FSW-B4001/B6001/B8001 option is active, only an external trigger (or no trig-
ger) is available.

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 FSW 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:

e OFDM symbols that contain pilot or "Don't Care" cells are decoded, but these cells
are ignored.

® 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.

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.
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Example: Processing a precoded DFT-S signal

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

On the signal generator:

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

D1 D2 P1 D3 D4 P2 D5 D6

with D = Data cells, P = Pilots cells

Encoding is performed on data cells only, omitting the pilots:

[D1 D2’ D3’ D4’ D5’ D6’] = FFT( [D1 D2 D3 D4 D5 D6] )

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

These encoded 1/Q symbols are used for further OFDM modulation and then transmit-
ted.

In the R&S FSW OFDM VSA application:

For this OFDM symbol, the received I/Q symbols are in an early stage:

D1’ D2 P1 D3 D4’ P2 D5’ D&’

Since we know that DFT-S was used, we select "Signal description" > "Transform pre-
coding" : "on". The R&S FSW 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:

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

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

The R&S FSW OFDM VSA application can also be used to analyze data in MSRA
operating mode.

In MSRA operating mode, only the MSRA primary actually captures data; the MSRA
applications receive an extract of the captured data for analysis, referred to as the
application data. For the R&S FSW OFDM VSA application in MSRA operating mode,
the application data range is defined by the same settings used to define the signal
capture in Signal and Spectrum Analyzer mode. In addition, a capture offset can be
defined, i.e. an offset from the start of the captured data to the start of the application
data for vector signal analysis. The "Capture Buffer" displays show the application data
of the R&S FSW OFDM VSA application in MSRA mode.

Data coverage for each active application

Generally, if a signal contains multiple data channels for multiple standards, separate
applications are used to analyze each data channel. Thus, it is of interest to know
which application is analyzing which data channel. The MSRA primary display indi-
cates the data covered by each application, restricted to the channel bandwidth used
by the corresponding standard, by vertical blue lines labeled with the application name.
The R&S FSW OFDM VSA application supports several standards, but the standard
used by the currently analyzed data is not known. Thus, the "Symbol Rate" defined in
the "Signal Description" settings is used to approximate the channel bandwidth.

Analysis interval

However, the individual result displays of the application need not analyze the com-
plete data range. The data range that is actually analyzed by the individual result dis-
play is referred to as the analysis interval.

In the R&S FSW OFDM VSA application, the analysis interval is automatically deter-
mined according to the evaluation range or result range settings, as in Signal and
Spectrum Analyzer mode. The currently used analysis interval (in seconds, related to
capture buffer start) is indicated in the window header for each result display.

Analysis line

A frequent question when analyzing multi-standard signals is how each data channel is
correlated (in time) to others. Thus, an analysis line has been introduced. The analysis
line is a common time marker for all MSRA secondary applications. It can be posi-
tioned in any MSRA secondary application or the MSRA primary and is then adjusted
in all other secondary applications. Thus, you can easily analyze the results at a spe-
cific time in the measurement in all secondary applications and determine correlations.

If the analysis interval of the secondary application contains the marked point in time,
the line is indicated in all time-based result displays, such as time, symbol, slot or bit
diagrams. By default, the analysis line is displayed. However, you can hide it from view
manually. In all result displays, the "AL" label in the window title bar indicates whether
the analysis line lies within the analysis interval or not:

® orange "AL": the line lies within the interval
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® white "AL": the line lies within the interval, but is not displayed (hidden)
® no "AL": the line lies outside the interval

MultiView =8 MSRA Primary OFDM VSA

Ref Level 0.00 dB Capture Time & Result Length
Att . Sample Rate .0 Config

1 Magni v 3 Power Spectrum

i

2.0ms__-10.0 MHz
Constellation

Min Average M i L-LTF L-SIG | VHT-S1G-A| WHT-STF | WHT-LTF |wHT-31G-8| Pilst |

For details on the MSRA operating mode, see the FSW MSRA User Manual.
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4 Configuring OFDM VSA measurements

When you activate a measurement channel for the R&S FSW OFDM VSA application,
a OFDM VSA measurement for the input signal is started automatically with the default
configuration. The "OFDM VSA" menu is displayed and provides access to the most
important configuration functions.

® General FSW functions
The application-independent functions for general tasks on the FSW are also available
for the R&S FSW OFDM VSA application and are described in the FSW user manual.
In particular, the application supports the following functionality:

® Data management

® Test report functionality

® General software preferences and information
® Fast access panel

O Importing and exporting 1/Q data

S The 1/Q data to be evaluated in the R&S FSW OFDM VSA application cannot only be
measured by the R&S FSW OFDM VSA application itself, it can also be imported to
the application, provided it has the correct format. Furthermore, the evaluated I/Q data
from the R&S FSW OFDM VSA application can be exported for further analysis in
external applications.
The import and export functions are available in the "Save/Recall" menu which is dis-
played when you select the B "Save" or & "Open" icon in the toolbar.

For details on importing and exporting I/Q data, see the FSW base unit user manual.

@  CoNnfiguration OVEIVIEW.........uuuiiiiiiiiei e e e ettt e e e e s e e e e e e e e s e s snrnreeeeeees 60
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e Input, output and frontend SettingS.........ceuviiiiiiiiiiiiii e ———— 68
L I I T To [T Y= £ 4] o 1TSS 84
®  Data ACqUISITION. ....ueeiiie e e e e e e —————— 90
®  SWEEP SELINGS. ...eeiiii i 94
@ BUIST SEAICN...cciii i 95
L =TT U A =T T [ USRS 96
e Synchronization, demodulation and tracking.............eeeuuiiiiiiiiiiiiieie e 97
e Adjusting settings automatically.............cooorrrriiiiiic e 101

4.1 Configuration overview

Access: [Meas Config] > "Overview"

-

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

FFT Size 64 Input 1/Q File

CP Length 16

Block Length 16 Ref Level 0.0 dBm Level
Frame Offset 0

A.‘ Signal Description '®' Input/Frontend | | Trigger

Max No of Frames to Analyze 1 Capture Length 40 000
Result Length (Symbols) 100 Burst Search Sample Rate 20.0 MHz

- ‘* Result Range J-u-l Burst Search A/D  Data Acquisition

Time Sync Cydlic Prefix
Param Est Pilot-Aided Tracking Phase
Mod Detection Configuration File Channel Comp Oon

>
ﬂ Sync / Demod "Q Tracking |£ \_/) Display Config

Preset Channel Spedific Settings for 1: Magnitude Capture

Figure 4-1: Configuration "Overview" for the R&S FSW OFDM VSA application

In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialog 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 62

2. Input/Frontend
See Chapter 4.3, "Input, output and frontend settings", on page 68

3. Trigger
See Chapter 4.4, "Trigger settings", on page 84

4. Data acquisition
See Chapter 4.5, "Data acquisition", on page 90

5. Burst search
See Chapter 4.7, "Burst search", on page 95

6. Result range
See Chapter 4.8, "Result ranges”, on page 96

7. Synchronization and demodulation settings
See Chapter 4.9, "Synchronization, demodulation and tracking", on page 97

8. Tracking
See Chapter 4.9, "Synchronization, demodulation and tracking", on page 97
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9. Result configuration
See Chapter 6.1, "Result configuration”, on page 130

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.

=S A O g =T o o1 S 62
SPECIfIC SELHNGS TON ... .t e e 62

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.

Note: Do not confuse "Preset Channel" with the [Preset] key, which restores the entire
instrument to its default values and thus closes all channels on the FSW (except for the
default channel)!

Remote command:
SYSTem:PRESet :CHANnel [ :EXEC] on page 157

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.

4.2 Signal description

Access: "Overview" > "Signal Description”

You must describe the expected input signal so that the R&S FSW OFDM VSA appli-
cation 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 cur-
rent input signal (see Chapter 5, "Creating a configuration file using the wizard",

on page 102).

O The R&S FSW OFDM VSA application provides some sample files for I/Q input data
= and configuration files in the C: \R_S\INSTR\USER\demo\OFDM-VSA directory.
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Signal Description
OFDM Configuration Symbol Characteristics

Use Configuration File FFT Size 64 Samples

Cydic Prefix Length 16 Samples

Load Config File Create Config File Cydic Suffix Length 0 Samples

Preamble Symbol Characteristics

Block Length Samples
Frame Start Offset Samples

Cydic Prefix Config Zero Padding

Export Data (to Create Config File on Other PC)

DFT-s-OFDM / SC-FDMA

Transform Precoding T G I Mod
onventional Mode

(All symbols have the same cydic prefix length)

. Two Different Cydic Prefix Lengths

RF Upconversion
Phase Compensation
f o=

Symbols Samples

Range 1

Range 2

Use Configuration File.........uueeiii et 63
Load Configuration File...........eeiiiiiiiii et 64
Create Configuration File..........ouiiiii i 64
Export Data (to Create Config File on Other PC)........ccoooiiiiiiiiiiiieeeeee e 64
DFT-s-OFDM / SC-FDMA:Transform Precoding........ccccceeeieieiiiiiiieeeeeeeeceeeeeeeeeeeeveeee 64

L Ignore PILOT/DONTCARE .........coeiieiieeeeeeeeeeteessessesesesteessesses e sessssesenessseans 64
RF Upconversion: Phase Compensation...........ooiiiiiiiiiiiie e 64
o ] PRSP 65
CyClic Prefix LENGEN....... ettt 65
CyClic SUFFIX LENGIN ...t 65
Preamble Symbol Characteristics: Block Length............ccccciiiiiiiiei e, 66
Frame Start OffSt..... ... e 66
Cyclic Prefix Configuration...........coooi oo 66
Different cyclic prefiX IeNGthS. ... 66

L Cyclic prefix definition per range (Symbols / Samples).........ccccoveueueuerererenncne. 67
WA= (o T o= Lo (o 1 o o TP UPUPPTTRPPIOE 67

L SAMIPIES. ...ttt ee et en et n e 67

L SYMDOI OFfSEL......eveeeeeee ettt ettt n e n e 67

L Repeat Padding After SYMDOIS...........c.cieeeeeieeeeeieeeeeeeeeeee e s ees e seee e 67

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 162
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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.

Remote command:
MMEMory : LOAD:CFGF1ile on page 164

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 102.

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 FSW 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 3.6, "DFT-S precoding”, on page 56.

Remote command:
CONFigure:TPRecoding on page 164

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 164

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 FSW 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.
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Remote command:

CONFigure:RFUC:STATe on page 159
CONFigure:RFUC:FZERo:MODE on page 159
CONFigure:RFUC:FZERo: FREQuency on page 158

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

Remote command:
CONFigure[:SYMBol] :NFFT on page 161

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 65.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 161

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——»

trarfgf-grm L]

Complete ‘><\

orom [ T 1
¢g¥§ii$N7(i)FFT Length————— 4 SYelcy,

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 65.

Remote command:
CONFigure[:SYMBol] :NSUFfix on page 162
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Preamble Symbol Characteristics: Block Length

Instead of using the cyclic prefix for the time synchronization, the R&S FSW 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 158

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 158

Cyclic Prefix Configuration

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

Remote command:
CONFigure[:SYMBol] :GUARA:MODE on page 159

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

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

Slot

A

=

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

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

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

Range 1 | Range 2

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

Remote command:
CONFigure[:SYMBol] :GUARd:PERiodic on page 160
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Cyclic prefix definition per range (Symbols / Samples) < Different cyclic prefix
lengths

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

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

Remote command:
CONFigure[:SYMBol] :GUARd:NSYMbols<cp> on page 160
CONFigure[:SYMBol] :NGUard<cp> on page 161

Zero Padding
Enables or disables zero padding.

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

Cydic Prefix Config Zero Padding

Zero Padding On

Samples

Symbol Offset

Repeat Padding After Symbols

Remote command:
CONFigure[:SYMBol] :Z2PADding:STATe on page 163

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

Remote command:
CONFigure[:SYMBol] :ZPADding:LENGth on page 162

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

Remote command:
CONFigure[:SYMBol] :ZPADding:0OFFSet on page 163

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

Remote command:
CONFigure[:SYMBol] : ZPADding:REPetition on page 163
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4311

Input, output and frontend settings

Input, output and frontend settings

Access: "Overview" > "Input/Frontend"
Or: [INPUT/OUTPUT]
The FSW can evaluate signals from different input sources.

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

®  NPUE SEHINGS. oo ————————————— 68
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Input settings

Access: "Overview" > "Input/Frontend" > "Input"
Or: [INPUT/OUTPUT]

Some settings are also available in the "Amplitude” tab of the "Amplitude” dialog box,
see "Input Settings" on page 80.

Input from other sources

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

® |/Q input files

® External mixer

® External frontend

® Digital Baseband (I/Q) Interface (FSW-B17)

® Analog Baseband Interface (FSW-B71)

® Baseband oscilloscope input (FSW-B2071)

® 2 GHz /5 GHz bandwidth extension (FSW-B2000/B5000)
® Probes

For details, see the FSW 1/Q Analyzer and I/Q Input user manual.

L J = To T I =Y 01T ooV T o 1 | S 68
e Settings for input from I/Q data fil€S........cccooe i 72

Radio frequency input

Access: "Overview" > "Input/Frontend" > "Input" > "Radio Frequency"
Or: [INPUT/OUTPUT] > "Input Source Config" > "Input" > "Radio Frequency"

The default input source for the FSW is the radio frequency.
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Input/Frontend

Input Source Frequency Amplitude

ET T On
Frequency

Input Couplin
External P paRg

Mixer
Impedance

Digital I/Q Direct Path

High Pass Filter 1 to 3 GHz

Analog
GEEELELL

YIG-Preselector
I/Q File SAW Filter

Input Connector Baseband I

@ RF input protection
The RF input connector of the FSW must be protected against signal levels that
exceed the ranges specified in the specifications document. Therefore, the FSW is
equipped with an overload protection mechanism for DC and signal frequencies up to
30 MHz. This mechanism becomes active as soon as the power at the input mixer
exceeds the specified limit. It ensures that the connection between RF input and input
mixer is cut off.

When the overload protection is activated, an error message is displayed in the status
bar ("INPUT OVLD"), and a message box informs you that the RF input was discon-
nected. Furthermore, a status bit (bit 3) in the STAT : QUES : POW status register is set.
In this case, you must decrease the level at the RF input connector and then close the
message box. Then measurement is possible again. Reactivating the RF input is also
possible via the remote command INPut:ATTenuation: PROTection:RESet.

Radio FrequenCy STate... ... e 69
1] 010 807 010 o] 11 s o T SUPRPR 70
[ g oT=Yo =1 a o7 =TS 70
1= ol A = 1 o SRR 71
High Pass Filter 110 3 GHzZ...ooooi i 71
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Radio Frequency State
Activates input from the "RF Input" connector.

For FSW85 models with two input connectors, you must define which input source is
used for each measurement channel.
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Radio Input 1  Input 2

Frequency

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" 1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz
with option R&S FSW-B90G)
"Input 2" 1.85 mm RF input connector for frequencies up to 67 GHz

Remote command:
INPut:SELect on page 168
INPut:TYPE on page 169

Input Coupling

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

For an active external frontend, input coupling is always AC.

Not available for input from the optional "Analog Baseband" interface.

Not available for input from the optional "Digital Baseband" interface.

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 specifi-
cations document.

Remote command:
INPut:COUPling on page 166

Impedance

The FSW has an internal impedance of 50 Q. However, some applications use other
impedance values. To match the impedance of an external application to the impe-
dance of the FSW, an impedance matching pad can be inserted at the input. If the type
and impedance value of the used matching pad is known to the FSW, it can convert
the measured units accordingly so that the results are calculated correctly.

For an active external frontend, impedance is always 50 Q.

This function is not available for input from the optional "Digital Baseband" interface.
Not all settings are supported by all FSW applications.

The impedance conversion does not affect the level of the output signals (such as IF,
video, demod, digital 1/Q output).

"50Q" (Default:) no conversion takes place

"75Q" The 50 Q input impedance is transformed to a higher impedance

using a 75 Q adapter of the selected "Pad Type": "Series-R" (default)
or "MLP" (Minimum Loss Pad)
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"User" The 50 Q input impedance is transformed to a user-defined impe-
dance value according to the selected "Pad Type": "Series-R"
(default) or "MLP" (Minimum Loss Pad)

Remote command:

INPut:IMPedance on page 167
INPut:IMPedance:PTYPe on page 168
For Analog Baseband input:
INPut:IQ:IMPedance on page 211
INPut:IQ:IMPedance:PTYPe on page 211

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.

For an active external frontend, the direct path is always used automatically for fre-
quencies close to zero.

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

Remote command:
INPut:DPATh on page 166

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.

This function requires an additional 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.)

Remote command:
INPut:FILTer:HPASs[:STATe] on page 167

YIG-Preselector
Enables or disables the YIG-preselector.

This setting requires an additional option on the FSW.

Remote command:
INPut:FILTer:YIG[:STATe] on page 167
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Input Connector
Determines which connector the input data for the measurement is taken from.

For more information on the optional "Analog Baseband" interface, see the FSW 1/Q
Analyzer and 1/Q Input user manual.

"RF" (Default:) The "RF Input" connector

"RF Probe" The "RF Input" connector with an adapter for a modular probe
This setting is only available if a probe is connected to the "RF Input"
connector.
It is not available for an active external frontend.

"Baseband The optional "Baseband Input I" connector

Input I" This setting is only available if the optional "Analog Baseband" inter-

face is installed and active for input.
It is not available for the FSW67. For FSW85 models with two input
connectors, this setting is only available for "Input 1".

Remote command:
INPut:CONNector on page 165

Settings for input from 1/Q data files

Access: "Overview" > "Input/Frontend" > "Input Source" > "I/Q File"
Or: [INPUT/OUTPUT] > "Input Source Config" > "Input Source" > "1/Q File"
InputSource PowerSensor ExternalGenerator Probes BS5000

Radio on Off

Frequenc
< Y Input File

External S:\F\FSW_Sirius'input’IQ'\vse_all_cmd_iq.ig.tar Select File
Mixer

Saved by: IqTarWriteComplexFloat32 (MATLAB 8.4.0.150421 (R2014b))

Comment: Test iq.tar file with 2 streams. Each stream has exactly two points. Stream1 at 500=-30dBm |
Digital I/Q Date & Time: 2015-08-13 16:15:54

Sample Rate: 1 MHz

Number of Samples: 25304
Analog Duration of Signal: 25.304 ms
Baseband Number of Channels: 2

Selected Channel: Auto File Repetitions:

Baseband
Oscilloscope

1/Q File
/Q INPUL Fle State.....c.eveeeie e earre e 72
Select I/Q data fille.....eeeeeeeee e 73
File REPELEIONS. . et e e e e e e e e e e e e e s 73
1/Q Input File State

Enables input from the selected 1/Q input file.

User Manual 1179.3844.02 — 06 72



R&S®FSW-K96

Configuring OFDM VSA measurements

4.3.2

Input, output and frontend settings

If enabled, the application performs measurements on the data from this file. Thus,
most measurement settings related to data acquisition (attenuation, center frequency,
measurement bandwidth, sample rate) cannot be changed. The measurement time
can only be decreased to perform measurements on an extract of the available data
only.

Note: Even when the file input is disabled, the input file remains selected and can be
enabled again quickly by changing the state.

Remote command:
INPut:SELect on page 168

Select I/Q data file
Opens a file selection dialog box to select an input file that contains I/Q data.

The 1/Q data file must be in one of the following supported formats:
.ig.tar

Ligw

.CsSV

.mat

WV

.aid
For details on formats, see the FSW I/Q Analyzer and 1/Q Input user manual.

The file type is determined by the file extension. If no file extension is provided, the file
type is assumed to be .iqg.tar. For .mat files, Matlab® v4 is assumed.

Note: Only a single data stream or channel can be used as input, even if multiple
streams or channels are stored in the file.

Note: For some file formats that do not provide the sample rate and measurement time
or record length, you must define these parameters manually. Otherwise the traces are
not visible in the result displays.

The default storage location for I/Q data files is C: \R_S\INSTR\USER.

Remote command:
INPut:FILE:PATH on page 169

File Repetitions

Determines how often the data stream is repeatedly copied in the 1/Q data memory to
create a longer record. If the available memory is not sufficient for the specified num-
ber of repetitions, the largest possible number of complete data streams is used.

Remote command:
TRACe:IQ:FILE:REPetition:COUNt on page 171

Output settings

Access: [INPUT/OUTPUT] > "OUTPUT Config"

The R&S FSW OFDM VSA application can provide output to special connectors for
other devices.

For details on connectors, refer to the FSW Getting Started manual, "Front / Rear
Panel View" chapters.
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Output settings can be configured via [Input/Output] or in the "Output" dialog box.

Output o X

Output Digital I/Q

IF/Video Output

Noise Source

Trigger 2

Trigger 3

D= = @ 11 1 o 11 S 74
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L VB ettt 76

L PUISE LENGHN. .....evveieeeeeeeeeeeeeeeeeeee ettt en s 76

L SN THGGET vttt ettt ee e 77

Data Output
Defines the type of signal available at one of the output connectors of the FSW.

"IF" The measured IF value is provided at the IF/VIDEO/DEMOD output
connector.
For bandwidths up to 80 MHZ, the IF output is provided at the speci-
fied "IF Out Frequency".
If an optional bandwidth extension FSW-B160/-B320/-B512 is used,
the measured IF value is available at the "IF WIDE OUTPUT" con-
nector. The frequency at which this value is output is determined
automatically. It is displayed as the "IF Wide Out Frequency". For
details on the used frequencies, see the specifications document.
This setting is not available for bandwidths larger than 512 MHz.
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"2ND IF" The measured IF value is provided at the "IF OUT 2 GHz/ IF OUT
5 GHZz" output connector, if available, at a frequency of 2 GHz and
with a bandwidth of 2 GHz. The availability of this connector depends
on the instrument model.
This setting is not available if the optional 2 GHz / 5 GHz bandwidth
extension (FSW-B2000/B5000) is active.

Remote command:
OUTPut:IF[:SOURce] on page 255

Noise Source Control

Enables or disables the 28 V voltage supply for an external noise source connected to
the "Noise source control / Power sensor") connector. By switching the supply voltage
for an external noise source on or off in the firmware, you can enable or disable the
device as required.

External noise sources are useful when you are measuring power levels that fall below
the noise floor of the FSW itself, for example when measuring the noise level of an
amplifier.

In this case, you can first connect an external noise source (whose noise power level is
known in advance) to the FSW and measure the total noise power. From this value,
you can determine the noise power of the FSW. Then when you measure the power
level of the actual DUT, you can deduct the known noise level from the total power to
obtain the power level of the DUT.

Remote command:
DIAGnostic:SERVice:NSOurce on page 254

Trigger 2/3

Trigger Source  Trigger In/Out

Trigger 2 Input Output

Output Type User Defined * Level Low High

20| =3 N=Tals1a] 100.0 pis Send Trigger

Trigger 3 Input Output

The trigger input and output functionality depends on how the variable "Trigger Input/
Output" connectors are used.

"Trigger 1" "Trigger 1" is input only.

User Manual 1179.3844.02 — 06 75



R&S®FSW-K96

Configuring OFDM VSA measurements

Input, output and frontend settings

"Trigger 2" Defines the usage of the variable "Trigger Input/Output” connector on
the front panel
(not available for FSW85 models with 2 RF input connectors)

"Trigger 3" Defines the usage of the variable "Trigger 3 Input/Output" connector
on the rear panel

"Input” The signal at the connector is used as an external trigger source by
the FSW. Trigger input parameters are available in the "Trigger" dia-
log box.

"Output” The FSW sends a trigger signal to the output connector to be used by

connected devices.
Further trigger parameters are available for the connector.

Remote command:
OUTPut:TRIGger<tp>:DIRection on page 255

Output Type — Trigger 2/3
Type of signal to be sent to the output

"Device Trig- (Default) Sends a trigger when the FSW triggers.

gered"
"Trigger Sends a (high level) trigger when the FSW is in "Ready for trigger"
Armed" state.

This state is indicated by a status bit in the STATus : OPERation reg-
ister (bit 5), as well as by a low-level signal at the "AUX" port (pin 9).

"User Defined" Sends a trigger when you select "Send Trigger".
In this case, further parameters are available for the output signal.

Remote command:
OUTPut:TRIGger<tp>:0TYPe on page 256

Level < Output Type — Trigger 2/3
Defines whether a high (1) or low (0) constant signal is sent to the trigger output con-
nector (for "Output Type": "User Defined".

The trigger pulse level is always opposite to the constant signal level defined here. For
example, for "Level" = "High", a constant high signal is output to the connector until you
select the Send Trigger function. Then, a low pulse is provided.

v trigger v trigger
5 . 5 | -
il S [l
low-level constant, high-level constant,
high-level trigger low-level trigger

Remote command:
OUTPut:TRIGger<tp>:LEVel on page 256

Pulse Length < Output Type < Trigger 2/3
Defines the duration of the pulse (pulse width) sent as a trigger to the output connector.

Remote command:
OUTPut:TRIGger<tp>:PULSe:LENGth on page 257
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Send Trigger < Output Type — Trigger 2/3
Sends a user-defined trigger to the output connector immediately.

Note that the trigger pulse level is always opposite to the constant signal level defined
by the output Level setting. For example, for "Level" = "High", a constant high signal is
output to the connector until you select the "Send Trigger" function. Then, a low pulse
is sent.

Which pulse level is sent is indicated by a graphic on the button.

Remote command:
OUTPut:TRIGger<tp>:PULSe:IMMediate on page 257

Frequency settings

Access: [FREQ] > "Frequency Config"

Frequency

Fregquency

Center Frequency Stepsize

Stepsize Manual - Value 1.0 MHz

Frequency Offset

(07T o1 (Y g o (=T [UT=Y oLy PP 77
Center FreqQUENCY SEEPSIZE.....oii i i e e e e e e e e e e e 77
FrequenCy OffSel......ccoo e e e e 78

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

fmax @nd span.,, depend on the instrument and are specified in the specifications docu-
ment.

Remote command:
[SENSe: ] FREQuency:CENTer on page 229

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:
® using the rotary knob: 100 kHz
® using the arrow keys: 1 MHz
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"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 230
[SENSe: ] FREQuency:CENTer: STEP on page 230

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.
Note: In MSRA mode, this function is only available for the MSRA primary.

Remote command:
[SENSe: ] FREQuency:0OFFSet on page 230

Amplitude settings

Access: [AMPT] > "Amplitude Config"

Amplitude settings affect the signal power or error levels.
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Amplitude 9 X

Amplitude Scale Unit

Reference Level Input Settings

Impedance Matching

Unit -

Value Preamplifier

Offset Input Coupling

Impedance
Auto Level
Value
Attenuation
Pad Type

Mode Auto Manual Electronic Attenuation

State
Value

Mode

Optimization
Value

Note that amplitude settings are not window-specific, as opposed to the scaling and
unit settings.

REFEIENCE LEVEL ... .. e e e e e 79
L Shifting the Display (OffSet)..........cceeerreerereseeeeeeeeeseesesesese s seseesenenas 80
L Setting the Reference Level Automatically (Auto Level)..........c.ccccveueueunnnn... 80
o] o TU L ST 1] o e T TP 80
L PIEAMPIIET. ...ttt e et et ee e 81
L INPUL COUPIING. ...ttt ettt ettt n s n s e seenas 81
[ g oYY =1 g o7 = TS 81
N 4 (=Y o[- 11 ] o TR RPN 82
L Attenuation Mode / VAIUE...........c.cueuieeeeeeeeeeeeeeee et enensanens 82
L@ ] 1101722- 4o ) o 1 RS 83
SIGNAI Path.....eeceee e 83
Using Electronic AteNUAtION..........cceieeeeeeeee e 83

Reference Level

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

Note that for input from the External Mixer (R&S FSW-B21) the maximum reference
level also depends on the conversion loss; see the FSW base unit user manual for
details.

For an active external frontend, the reference level refers to the RF input at the exter-
nal frontend, not the levels at the RF input of the FSW. The hardware is adjusted to the
defined reference level optimally for input signals with a crest factor of 10 dB. Thus, the
required reference level for an optimal measurement can differ depending on the crest
factor of the input signal.

Remote command:
DISPlay [ :WINDow<n>] [ :SUBWindow<w>] : TRACe<t>:Y[:SCALe] :RLEVel
on page 231

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 FSW so
the application shows correct power results. All displayed power level results are shif-
ted 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 FSW must handle. Do not rely on the displayed ref-
erence level (internal reference level = displayed reference level - offset).

Remote command:
DISPlay [ :WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:Y[:SCALe] :RLEVel:
OFFSet on page 231

Setting the Reference Level Automatically (Auto Level) — Reference Level
Automatically determines a reference level which ensures that no overload occurs at
the FSW for the current input data. At the same time, the internal attenuators and the
preamplifier (for analog baseband input: the full-scale level) are adjusted. As a result,
the signal-to-noise ratio is optimized, while signal compression and clipping are mini-
mized.

To determine the required reference level, a level measurement is performed on the
FSW.

If necessary, you can optimize the reference level further. Decrease the attenuation
level manually to the lowest possible value before an overload occurs, then decrease
the reference level in the same way.

Remote command:
[SENSe:]ADJust:LEVel on page 232

Input Settings
Some input settings affect the measured amplitude of the signal, as well.
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For information on other input settings, see Chapter 4.3.1, "Input settings", on page 68.

Preamplifier < Input Settings
If the (optional) internal preamplifier hardware is installed on the FSW, 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.

For an active external frontend, a preamplifier is not available.
This function is not available for input from the (optional) "Digital Baseband" interface.
For all FSW models except for FSW85, the following settings are available:

"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.

For older FSW43/FSW50/FSW67 models, the input signal is always ampilfied by about
30 dB when the preamplifier is active.

For FSW85 models, no preampilifier is available.

Remote command:
INPut:GAIN:STATe on page 236
INPut:GAIN[:VALue] on page 236

Input Coupling < Input Settings

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

For an active external frontend, input coupling is always AC.

Not available for input from the optional "Analog Baseband" interface.

Not available for input from the optional "Digital Baseband" interface.

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 specifi-
cations document.

Remote command:
INPut:COUPling on page 166

Impedance

The FSW has an internal impedance of 50 Q. However, some applications use other
impedance values. To match the impedance of an external application to the impe-
dance of the FSW, an impedance matching pad can be inserted at the input. If the type
and impedance value of the used matching pad is known to the FSW, it can convert
the measured units accordingly so that the results are calculated correctly.

For an active external frontend, impedance is always 50 Q.
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This function is not available for input from the optional "Digital Baseband" interface.
Not all settings are supported by all FSW applications.

The impedance conversion does not affect the level of the output signals (such as IF,
video, demod, digital 1/Q output).

"50Q)" (Default:) no conversion takes place

"75Q" The 50 Q input impedance is transformed to a higher impedance
using a 75 Q adapter of the selected "Pad Type": "Series-R" (default)
or "MLP" (Minimum Loss Pad)

"User" The 50 Q input impedance is transformed to a user-defined impe-
dance value according to the selected "Pad Type": "Series-R"
(default) or "MLP" (Minimum Loss Pad)

Remote command:

INPut: IMPedance on page 167
INPut:IMPedance:PTYPe on page 168
For Analog Baseband input:
INPut:IQ:IMPedance on page 211
INPut:IQ:IMPedance:PTYPe on page 211

RF Attenuation
Defines the mechanical attenuation for RF input.

This function is not available for input from the optional R&S Digital Baseband Inter-
face.

Attenuation Mode / Value < RF Attenuation
Defines the attenuation applied to the RF input of the FSW.

This function is not available for input from the optional "Digital Baseband" interface.

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.

Note: Using an external frontend. If an external frontend is active, you can configure
the attenuation for the external frontend and the analyzer separately. When using an
external frontend, only mechanical attenuation is available.
For more information, see the FSW base unit user manual.

By default and when no (optional) electronic attenuation is available, mechanical
attenuation is applied.

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 specifica-
tions document. If the defined reference level cannot be set for the defined RF attenua-
tion, the reference level is adjusted accordingly and the warning "limit reached" is dis-
played.

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.
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Remote command:

INPut:ATTenuation on page 232

INPut:ATTenuation:AUTO on page 233

Defining attenuation for the analyzer when using an external frontend:
INPut:SANalyzer:ATTenuation:AUTO on page 235
INPut:SANalyzer:ATTenuation on page 234

Optimization
Selects the priority for signal processing after the RF attenuation has been applied.
This function is only available under the following conditions:
® One of the following options that provide a separate wideband processing path in
the FSW is installed:
— Bandwidth extension R&S FSW-B160/-B320 Extension Board 1, Revision 2 or
higher
— Bandwidth extension R&S FSW-B512, B1200, B2001, B4001, B6001, or B8001
— Real-time option R&S FSW-B160R
(Currently not supported for K161R, B512R and B80OR/K800RE)
An 1/Q bandwidth that requires the wideband path is used.
The optional "Digital Baseband" interface is not active.

"Low distortion"
(Default:) Optimized for low distortion by avoiding intermodulation

"Low noise" Optimized for high sensitivity and low noise levels
If this setting is selected, "Low noise" is indicated in the channel infor-
mation bar.

Remote command:
INPut:ATTenuation:AUTO:MODE on page 233

Signal Path
Selects the signal path for signal processing.

"Narrowband" (Default:) The narrowband signal path is used.

"Wideband" The wideband signal path is used. With this setting, the dynamic
range for EVM measurements is increased.

This function is only available under the following conditions:

® [nstrument models FSW50/67/85

® One of the following bandwidth extension options is installed:
- R&S FSW-B1200
— R&S FSW-B2001
— R&S FSW-B800OR
An 1/Q bandwidth between 80 MHz and 512 MHz is used.
The center frequency is higher than 43.5 GHz.
The optional "Digital Baseband" interface is not active.

Remote command:
[SENSe: ] IQ:WBANd on page 235

Using Electronic Attenuation
If the (optional) Electronic Attenuation hardware is installed on the FSW, you can also
activate an electronic attenuator.
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In "Auto" mode, the settings are defined automatically; in "Manual" mode, you can
define the mechanical and electronic attenuation separately.

For an active external frontend, electronic attenuation is not available.

Note: Electronic attenuation is not available for stop frequencies (or center frequencies
in zero span) above 15 GHz.

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.

The electronic attenuation can be varied in 1 dB steps. If the electronic attenuation is
on, the mechanical attenuation can be varied in 5 dB steps. Other entries are rounded
to the next lower integer value.

For the FSW85, the mechanical attenuation can be varied only in 10 dB steps.

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 234
INPut:EATT:AUTO on page 234
INPut :EATT on page 233

Trigger settings

Access: "Overview" > "Signal Capture" > "Trigger"
Or: [TRIG] > "Trigger Config"

The trigger settings define the beginning of a measurement.
Trigger

Trigger Source Trigger In/Out

Source Ext Trigger 1 -

Offset

Level Drop-Out Time JUES

Slope

Hysteresis Holdoff
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For step-by-step instructions on configuring triggered measurements, see the FSW
user manual.
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Trigger Source
Defines the trigger source. If a trigger source other than "Free Run" is set, "TRG" is
displayed in the channel bar and the trigger source is indicated.

Remote command:
TRIGger [:SEQuence] : SOURce on page 240

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 240

External Trigger 1/2/3 — Trigger Source
Data acquisition starts when the TTL signal fed into the specified input connector
meets or exceeds the specified trigger level.

(See "Trigger Level" on page 88).

Note: "External Trigger 1" automatically selects the trigger signal from the "TRIGGER
1 INPUT" connector on the front panel.
For details, see the "Instrument Tour" chapter in the FSW Getting Started manual.

"External Trigger 1"
Trigger signal from the "TRIGGER 1 INPUT" connector.

"External Trigger 2"
Trigger signal from the "TRIGGER 2 INPUT / OUTPUT" connector.
For FSW85 models, "Trigger 2" is not available due to the second RF
input connector on the front panel.
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"External Trigger 3"
Trigger signal from the "TRIGGER 3 INPUT / OUTPUT" connector on
the rear panel.

Remote command:

TRIG:SOUR EXT, TRIG:SOUR EXT2

TRIG:SOUR EXT3

See TRIGger [ : SEQuence] : SOURce on page 240

External Channel 3 — Trigger Source
Data acquisition starts when the signal fed into the "Ch3" input connector on the oscil-
loscope meets or exceeds the specified trigger level.

Note: In previous firmware versions, the external trigger was connected to the "Ch2"
input on the oscilloscope. As of firmware version FSW 2.30, the "Ch3" input on the
oscilloscope must be used!

This trigger source is only available if the optional 2 GHz / 5 GHz bandwidth extension
(FSW-B2000/B5000) is active (see FSW 1/Q Analyzer and I/Q Input User Manual).

Note: Since the external trigger uses a second channel on the oscilloscope, the maxi-
mum memory size, and thus record length, available for the input channel 1 may be
reduced by half. For details, see the oscilloscope's specifications document and docu-
mentation.

Remote command:
TRIG:SOUR EXT

See TRIGger [ :SEQuence] : SOURce on page 240

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

For frequency sweeps, the third IF represents the start frequency. The trigger threshold
depends on the defined trigger level, as well as on the RF attenuation and preamplifi-
cation. A reference level offset, if defined, is also considered. The trigger bandwidth at
the intermediate frequency depends on the RBW and sweep type. For details on avail-
able trigger levels and trigger bandwidths, see the instrument specifications document.

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

This trigger source is only available for RF input.
Available for input from the optional "Analog Baseband" interface.
Available for input from the optional "Digital Baseband" interface.

The available trigger levels depend on the RF attenuation and preamplification. A refer-
ence level offset, if defined, is also considered.

For details on available trigger levels and trigger bandwidths, see the specifications
document.

Remote command:
TRIG:SOUR IFP, see TRIGger [:SEQuence] : SOURce on page 240

Baseband Power — Trigger Source
Defines triggering on the baseband power for baseband input.
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Available for input from the optional "Analog Baseband" interface.
Available for input from the optional "Digital Baseband" interface.

Remote command:
TRIG:SOUR BBP, see TRIGger [ :SEQuence] : SOURce on page 240

1/Q Power — Trigger Source
Not available for the optional "Digital Baseband" interface.

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

Remote command:
TRIG:SOUR IQP, see TRIGger[:SEQuence] :SOURce on page 240

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

For this purpose, the instrument uses a level detector at the first intermediate fre-
quency.

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 specifications docu-
ment.

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".

Not available for input from the optional "Analog Baseband" interface.
Not available for input from the optional "Digital 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 240

Time — Trigger Source
Triggers in a specified repetition interval.

See "Repetition Interval" on page 88.

Remote command:
TRIG:SOUR TIME, see TRIGger [ : SEQuence] : SOURce on page 240

Digital I/Q — Trigger Source
For applications that process I/Q data, such as the I/Q Analyzer or optional applica-
tions, and only if the optional "Digital Baseband" interface is available:

Defines triggering of the measurement directly via the "LVDS" connector. In the selec-
tion list, specify which general-purpose bit ("GP0" to "GP5") provides the trigger data.
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Note: If the Digital I/Q enhanced mode is used, i.e. the connected device supports
transfer rates up to 200 Msps, only the general-purpose bits "GP0" and "GP 1" are
available as a Digital 1/Q trigger source.

The following table describes the assignment of the general-purpose bits to the LVDS
connector pins.

Table 4-1: Assignment of general-purpose bits to LVDS connector pins

Bit LVDS pin

GPO SDATA4_P - Trigger1

GP1 SDATA4_P - Trigger2

GP2" SDATAO_P - Reserve1
GP3" SDATA4_P - Reserve2
GP4" SDATAOQ_P - Marker1

GP5 ") SDATA4_P - Marker2

"): not available for Digital I/Q enhanced mode

Remote command:
TRIG:SOUR GPO, see TRIGger [ :SEQuence] : SOURce on page 240

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

For details on supported trigger levels, see the instrument specifications document.

Remote command:

TRIGger [:SEQuence] : LEVel [ :EXTernal<port>] on page 239
For baseband input only:

TRIGger [ :SEQuence] : LEVel :BBPower on page 239

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 241

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)
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Remote command:
TRIGger [:SEQuence] :HOLDoff [ : TIME] on page 238

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" trigger sources. The range of the value is
between 3 dB and 50 dB with a step width of 1 dB.

Remote command:
TRIGger[:SEQuence] : IFPower:HYSTeresis on page 238

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 238

Coupling
If the selected trigger source is "IF Power" or "External Channel 3", you can configure
the coupling of the external trigger to the oscilloscope.

This setting is only available if the optional 2 GHz bandwidth extension is active.

"DC 50Q" Direct connection with 50 Q termination, passes both DC and AC
components of the trigger signal.
"DC 1 MQ" Direct connection with 1 MQ termination, passes both DC and AC

components of the trigger signal.

"AC" Connection through capacitor, removes unwanted DC and very low-
frequency components.

Remote command:
TRIGger[:SEQuence] :0SCilloscope:COUPling on page 223

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 / 5 GHz bandwidth extension (R&S FSW-B2000/
B5000) with an IF power trigger, only rising slopes can be detected.

Remote command:
TRIGger [:SEQuence] : SLOPe on page 240

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.
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Remote command:
TRIGger [:SEQuence] : IFPower :HOLDof f on page 238

Capture Offset

This setting is only available for secondary applications in MSRA operating mode. It
has a similar effect as the trigger offset in other measurements: it defines the time off-
set between the capture buffer start and the start of the extracted secondary applica-
tion data.

In MSRA mode, the offset must be a positive value, as the capture buffer starts at the
trigger time = 0.

For details on the MSRA operating mode, see the R&S®FSW MSRA Mode User Man-
ual.

Remote command:
[SENSe: ]MSRA:CAPTure:OFFSet on page 286

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

Data Acquisition @ X

Data Acquisition

1/Q Capture Filter Settings

Capture Time 20.0 ms Filter State

Capture Length 400001 Channel Filter

Sample Rate 20.0 MHz 6dB Bandwidth

50dB Bandwidth
Oversampling Off

Highpass Filter
Capture Sample Rate = 20.0 MHz

Highpass Filter State
Maximum Bandwidth Auto 80 MHz ghp

6dB Bandwidth

Swap I/Q On Off

50dB Bandwidth

MSRA operating mode

In MSRA operating mode, only the MSRA primary channel actually captures data from
the input signal. The data acquisition settings for the OFDM VSA application in MSRA
mode define the application data extract and analysis interval.

For details on the MSRA operating mode, see the FSW MSRA User Manual.
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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 245

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.

Remote command:
[SENSe: ] SWEep: LENGth on page 245

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

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

Remote command:
TRACe:IQ:SRATe on page 246

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

(See Chapter 3.5, "Sample rate and maximum usable I/Q bandwidth for RF input",
on page 40)

However, for some signals and measurements, a higher bandwidth is required. In this
case, you can force the R&S FSW 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 93).
In this case, an oversampling factor of 2 is applied automatically.
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® The defined Sample Rate is higher than half the maximum sample rate the FSW
supports.

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

In MSRA operating mode, only the MSRA primary channel actually captures data from
the input signal. In this case, the "Capture Sample Rate" indicates the rate with which
the R&S FSW OFDM VSA application receives data from the primary application.

"2x" An oversampling of 2 is applied. The sample rate with which the R&S
FSW 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 FSW

OFDM VSA application and the system sample rate are identical.

Remote command:
[SENSe:]CAPTure:0OVERsampling on page 244

Maximum Bandwidth

Defines the maximum bandwidth to be used by the FSW for I/Q data acquisition.
Which options are available depends on which bandwidth extension options are instal-
led.

This setting is only available if a bandwidth extension option greater than 160 MHz is
installed on the FSW. Otherwise the maximum bandwidth is determined automatically.

"Auto" (Default:) All installed bandwidth extension options are enabled. The
currently available maximum bandwidth is allowed.
Note that using bandwidth extension options greater than 160 MHz
may cause more spurious effects.

"80 MHz" Restricts the analysis bandwidth to a maximum of 80 MHz.
The bandwidth extension options greater than 160 MHz are disabled.
"160 MHZz" Restricts the analysis bandwidth to a maximum of 160 MHz. The

bandwidth extension option for 320 MHz is disabled.
(Not available or required if other bandwidth extension options larger
than 320 MHz are installed.)

"512 MHZz" Restricts the analysis bandwidth to a maximum of 512 MHz. Larger
bandwidth extension options are disabled.

"1200 MHZz" Restricts the analysis bandwidth to a maximum of 1200 MHz. Larger
bandwidth extension options are disabled.

Remote command:
TRACe:IQ:WBANd[: STATe] on page 246
TRACe: TQ:WBANd:MBWidth on page 246
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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 FSW can do the same to compensate for it.

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

Off | and Q signals are not interchanged

Normal sideband, I1+j*Q

Remote command:
[SENSe: ] SWAPiqg on page 244

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 243

6-dB Bandwidth

Configures the bandwidth of the channel filter at which an attenuation of 6 dB is
reached (see Figure 4-5). The filter bandwidth cannot be higher than the current Sam-
ple Rate. If necessary, the filter bandwidth is adapted to the current sample rate.

[H(f)|

J 50 dB bandwidth ¥

freqg

Figure 4-5: Definition of filter bandwidths

Remote command:
INPut:FILTer:CHANnel [:LPASs] : SDBBw on page 243

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 4-5). This band-
width must always be larger than the "6-dB Bandwidth" on page 93. If necessary, the
50-dB bandwidth is adapted to the current 6-dB bandwidth.

Remote command:
INPut:FILTer:CHANnel [ :LPASs] : FDBBw on page 243
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Highpass Filter State
Activates or deactivates an additional internal highpass filter.

Remote command:
INPut:FILTer:CHANnel :HPASs[:STATe] on page 243

6-dB Bandwidth

Configures the bandwidth of the high pass filter at which an attenuation of 6 dB is
reached (see Figure 4-5). The filter bandwidth cannot be higher than the current 6-dB
Bandwidth of the channel filter. If necessary, the filter bandwidth is adapted to the
same value.

Remote command:
INPut:FILTer:CHANnel : HPASs : SDBBw On page 242

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 4-5). 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 242

4.6 Sweep settings

Access: [Sweep]

The sweep settings define how often data from the input signal is acquired and then

evaluated.

Continuous SWEEP / RUN CONt......ccociiiiiiieree et e e e e e e e e e 94
Single SWeep / RUN SINGIE......cco oot e e 95
=1 (ST o TR 95
Statistic Config / Max No of Frames to Analyze..........ccccooiiiiiiiiiiiiiie e, 95

Continuous Sweep / Run Cont
After triggering, starts the measurement and repeats it continuously until stopped. This
is the default setting.

While the measurement is running, "Continuous Sweep" and [RUN CONT] are high-
lighted. The running measurement can be aborted by selecting the highlighted softkey
or key again. The results are not deleted until a new measurement is started.

Note: Sequencer. If the Sequencer is active, "Continuous Sweep" only controls the
sweep mode for the currently selected channel. However, the sweep mode only takes
effect the next time the Sequencer activates that channel, and only for a channel-
defined sequence. In this case, a channel in continuous sweep mode is swept repeat-
edly.
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Furthermore, [RUN CONT] controls the Sequencer, not individual sweeps. [RUN
CONT] starts the Sequencer in continuous mode.

For details on the Sequencer, see the FSW base unit user manual.

Remote command:
INITiate<n>:CONTinuous on page 259

Single Sweep / Run Single

While the measurement is running, "Single Sweep" and [RUN SINGLE] are highligh-
ted. The running measurement can be aborted by selecting the highlighted softkey or
key again.

Note: Sequencer. If the Sequencer is active, "Single Sweep" only controls the sweep
mode for the currently selected channel. However, the sweep mode only takes effect
the next time the Sequencer activates that channel, and only for a channel-defined
sequence. In this case, the Sequencer sweeps a channel in single sweep mode only
once.

Furthermore, [RUN SINGLE] controls the Sequencer, not individual sweeps. [RUN
SINGLE] starts the Sequencer in single mode.

If the Sequencer is off, only the evaluation for the currently displayed channel is upda-
ted.

For details on the Sequencer, see the FSW base unit user manual.

Remote command:
INITiate<n>[:IMMediate] on page 259

Refresh
Repeats the evaluation of the data currently in the capture buffer without capturing new
data.

Remote command:
INITiate<n>:REFResh on page 259

Statistic Config / 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 247

Burst search

Access: "Overview" > "Burst Search"

Or: "Meas Setup" > "Burst Search"

User Manual 1179.3844.02 — 06 95



R&S®FSW-K96

Configuring OFDM VSA measurements

4.8

Result ranges

Burst Search

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

See also Chapter 3.4, "OFDM measurement", on page 37.

Burst Search State
Activates or deactivates a burst search.

Remote command:
[SENSe: ] DEMod: FORMat : BURSt on page 247

Result ranges

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

Result Range @ X

Max No of Frames to Analyze {1

Result Length Symbols

Statistic Config / Max No of Frames to Analyze..........cccooiiiiiiiiiiiiiiie e, 96
RESUIE LENGEN. ..o e e e e e e e e 96

Statistic Config / 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 247

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.
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Synchronization, demodulation and tracking

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 248

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.

Sync / Demod / Tracking @ X

Synchronization Tracking

Time Synchronization Cydic Prefix )
Phase Tracking

Parameter Estimation

Timing Tracking
Modulation Detection

Th hold i
hresholds Level Tracking

Minimum Time Sync Metric

- . Channel Compensation
Minimum Frame Sync Metric P
Demodulation

FFT Shift relative to Cydic Prefix Length I}

Maximum Carrier Offset

Cydic Delay

TIME SYNCIONIZAtION. .. ...eiiiiiiiiie e 97
Parameter EStimation.........ooeeeeeieicieeee e 98
Modulation DeteCHION..........eiiiiiieee e 98
Synchronization ThreShOIAS..........ueeeei e a e e e 98

L Minimum Time SYNC MELHIC. ......cveueeeeeeeeeeeee ettt es 99

L Minimum Frame SYNC MEHIC.......ccueueeeeeeeeeeeeeeeeeee et eeeeeeeeee s e e eeses e sesenen s 99
Phase TraCKiNg......oiuueeeieiiieee ettt e e ab e e e s e e e e s 99
TIMING TraCKING . cce e e e ettt e e e e e s e s rr e e e e e e e e e e aesanas 99
LeVEI TraCKING. .. . eeeeeieieeeiieii ettt e e e et r e e e e e e e e e s e e e eeeeas 100
Channel ComMPENSAtioN...........ccc e e e e e e e e e e e eaneneaees 100
FFT Shift relative to Cyclic Prefix Length.......ccccoooieiiiiiiiiicre e, 100
Maximum Carrier OffSet.... ..o 100
CYCIC DIAY. ettt e e 101

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.
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Remote command:
[SENSe: ] DEMod: TSYNc on page 251

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

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

See also Chapter 3.4.2, "Pilot-aided block", on page 38.

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

Remote command:
[SENSe: ] DEMod: FSYNc on page 249

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

The R&S FSW OFDM VSA application can use the modulation configured in the con-
figuration file for each cell.

Alternatively, the R&S FSW 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 FSW 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 63).
"Configuration = The modulation format configured for the cell is used.

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

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

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

Remote command:
[SENSe: ] DEMod:MDETect on page 250

Synchronization Thresholds

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

High thresholds are useful if several similar, but not identical frames, must be distin-
guished. In this case, it is important that the application synchronizes only to the cor-
rect frame to obtain correct results.
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On the other hand, if the signal quality is poor, only a low level of reliability in synchro-
nization can be achieved. In this case, high thresholds can prevent the application from
evaluating any frames at all.

For details, see Chapter 3.4.1, "Synchronization block", on page 38.

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 250

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

Values between 0 and 1 are allowed, where:

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

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

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

Remote command:
[SENSe: ] DEMod: THReshold: FRAMe on page 251

Phase Tracking

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

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 63).

Remote command:
SENSe: TRACking:PHASe on page 252

Timing Tracking

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

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 63).
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Remote command:
SENSe:TRACking:TIME on page 252

Level Tracking

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

This setting is only available if a configuration file is loaded and active (see "Use Con-
figuration File" on page 63).

Remote command:
SENSe:TRACking:LEVel on page 251

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 63).

Remote command:
[SENSe:]COMPensate:CHANnel on page 248

FFT Shift relative to Cyclic Prefix Length

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

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

Note: If a cyclic suffix is used, the FFT shift can be a negative value, down to
-1* (cyclic suffix length / cyclic prefix length)
(See "Cyclic Suffix Length" on page 65)

FFT Shift=1.0

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

Cyclic
suffix

gzecflii)fNi(i)FFT Length—— P4

< >
Remote command:

[SENSe: ] DEMod: FFTShift on page 249

Maximum Carrier Offset

The R&S FSW 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 FSW OFDM VSA application searches for an offset.

User Manual 1179.3844.02 — 06 100



R&S®FSW-K96

410

Configuring OFDM VSA measurements

Adjusting settings automatically

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 63).

Remote command:
[SENSe: ] DEMod:COFFset on page 249

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 248

Adjusting settings automatically

Access: "Auto Set"

Depending on the FSW, some settings can be adjusted by the instrument automatically
according to the current measurement settings. To do so, a measurement is per-
formed.

To activate the automatic adjustment of a setting from the FSW, select the correspond-
ing function in the "Auto Set" menu or in the configuration dialog box for the setting,
where available.

Setting the Reference Level Automatically (Auto Level)

Automatically determines a reference level which ensures that no overload occurs at
the FSW for the current input data. At the same time, the internal attenuators and the
preamplifier (for analog baseband input: the full-scale level) are adjusted. As a result,
the signal-to-noise ratio is optimized, while signal compression and clipping are mini-
mized.

To determine the required reference level, a level measurement is performed on the
FSW.

If necessary, you can optimize the reference level further. Decrease the attenuation
level manually to the lowest possible value before an overload occurs, then decrease
the reference level in the same way.

Remote command:
[SENSe:]ADJust:LEVel on page 232
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5 Creating a configuration file using the wiz-
ard

The R&S FSW-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
FSW OFDM VSA application.

The R&S FSW 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
FSW OFDM VSA application for the current input signal.

and configuration files in the C:\R_S\INSTR\USER\demo\OFDM-VSA directory.

The R&S FSW-K96 Configuration File Wizard is provided with the R&S FSW OFDM
VSA application firmware and stored on the instrument.

O The R&S FSW OFDM VSA application provides some sample files for 1/Q input data

It is available from the Windows "Start" menu.

e Understanding the R&S FSW-K96 Configuration File Wizard display.................. 102
L I 070 ) g1 1o 18] ¢= (o] A TE) (= o T SUPPURR 109
o Reference of wizard menu fuNCONS.........ooiiiiiiiii e 117
e Example: creating a configuration file from an input signal............ccccccciieeeennnnn. 122

5.1 Understanding the R&S FSW-K96 Configuration File
Wizard display

The following figure shows the R&S FSW-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 117)
2 = Progress indicator (see Chapter 5.2, "Configuration steps", on page 109)

3 = Constellation view

4 = Access to wizard help (see Chapter 5.3.4, "Help", on page 122)

5 = General signal information

6 = Matrix view

e General signal iNformation.............eeeeiiieiii i 103
L I 7o) 0 11 (<1 | F= 110 g IR/ (=1 /R 104
L Y = {4 D Y [ T 106

5.1.1 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 FSW OFDM VSA applica-
tion, others are generated by the wizard. The values displayed here are also included
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 FSW
OFDM VSA application.
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General Information

Mumber of Camiers 64 Cyclic Prefix 16
Mumber of Symbols 10 System Name C:/Users/SIE
Description Number Of
N TS aq] o= o) O g g =1 £ 104
NUMDEr Of SYMDOIS. .....eiiiiiiii e ee e 104
Cyclic PrefiXx LENGEN.... ... 104
YY1 (=10 0T N F= T TS PP 104
YL (Y T =TT 0] o] o U PRSRPPRR 104

Number of Carriers
Indicates the number of subcarriers used by the signal. This value corresponds to the
"FFT Size" on page 65.

Number of Symbols

The number of OFDM symbols corresponds to the result length configured in the
"Result Range" settings in the R&S FSW OFDM VSA application (see "Result Length"
on page 96).

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 65.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 161

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 118).

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.

5.1.2 Constellation view
The "Constellation View" shows the constellation points (= I/Q values) for the OFDM

cells in the defined result range. Using this view, you can assign the measured constel-
lation points to specific cell types for the allocation matrix in the configuration file.
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Constellation View
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Figure 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.

Zoom Off
Displays the diagram in its original size.

Note that this function does not change the cursor function. To change the cursor func-
tion and stop zooming, select Selection tool.
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The Selection Mode / Zoom Mode indicator above the diagram shows that zoom mode
is active.

Selection Mode / Zoom Mode indicator

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

Selection Mode

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

&

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

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.

I atris Wiew
Legend

Selection
(#0)

Mir: 0

Syrnbol Mumber

Maw 99

bin: -32 Carrier Mumber b aw: 31

Figure 5-3: Matrix View with Power vs Symbol x Carrier diagram
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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.

b atriz Wiew
Legend

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

[Allocation GENH v] E _

Fir: 0

Symbol Mumber

[ET=t]

Mim: -32 Carrier Murnber Mz 31

Figure 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).

Black and White COlOr Map.......cccuuiiiiiiiiiee e e e e e e e e e s eaneeees 108
(0701 [o]¢=To eTo] o] gy 1 F-T o F USSR 108
Highlight selected CellIS........ .. e 108
Selection Mode / Zoom Mode INdiCatOr........ooieiiiieeeeei e 108
S T= 1= Tox (o] o T T SRS 108
Deselect All (CONEXI-MENU).....oiiiiiiiiiie e 108
4o o] 1o PO O TP P RPN 108
oo 2 0 1 RSP 108
Select Symbol / Select Carrier (CONteXt-MENU)......c.ccceiiiiiiiiiiiiiiieeeee e 109
Select Specific Symbol / Select Specific Carrier (context-menu).........ccccceeeviiieeeennnns 109
Select Symbol/Carrier Range (CONteXt-MeNU).......c.couiueeriiiiiiieiieieeeee e 109

L SHAI. e 109

] (=)o TOU OO 109
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(o) TR 109
Deselect All (CONTEXT-MENU)...c.oiiiiiiiii et e e 109
Extract Symbols (CONtEXI-MENU)....cccii i e 109

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

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

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

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

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

@:’ee:: Carrier/Symbol Range — O
Camier
Start 32 2 Step |1 = Stop 31 =
Symbol
Stat |0 B Step |1 ¥ Stop (19 =

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

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

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

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

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

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

This function is identical to Chapter 5.2.3, "Step 2: (Optional:) Adjusting the analysis
region”, on page 112.

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
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5.2.1

Configuration steps

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

Starting the R&S FSW-K96 Configuration File Wizard...........ccccoooiiiiiiiiiennn. 110
Step 1: (Optional:) Importing existing fileS........cocuiiiiiiiiiiici e, 111
Step 2: (Optional:) Adjusting the analysis region.........ccccocciiiiiinniee e, 112
Step 3: Synchronizing the measured data.........cccoocieiiiiiii e, 113
Step 4: Adjusting the GaiN......ccoo i 113
Steps 5 + 6: Allocating signal COmMpPONENTES........cevvvvieiiiiiiiiiiiiiie e e, 114
Step 7: STOrNG rESUIS ... 116

Starting the R&S FSW-K96 Configuration File Wizard

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

1.

Configure the required input signal in the R&S FSW 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 FSW-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 99).

Note: Without a configuration file, only the timing synchronization metric, which is
based on cyclic prefix or preamble, is relevant. The frame synchronization metric,
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Configuration steps

which is based on pilots, is only useful in the next analysis stage that uses the con-
figuration file.

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

Note: If the data cells use DFT-S precoding, the R&S FSW 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 64). Since the
R&S FSW 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.

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

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

To start the R&S FSW-K96 Configuration File Wizard on a separate PC

For very large frames, using the R&S FSW-K96 Configuration File Wizard on a sepa-
rate PC with a higher display resolution and a mouse can be more convenient.

1.

Configure the signal input and characteristics as described in "To start the R&S
FSW-K96 Configuration File Wizard within the FSW" on page 110.

Instead of creating a new configuration file directly on the instrument, save the
demodulated data to a file.
Select "Overview" > "Signal Description" > "Export data".

Save the datatoa *. k96 wizv file on a USB storage device connected to the
instrument.

Copy the K96 ConfigurationFileWizard.exe and the ZedGraph.dll files
from the instrument to a folder on the PC.

Start the K96 ConfigurationFileWizard.exe file on the PC.

The R&S FSW-K96 Configuration File Wizard starts.
Continue with Chapter 5.2.2, "Step 1: (Optional:) Importing existing files",
on page 111 and select the * . k96 wizv file from the USB storage device.

5.2.2 Step 1: (Optional:) Importing existing files

The wizard requires demodulated data as input. When you open the wizard directly
from the R&S FSW OFDM VSA application, the demodulated data from the input sig-
nal 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.
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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.

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

By default, the result range configured in the R&S FSW 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

First Symbol: a =

Last Symbal: 93 =
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
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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.

5.2.4 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.

@":—".:—:".":‘:‘::—::‘ — O
Manual Synchronization
Timing < > |0,040690
Frequency ¢ > |(0.000314 Auto
Phase < > [10.260deg
0,0000 dB
oK

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.
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.
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&% Gain Adjustment - O X
Selection of Reference
Constellation BPSK v
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. Toincrease 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.

5.2.6 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 bMarkers Allocation

BPSK. v] > Allocate as:
Boosting 1.000 < [ | ' Pilot_BPSK

R adiuz 4 |_ 2 Undo last allocation
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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 113.

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 ¥J 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 B, "Reference: IQW format specification for user-
defined constellation points", on page 331.

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

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

9. Select the checkmark and confirm the message to allocate the selected cells to the
selected cell type.

The cells are indicated in the color shown in the legend above the "Allocation
Matrix". The cells are no longer displayed if you selected only Show non-allocated
constellation points in the "Constellation View".

10. If necessary, you can revert the last allocation.
The allocated OFDM cells are indicated as non-allocated (but still selected).
11. Repeat these steps until all OFDM cells are allocated. When the last cell type is
allocated, a message prompts you to store the results.

Tip: In the "Constellation View", select & Show non-allocated constellation points
and deselect @ "Show allocated constellation points" on page 106 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-
ing configuration file can then be used for analysis in the R&S FSW 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.
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5.3

5.3.1

Reference of wizard menu functions

3. Select "Save".

Reference of wizard menu functions

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

L 11 {1 Tox (o) [ TSR 117
L I T 1 0 0T g o (o) 1= U 118
L S T 1 11T 1 PSP 118
O H I Dttt e e e e e e ———————————————— 122

N 117
Import Data from R&S OFDM VSA......ueiiieie ettt sereeee e e e e e e e e e snnenes 117
Load Configuration File...........uuueeiiiieie e e e e e e e e e e e e e e e e eeeeeees 117
Save Configuration File.........ouueiiiiiiiccccie e 117
) S 117
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 FSW OFDM VSA application is no
longer available in the wizard. Load existing signal or configuration data to continue.
See "Import Data from R&S OFDM VSA" on page 117 and "Load Configuration File"
on page 117.

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 FSW 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.
This function is identical to Chapter 5.2.7, "Step 7: Storing results", on page 116.

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.
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5.3.2

5.3.3

Reference of wizard menu functions

Edit functions

ReSet All AllOCALIONS......ciiiiiiiii it a e e e 118
UNdO Last AllOCAtION. ... e e e 118
Extract Symbols (CONteXt-MENU).........uiiiiiiiiie e 118
Shift Left by 1 Carrier / Shift Right by 1 Carrier........cueeeiiiiiiiiiiiiiee e 118

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 £ 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 112.

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
A (=] 41 = 2 1= TS 118
SYSIEM DESCIIPLION. ...eiiiiiiiiee et s e e e e e e 118
CyClic PrefiX / SUFIX....uuiii ettt e et e e e e st e e e e e snnraeeaeeanes 119
L Cyclic Prefix LENGtN.......c.cvvoveeeeececeeeeieeeeeeeeeeeeeee ettt eees e naneee e 119
L CyClic Prefix MOGE........cvveeereceeeeeeeeeeeeeeeeeeeesees et es s s aeeeensenenes 119
L Different cyclic prefix [@NGHhS........cc.ooeeeceeeeeeeeeeeeeeeee et 120
L Cyclic prefix definition per range (Symbols / Samples)...........cc........ 120
L CyClic SUFIX LENGHN....cvveeieeeeee ettt ee e ee e e e e e 120
(== 10 ] o] = S 121
L St PreaMDIE.........eeeeeee et 121
L BIOCK LENGN.....vvveeeeeeeeeee ettt ee s nananaeeeens 121
L Frame Start OffSet.........cccveuevereeieieseseeceeeeeeeeeeeeseessssseseesessessesessesssssssssnaes 121
(Yol [ I =Y b= A A B A=Y 3 2SR 121

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 118).

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

®

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

(® Two Different Cyclic Prefix Lengths

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

Symbols Samples
Range 1 (10 iE-"
Range 2 |90 32
Samples
Cyclic Suffix 10
OK 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 65.

Remote command:
CONFigure[:SYMBol] :NGUard<cp> on page 161

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 159
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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| eee

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 160

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] :GUARd:NSYMbols<cp> on page 160
CONFigure[:SYMBol] :NGUard<cp> on page 161

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.
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<« ())FFT Length———»

trarf;‘-lc;rm ““““‘

Complete ‘><A
orov [T TTTTTTTTT ]
y 4g¥§i§N7(i)FFT Length—————»a YOIy

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 65.

Remote command:
CONFigure[:SYMBol] :NSUFfix on page 162

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 FSW OFDM
VSA application (see Chapter 4.2, "Signal description", on page 62). The information
can be used by the R&S FSW OFDM VSA application, for example for synchroniza-
tion.

@ Freamble (Optional) EI@

Set Preamble

Block Length: |0

a0

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.

Cyclic Delay Diversity

Defines a cyclic shift of the FFT values for each OFDM symbol before adding the cyclic
prefix.
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5.3.4 Help

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

5.4 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 FSW OFDM VSA applica-
tion as described in Chapter 7, "How to perform measurements in the R&S FSW
OFDM VSA application", on page 145, or load existing 1/Q data to the application.

For this example, we use the 1/Q data in the demo file

C:\R S\INSTR\USER\demo\OFDM-VSA\WlanA 64QAM.1iq.tar provided with the
FSW 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 FSW OFDM VSA application can
demodulate the data.

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

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

a) Select "Input/Frontend" > "Input Source" > "I/Q file" > "Select file".
b) Select C:\R S\INSTR\USER\demo\OFDM-VSA\WlanA 640QAM.iq.tar.
c) Set the state of the 1/Q file input to "On".

The Magnitude Capture display shows the bursted signal.
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1 Magnitude Capture

1.99995 ms

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

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

1 Magnitude Capture e 1 Clrw

1.99995 ms

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

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

5. Since it is a 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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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.

User Manual 1179.3844.02 — 06 124



R&S®FSW-K96 Creating a configuration file using the wizard

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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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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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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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 ................................ ]
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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:\R_S\INSTR\USER\demo\OFDM-VSA\MyWlanA 64QAM.xml

13. Close the wizard.

Now you can load the configuration file in the R&S FSW OFDM VSA application.
See step 5
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Result configuration

6 Analyzing OFDM VSA vector signals

Access: "Meas Config" > "Result Config"

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.

®  Result CONfIQUIAtioN.......cueiiiiiee i e e 130
L I =T o] (= oTo T a1 Te U =1 i ] o 1 RPN 132
L I U Lo 11 £ PP PP 133
®  Y-SCalING.. oo e e e e ————————————aaaaaaaaaes 133
L I V= T =) SRR 135
e Trace / data export configuration...........ccceviiiiiiii i 142
o Analysis in MSRA MOGE.......coiiiiiiiie e 143

6.1 Result configuration

Access: "Meas Config" > "Result Config" > "Result Configuration" tab

Some result displays provide further settings.

Result Configuration

Markers Markers Settings = Result Configuration Units Y Scaling
EVM Settings

Normalize EVM to RMS Pilots and Data

Frame Averaging Mean Square
Constellation Display

Modulation Type

Modulation

Symbol

Carrier

Point Size

Spedifics for 1: Magnitude Capture

NOIMANIZE EVIM 10 e e e e e e e e e e e e e e e e e e e e eeeananees 131
=T TR NV = Vo |1 o PSSR 131
Constellation Display - Modulation TYPe......ccccuiiiieeiieeie e 131
Constellation Display - MOAUIAtION..........iiiiieiiieei e 131
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Constellation Display - SYMDOL.........ueiiiiiiiii e 132
Constellation DiSplay = Carmier.......c..ueiii it 132
Constellation Display - POINt SiZ€.......c.uuiiiiiiiiiii e 132

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

(See Chapter A.1, "Error vector magnitude (EVM)", on page 329 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 263

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 262

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 264

Constellation Display - Modulation
The constellation diagram includes only symbols with the selected modulation.
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6.2

Table configuration

Remote command:
CONFigure:FILTer<n>:MODulation on page 264

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 264

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 263

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

Table configuration

Access: "Meas Config" > "Result Config" > "Table Config"

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

Result Configuration

Markers Settings | Result Configuration = Table Config Units
Table Config

EVM All (dB) 1/Q Offset

EVM All (%) Gain Imbalance
EVM Data Symbols (dB) Quadrature Error
EVM Data Symbols (%) Frequency Error

EVM Pilot Symbols (dB) Sample Clock Error

EVM Pilot Symbols (%) Frame Power

MER Crest Factor

Spedifics for 2: Result Summary
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Y-scaling

6.3 Units

Access: "Meas Config" > "Result Config" > "Units" tab

For some result configurations, the unit of the displayed values can be configured.

Result Configuration

Markers Settings Result Configuration Table Config Units
Result Units

EVM dB

Symbol Axes Symbols
Carrier Axes Carriers
Magnitude Capture Seconds

Power Spectrum Hertz

Impulse Response Linear

Spedifics for 2: Result Summary

Remote command:

EVM: UNTIT:EVM on page 268

Symbol axes: UNIT: SAXes on page 269
Carrier axes: UNIT:CAXes on page 268
Magnitude Capture: UNIT: TAXes on page 270
Power Spectrum: UNTT: FAXes on page 269

Impulse Response: UNIT: IRESponse on page 269

6.4 Y-scaling

Access: "Meas Config" > "Result Config" > "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.
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Y-scaling

Result Configuration

Markers Markers Settings @ Result Configuration Units Y Scaling

Automatic grid scaling:

Auto On

Auto Scale Once

Ref 10.0 dBm -=

Per Division
Ref Position

Ref Value

Spedifics for 1: Magnitude Capture

Automatic Grid SCalING.......ueeiiiiiiiie e 134
AULO SCAIE ONCEB......cceeeeeeeeeeeee ettt ettt ettt e e e e e e e e aaaaeaeaeens 134
Absolute Scaling (Min/MaX ValUES).......cceieeeeiiiiiciiiiiieiee e e e e e e e seecenreeee e e e e e e e e e s s eeannnnns 135
Relative Scaling (Reference/ per DiVISION)........ccoceviviiiieeeieeeeeerern e 135
L PEr DIVISION.......cuiviieiecteiecicte ettt ettt 135
L REf POSIION. .....eecvecececteeeecee et naesans 135
L REF VAIUE.......oeeeeeece et s e s sen e 135

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

Tip: To update the scaling automatically once when this setting for continuous scaling
is off, use the Auto Scale Once function.

Remote command:
DISPlay[:WINDow<n>] [ :SUBWindow<n>] :TRACe<t>:Y[:SCALe] :AUTO
on page 265

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 265
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Markers

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 267
DISPlay[:WINDow<n>] : TRACe<t>:Y[:SCALe] :MINimum on page 267

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 266

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 266

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

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] :RVALue
on page 267

Markers

Access: "Meas Config" > "Result Config" > "Markers" tab
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.
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Markers

@ 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 View and Allocation Matrix

Using markers in a Constellation View you can detect individual constellation points for
a specific symbol or carrier. When you activate a marker in the Constellation View, its
position is defined by the symbol and carrier number the point belongs to. However,
the marker result indicates the | and Q values of the point.

Similarly, you can define markers in an Allocation Matrix by selecting the symbol and
carrier number.

Using markers in the Constellation View 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.

e Individual marker SEtiNGS.......uuuuiciiiie e 136
o General marker SEtHNGS......ooiviiiiiiiccr e —————— 140
e Marker positioning fUNCHONS.........ciiiiiii e 141

6.5.1 Individual marker settings

Access: "Meas Config" > "Result Config" > "Markers" tab

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

Result Configuration

Markers Markers Settings @ Result Configuration Units | Y Scaling

Ref Link to

Marker Marker [l

Selected State X-Value Type

Marker 1  On Off - -
Delta 1 On Off
Delta 2 On Off
Delta 3 On Off
Delta 4 On Off

Delta 5 On Off

All Markers Off

Spedifics for 1: Magnitude Capture

ST (o1 (= To I 1Y =T = 137
SEIECE IMIAIKET.....ceeveteteitt et ettt e ettt e ettt ee et a e e s e seseeeaaaaaeseseseeeeesssssrarasasnnan 137
MaAKEE STALE......ceieeiii et ettt e e e ettt e e e e e et e e e e e e aebaeeeeeeees 138
D V2= | U= TN 138
R Y21 (U= T 138
= (T Y o T PSP RRPPRPP 138
Y =T =T ot F= T (=Y N 139
LinKiNg t0 ANOLNEI MArKEr ... ..veeiiiiee e e e e e e 139
Assigning the Marker t0 @ TraCe........cvveeeiiiiiiiiiiiceceie i 139
AlLMAIKEIS Off... ettt e e e e ettt e e e e e e e taba e e e e e eebanaeaaees 139

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.

Select Marker
The "Select Marker" function opens a dialog box to select and activate or deactivate
one or more markers quickly.
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Markers

Select Marker

Selected Selected Selected

Marker 1 Delta 6 Delta 12

Delta 1 Delta 7 Delta 13

Delta 2 Delta 8 Delta 14

Delta 3 Delta 9 Delta 15

Delta 4 Delta 10 Delta 16

Delta 5 Delta 11

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 272
CALCulate<n>:DELTamarker<m>[:STATe] on page 274

Marker State
Activates or deactivates the marker in the diagram.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 272
CALCulate<n>:DELTamarker<m>[:STATe] on page 274

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

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

Remote command:
CALCulate<n>:DELTamarker<m>:X on page 275
CALCulate<n>:MARKer<m>:X on page 272

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

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

Remote command:
CALCulate<n>:DELTamarker<m>:Y? on page 304
CALCulate<n>:MARKer<m>:Y? on page 306

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.
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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).

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 272
CALCulate<n>:DELTamarker<m>[:STATe] on page 274

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 274

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).

For linked delta markers, the x-value of the delta marker is 0 Hz by default. To create a
delta marker in a fixed distance to another marker, define the distance as the x-value
for the linked delta marker.

Remote command:

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> on page 271
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKer<md> on page 273
CALCulate<n>:DELTamarker<m>:LINK on page 273

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 On page 272

All Markers Off
Deactivates all markers in one step.
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6.5.2

Markers
Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 271
General marker settings
Access: "Meas Config" > "Result Config" > "Marker Settings" tab
Or: "Marker" > "Marker Settings"
Result Configuration
Markers Markers Settings Resul
Marker Table
Auto
Marker Info
On
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 276

Marker Info
Turns the marker information displayed in the diagram on and off.

e 1AP Clrw
M1[1]| 81.13dBpv| -
177.610 MHz

D2[1] -22.18 dB
-28.980 MHz
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Remote command:
DISPlay[:WINDow<n>] :MINFo[:STATe] on page 275

6.5.3 Marker positioning functions

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

Access: [Marker ->]

Y S =Y T o] o TN 141
SEAICH NEXE PEAK....... e et e e e 141
ST=T= (ot a T 01T g O T AT 141
SearCh NEeXt MINIMUM. ... ettt e e et e e e eee s e e e e et s e e e e reraaeeeenarees 141
Peak Search

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 280
CALCulate<n>:DELTamarker<m>:MAXimum|[ : PEAK] on page 278

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.

Remote command:

CALCulate<n>:MARKer<m>:MAXimum:NEXT on page 279
CALCulate<n>:MARKer<m>:MAXimum:RIGHt on page 280
CALCulate<n>:MARKer<m>:MAXimum:LEFT on page 279
CALCulate<n>:DELTamarker<m>:MAXimum:NEXT on page 277
CALCulate<n>:DELTamarker<m>:MAXimum:RIGHt on page 278
CALCulate<n>:DELTamarker<m>:MAXimum:LEFT on page 277

Search Minimum
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 281
CALCulate<n>:DELTamarker<m>:MINimum[:PEAK] on page 278

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.

Remote command:

CALCulate<n>:MARKer<m>:MINimum:NEXT on page 280
CALCulate<n>:MARKer<m>:MINimum:LEFT on page 280
CALCulate<n>:MARKer<m>:MINimum:RIGHt on page 281
CALCulate<n>:DELTamarker<m>:MINimum:NEXT on page 278
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=l

Trace / data export configuration

CALCulate<n>:DELTamarker<m>:MINimum:LEFT on page 278
CALCulate<n>:DELTamarker<m>:MINimum:RIGHt on page 279

Trace / data export configuration

Access: "Save" > "Export" > "Export Configuration"

Or: [TRACE] > "Trace Config" > "Trace / Data Export"

The standard data management functions (e.g. saving or loading instrument settings)
that are available for all FSW applications are not described here.

See the FSW base unit user manual for a description of the standard functions.

Trace / Data Export
. Export all Traces

Indude Instrument and Measurement Settings

. Export all Traces for Selected Graph

Trace to Export 1
Decmal Separator Point Comma

Export Trace to ASCII File

Export all Traces and all Table RESUIES..........oooiimiiiiiiicccccceee e, 142
Include Instrument & Measurement Settings.........coviiiiii e, 143
Export All Traces for Selected Graph..........ccoiieeiccciiiiiieiie e 143
B = o= (o T = oo o SRR 143
=T ot | gF= T IS T=T o = = o] 143
EXPOrt Trace t0 ASCIH FilE...uuuuu i e e e e e e e e e e e e e e e e e eeeaeees 143

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 309
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Analysis in MSRA mode

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 308

Export All Traces for Selected Graph
Includes all traces for the currently selected graphical result display in the export file.

Remote command:
FORMat : DEXPort : GRAPh on page 308

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 308

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: Secure user mode.

In secure user mode, settings that are stored on the instrument are stored to volatile
memory, which is restricted to 256 MB. Thus, a "memory limit reached" error can occur
although the hard disk indicates that storage space is still available.

To store data permanently, select an external storage location such as a USB memory
device.

For details, see "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the FSW base unit user manual.

Remote command:
MMEMory : STORe<n>:TRACe on page 309

Analysis in MSRA mode

The data that was captured by the MSRA primary can be analyzed in the OFDM VSA
application.

The analysis settings and functions available in MSRA mode are those described for
common Signal and Spectrum Analyzer mode.
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Analysis line settings

In addition, an analysis line can be positioned. The analysis line is a common time
marker for all MSRA applications.

To hide or show and position the analysis line, a dialog box is available. To display the
"Analysis Line" dialog box, tap the "AL" icon in the toolbar (only available in MSRA
mode). The current position of the analysis line is indicated on the icon.

Analysis Line [ 4 X

Show Line Oon Off

(Lo X1 1] o TR 144
5] Lo 1TV I = TR 144
Position

Defines the position of the analysis line in the time domain. The position must lie within
the measurement time of the multistandard measurement.

Remote command:
CALCulate<n>:MSRA:ALINe [:VALue] on page 285

Show Line

Hides or displays the analysis line in the time-based windows. By default, the line is
displayed.

Note: The window title bar always shows whether the currently defined line position
lies within the analysis interval of the active secondary application, even if the analysis
line display is disabled.

Remote command:
CALCulate<n>:MSRA:ALINe: SHOW on page 285
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7 How to perform measurements in the R&S
FSW OFDM VSA application

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

O The R&S FSW OFDM VSA application provides sample data and sample configuration
= files in the C:\R_S\INSTR\USER\demo\OFDM-VSA directory.

To perform an OFDM VSA measurement

1. Open a new channel or replace an existing one and select the R&S FSW OFDM
VSA application.

2. Configure the input source to be used.
3. Select "Overview" to display the "Overview" for an OFDM VSA measurement.

4. Select "Signal Description" and configure the expected signal characteristics 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 102.

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

7. Select "Data Acquisition" and define how much and which data to capture:
(In MSRA mode, define the application data instead, see Chapter 3.7, "OFDM VSA
in MSRA operating mode", on page 58).

e "Capture Time" or "Capture length": the duration or number of samples to be
captured
For non-triggered ("Free run") measurements, be sure to capture at least twice
the number of samples per frame so you are sure to capture at least one entire
frame.

e "Sample rate": the rate at which 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 32)

8. Optionally, select "Trigger" and define a trigger for data acquisition, for example an
external trigger to start capturing data only when a useful signal is transmitted.
(In MSRA mode, define a "Capture Offset" instead, see Chapter 3.7, "OFDM VSA
in MSRA operating mode", on page 58).
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9. For bursted signals, select "Burst Search" and activate a burst search.

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

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

12. Select the [E "Configure Display” icon from the toolbar to add further result displays
for the R&S FSW OFDM VSA application.

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

The following commands are required to perform measurements in the R&S FSW
OFDM VSA application in a remote environment.

It is assumed that the FSW has already been set up for remote control in a network as
described in the FSW User Manual.

General FSW Remote Commands

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

® Managing Settings and Results
® Setting Up the Instrument
® Using the Status Register

O SCPI Recorder - automating tasks with remote command scripts
S The R&S FSW OFDM VSA application also supports the SCPI Recorder functionality.
Using the SCPI Recorder functions, you can create a SCPI script directly on the instru-
ment and then export the script for use on the controller. You can also edit or write a
script manually, using a suitable editor on the controller. For manual creation, the
instrument supports you by showing the corresponding command syntax for the cur-
rent setting value.

For details see the "Network and Remote Operation" chapter in the FSW User Manual.

L J 10 o T U T3 1T o SRR 147
®  COMMON SUMTIXES..eiiiiiiuiiiiie ittt et e et e e e st e e e s s nabae e e e e sneeeeeeeanes 152
e Activating the R&S FSW OFDM VSA application..........cccccceeeviiiiiiiieerieieeiine, 153
e Configuring the R&S FSW OFDM VSA application.........cccuvvviicceiiiiieieeeeeeeeee, 156
o Performing @ measuremMeNt..........oooi i 257
L I N g E= S 262
o Configuring the result diSplay.........cueiii i e 286
®  REtNEVING MESUILS.....uuiiiiiiiiiie e e e e e e e e 295
e Status reporting SYSIEM......coo i 321
o Deprecated COMMANGS.......cciiiiiieiei it e e e e e e e e e aaaaaeeeeeeeeeaeeenens 323
e Programming examples: OFDM vector signal analysis.........cccceceeeeeiiiieeeiiieeeneens. 325

8.1 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

User Manual 1179.3844.02 — 06 147



R&SPFSW-K96 Remote commands for the R&S FSW OFDM VSA application

Introduction

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.

A header contains one or more keywords, separated by a colon. Header and parame-
ters are separated by a "white space" (ASCIl 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 FSW.

@ 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 FSW 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.
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8.1.2

8.1.3

8.14

Introduction

®  Manual operation
If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.

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.

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.

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.
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8.1.5

8.1.6

8.1.6.1

Introduction

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<l...4>]:Z00M:STATe

DISPlay:Z00M:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.

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.

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.

@ NUMIEBIIC VAIUEBS. ... ettt ettt e et e e e et e e et e e e et e e e e s s e eeaesestaaeeeanns 150
L 1Yo ) [<F= 1 o TR 151
L N O o P =i (= o [ = T 152
L I O o =1 = T3 (= = 1 o [ 152
L =1 o Tt Qo F= | = T 152

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.
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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.

*  MIN/MAX

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

Defines the default value.
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 1£9

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.

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
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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 149.

Querying text parameters

When you query text parameters, the system returns its short form.

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 FSW 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 FSW OFDM VSA application

Suffix Value range Description
<m> 1to 4 Marker
<n> 1tox Window (in the currently selected channel)
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Suffix Value range Description
<t> 1t06 Trace
<li> 1t0 8 Limit line

8.3 Activating the R&S FSW OFDM VSA application

INSTrument:CREAtE:DUPLICALE. .......ccvuueieeeieetiieeeeeeeeetee e ee et e e et e e e e et e e e e eeaaaaanes 153
INSTrument:CREGE[INEW].....cceieiei ettt e e e e et e e e e ee e e e e e e anne e e e e e enraans 153
INSTrument:CREAtEIREPLACE. ........u.eeiei et 154
TN R VT =T gLl ) = =Y (N 154
TN ISR (U= gt NS 2 154
INSTrUMENERENGIME. .. .cceiiiiiii et e e et e e e e e e et s e e e e ee e e eeeeaata e eesesestaaeaeeeesnnnaaaaees 156

INSTrument:CREate:DUPLicate

Duplicates the currently selected channel, i.e creates a new channel of the same type
and with the identical measurement settings. The name of the new channel is the
same as the copied channel, extended by a consecutive number (e.g. "IQAnalyzer" ->
"IQAnalyzer 2").

The channel to be duplicated must be selected first using the INST : SEL, command.
Is not available if the MSRA primary channel is selected.

Example: INST:SEL 'IQAnalyzer'
INST:CRE:DUPL
Duplicates the channel named 'IQAnalyzer' and creates a new
channel named 'lQAnalyzer2'.

Usage: Event

INSTrument:CREate[:NEW] <ChannelType>, <ChannelName>

Adds a measurement channel. You can configure up to 10 measurement channels at
the same time (depending on available memory).

Parameters:

<ChannelType> Channel type of the new channel.
For a list of available channel types, see TNSTrument : LIST?
on page 154.

<ChannelName> String containing the name of the channel.
Note that you cannot assign an existing channel name to a new
channel. If you do, an error occurs.

Example: INST:CRE SAN, 'Spectrum 2'

Adds a spectrum display named "Spectrum 2".
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INSTrument:CREate:REPLace <ChannelName1>, <ChannelType>,
<ChannelName2>

Replaces a channel with another one.

Setting parameters:
<ChannelName1>  String containing the name of the channel you want to replace.

<ChannelType> Channel type of the new channel.
For a list of available channel types, see TNSTrument :LIST?
on page 154.

<ChannelName2> String containing the name of the new channel.
Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see TNSTrument:LIST? on page 154).
Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters
such as ":", ™", "?".

Example: INST:CRE:REPL 'IQAnalyzer2',6IQ, 'IQAnalyzer'
Replaces the channel named "IQAnalyzer2" by a new channel of
type "IQ Analyzer" named "IQAnalyzer".

Usage: Setting only

INSTrument:DELete <ChannelName>
Deletes a channel.
If you delete the last channel, the default "Spectrum" channel is activated.

Setting parameters:
<ChannelName> String containing the name of the channel you want to delete.
A channel must exist to delete it.

Example: INST:DEL 'IQAnalyzer4'
Deletes the channel with the name 'IQAnalyzer4'.

Usage: Setting only

INSTrument:LIST?

Queries all active channels. The query is useful to obtain the names of the existing
channels, which are required to replace or delete the channels.

Return values:
<ChannelType>, For each channel, the command returns the channel type and
<ChannelName> channel name (see tables below).
Tip: to change the channel name, use the TNSTrument :
REName command.
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Example: INST:LIST?
Result for 3 channels:
'"ADEM', "Analog Demod', 'IQ', 'IQ
Analyzer', 'IQ','IQ Analyzer2'
Usage: Query only

Table 8-2: Available channel types and default channel names in Signal and Spectrum Analyzer mode

Application <ChannelType> Default Channel name*)
parameter

Spectrum SANALYZER Spectrum

1XEV-DO BTS (R&S FSW-K84) BDO 1XEV-DO BTS

1XEV-DO MS (R&S FSW-K85) MDO 1XEV-DO MS

3GPP FDD BTS (R&S FSW-K72) BWCD 3G FDD BTS

3GPP FDD UE (R&S FSW-K73) MWCD 3G FDD UE

802.11ad (R&S FSW-K95) WIGIG 802.11ad

802.11ay (R&S FSW-K97) EDMG 802.11ay EDMG

Amplifier Measurements (R&S FSW-K18) AMPLifier Amplifier

AM/FM/PM Modulation Analysis (R&S FSW-K7) ADEM Analog Demod

Avionics (R&S FSW-K15) AVlonics Avionics

Bluetooth (R&S FSW-K8) BTO Bluetooth

c¢dma2000 BTS (R&S FSW-K82) BC2K CDMA2000 BTS

cdma2000 MS (R&S FSW-K83) MC2K CDMA2000 MS

DOCSIS 3.1 (R&S FSW-K192/193) DOCSis DOCSIS 3.1

Fast Spur Search (R&S FSW-K50) SPUR Spurious

GSM (R&S FSW-K10) GSM GSM

HRP UWB (R&S FSW-K149) uwB HRP UWB

1/Q Analyzer 1Q 1Q Analyzer

LTE (R&S FSW-K10x) LTE LTE

Multi-Carrier "Group Delay" (R&S FSW-K17) MCGD MC "Group Delay"

NB-loT (R&S FSW-K106) NIOT NB-loT

Noise (R&S FSW-K30) NOISE Noise

5G NR (R&S FSW-K144) NR5G 5G NR

OFDM VSA (R&S FSW-K96) OFDMVSA OFDM VSA

OneWeb (R&S FSW-K201) OWEB OneWeb

Phase Noise (R&S FSW-K40) PNOISE Phase Noise

*) If the specified name for a new channel already exists, the default name, extended by a sequential num-

ber, is used for the new channel.
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Application <ChannelType> Default Channel name*)
parameter

Pulse (R&S FSW-K6) PULSE Pulse

"Real-Time Spectrum" RTIM "Real-Time Spectrum"

TD-SCDMA BTS (R&S FSW-K76) BTDS TD-SCDMA BTS

TD-SCDMA UE (R&S FSW-K77) MTDS TD-SCDMA UE

Transient Analysis (R&S FSW-K60) TA Transient Analysis

Verizon 5GTF Measurement Application (V5GTF, V5GT V5GT

R&S FSW-K118)

VSA (R&S FSW-K70) DDEM VSA

WLAN (R&S FSW-K91) WLAN WLAN

*) If the specified name for a new channel already exists, the default name, extended by a sequential num-
ber, is used for the new channel.

INSTrument:REName <ChannelName1>, <ChannelName2>
Renames a channel.

Setting parameters:
<ChannelName1> String containing the name of the channel you want to rename.

<ChannelName2> String containing the new channel name.
Note that you cannot assign an existing channel name to a new
channel. If you do, an error occurs.
Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters

SuCh as ll:ll, ll*ll, ll?ll.

Example: INST:REN 'IQAnalyzer2', 'IQAnalyzer3'
Renames the channel with the name 'IQAnalyzer2' to 'lQAna-
lyzer3'.

Usage: Setting only

8.4 Configuring the R&S FSW OFDM VSA application

e Restoring the default configuration (Preset)..........coooiiiiiiieeee 157
L JS o g F=1 R0 L= T o o] 1T} o TS 157
e Input, output and frontend settings.........ccccviiiiieeiii 165
®  Triggering MeaSUIEMENTS. .....cuiiiiii ittt e et e e e e e e s e e e e eeeeas 237
e Configuring data acquISItION.........cccuviiiiiiieie e 242
e ENnabling a burst SEarCh........uuuue e 247
o Defining the reSUIt FaNGE......coiii i e e e e aeeaeens 247
e Synchronization, tracking and demodulation..............cccccoiiiiiiiiiiiiiee 248

User Manual 1179.3844.02 — 06 156



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

8.4.1

8.4.2

Configuring the R&S FSW OFDM VSA application

e Adjusting settings automatically..........cc..uuiiiiiiiiiii e 252
®  OUIPUL SEHINGS. .oe e e e e e e e 254
o Configuring the trigger OUIPUL.........coiiiii e 255

Restoring the default configuration (Preset)

SYSTem:PRESEet:CHANNEILEXEC]. .. ittt e e e ee e e e eeeee 157

SYSTem:PRESet:CHANnNel[:EXEC]
Restores the default instrument settings in the current channel.
Use INST:SEL to select the channel.

Example: INST:SEL 'Spectrum2'

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 62

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:PREAMDIEIBLENGIN. ....uuiiieiieeiiie et eee et e e ettt e e e e e e v e e e e e ee b e eeeeeenes 158
CONFigure:PREAMDIEIFOFFSEL....uuuuuiuiiiiieieieieeieeeeeeee e e e e e e e e e aaaaaaees 158
CONFigure:RFUC:FZERO:IFREQUENCY....ccetttiitiuentutuaaaaaaaeaaeeeeaeaaaaeaeeeeeeeeeaeaeeessnnnnnnnnns 158
CONFigure:RFUC:FZEROIMODE...... oottt ettt e e e e e e eeas 159
CONFIGUIEIRFUC:STATE....eeeeeeeeeeieintnnennunaaaaaaeseeeeaeaaaaeeeeeeeeeeeaeeeernrnsnnnnnnnnaaaaeaesesesaeaaeees 159
CONFIgUFe[:SYMBOI:GUARG:MODE ... eeeeeeeeeeeeeeeseeeeeeeeeeeeseseeeeseseseseseseseenesesesenenens 159
CONFigure[:SYMBOI[:GUARA:NSYMDOISKCP>......cevvuuieieeieiiiiieeeeeeetiieeeeeeeeetneeeeeseenbaaeeeeees 160
CONFigure[:SYMBOI:GUAR:PERIOGIC. ....eeuieieeiieeee ettt et 160
CONFIUrEe[:SYMBOI N F T . ottt ettt e e e e e et e e e e en e e e e 161
CONFigure[:SYMBOIJ:INGUAIA<CPS....ccuuuuiieeieeiiiieeeesceiieieeeeeeennae s e e eeeetnneeaeeeeena e eeeenennanns 161
CONFIgUrE[:SYMBOIJINSUFTIX.cttuueseeeeetteieeeeeeintieeeeeeeeinaeeeseeeetaesaeeeeennaeseerennnnseesersnnnnnns 162
CONFIgUre:SY STEMICFILE...cciii i e e e e e e ee ettt ea e s e e e e e e e e e e e e e eeeeeeeeeeaeeeeensnnnneaans 162
CONFigure[:SYMBOI]:ZPADAING:LENGIN.......ciiiiiiitieie ettt e e e eees 162
CONFigure[:SYMBOI]:ZPADAING:OFFSEL.....ccciiiieeeeeeeiiie ettt e eeear s 163
CONFigure[:SYMBOI]:ZPADdING:REPELtiON. ... .cuuieiieeei e e 163
CONFigure[:SYMBOI]:ZPADAING: STATE. ..ttt ettt ettt ee et e e e et e e e e e aeen 163
CONFIgUrE: TPRECOMING . .+ ceeetreintnunnnaaaaaaa e e e e e e eeeeaaeaeeeeeeeeeanenaenenennnn e aeaeeeeeeeaaaaaaeaaeaeeae 164
CONFigure:TPRECOMINGIGNOIE. ... ..uuueaaaaaee e e e e e e e e e e e e e e et et ee e e e e e e e e e e e aaaaaeeees 164
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CONFigure:PREamble:BLENgth <BlockLength>

Defines the length of a block of repeating samples within a preamble symbol.

Parameters:
<BlockLength> Range: 0 to 65536
*RST: 0
Default unit: samples
Example: CONF:PRE:BLEN 32

Defines a block length of 32 samples.

Manual operation: See "Preamble Symbol Characteristics: Block Length"
on page 66

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.

Manual operation: See "Frame Start Offset" on page 66

CONFigure:RFUC:FZERo:FREQuency <Frequency>

If phase compensation is enabled (see CONFigure:RFUC:STATe on page 159) and
the phase shift frequency is defined manually (see CONFigure :RFUC: FZERoO : MODE
on page 159), this command defines the frequency for phase shift.

Parameters:
<Frequency> numeric value

Default unit: HZ
Example: CONF:RFUC:STAT ON

CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation” on page 64
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CONFigure:RFUC:FZERo:MODE <Mode>

If phase compensation is enabled (see CONFigure:RFUC:STATe on page 159), this
command defines the frequency for phase shift.

Parameters:
<Mode> CF | MANual

CF
The phase shift frequency corresponds to the current center fre-
quency.

MANual
The phase shift frequency is defined manually by the
CONFigure:RFUC:FZERo: FREQuency command

Example: CONF:RFUC:STAT ON
CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation" on page 64

CONFigure:RFUC:STATe <State>

Enables or disables phase compensation during the upconversion of the baseband sig-
nal to the radio frequency.

Parameters:

<State> ON|OFF |01
OFF | 0
Switches the function off. The R&S FSW OFDM VSA application
assumes that the input signal is not phase-compensated.
ON |1
Switches the function on. The R&S FSW 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

Example: CONF:RFUC:STAT ON

CONF:RFUC:FZER:MODE MAN
CONF:RFUC:FZER:FREQ 10MHz

Manual operation: See "RF Upconversion: Phase Compensation" on page 64

CONFigure[:SYMBol]:GUARd:MODE <GuardMode>
Selects the type of cyclic prefix.

Parameters:
<GuardMode> CONV
Conventional cyclic prefix mode.
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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:GUARL:NSYM 5

CONF:GUAR2:NSYM 10

Defines the number of symbols for both cyclic prefixes (5 and
10).

Manual operation: See "Cyclic Prefix Configuration" on page 66
See "Cyclic prefix mode" on page 119

CONFigure[:SYMBol]:GUARd:NSYMbols<cp> <Symbols>

Defines the number of symboils for which the first and second non-conventional cyclic
prefix is used.

For more information see:

® CONFigure|[:SYMBol] :GUARd:MODE
® CONFigure[:SYMBol] :GUARd:PERiodic on page 160

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 159.

Manual operation: See "Cyclic prefix definition per range (Symbols / Samples)"
on page 67

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
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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
See CONFigure[:SYMBol] : GUARA : MODE on page 159.

See "Different cyclic prefix lengths" on page 66

CONFigure[:SYMBol]: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>

Example:

Manual operation:

FFT length in samples.

Range: 8 to 65535
*RST: 64

CONF:SYMB:NFFT 1024
Defines an FFT length of 1024 samples.

See "FFT Size" on page 65

CONFigure[:SYMBol]:NGUard<cp> <NGuard>

Defines the cyclic prefix length.

Suffix:
<cp>

Parameters:
<NGuard>

Example:

Manual operation:
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Selects the cyclic prefix for non-conventional, periodic cyclic pre-
fix lengths.

For non-periodic non-conventional cyclic prefix lengths, the suf-
fix must be 1 (range 2 is variable, till the end of the frame).

For conventional cyclic prefix lengths, the suffix is irrelevant.

unsigned integer

Length of the cyclic prefix in samples.
Range: 4 to 65535

*RST: 16

CONF:SYMB:NGU 128
Defines a guard length of 128 samples.

See "Cyclic Prefix Length" on page 65
See "Cyclic prefix definition per range (Symbols / Samples)"
on page 67
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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 65.

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 65

CONFigure:SYSTem:CFILe <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: CFGF1ile com-
mand, the use of the file is automatically set to ON.

Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0
Exan“ﬂe: 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 63

CONFigure[:SYMBol]:ZPADding:LENGth <Samples>

Defines the number of samples used for zero padding.

Parameters:

<Samples> unsigned integer
Range: 0 to <FFTSize>-1
*RST: 0

Example: CONF:ZPAD ON

CONF:ZPAD:LEN 20
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Manual operation: See "Samples" on page 67

CONFigure[:SYMBol]:ZPADding:OFFSet <Symbols>

Defines a number of symbols from the start for which no zero padding is inserted.

Parameters:
<Symbols> unsigned integer
Range: 0 to 65536
*RST: 0
Example: CONF:ZPAD ON

CONF:SYMB:ZPAD:SOFF 20

Manual operation: See "Symbol Offset" on page 67

CONFigure[:SYMBol]:ZPADding:REPetition <Symbols>

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

Parameters:
<Symbols> unsigned integer
Range: 1 to 65536
*RST: 1
Example: CONF:ZPAD ON

CONF:ZPAD:REP 6

Manual operation: See "Repeat Padding After Symbols" on page 67

CONFigure[:SYMBol]:ZPADding:STATe <State>
Enables or disables zero padding.

Parameters:
<State> ON|OFF|0]1
OFF | 0
Switches the function off
ON |1
Switches the function on

*RST: 0

Example: Insert a zero padding consisting of 10 samples, for every 4th
symbol, starting at symbol 2.
CONF:ZPAD ON
CONF:ZPAD:LEN 10
CONF:ZPAD:REP 4
CONF:SYMB:ZPAD:SOFF 2
Result: symbols 2 (offset), 6 (2+4), 10 (6+4) etc. contain 10 sam-
ples of value "0".
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Manual operation: See "Zero Padding" on page 67

CONFigure:TPRecoding <State>

Enables or disables transform precoding. See "DFT-s-OFDM / SC-FDMA:Transform
Precoding" on page 64.

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 64

CONFigure:TPRecoding:IGNore <State>

For CONFigure:TPRecoding ON, defines how to process OFDM symbols that con-
tain "Don't Care" and pilot cells.

Parameters:
<State> ON|OFF |01
OFF | 0
OFDM symbols that contain a pilot or a "Don't Care" cell are
skipped and not decoded.
ON |1
OFDM symbols that contain pilot or "Don't Care" cells are deco-
ded, but these cells are ignored.
*RST: 0
Example: Decode precoding for all symbols, even if they contain pilot or

"Don't Care" cells.
CONF:TPR ON
CONF:TPR:IGN 1

Manual operation: See "Ignore PILOT/DONTCARE" on page 64

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.
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Manual operation: See "Load Configuration File" on page 64

8.4.3 Input, output and frontend settings
The FSW can analyze signals from different input sources. The frequency and ampli-
tude settings represent the "frontend" of the measurement setup.

Manual configuration of the input and frontend is described in Chapter 4.3, "Input, out-
put and frontend settings", on page 68.

L I S [ o 10 S PPR 165
o  Configuring file INPUL.......ooiiiiii e 169
®  USING XtErNal MIXEIS. ..ottt e e e e e e 171
e Remote commands for external frontend control...........cccccevveeeiiiiiiccciiieeeeeee e, 184
e Configuring digital I/Q input and OUtPUL...........cooeiiiiiiiiiee e 207
e Configuring input via the optional Analog Baseband interface............ccccceeeeees 209
®  Setting UP ProDES.....uie e e 212
e Configuring the 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000)......... 218
e Configuring Oscilloscope Baseband INPut..........ccceoiiiiiiiiiiiiinieniiee e 223
®  Frontend SEtliNgS....ocviiiiiieii e e e e 229

8.4.3.1 RF input

INPut:ATTenuation:PROTECHONIRESE!. ....c...iieeeeeeeeieeee et e e e e e 165
INP UL CONNECION. 1.1ttttutaiieeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeratabsaba s aseseseseeaaaaaseseseereerssssssrarasnnnnnnns 165
INPULICOUPIING. ..eetttiee et e ettt e e e ettt e e e e ettt e e e e e ettt e e eeeseesaaa e eeeessatnsaaesrssnnnasaesesntnnanasens 166
1IN LU 10T I o 166
1N U o] o I =T o | NS ] RS I N = PP 167
1N U o o =T G A ] RS A =Y S 167
TN LT 1LY = Z=Yo F= T ot = N 167
INPULIMPEAANCE P TY ... ettt e et e e e e e e e e e e eaa e e s ebeeeeannnas 168
INP UL SELEC. ...t eeietie e e ettt e et e et e e e e ettt e e e e e e et e e e e e e eata e eeeeessaaseaasentannneeeeeenen 168
1IN L U 0 S 169

INPut:ATTenuation:PROTection:RESet

Resets the attenuator and reconnects the RF input with the input mixer for the FSW
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.

Example: INP:ATT:PROT:RES

INPut:CONNector <ConnType>

Determines which connector the input for the measurement is taken from.
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If an external frontend is active, the connector is automatically set to RF.

Parameters:
<ConnType> RF
RF input connector
RFPRobe
Active RF probe
*RST: RF
Example: INP:CONN RF

Selects input from the RF input connector.

Manual operation: See "Input Connector" on page 72

INPut:COUPIing <CouplingType>
Selects the coupling type of the RF input.
If an external frontend is active, the coupling is automatically set to AC.

Parameters:

<CouplingType> AC | DC
AC
AC coupling

DC
DC coupling

*RST: AC
Example: INP:COUP DC

Manual operation: See "Input Coupling" on page 70

INPut:DPATh <DirectPath>
Enables or disables the use of the direct path for frequencies close to 0 Hz.
If an external frontend is active, the direct path is always used.

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 71
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INPut: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 FSW to measure the harmon-
ics 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.)

Parameters:
<State> ON|OFF |01
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 71

INPut:FILTer:YIG[:STATe] <State>
Enables or disables the YIG filter.

Parameters:
<State> ON|OFF |01
Example: INP:FILT:YIG OFF

Deactivates the YIG-preselector.

Manual operation: See "Y|G-Preselector" on page 71

INPut:IMPedance <Impedance>

Selects the nominal input impedance of the RF input. In some applications, only 50 Q
are supported.

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.

(In MSRA mode, primary only)

*RST: 50 Q
Default unit: OHM
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Example: INP:IMP 75

Manual operation: See "Impedance" on page 70

INPut:IMPedance:PTYPe <PadType>

Defines the type of matching pad used for impedance conversion for RF input.

Parameters:
<PadType> SRESistor | MLPad
SRESistor
Series-R
MLPad
Minimum Loss Pad
*RST: SRESistor
Example: INP:IMP 100

INP:IMP:PTYP MLP

Manual operation: See "Impedance" on page 70

INPut:SELect <Source>

Selects the signal source for measurements, i.e. it defines which connector is used to
input data to the FSW.

For FSW85 models with two RF input connectors, you must select the input connector
to configure first using TNPut : TYPE.

Parameters:
<Source> RF
Radio Frequency ("RF INPUT" connector)
FlQ
I/Q data file
Not available for Input2.
AlQ
Analog Baseband signal (only available with optional "Analog
Baseband" interface)
Not available for Input2.
*RST: RF
Example: INP:TYPE INP1

For FSW85 models with two RF input connectors: selects the
1.00 mm RF input connector for configuration.
INP:SEL RF

Manual operation: See "Radio Frequency State" on page 69
See "l/Q Input File State" on page 72
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INPut:TYPE <Input>
The command selects the input path.

Parameters:
<Input> INPUT1
Selects RF input 1.
1 mm [RF Input] connector

INPUT2

Selects RF input 2.

For FSW85 models with two RF input connectors:
1.85 mm [RF2 Input] connector

For all other models: not available

*RST: INPUT1

Example: /[Select input path
INP:TYPE INPUTL

Manual operation: See "Radio Frequency State" on page 69
Configuring file input

The following commands are required to define input from a file.

Useful commands for configuring file input described elsewhere:
® TINPut:SELect on page 168

Remote commands exclusive to configuring input from files:

IN P UL L PAT H. ettt et et et e e e e e e e e e e et e eneeennaens 169
MMEMOrY:LOAD:IQ:STREM....cciiiiiiiiietnntnuaaaaaaa e e e e e e e aeaaaaeaeeeeeeeeeeeaaeessnsnnnnaaaaaaaaeeeeeeaens 170
MMEMory:LOAD:IQ:STREAM:IAUTO.....ceieieieeeeeeeieieiee e ae e e e e e e e e e e e e eeeeeeeeeeeeeeneenennnnnan 170
MMEMory:LOAD:IQ:STREAMILIST 2. e i i eeeieeeeeeeeeeeeeeie e e s e e e e e e e e e e e e e e eeeeeeeeeeneenanennes 171
TRACE:IQ:FILE:REPEHIONICOUNL......uutiiiiiiiiieeee ittt e e e e e e e e e e e e ennees 171

INPut:FILE:PATH <FileName>[, <AnalysisBW>]
Selects the 1/Q data file to be used as input for further measurements.

The 1/Q data file must be in one of the following supported formats:

e .ig.tar

e _igw
® .Csv
® .mat
® WV

e _aid

Only a single data stream or channel can be used as input, even if multiple streams or
channels are stored in the file.
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For some file formats that do not provide the sample rate and measurement time or
record length, you must define these parameters manually. Otherwise the traces are
not visible in the result displays.

Parameters:

<FileName> String containing the path and name of the source file.
The file type is determined by the file extension. If no file exten-
sion is provided, the file type is assumed to be .iqg.tar.
For .mat files, Matlab® v4 is assumed.

<AnalysisBW> Optionally: The analysis bandwidth to be used by the measure-
ment. The bandwidth must be smaller than or equal to the band-
width of the data that was stored in the file.
Default unit: HZ

Example: INP:FILE:PATH 'C:\R S\Instr\user\data.iqg.tar'
Uses I/Q data from the specified file as input.

Example: //Load an IQW file

INP:SEL:FIQ

INP:FILE:PATH 'C:\R S\Instr\user\data.iqw'
//Define the sample rate

TRAC:IQ:SRAT 10MHz

//Define the measurement time
SENSe:SWEep:TIME 0.001001

//Start the measurement

INIT:IMM

Manual operation: See "Select I/Q data file" on page 73

MMEMory:LOAD:IQ:STReam <Channel>

Only available for files that contain more than one data stream from multiple channels:
selects the data stream to be used as input for the currently selected channel.

Automatic mode (MMEMory : LOAD: IQ: STReam: AUTO) is set to OFF.

Parameters:
<Channel> String containing the channel name.
Example: MMEM: LOAD:IQ:STR?

//Result: 'Channell', 'Channel?2’
MMEM:LOAD:IQ:STR 'Channel?2'

MMEMory:LOAD:IQ:STReam:AUTO <State>

Only available for files that contain more than one data stream from multiple channels:
automatically defines which data stream in the file is used as input for the channel.

Parameters:
<State> ON|OFF |01
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OFF | 0

The data stream specified by MMEMory: LOAD: IQ: STReam iS
used as input for the channel.

ON |1

The first data stream in the file is used as input for the channel.
Applications that support multiple data streams use the first data
stream in the file for the first input stream, the second for the
second stream etc.

*RST: 1

MMEMory:LOAD:IQ:STReam:LIST?
Returns the available channels in the currently loaded input file.

Example: MMEM:LOAD:IQ:STR?
//Result: 'Channell', 'Channel?2’

Usage: Query only

TRACe:IQ:FILE:REPetition:COUNt <RepetitionCount>

Determines how often the data stream is repeatedly copied in the I/Q data memory. If
the available memory is not sufficient for the specified number of repetitions, the larg-
est possible number of complete data streams is used.

Parameters:
<RepetitionCount> integer

Example: TRAC:IQ:FILE:REP:COUN 3

Manual operation: See "File Repetitions" on page 73
Using external mixers
The commands required to work with external mixers in a remote environment are

described here. Note that these commands require the FSW to have an external mixer
option installed and an external mixer to be connected to the FSW.

@  BasSiC SEHINGS...ciiiiiiiiiii e e e e e e e e e e e e e e e e e eeaaaa——n 171
L I V13 G =YY U] T RS 173
o Conversion [0ss table SettiNgS........oouuiiiiiiiiii e 178
e Programming example: working with an external mixXer........ccccccceiiiiiiiiiiiieeennenn. 182

Basic settings

The basic settings concern general usage of an external mixer.

[SENSE: IMIXEISXS[:STATE] eetuunteeeeetttaeeeeeeettiaeeeeeettt e seeeeeetanaeeeeesstaaaeseesntaaeassestanaaaeees 172
[SENSe: IMIXer<x>:BIAS:HIGH. ... ..o 172
[SENSE:IMIXEr<X> BIASTLOW]. . ceeeeeeeeeeeeeeesereeeeeeeeeeeeseseseseeeeeeeeeseseseseseneseeeesesesesesenanaens 172
[SENSE:IMIXEIr<X>:LOPOWE......ccuuuieeeeeeeereieeeeeetaaeeeeeeeetaaeeeeeeeasaseeeseesssaeeeerrnraaeeeeerenes 172
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[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
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 172).

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 172).

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:
<> 1..n
irrelevant
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Parameters:

<Level> Range: 13.0 dBm to 17.0 dBm
Increment: 0.1 dB
*RST: 15.5 dBm
Default unit: DBM

Example: MIX:LOP 16.0dBm

Mixer settings

The following commands are required to configure the band and specific mixer set-
tings.

[SENSe:IMIXer<x>:FREQUENCY:HANDOVET...........cevvrrrrrrrrnrnniaaaieieseseeeeeaesesereeeereessssnranane 173
[SENSe:IMIXer<x>:FREQUENCY:STARL......ciiiiiiiiiiieeeeeeetieeeeeeeetee e e e e eeabe e e e e e eesaaeeeeeeeeranns 174
[SENSE:IMIXer<x>:FREQUENCY:STOP......ceveeeeeeeereereesesereesesseseeseessessessesseeseeseeseessesseeseeens 174
[SENSe:IMIXer<x>:HARMONIC:BAND:PRESEL......cciiiiiieiiei e 174
[SENSe: IMIXer<x>:HARMONIC:BAND. .....cuieuiiii et e e e e e e 174
[SENSe:]MIXer<x>:HARMONIC:HIGH:STATE....c.uuiiiiiiiiiiieee ettt 175
[SENSe:]MIXer<x>:HARMONIC:HIGH[:VALUE].....ccitiiiiiiie ettt 175
[SENSe:IMIXer<x>:HARMONICTYPE........uciiiiiieiiiee e e ettt e e e e eeetee e e e e et e e e e e eesnneeeeeeeeranns 176
[SENSe:IMIXer<x>:HARMONICELOWT]...ccuuuieieeeieeriiieeeeeetiteeeeeeeeeteeeeeeeeetaeeeeseeesnaeeeesensanns 176
[SENSE:IMIXEISXS:IF 2. cv e eeseseeeeeeeeeeeeeeeeeeseseseseseseseeeeeeeeeeeaeeneseseseseseseseseseseeeseanaes 176
[SENSE:IMIXEr<x>:LOSS:HIGH. ..ot et e e aeeaas 176
[SENSe: IMIXer<x>:LOSS:TABLE:HIGH. ... e 177
[SENSe:IMIXer<x>:LOSS: TABLE[ILOWI. ...ttt ettt r e e e e e 177
[SENSE:IMIXEr<x>:LOSSILOW . .ciieieeeiiieeeeeieeeeeeeeeeeeeereb et e s e seseseeeeeaeaeaesesseeeeeeeenses 178
[SENSE: IMIXEIrSX>IPORTS. ...cetittteieeeiettiiaeeee ettt e eeeseetttaaeeeeeestaseeseestnaeeeresrtaieeeerernnanss 178
[SENSe:IMIXer<x>:RFOVerrange:STATE].....ccuuuieieeeieeriieeeeeeetttieeeeeeeereseeeeeeranaeeeeseestanns 178

[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 172).

Suffix:
<Xx> 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.
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[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.

[SENSe:]MIXer<x>:FREQuency:STOP

Sets or queries the frequency at which the external mixer band stops.

Suffix:
<> 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 172).

Suffix:
<> 1..n
irrelevant
Parameters:
<Band> KA|Q|U|VI|IE|W|F|D|G|Y]|J]|USER

Standard waveguide band or user-defined band.
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Table 8-3: 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

\ 50.0 75.0

E 60.0 90.0

W 75.0 110.0

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-
guency 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:
<> 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
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[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:
<> 1..n
irrelevant
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:
<x> 1..n
irrelevant
Parameters:
<HarmOrder> Range: 2 to 128 (USER band); for other bands: see band
definition
*RST: 2 (for band F)
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 182.

Usage: Query only

[SENSe:]MIXer<x>:LOSS:HIGH <Average>
Defines the average conversion loss to be used for the entire high (second) range.

Suffix:
<> 1..n
irrelevant
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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:

<x> 1..n
irrelevant

Parameters:

<FileName> String containing the path and name of the file, or the serial
number of the external mixer whose file is required. The FSW
automatically selects the correct cvl file for the current IF. As an
alternative, you can also select a user-defined conversion loss
table (.acl file).

Exarnple: MIX:LOSS:TABL:HIGH '101567"'

MIX:LOSS:TABL:HIGH?

//Result for installed B5000, bw<= 4.4 GHz: 101567 B5000 2G8.B5G:
//'101567 MAG 6 B5000 2G8.B5G'

//Result for installed B5000, bw> 4.4 GHz: 101567 B5000 2G8.B5G:
//'101567 MAG 6 B5000 3G5.BS5G'

//Result for installed B2001 and bw> 80 MHz:
//'101567 MAG 6 B1200 B2001.B2G'

//Result for installed B2001 and bw<= 80 MHz:
//'101567 MAG 6.ACL'

[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:

<> 1..n
irrelevant

Parameters:

<FileName> String containing the path and name of the file, or the serial
number of the external mixer whose file is required. The FSW
automatically selects the correct cvl file for the current IF. As an
alternative, you can also select a user-defined conversion loss
table (.acl file).

Example: MIX:LOSS:TABL '101567"
MIX:LOSS:TABL?
//Result:

'101567 MAG_6 B5000 3G5.BS5G'
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[SENSe:]MIXer<x>:LOSS[:LOW] <Average>

Defines the average conversion loss to be used for the entire low (first) range.

Suffix:
<x> 1..n
irrelevant
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:
<x> 1..n
irrelevant
Parameters:
<PortType> 2|3
2
Two-port mixer.
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

Conversion loss table settings

The following settings are required to configure and manage conversion loss tables.
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[SENSe:]CORRECHON:CVLIBAND. ..o et e e e e aaas 179
[SENSe:JCORRECHON:CVLIBIAS. ... et e e e e e e aeeaas 179
[SENSe:]CORRECHON:CVLICATAIOG?. .. eeeeeeeeeeneentntnnaaaaaaaaeeeeeeeaeaaaaaeeeeeeeeeeeeaneennnnnnnnnnnnnnns 180
[SENSE:]CORRECHON:CVLICLEG . ....ciiiiieiutetaaaaaeie e e e e e eeeeeaeeeeeeeeeeeeeeeeineenenaaaaeaeeeeeeeeas 180
[SENSe:]CORRECHON:CVLICOMMENL. .....ccvuueieeeiiiiiiieeeeeetttieeeeeeeetaeeeeeeeeetaaeeeeeresnaaeeaesenes 180
[SENSE:JCORRECHONICVLIDATA. .. . i ettt et eeeeeetee e e e et eete e e e e eeeaba e e e e s eesataeeaeseetanaeeeerenes 180
[SENSe:]CORRECHON:CVLIHARMONIC. ...cvuuuieeeeietiieeeeeeeeetieeeeeeeeeteeeeeeeeetaeeeeeeensaeeeeseeaanns 181
[SENSE:JCORRECHONICVLIMIXEN...ciceitiieeeeeeieiee e e e e e et e e e e e eeee e e e e e e eaae s e e e e ee e e e e e eeeaaneeas 181
[SENSE:]CORRECHON:CVLIPORTS. .. cciciieieeieeiieiiieeeeeeeatas e e e e eeeanaeeaeseeanaaeeeereennaseeeeennnnn 181
[SENSE:]CORRECHON:CVLISELECE. ...ieieieieeiieieiiiiiiiieeeeeaaaae e e e e e e e e eeeaeaeeeeeeeeeeeaneeeennnnnnnnnnnn 182
[SENSE:]CORRECHON:CVLISNUMDET ... .vutuueiieieieieeeeeeeeeeeeeeeeeeeeereerersrsrr e reeaeaaaaaees 182

[SENSe:]CORRection:CVL:BAND <Band>

Defines the waveguide band for which the conversion loss table is to be used. This set-
ting is checked against the current mixer setting before the table can be assigned to
the range.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe: ] CORRection:CVL:SELect on page 182).

Is only available with option B21 (External Mixer) installed.

Parameters:
<Band> KIKA|Q|U|V|E|W|F|D|G]Y]|J|USER
Standard waveguide band or user-defined band.
For a definition of the frequency range for the pre-defined bands,
see Table 8-3).
*RST: F (90 GHz - 140 GHz)
Example: CORR:CVL:SEL 'LOSS TAB 4'

Selects the conversion loss table.
CORR:CVL:BAND KA

Sets the band to KA (26.5 GHz - 40 GHz).

[SENSe:]CORRection:CVL:BIAS <BiasSetting>
Defines the bias setting to be used with the conversion loss table.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe:]CORRection:CVL:SELect on page 182.

Is only available with option B21 (External Mixer) installed.

Parameters:
<BiasSetting> *RST: 0.0A
Default unit: A
Example: CORR:CVL:SEL 'LOSS_TAB 4'

Selects the conversion loss table.
CORR:CVL:BIAS 3A
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[SENSe:]CORRection:CVL:CATalog?

Queries all available conversion loss tables saved in the C: \R S\ INSTR\USER\cv1l\
directory on the instrument.

Is only available with option B21 (External Mixer) installed.

Return values:
<Files> 'string’
Comma-separated list of strings containing the file names.

Example: CORR:CVL:CAT?
Usage: Query only

[SENSe:]CORRection:CVL:CLEar

Deletes the selected conversion loss table. Before this command can be performed,
the conversion loss table must be selected (see [SENSe: ] CORRection:CVL:
SELect on page 182).

Is only available with option B21 (External Mixer) installed.

Example: CORR:CVL:SEL 'LOSS TAB 4'
Selects the conversion loss table.
CORR:CVL:CLE

[SENSe:]CORRection:CVL:COMMent <Text>

Defines a comment for the conversion loss table. Before this command can be per-
formed, the conversion loss table must be selected (see [SENSe: ] CORRection:
CVL:SELect on page 182).

Is only available with option B21 (External Mixer) installed.

Parameters:
<Text>

Example: CORR:CVL:SEL 'LOSS TAB 4'
Selects the conversion loss table.
CORR:CVL:COMM 'Conversion loss table for
FS 760"

[SENSe:]CORRection:CVL:DATA {<Freq>, <Level>}...

Defines the reference values of the selected conversion loss tables. The values are
entered as a set of frequency/level pairs. You can define a maximum of 500 frequency/
level pairs. Before this command can be performed, you must select the conversion
loss table (see [SENSe:]CORRection:CVL:SELect on page 182).

Is only available with option B21 (External Mixer) installed.
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Parameters:

<Freg> The frequencies have to be sent in ascending order.
Default unit: HZ

<Level> Default unit: DB

Example: CORR:CVL:SEL 'LOSS TAB 4'

Selects the conversion loss table.
CORR:CVL:DATA 1MHZ,-30DB, 2MHZ, -40DB

[SENSe:]CORRection:CVL:HARMonic <HarmOrder>

Defines the harmonic order for which the conversion loss table is to be used. This set-
ting is checked against the current mixer setting before the table can be assigned to
the range.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe:]CORRection:CVL:SELect on page 182.

Is only available with option B21 (External Mixer) installed.

Parameters:
<HarmOrder> Range: 2 to 65
Example: CORR:CVL:SEL 'LOSS_TAB 4'

Selects the conversion loss table.
CORR:CVL:HARM 3

[SENSe:]CORRection:CVL:MIXer <Type>

Defines the mixer name in the conversion loss table. This setting is checked against
the current mixer setting before the table can be assigned to the range.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe:]CORRection:CVL:SELect on page 182).

Is only available with option B21 (External Mixer) installed.

Parameters:
<Type> string

Name of mixer with a maximum of 16 characters
Example: CORR:CVL:SEL ' LOSS_TAB_4 '

Selects the conversion loss table.
CORR:CVL:MIX 'FS 760"

[SENSe:]CORRection:CVL:PORTs <PortType>

Defines the mixer type in the conversion loss table. This setting is checked against the
current mixer setting before the table can be assigned to the range.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe:]CORRection:CVL:SELect on page 182).
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Is only available with option B21 (External Mixer) installed.

Parameters:
<PortType> 2|3
*RST: 2
Example: CORR:CVL:SEL 'LOSS_TAB 4'

Selects the conversion loss table.
CORR:CVL:PORT 3

[SENSe:]CORRection:CVL:SELect <FileName>

Selects the conversion loss table with the specified file name. If <file_name> is not
available, a new conversion loss table is created.

Is only available with option B21 (External Mixer) installed.

Parameters:
<FileName> String containing the path and name of the file.
Example: CORR:CVL:SEL 'LOSS TAB 4'

[SENSe:]CORRection:CVL:SNUMber <SerialNo>

Defines the serial number of the mixer for which the conversion loss table is to be
used. This setting is checked against the current mixer setting before the table can be
assigned to the range.

Before this command can be performed, the conversion loss table must be selected
(see [SENSe:]CORRection:CVL:SELect on page 182).

Is only available with option B21 (External Mixer) installed.

Parameters:
<SerialNo> Serial number with a maximum of 16 characters
Example: CORR:CVL:SEL 'LOSS_TAB_4'

Selects the conversion loss table.
CORR:CVL:MIX '123.4567"

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.

[/ == 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.
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SENS:MIX:LOP 15dBm

//Set the bias current to -1 mA

SENS:MIX:BIAS:LOW -1mA

[/ === 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

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

Configuring a conversion loss table for a user-defined band

A Preparing the instrument -----------

//Reset the instrument

*RST

//Activate the use of the connected external mixer.

SENS:MIX ON

[/————————————— Configuring a new conversion loss table -—-—-——-———-—-——-—---

//Define cvl table for range 1 of band as described in previous example
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// (extended V band)

SENS:CORR:CVL:SEL 'UserTable'

SENS:CORR:CVL:COMM 'User-defined conversion loss table for USER band'
SENS:CORR:CVL:BAND USER

SENS:CORR:CVL:HARM 6

SENS:CORR:CVL:BIAS -1mA

SENS:CORR:CVL:MIX 'FS 7Z60'

SENS:CORR:CVL:SNUM '123.4567"'

SENS:CORR:CVL:PORT 3

//Conversion loss is linear from 55 GHz to 75 GHz

SENS:CORR:CVL:DATA 55GHZ,-20DB, 75GHZ, -30DB

[/ =m————————— Configuring the mixer and band settings -------------
//Use user-defined band and assign new cvl table.

SENS:MIX:HARM:BAND USER

//Define band by two ranges;

//range 1 covers 47.48 GHz to 80 GHz; harmonic 6, cvl table 'UserTable'
//range 2 covers 80 GHz to 138.02 GHz; harmonic 8, average conv.loss of 30 dB
SENS:MIX:HARM:TYPE EVEN

SENS:MIX:HARM:HIGH:STAT ON

SENS:MIX:FREQ:HAND 80GHz

SENS:MIX:HARM:LOW 6

SENS:MIX:LOSS:TABL:LOW 'UserTable'

SENS:MIX:HARM:HIGH 8

SENS:MIX:LOSS:HIGH 30dB

//Query the possible range
SENS:MIX:FREQ:STAR?

//Result: 47480000000 (47.48 GHz)
SENS:MIX:FREQ:STOP?

//Result: 138020000000 (138.02 GHz)

//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 (default screen configuration)

TRAC:DATA? TRACel

8.4.3.4 Remote commands for external frontend control

The following commands are available and required only if the external frontend control
option (R&S FSW-K553) is installed.

Further commands for external frontend control described elsewhere:
® TINPut:SELect RF;see INPut:SELect on page 168
® [SENSe:]FREQuency:CENTer on page 229
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® DISPlay[:WINDow<n>] [:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel
on page 231

® INPut:ATTenuation:AUTO on page 233
® TINPut:ATTenuation on page 232
® TINPut:SANalyzer:ATTenuation:AUTO on page 235

e Commands for initial configuration..............oooiii e 185
e Commands for test, alignment, and diagnosis.........cccccieiiiiiiiiiii i, 194
e Commands for external deVIiCES..........oovccuiriiiieeii e 196
o Format of selftest result file.........uoeiiiiiiiii 200
e Programming example: Configuring an external frontend.................ccoeeccvvvnnnneen. 204
e Programming example 2: Configuring an external frontend with a connected ampli-

L1 USRS 206

Commands for initial configuration

The following commands are required when you initially set up an external frontend.

[SENSe:]EFRoNtend:CONNECHON[:STATE]...eeererrrerenrnrunaaaaaaaaeeeeeeeeeeaaaaaeeeeeeeeeeeenennennnnnnnnns 185
[SENSe:]EFRontend:CONNECON:CONFIG....cuiuirererinrneaaaaaaieeeeeesesaeaeererereeeeeeeeneennnnnnnnnnns 186
[SENSe:]EFRontend:CONNECHON:CSTAIE?....cccevuiiieeeeeiiicieeeeeeeee e e e et eeee e e e e e e ennaans 187
[SENSe:]EFRontend:FREQUeNcY:BAND:COUNL?.......uuiiiiiiiiiiieeeereeiieae e e eeeeie e s e eeeinan e 187
[SENSe:]EFRontend:FREQUeNcy:BAND<b>:LOWEI?.......ccuuuieiieeriiieiieeeeeinieeeeeraennaneaeaeees 187
[SENSe:]EFRontend:FREQuUeNcy:BAND<b>:UPPEI?.......ccccuuuieiieerieiiieeeeeeieiiee e e e e evinaeee e 187
[SENSe:]EFRontend:FREQUeNCY:BCONFIGIAUTO. .. .ccieieeeeeieeeee e 188
[SENSe:]JEFRontend:FREQUENCY:BCONFGLIST2......vveeeeeeeeeeeeeeeeeeeseeseeeseseeseseseesesesesnees 188
[SENSe:]EFRontend:FREQUENCY:BCONFIG:SELECE. .....uvuruiriereiaeaaaeieeeeeeeeeeeeeeeeeeeeeeeeenenens 189
[SENSe:]EFRontend:FREQuency:IFRequency:MAXIMUM?....ccuuuiiriieririiinneeceeiinnn e eeeeeenans 189
[SENSe:]EFRontend:FREQuency:IFRequency:MINIiMUM?......c.uueiiiiieiiiiinneeeeeeiien e eeeinnns 190
[SENSe:]EFRontend:FREQuency:IFRequency:SIDeband?.........ccevvuuieeieeiieinieieeeeeaniieeaeneens 190
[SENSe:]EFRontend:FREQuency:IFReqUEeNCY[:VALUE]?.....c.uuuieieeieeiieieeeeeeinee s e e eeeeieneeeeens 190
[SENSe:]EFRontend:FREQuency:LOSCillator:INPut:FREQUENCY?........cceveeeeeeeieieeeiiiininnnes 190
[SENSe:]EFRontend:FREQuency:LOSCillator:MODE.........cccoitirieeeeeeeeeeeeeeeeeeeeeeeeeeeneeneenees 191
[SENSe:]EFRontend:FREQuency:LOSCillator:OUTPUt:FREQUENCY?...cccvveeeeeeeccennvieeeeeeean. 191
[SENSe:]EFRontend:FREQuency:LOSCillator: OUTPUL:STATE....ccuvueiiieieeiiieeeeeeeeien e e e eeeeenns 192
[SENSe:]EFRontend:FREQUENCY:REFEIENCE. .. ..iiiiiiiiiiieieei et eeeeeiee e e s 192
[SENSe:]EFRontend:FREQuency:REFerence:LIST?....cccuuuuiiiieeieiiie e eceeiicie e eeeeenee e e e eeeaen 192
[SENSE:IEFRONIENA:IIDIN?. .. e e e e e e e e e e e e et e e e ee e eanennns 193
[SENSE: ] EFRONENA:NETWWOIK. ....eeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenenteasseae e e e e e e e e aeaaaeeeeeeeeeennnnees 193
ST = N ST [ (e Ta1 (=Y a T | S I = 193

[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 187.

Parameters:
<State> ON|OFF |01
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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 FSW remain
untouched.

ON |1

Frontend connection enabled.

The frontend is reserved for exclusive use by the FSW.

*RST: 0

//Global activation of external frontend
EFR ON

//Configure frontend

EFR:CONN:CONF "FE44S","123.456.789"
//Activate exclusive use of frontend by FSW.
EFR:CONN ON

[SENSe:]JEFRontend:CONNection:CONFig <Type>, <IPAddress>[, <DevicelD>,
<SymbolicName>]

Configures the connection to the external frontend.

Parameters:
<Type>

<|PAddress>

<DevicelD>

<SymbolicName>

Example:

User Manual 1179.3844.02 — 06

| "FE44S" | "FES0DTR" | "FE170SR" | "FE110SR"

String in double quotes containing the type of frontend to be
connected.

string in double quotes

The IP address or computer name of the frontend connected to
the FSW via LAN. The IP address and computer name are indi-
cated on the electronic ink display on the side panel of the fron-
tend.

string in double quotes

Unique device ID consisting of <type>-<serialnumber>
Not required or relevant for the FSW.

string in double quotes

Symbolic name of the external frontend.
Not required or relevant for the FSW.

//Global activation of external frontend
EFR ON

//Configure frontend

EFR:CONN:CONF "FE44S","123.456.789"
//Activate exclusive use of frontend by FSW.
EFR:CONN ON
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[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 187 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

Usage: Query only

[SENSe:]JEFRontend:FREQuency:BAND<b>:UPPer?

Queries the end of the frequency range supported by the selected frontend frequency
band.
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Suffix:

<b> 1..n
Band for multi-band frontends
Use [SENSe: ]EFRontend:FREQuency:BAND:COUNt?
on page 187 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:BAND2: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 189.
ON |1
Configures the frequency band automatically
Currently, auto mode always applies the "IF Low" range.
*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"
(Not for R&S FE170SR/R&S FE110SR frontends.)
A higher intermediate frequency is used on the external fron-
tend, resulting in a higher input frequency at the FSW.
"IF HIGH"
(Not for R&S FE170SR/R&S FE110SR frontends.)
A lower intermediate frequency is used on the external frontend,
resulting in a lower input frequency at the FSW.
"Spur Optimized"
The selected IF range avoids unwanted spurious effects.
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"EVM Optimized"
The selected IF range provides an optimal EVM result.

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 FSW.
"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 FSW.
"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:MAXimum?

Queries the maximum used intermediate frequency (IF) for frequency conversion for a
frequency span.

Return values:

<IFFrequency> numeric
Example: EFR:FREQ: IFR:MAX?
Usage: Query only
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[SENSe:]JEFRontend:FREQuency:IFRequency:MINimum?

Queries the minimum used intermediate frequency (IF) for frequency conversion for a
frequency span.

Return values:

<IFFrequency> numeric
Example: EFR:FREQ: IFR:MIN?
Usage: Query only

[SENSe:]JEFRontend:FREQuency:IFRequency:SIDeband?
Queries the currently used sideband for frequency conversion.

Return values:

<Sideband> "USB" | "LSB"
llUSBll
Upper sideband
llLSBII

Lower sideband

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.

To query the maximum and minimum IF for the selected frequency range, use
[SENSe: ]EFRontend:FREQuency: IFRequency:MAXimum? on page 189 and
[SENSe: ]EFRontend: FREQuency: IFRequency:MINimum? on page 190.

Return values:

<IFFrequency> numeric
Example: EFR:FREQ: IFR?
Usage: Query only

[SENSe:]JEFRontend:FREQuency:LOSCillator:INPut:FREQuency?

Queries the frequency of the LO input for [SENSe: ]EFRontend: FREQuency:
LOSCillator:MODE EXT.

Return values:
<LOInFreqg> Default unit: Hz
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Example: The external frontend uses the external LO provided at the "LO
IN" connector.
EFR:FREQ:LOSC:MODE EXT

Query the frequency that the external LO must be provided at.
EFR:FREQ:LOSC:INP:FREQ?
//Result: 10615000000

Usage: Query only

[SENSe:]JEFRontend:FREQuency:LOSCillator:MODE <Type>
Determines whether the external frontend uses its internal LO or an external LO.

Parameters:

<Type> EXTernal | INTernal
EXTernal
Uses the external LO provided at the LO input connector of the
external frontend. Query the frequency at which the LO must be
input to the external frontend using [SENSe: ]EFRontend:
FREQuency:LOSCillator:INPut:FREQuency?
on page 190.
INTernal
Uses the internal LO.

*RST: EXTernal

Example: EFR:FREQ:LOSC:MODE EXT
EFR:FREQ:LOSC: INP:FREQ?
//Result: 10615000000

[SENSe:]JEFRontend:FREQuency:LOSCillator:OUTPut:FREQuency?

Queries the frequency of the LO output for [SENSe: ]EFRontend: FREQuency:
LOSCillator:0UTPut:STATe ON.

Return values:
<LOOutFreqg> Default unit: Hz

Example: The external frontend uses the internal LO and provides it as
output to the "LO OUT" connector.
EFR:FREQ:LOSC:MODE INT
EFR:FREQ:LOSC:0UTP:STAT ON
Query the frequency of the LO output.
EFR:FREQ:LOSC:0UTP:FREQ?
//Result: 10615000000

Usage: Query only

User Manual 1179.3844.02 — 06 191



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

[SENSe:]JEFRontend:FREQuency:LOSCillator:OUTPut:STATe <State>

Enables or disables output of the LO by the external frontend. The output frequency is
returned by [SENSe: ]EFRontend:FREQuency:LOSCillator:0UTPut:
FREQuency? on page 191.

Parameters:
<State> ON|OFF|0]1
OFF | 0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: The external frontend provides the LO as output at the "LO

OUT" connector.
EFR:FREQ:LOSC:QUTP:STAT ON
Query the frequency of the LO output.
EFR:FREQ:LOSC:0OUTP:FREQ?
//Result: 10615000000

[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 192.

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
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[SENSe:]JEFRontend:IDN?
Queries the device identifcation information (* IDN?) of the frontend.

Return values:

<Devlinfo> 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:NETWork <IPAddress>, <Subnet>, <DHCP State>
Sets or queries the network information for the frontend.

This information is also indicated on the electronic paper display on the side panel of
the device.

Beware that if you change the network setting to DHCP = ON, the connection is abor-
ted and you must re-establish a connection to the frontend (see [SENSe:
JEFRontend:CONNection[:STATe] on page 185).

Parameters:
<IPAddress> string in double quotes
IP address of the frontend
<Subnet> string in double quotes
Subnet mask of the frontend
<DHCP State> ON|OFF |01
Indicates whether a DHCP server is used.
OFF | 0
DHCP off
ON |1
DHCP on
*RST: 0
Example: EFR:NETW?

//Result: "123.456.78.90","255.255.255.0",0N

[SENSe:]JEFRontend[:STATe] <State>
Enables or disables the general use of an external frontend for the application.

Parameters:
<State> ON|OFF |01
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OFF | 0

The frontend is disconnected. The application adapts the mea-
surement settings to the common settings supported by the
FSW.

ON |1

The FSW allows you to configure and connect an external fron-
tend 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

Commands for test, alignment, and diagnosis

The following commands are required to test and optimize the connection after it has
initially been set up.

[SENSe:]EFRontend:ALIGNMENtSChS>IFILE.......iiiiiiiiiicee ettt 194
[SENSe:]EFRontend: ALIGNMENt<Ch>ISTATE. ....iiiiieeieeeeee e e e e e eee e e e e e eee e e e e e e eane e eeeees 194
[SENSE:IEFRONENA:FWUPALE......ciiieeieicee e e e et e e s ee e e e e e et e e e e e e et e e e e e enraans 195
[SENSe:|[EFRONtENA<IE>1SELFLESE?. .. ciieieie e e e e e e e e ee et e e e e e e e e e e e e e eeeeeeeees 195
[SENSe:]EFRontend<fe>:SELFteStRESUII?.......ccoeeeeeeieieieeeeeeeeeeee e e e e e e 195

[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 194.
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Suffix:
<ch> 1..n
Currently irrelevant
Parameters:
<State> ON|OFF|0]1
OFF | 0
Switches the function off
ON |1
Switches the function on
*RST: 0

[SENSe:]JEFRontend:FWUPdate

Updates the firmware on the external frontend. Note that this process can take some
time.

Usage: Event

[SENSe:]JEFRontend<fe>:SELFtest?

Performs a selftest on the frontend to compare the current performance and character-
istic values with the specified values for the frontend.

As a result, the success is returned.

Suffix:
<fe> 1
Connected frontend

Return values:
<Result> 0
No error

>0
Error

*RST: 0

Example: EFR:SELF?
//Result: 0O

Usage: Query only

[SENSe:]JEFRontend<fe>:SELFtest:RESult?
Queries the results of the selftest on the frontend.

Suffix:
<fe> 1
Connected frontend

Return values:
<Result> string containing xml data in double quotes
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Example: EFR:SELF:RES?

Usage: Query only

Commands for external devices

You can insert additional external devices in the signal path between the DUT and the
external frontend, such as preamplifiers or filters. The external frontend must then con-
sider the additional gain or correction values.

[SENSe:]EFRontend[:CHANnNel<ch>]:EXTDevice<di>:CORRection:FILE..............cccvvuuererns 196
[SENSe:]EFRontend[:CHANnNel<ch>]:EXTDevice<di>:CORRection:STATE........ccvevrrucrereennns 196
[SENSe:]EFRontend[:CHANnNel<ch>]:EXTDevice<di>:CORRection:VALId?........c.ccovevurennnnn. 197
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>:LIST?.........ccceeeeeeieveeeeeeeeeeeveeeeeeeees 197
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>:REFReSh...........cceevrrrrrrrrrnrnnnnnanannnn. 198
[SENSe:]EFRontend[:CHANnNel<ch>]:EXTDevice<di>:FREQuency:MAXimum?..........ccceeeeees 198
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>:FREQuency:MINimum?..................... 198
[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:GAIN?......ccveiriiieeieieeeeeeceee e, 199
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDeVice<di>NAME?.........cccceaaiaieeeeeeeeeaeeeeeeeeeeeeens 199
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>TYPE?...........cccceeveeeeeeeeeieeininennnnns 200

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:CORRection:FILE <File>

Defines the correction file to compensate for signal losses by the external devices
occurring at different IF signal frequencies.

To query whether the loaded file is valid or not, use [SENSe: ]EFRontend]| :
CHANnel<ch>] :EXTDevice<di>:CORRection:VALid? on page 197.

Suffix:
<ch> 1..n
For future use.
<di> 1..n
irrelevant
Parameters:
<File>
Example: SENS:EFR:CHAN:EXTD:CORR:FILE 'ExtDev Corr.szp'

SENS:EFR:CHAN:EXTD:CORR:STAT ON
SENS:EFR:CHAN:EXTD:CORR:FILE:VAL?

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:CORRection:STATe <State>

Enables or disables the use of a correction file for the connected external devices. The
file is defined by [SENSe: ]EFRontend[:CHANnel<ch>] :EXTDevice<di>:
CORRection:FILE on page 196.

Suffix:
<ch> 1..n
For future use.
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<di> 1..n
irrelevant

Parameters:
<State> ON|OFF |01

OFF | 0
Switches the function off

ON |1
Switches the function on
*RST: 0

Example: SENS:EFR:CHAN:EXTD:CORR:FILE 'ExtDev Corr.s2p'
SENS:EFR:CHAN:EXTD:CORR:STAT ON

[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:CORRection:VALid?

Queries whether the loaded correction file for an external device is valid or not.

Suffix:
<ch> 1..n
For future use.
<di> 1..n
irrelevant
Return values:
<Result> ON|OFF |01
OFF | 0
File is valid.
ON |1

File is not valid.

Example: SENS:EFR:CHAN:EXTD:CORR:STAT ON
SENS:EFR:CHAN:EXTD:CORR:FILE 'ExtDev Corr.s2p'
SENS:EFR:CHAN:EXTD:CORR:VAL?

Usage: Query only

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:LIST?

Queries the names of all detected connected devices at the external frontend.

Suffix:
<ch> 1..n
For future use.
<di> 1..n
irrelevant
Return values:
<Devices> Comma-separated list of the names of the devices.
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:SENSel :EFRontendl :CHANnell :EXTDevicel :LIST?
//Result:
//"fel70 z50","fel70 z01"

Query only

[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:REFResh

Scans the ports of the external frontend and refreshes the display with detected infor-
mation on connected devices. This function is useful after connecting a new device to

the frontend.

Suffix:
<ch>

<di>

Example:

Usage:

1..n
For future use.

1..n
irrelevant

SENSel:EFRontendl :CHANnel :EXTDevicel : REFResh

Event

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:FREQuency:MAXimum?

Queries the upper limit of the supported frequency range of the connected device.

Suffix:
<ch>

<di>

Return values:
<RFFrequency>

Example:

Usage:

1..n
For future use.

1..n
Connected external device

numeric value

Maximum frequency

Default unit: Hz
SENS:EFR:EXTD1:FREQ:MAX?

//Result:
170000000000

Query only

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:FREQuency:MINimum?

Queries the lower limit of the supported frequency range of the connected device.

Suffix:
<ch>
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<di> 1..n
Connected external device

Return values:

<RFFrequency> numeric value
Minimum frequency
Default unit: Hz

Example: SENS:EFR:EXTD1:FREQ:MIN?
//Result:
110000000000

Usage: Query only

[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:GAIN?

Queries the gain provided by a connected external amplifier.

Suffix:
<ch> 1..n

For future use.
<di> 1..n

Connected external device

Return values:
<Gain> numeric value

Default unit: dB

Example: SENSel:EFRontendl :CHANnell:EXTDevicel :GAIN?
//Result:
//10

Usage: Query only

[SENSe:]JEFRontend[:CHANnNel<ch>]:EXTDevice<di>:NAME?

Queries the name of the external device for reference.

Suffix:
<ch> 1..n

For future use.
<di> 1..n

Connected external device

Return values:

<Type> string
Example: SENS:EFR:CHAN:EXTDI : NAME?
//Result:

//'£el70_z50"'

Usage: Query only
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[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:TYPE?

Queries the type of the detected device for reference.

Suffix:
<ch>

<di>

Return values:

<Type>

Example:

Usage:

1..n

For future use.

1..n

Connected external device

'Amplifier' | 'Filter'

SENSel:EFRontendl :CHANnell :EXTDevicel :TYPE?

//Result:
//'Filter'

Query only

Format of selftest result file

As a result of the selftest, an XML file with test details is created. It contains the follow-
ing information in the specified order. Mandatory elements and attributes are indicated

in bold font.

Element Attributes Description

<Sequence> Main element
Name ="Selftest"
Description Optional description of the test process
FirmwareVersion Firmware version of the controlling instrument (FSW)
FrontendLibrary- Version of the control.d11 with the format x.y.z
Version
FrontendServerVer- | Version of the RRH server with the format x .y .z (FE44A
sion only)
Date Date the selftest was performed, with the format dd/mm/yyyy
Time Time the selftest was performed, with the format hh:mm: ss
State Test result state, combined result of all <SequenceCate-

gory>s: "PASSED"/ "FAILED"

Version For internal use.
Comment Optional comment on the test process

<SequenceCate- Set of test steps

gory>
Name Name of the test sequence, e.g. "Frontend voltages"
Description Optional description of the test sequence
State Test sequence result state, combined result of all <Sequence-
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Element Attributes Description

Version For internal use.

Comment Optional comment on the test sequence
<SequenceStep> Subelement of <SequenceCategory> for an individual test

step

Name Name of the individual test step, e.g. FE1_3V3

Description Optional description of the test step

LimitLow Optional: lower limit to be checked

LimitHigh Optional: upper limit to be checked

MeasValue Optional: measured value

Unit Optional: unit of the measured value

State Test step result state:"PASSED"/ "FAILED"

Version For internal use.

Comment Optional comment on the test step

Example for selftest result xml file

<?xml version="1.0" encoding="UTF-8"?>
<Sequence xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalLocation="SelfTest Schema.xsd">
<Name>DeviceCheck</Name>
<FirmwareVersion>1.50-21.1.1.0 Beta</FirmwareVersion>
<FrontendLibraryVersion>0.8.0</FrontendLibraryVersion>
<Date>15/01/2021</Date>
<Time>08:51:35</Time>
<State>FAILED</State>
<Version>1.0.0</Version>
<SequenceCategory>
<Name>Frontend Voltages</Name>
<Description>test description</Description>
<State>FAILED</State>
<Version>1.0.0</Version>
<Type>Diagnose</Type>
<SequenceStep>
<Name>FE1l 3V3</Name>
<LimitLow>3.000</LimitLow>
<LimitHigh>3.600</LimitHigh>
<MeasValue>3.311</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>FE1l 5V</Name>
<LimitLow>4.250</LimitLow>

<LimitHigh>5.750</LimitHigh>
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<MeasValue>5.027</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>FEl 6V5</Name>
<LimitLow>6.000</LimitLow>
<LimitHigh>7.000</LimitHigh>
<MeasValue>5.893</MeasValue>
<State>FAILED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>FE1l M3V3</Name>
<LimitLow>-3.600</LimitLow>
<LimitHigh>-3.000</LimitHigh>
<MeasValue>3.347</MeasValue>
<State>FAILED</State>
<Version>1.0.0</Version>
</SequenceStep>
</SequenceCategory>
<SequenceCategory>
<Name>Frontend Temperature</Name>
<Description>test description</Description>
<State>PASSED</State>
<Version>1.0.0</Version>
<Type>Diagnose</Type>
<SequenceStep>
<Name>TEMP FE1</Name>
<LimitLow>0.000</LimitLow>
<LimitHigh>60.000</LimitHigh>
<MeasValue>39.300</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
</SequenceCategory>
<SequenceCategory>
<Name>Synthesizer Voltage</Name>
<Description>test description</Description>
<State>PASSED</State>
<Version>1.0.0</Version>
<Type>Diagnose</Type>
<SequenceStep>
<Name>SYNTH_3V4</Name>
<LimitLow>3.200</LimitLow>
<LimitHigh>3.910</LimitHigh>
<MeasValue>3.576</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>

</SequenceStep>

User Manual 1179.3844.02 — 06 202



R&SPFSW-K96 Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

<SequenceStep>
<Name>SYNTH_5V4_SYN</Name>
<LimitLow>4.860</LimitLow>
<LimitHigh>5.940</LimitHigh>
<MeasValue>5.405</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>

<SequenceStep>
<Name>SYNTH 5V4 YIG</Name>
<LimitLow>4.860</LimitLow>
<LimitHigh>5.940</LimitHigh>
<MeasValue>5.438</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>

<SequenceStep>
<Name>SYNTH M5V</Name>
<LimitLow>-5.500</LimitLow>
<LimitHigh>-4.500</LimitHigh>
<MeasValue>-4.948</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>

<SequenceStep>
<Name>SYNTH_REF5V</Name>
<LimitLow>4.500</LimitLow>
<LimitHigh>5.500</LimitHigh>
<MeasValue>5.031</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>

</SequenceCategory>

<SequenceCategory>

<Name>Supply Voltage</Name>
<Description>test description</Description>
<State>PASSED</State>
<Version>1.0.0</Version>
<Type>Diagnose</Type>
<SequenceStep>
<Name>SUPPLY_12V</Name>
<LimitLow>10.800</LimitLow>
<LimitHigh>13.200</LimitHigh>
<MeasValue>11.909</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>

<SequenceStep>
<Name>SUPPLY 3V3D</Name>

<LimitLow>2.970</LimitLow>
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<LimitHigh>3.630</LimitHigh>
<MeasValue>3.318</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>SUPPLY 4V</Name>
<LimitLow>3.650</LimitLow>
<LimitHigh>4.460</LimitHigh>
<MeasValue>4.053</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>SUPPLY_ 6V</Name>
<LimitLow>5.400</LimitLow>
<LimitHigh>6.600</LimitHigh>
<MeasValue>6.076</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
<SequenceStep>
<Name>SUPPLY_M5V</Name>
<LimitLow>-6.050</LimitLow>
<LimitHigh>-4.950</LimitHigh>
<MeasValue>-5.507</MeasValue>
<State>PASSED</State>
<Version>1.0.0</Version>
</SequenceStep>
</SequenceCategory>

</Sequence>

Programming example: Configuring an external frontend

The following example describes how to configure RF frontend settings in remote oper-
ation.

// Prepare the instrument

// Preset

*RST

// Create new IQ-Analyzer channel
:INST:SEL IQ

// Enable 640MHz Reference
:ROSC:0640 ON

//Enable general use of external frontend
SENSe:EFRontend:STATe ON

//Configure connection to ext. FE named "FE44S-1000826"
SENSe:EFRontend:CONNection:CONFig "FE44S","FE44S-1000826"
//Activate exclusive use of frontend by FSW.

SENSe:EFRontend:CONNection:STATe ON

User Manual 1179.3844.02 — 06 204



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

//For demonstration purposes only: assign a static IP address

SENSe:EFRontend:NETWork "123.456.7.8", "255.255.255.00", OFF

// Query information about the connected RF frontend.
SENSe:EFRontend:CONNection:CSTAte?

// Response: 1 (connected)

SENSe:EFRontend:IDN?

////Result: Rohde&Schwarz,FE44S,1234.5678K00/123456,0.8.0

// Specify frontend settings

//Query available intermediate frequency bands
SENSe:EFRontend:FREQuency:BCONfig:LIST?

//Result: "IF HIGH", "IF LOW"

//Use high IF
SENSe:EFRontend:FREQuency:BCONfig:SELect "IF HIGH"
//Query used intermediate frequency
SENSe:EFRontend:FREQuency: IFRequency?

//Result: 8.595000000

//Query available reference frequencies
SENSe:EFRontend:FREQuency:REFerence:LIST?
//Result: 10000000, 640000000,1000000000

//Use 640 MHz reference
SENSe:EFRontend:FREQuency:REFerence 640000000

// Query ranges of the operating frequency band.

SENSe:EFRontend:FREQuency:BAND1 : LOWer?

// Response in Hz: "24000000000"™ (= 24 GHz)
SENSe:EFRontend:FREQuency:BAND1 :UPPer?
// Response in Hz: "44000000000" (= 44 GHz)

// Add cable correction data by loading an *.s2p file.
SENSe:EFRontend:ALIGnment:FILE "C:\R S\Instr\user\external frontends\FE44S\
touchstonefiles\if default cable 1347 7552 00.s2p"
SENSe:EFRontend:ALIGnment:STATe ON

//Update FW version on frontend (only available if external frontend firmware
//is incompatible to FSW firmware)

SENSe:EFRontend:FWUPdate

//Perform a selftest on the frontend and query results
SENSe:EFRontend:SELFtest?

//Result: 0 (no errors)

SENSe:EFRontend:SELFtest:RESult?

//Result: "<?xml version="1.0" encoding="UTF-8"7?>

//<Sequence xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
//%xsi:noNamespaceSchemaLocation="

//<Name>DeviceCheck</Name>

//<FirmwareVersion>1.50-21.1.1.0 Beta</FirmwareVersion>

VY
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Programming example 2: Configuring an external frontend with a connected
amplifier

The following example demonstrates how to configure an R&S FE170SR external fron-
tend with a connected amplifier.

Some commands may not be necessary as they reflect the default settings; however,
they are included to demonstrate the command usage.

// Prepare the instrument

// Preset

*RST

// Create new IQ-Analyzer channel
:INST:SEL IQ

// Enable 640MHz Reference
:ROSC:0640 ON

//Enable general use of external frontend
SENSe:EFRontend:STATe ON

//Configure connection to ext. FE named "FE170SR-123456"
SENSe:EFRontend:CONNection:CONFig "FE170SR","FE170SR-123456"
//Activate exclusive use of frontend by FSW.

SENSe:EFRontend:CONNection:STATe ON

// Query information about the connected RF frontend.
SENSe:EFRontend:CONNection:CSTAte?

// Response: 1 (connected)

SENSe:EFRontend:IDN?

////Result: Rohde&Schwarz,FE170SR,1234.5678K00/123456,0.8.0

// Specify frontend settings

//Query available intermediate frequency bands
SENSe:EFRontend:FREQuency:BCONfig:LIST?

//Result: "Spur Optimized","EVM Optimized"

//Use spur optimized
SENSe:EFRontend:FREQuency:BCONfig:SELect "Spur Optimized"
//Query used intermediate frequency
SENSe:EFRontend:FREQuency: IFRequency?

//Result: 9940000000

//Query available reference frequencies
SENSe:EFRontend:FREQuency:REFerence:LIST?
//Result: 10000000,640000000,1000000000
//Use 1 GHz reference

SENSe:EFRontend:FREQuency:REFerence 1000000000

// Query ranges of the operating frequency band.

SENSe:EFRontend:FREQuency:BANDI : LOWer?

// Response in Hz: "110000000000™ (= 110 GHz)
SENSe:EFRontend:FREQuency:BAND1 :UPPer?
// Response in Hz: "170000000000™ (= 170 GHz)
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// Add cable correction data by loading an *.s2p file.
SENSe:EFRontend:ALIGnment:FILE "C:\R_S\Instr\user\external frontends\FE170SR\
touchstonefiles\if default cable 1348 3850 00.s2p"
SENSe:EFRontend:ALIGnment:STATe ON

//Configure external amplifier named "fel70 z50" connected to frontend
//Refresh and query the list of detected external devices
SENSe:EFRontend:EXTDevice:REFResh

SENSe:EFRontend:EXTDevice:LIST?

//Result:

//"fel70 z50"

//Query the type of the external device
SENSe:EFRontend:EXTDevice:TYPE?

//Result:

//'Amplifier'

//Query the supported frequency range of the amplifier
SENSe:EFRontend:EXTDevicel: FREQuency:MINimum?

//Result:

//110000000000

SENSe:EFRontend:EXTDevicel:FREQuency:MAXimum?

//Result:

//170000000000

//Query the gain of the amplifier

SENSe:EFRontend:EXTDevicel : GAIN?

//Result:

//10

//0Only for demonstration purposes:

//Load and enable a correction file for the amplifier.

//The correction file is automatically considered if the IX cable is used to connect
//the external device to the frontend.
SENSe:EFRontend:EXTDevicel:CORRection:FILE 'C:\temp\ExtDev Corr.s2p'
SENSe:EFRontend:EXTDevicel:CORRection:STATe ON

//Check if the loaded file is valid

SENSe:EFRontend:EXTDevicel :CORRection:VALid?

8.4.3.5 Configuring digital /Q input and output

Remote commands exclusive to digital 1/Q data input and output

INPut:DIQ:CDEVice
INPut:DIQ:RANGe:COUPIing

INPUL:DIQ:RANGE[:UPPEI. .. ettt ettt ettt e e e e e e e e eaas 208
INPUt:DIQ:RANGE[:UPPEIT:AUTO. ... it ae e e e e e e e e e e e e e e eeeeeeeeeeeaeteenenneae e e e e e e e e eeaaaaaes 208
INPUt:DIQ:RANGE[:UPPEIT:UNIT ...t eeeeeieieeiietititeeesese e e e e e e e e e e e e e e eeeeeeeeeeeeneneenennnnnnnaens 209
INPUE DIQISRATE. .ttt et e e et e e ettt ettt e e e e e e s e bbb et teeeeeeeeeesaaannbebbeeeeeeeaeeeeesanannns 209
INPUE:DIQ:SRATEIAUTO . .ttt ettt et et e et e et e e e e e s e e e et s eea e e e eaneeeaeeenns 209
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INPut:DIQ:CDEVice

Queries the current configuration and the status of the digital 1/Q input from the
optional "Digital Baseband" interface.

For details see the section "Interface Status Information" for the optional "Digital Base-
band" interface in the FSW 1/Q Analyzer User Manual.

Return values:
<Value>

Example: INP:DIQ:CDEV?
Result:
1,SMW200A,101190,BBMM 1 OUT,
100000000,200000000, Passed, Passed, 1, 1. #QONAN

INPut:DIQ:RANGe:COUPIling <State>

If enabled, the reference level for digital input is adjusted to the full scale level automat-
ically if the full scale level changes.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]|0

*RST: 0

INPut:DIQ:RANGe[:UPPer] <Level>

Defines or queries the "Full Scale Level", i.e. the level that corresponds to an 1/Q sam-
ple with the magnitude "1".

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:

<Level> Range: 1uV to 7.071V
*RST: 1V
Default unit: DBM

INPut:DIQ:RANGe[:UPPer]:AUTO <State>

If enabled, the digital input full scale level is automatically set to the value provided by
the connected device (if available).

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]|0

*RST: 0
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INPut:DIQ:RANGe[:UPPer]:UNIT <Level>

Defines the unit of the full scale level. The availability of units depends on the mea-
surement application you are using.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<Level> DBM | DBPW | WATT | DBUV | DBMV | VOLT | DBUA | AMPere

*RST: Volt

INPut:DIQ:SRATe <SampleRate>

Specifies or queries the sample rate of the input signal from the optional "Digital Base-
band" interface.

Parameters:

<SampleRate> Range: 1Hz to 20 GHz
*RST: 32 MHz
Default unit: HZ

Example: INP:DIQ:SRAT 200 MHz

INPut:DIQ:SRATe:AUTO <State>

If enabled, the sample rate of the digital I/Q input signal is set automatically by the con-
nected device.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]|0

*RST: 0

8.4.3.6 Configuring input via the optional Analog Baseband interface
The following commands are required to control the optional "Analog Baseband" inter-
face in a remote environment. They are only available if this option is installed.

Useful commands for Analog Baseband data described elsewhere:
® TINP:SEL AIQ (see INPut:SELect on page 168)
® [SENSe:]FREQuency:CENTer on page 229

Commands for the Analog Baseband calibration signal are described in the FSW User
Manual.

Remote commands exclusive to Analog Baseband data input and output

LN U (@ = AN = g Yo=Y | S AN K= 210
INPULIQ:FULLSCAIE:AUTO . ..ceei ettt e ettt et e e e e e e e e et e e e eaa e e saaeeeeaneeeenneeeen 210
INPULIQ:FULLSCAIE[ILEVEI]...ccutei ettt e ettt e e e e e e ee e e e e e e ente e e e e eeaaaaas 210
I U (@ R 1Y =Y =T Tt 211
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INPULIQ:IMPEdaNCEIPTYPE. ...ttt e e e e e e e e e e et e e e e e ee e e seb e s 211
1N U O N I = S 211
CALibration: AIQ:HATIMING[:STATE]. ... .uuaaaaaeie e e e e e e eeeeeeeeee et e eeeeeeeineeeeaaae e e e e e e e e aaaaaaeaeees 212

INPut:lIQ:BALanced[:STATe] <State>

Defines whether the input is provided as a differential signal via all 4 Analog Baseband
connectors or as a plain 1/Q signal via 2 single-ended lines.

Parameters:
<State> ON|OFF|1]0

ON |1
Differential

OFF | 0
Single ended

*RST: 1

Example: INP:IQ:BAL OFF

INPut:1Q:FULLscale:AUTO <State>

Defines whether the full scale level (i.e. the maximum input power on the Baseband
Input connector) is defined automatically according to the reference level, or manually.

Parameters:
<State> ON |1
Automatic definition
OFF | 0
Manual definition according to TNPut:IQ:FULLscale | :
LEVel] on page 210
*RST: 1
Example: INP:IQ:FULL:AUTO OFF

INPut:IQ:FULLscale[:LEVel] <PeakVoltage>

Defines the peak voltage at the Baseband Input connector if the full scale level is set to
manual mode (see INPut:IQ:FULLscale:AUTO on page 210).

Parameters:
<PeakVoltage> 025V |05V ]|1V]|2V
Peak voltage level at the connector.
For probes, the possible full scale values are adapted according
to the probe's attenuation and maximum allowed power.
*RST: 1V
Default unit: V

Example: INP:IQ:FULL 0.5V
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INPut:1Q:IMPedance <Impedance>

Selects the nominal input impedance of the analog baseband input.

Not available for input from the optional "Digital Baseband" interface.
For input from the RF input, use the INPut : IMPedance command.
Parameters:

<Impedance> 50|75

numeric value

User-defined impedance from 50 Ohm to 100000000 Ohm
(=100 MOhm)

User-defined values are only available for:

Spectrum application

I/Q Analyzer

*RST: 50
Default unit: OHM

Example: INP:IQ:IMP 75

Manual operation: See "Impedance" on page 70

INPut:IQ:IMPedance:PTYPe <PadType>

Defines the type of matching pad used for impedance conversion for analog baseband
input.

For RF input, use the TNPut : IMPedance: PTYPe command.

Parameters:
<PadType> SRESistor | MLPad

SRESistor
Series-R

MLPad
Minimum Loss Pad

*RST: SRESistor

Example: INP:IQ:IMP 100
INP:IQ:IMP:PTYP MLP

Manual operation: See "Impedance" on page 70

INPut:IQ:TYPE <DataType>
Defines the format of the input signal.

Parameters:
<DataType> QllQ
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1Q

The input signal is filtered and resampled to the sample rate of
the application.

Two input channels are required for each input signal, one for
the in-phase component, and one for the quadrature compo-
nent.

|

The in-phase component of the input signal is filtered and
resampled to the sample rate of the application. If the center fre-
quency is not 0, the in-phase component of the input signal is
down-converted first (Low IF I).

Q

The quadrature component of the input signal is filtered and
resampled to the sample rate of the application. If the center fre-
quency is not 0, the quadrature component of the input signal is
down-converted first (Low IF Q).

*RST: 1Q

Example: INP:IQ:TYPE Q

CALibration:AlQ:HATiming[:STATe] <State>

Activates a mode with enhanced timing accuracy between analog baseband, RF and
external trigger signals.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: CAL:AIQ:HAT:STAT ON

Setting up probes

Modular probes can be connected to the RF input connector of the FSW.
For details see the FSW User Manual.

Probes can also be connected to the optional "Baseband Input" connectors, if the
"Analog Baseband" interface ( option FSW-B71) is installed.

[SENSe:]IPROBe<pb>:ID:PARTNUMDEI?. . ..t r e e e eans 213
[SENSE:JPROBE<PDS:ID:SRNUMDEI?. .. eeeeeeeereeeereeseseseseeseseeseseeseseesessesessesessesesseseesenes 213
[SENSe:]IPROBe<pb>:SETUP:ATTRALIO. . .cttuueieeeiiiiiieeeeeeiities e e e resiieeeeeeeetneeseerannaaeeaeeenes 213
[SENSe:]PROBe<pb>:SETUP:CMOFFSEL.....ceeeeiiiriiiinieiniaaaaaeaeeeeeeseeeeeeeeeseeeeeeeeeeneennnnnnnnns 214
[SENSe:]PROBe<pb>:SETUP:DMOFTSEL....uuueieeeieiiiieeeeeetice e e e e ettt e e e e eenre e e e e e eeta e e e aeeeen 214
[SENSe:]PROBEe<pb>:SETUP:MODE........ccetuieieeeiiirieeeeeeeteee e e e e ettt s e e e eeeaaaeeeeseesranaeaaeens 215
[SENSE:JPROBE<PD>:SETUDINAME?. ... e eeeeeeeeeeeeseeeeseseeeeseseseeseseseeeeseseseeseseseseesesesesnenenes 215
[SENSE:JPROBE<PD>:SETUP:NMOFFSEL. ... e eeeeeeeseeeeseeeeseeseseeseseseseeseseeseseeseseeseseeseseens 215
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[SENSe:]IPROBe<pb>:SETUP:PMODE.......cccteeieriniaieeeeeeiie e e eeeinee e e eeie e e
[SENSe:]JPROBe<pb>:SETUP:PMOFFSEt.....ccciiiiiiiiiiiiiae e
[SENSe:]IPROBe<pb>:SETUP:STATE?. .. eeeiiieeeeeeeeeeee e eeee e e ee e
[SENSe:]IPROBe<pb=>:SETUP: TYPE?. ...ttt e e e

[SENSe:]PROBe<pb>:ID:PARTnumber?
Queries the R&S part number of the probe.

Suffix:

<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q

3=RF
Return values:
<PartNumber>
Example: /IQuery part number
PROB3:ID:PART?
Usage: Query only

[SENSe:]PROBe<pb>:ID:SRNumber?
Queries the serial number of the probe.

Suffix:

<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q

3=RF
Return values:
<SerialNo>
Example: //Query serial number
PROB3:ID:SRN?
Usage: Query only

[SENSe:]PROBe<pb>:SETup:ATTRatio <AttenuationRatio>

.................. 217
.................. 217

Defines the attenuation applied to the input at the probe. This setting is only available

for modular probes.
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Suffix:

<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF

Parameters:

<AttenuationRatio> 10
Attenuation by 20 dB (ratio= 10:1)

2
Attenuation by 6 dB (ratio= 2:1)
*RST: 10

Default unit: DB

[SENSe:]PROBe<pb>:SETup:CMOFfset <CMOffset>

Sets the common mode offset. The setting is only available if a differential probe in
CM-mode is connected to the FSW.

If the probe is disconnected, the common mode offset of the probe is reset to 0.0 V.

Note that if the offset for DM-mode or CM-mode is changed, the offsets for the P-mode
and N-mode are adapted accordingly, and vice versa.

For details see the FSW User Manual.

Suffix:
<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF
Parameters:
<CMOffset> Offset of the mean voltage between the positive and negative
input terminal vs. ground
Range: -16V to +16 V

Default unit: V

[SENSe:]PROBe<pb>:SETup:DMOFfset <DMOffset>

Sets the DM-mode offset. The setting is only available if a modular probe in DM-mode
is connected to the FSW.

If the probe is disconnected, the DM-mode offset of the probe is reset to 0.0 V.

Note that if the offset for DM-mode or CM-mode is changed, the offsets for the P-mode
and N-mode are adapted accordingly, and vice versa.

For details see the FSW User Manual.
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Suffix:
<pb>

Parameters:
<DMOffset>
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1..n

Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF

Voltage offset between the positive and negative input terminal
Default unit: V

[SENSe:]PROBe<pb>:SETup:MODE <Mode>

Suffix:
<pb>

Parameters:
<Mode>

1..n

Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF

RSINgle | NOACtion

RSINgle
Run single: starts one data acquisition.

NOACtion
Nothing is started on pressing the micro button.

[SENSe:]PROBe<pb>:SETup:NAME?

Queries the name of the probe.

Suffix:
<pb>

Return values:
<Name>

Example:

Usage:

1..n

Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF

String containing the name of the probe.

//Query name of the probe
PROB3:SET: NAME?

Query only

[SENSe:]PROBe<pb>:SETup:NMOFfset <NMOffset>

Sets the N-mode offset. The setting is only available if a modular probe in N-mode is
connected to the FSW. The maximum voltage difference between the positive and neg-
ative input terminals is 16 V.
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If the probe is disconnected, the N-mode offset of the probe is reset to 0.0 V.

Note that if the offset for DM-mode or CM-mode is changed, the offsets for the P-mode
and N-mode are adapted accordingly, and vice versa.

For details see the FSW User Manual.

Suffix:
<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF
Parameters:
<NMOffset> The voltage offset between the negative input terminal and
ground.

Default unit: V

[SENSe:]PROBe<pb>:SETup:PMODe <Mode>
Determines the mode of a multi-mode modular probe.
For details see the FSW User Manual.

Suffix:
<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF
Parameters:
<Mode> CM|DM|PM|NM
DM
Voltage between the positive and negative input terminal
CM
Mean voltage between the positive and negative input terminal
vs. ground
PM
Voltage between the positive input terminal and ground

NM
Voltage between the negative input terminal and ground

Example: SENS:PROB: SETU: PMOD PM
Sets the probe to P-mode.

[SENSe:]PROBe<pb>:SETup:PMOFfset <PMOffset>

Sets the P-mode offset. The setting is only available if a modular probe in P-mode is
connected to the FSW. The maximum voltage difference between the positive and neg-
ative input terminals is 16 V.
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If the probe is disconnected, the P-mode offset of the probe is reset to 0.0 V.

Note that if the offset for DM-mode or CM-mode is changed, the offsets for the P-mode
and N-mode are adapted accordingly, and vice versa.

For details see the FSW User Manual.

Suffix:
<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF
Parameters:
<PMOffset> The voltage offset between the positive input terminal and
ground.

Default unit: V

[SENSe:]PROBe<pb>:SETup:STATe?

Queries if the probe at the specified connector is active (detected) or not active (not
detected).

To switch the probe on, i.e. activate input from the connector, use INP: SEL:AIQ (see
INPut:SELect on page 168).

Suffix:

<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q

3=RF
Return values:
<State> DETected | NDETected
Example: //Query connector state

PROB3:SET:STAT?

Usage: Query only

[SENSe:]PROBe<pb>:SETup:TYPE?
Queries the type of the probe.
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Suffix:

<pb> 1..n
Selects the connector:
1 = Baseband Input |
2 = Baseband Input Q
3=RF

Return values:
<Type> String containing one of the following values:
—"None" (no probe detected)
—"active differential"
—"active single-ended"
—"active modular"

Example: /IQuery probe type
PROB3:SET:TYPE?

Usage: Query only
8.4.3.8 Configuring the 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000)

The following commands are required to use the optional 2 GHz / 5 GHz bandwidth
extension (FSW-B2000/B5000).

Remote commands exclusive to configuring the 2 GHz / 5 GHz bandwidth exten-

sions:

EXPort:WAVEform:DISPIAYOff.......cieieeeeeeeieieietiei s ss e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeennnnnen s 218
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE[:STATE]. . uuueieieieeeeeeieeeeeeeeeieeeeeeeeevererrsrananes 219
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGnment:STEP<st>[:STATe].......cc.ccenn..... 219
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGNMENt:DATE.........coevvueeeeeeeriiriieeeeeens 220
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGnment:FALignment...............ccceeveeeees 220
SYSTem:COMMunicate:RDEVice:OSCilloSCOPEIIDN. ......ceeeiiieriieeeeeeeice s ee e e e e eeen e 220
SYSTem:COMMunicate:RDEVice:OSCilloscope:LEDSate.......uuuieeieeeeeieeeeeeeeieeeee e 221
SYSTem:COMMunicate:RDEVice:OSCilloscope:PSMode[:STATE]........ceeeveveeeeeeeeeeeeeennnnnnnns 221
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:SRATE........cvvvuieieeiieiiceieee et eeeeer e 221
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:TCPIP....c.cuvuueieeeeeiiiieieeeeeeiieeeeeeeenreeeeeeens 222
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:VDEVICE?.....cceeevereieeeeieeiiieeeeeeeeeiiieeeeeeeenns 222
SYSTem:COMMunicate:RDEVice:OSCilloscope:VFIRMWAre?........cccvueeeeeeeeeereeeeeeeerieeeeeens 222
TRIGger[:SEQuence]:OSCilloscope:COUPIING.....uuu et e eeeiitceeeeeeeeiie e e e e e eetee e e e e e e e e e eenanas 223

EXPort:WAVeform:DISPlayoff <FastExport>

Enables or disables the display update on the oscilloscope during data acquisition with
the optional 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000).

Note that this command is only executable by the oscilloscope, not by the FSW.
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As soon as the FSW-B2000/B5000 is activated, the display on the oscilloscope is
turned off to improve performance during data export. As soon as the FSW closes the
connection to the oscilloscope, the display is reactivated and the oscilloscope can be
operated as usual. However, if the LAN connection is lost for any reason, the display of
the oscilloscope remains deactivated. Use this command to re-activate it.

For details on the optional 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000),
see FSW 1/Q Analyzer and 1/Q Input User Manual.

Parameters:
<FastExport> ON|OFF|1]0

ON | 1: Disables the display update for maximum export speed.
OFF | 0: Enables the display update. The export is slower.

*RST: 1

SYSTem:COMMunicate:RDEVice:0SCilloscope[:STATe] <State>
Activates the optional 2 GHz / 5 GHz bandwidth extension (R&S FSW-B2000/B5000).

Note: Manual operation on the connected oscilloscope, or remote operation other than
by the FSW, is not possible while the B2000/B5000 option is active.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: SYST:COMM:RDEV:0SC ON

SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGnment:STEP<st>[:STATe]
<State>

Performs the alignment of the oscilloscope itself and the oscilloscope ADC for the
optional 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000). The correction data
for the oscilloscope (including the connection cable between the FSW and the oscillo-
scope) is recorded. As a result, the state of the alignment is returned.

Alignment is required only once after setup. If alignment was performed successfully,
the alignment data is stored on the oscilloscope.
Thus, alignment need only be repeated if one of the following applies:

® A new oscilloscope is connected to the "IF OUT 2 GHz/ IF OUT 5 GHz" connector
of the FSW

® A new cable is used between the "IF OUT 2 GHz/ IF OUT 5 GHZz" connector of the
FSW and the oscilloscope

® A power splitter is inserted between the "IF OUT 2 GHz/ IF OUT 5 GHz" connector
of the FSW and the oscilloscope

® New firmware is installed on the oscilloscope or the FSW
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Suffix:
<st> 1..n
Parameters:
<State> Returns the state of the second alignment step.
ON |1
Alignment was successful.
OFF | 0
Alignment was not yet performed (successfully).
Example: SYST:COMM:RDEV:0SC:ALIG: STEP?

//Result: 1

SYSTem:COMMunicate:RDEVice:0SCilloscope:ALIGnment:DATE <Date>

Returns the date of alignment of the "IF OUT 2 GHz/ IF OUT 5 GHZz" to the oscillo-
scope for the optional 2 GHz / 5 GHz bandwidth extension (FSW-B2000/B5000).

Parameters:
<Date> Returns the date of alignment.
Example: SYST:COMM:RDEV:0SC:ALIG:DATE?

//Result: 2014-02-28

SYSTem:COMMunicate:RDEVice:0SCilloscope:ALIGnment:FALignment <State>

Performs a self-alignment on the oscilloscope before the B2000/B5000 alignment on
the FSW.

Parameters:
<State> ON|OFF |01

OFF |0
Switches the function off

ON |1
Switches the function on

*RST: 0

Example: SYST:COMM:RDEV:0SC:ALIG:FAL ON

SYSTem:COMMunicate:RDEVice:O0SCilloscope:IDN <IDString>
Returns the identification string of the oscilloscope connected to the FSW.

Parameters:
<IDString>

Example: SYST:COMM:RDEV:0SC:IDN?
//Result: Rohde&Schwarz, RTO,
1316.1000k14/200153,2.45.1.1
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SYSTem:COMMunicate:RDEVice:OSCilloscope:LEDState <Color>

Returns the state of the LAN connection to the oscilloscope for the optional 2 GHz /
5 GHz bandwidth extension (FSW-B2000/B5000).

Parameters:

<Color> OFF | SUCCessful | ERRor
SUCCessful
Connection to the instrument has been established successfully.
OFF
No instrument configured.
ERRor
Connection to the instrument could not be established.
Check the connection between the FSW and the oscilloscope,
and make sure the IP address of the oscilloscope has been
defined (see SYSTem:COMMunicate:RDEVice:
0OSCilloscope:TCPip on page 222).

Example: SYST:COMM:RDEV:0SC:LEDS?
//Result: 'SUCC'

SYSTem:COMMunicate:RDEVice:0SCilloscope:PSMode[:STATe] <State>

Activates the use of the power splitter inserted between the "IF 2 GHZ OUT" connector
of the 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 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

SYSTem:COMMunicate:RDEVice:0SCilloscope: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.

Parameters:

<Rate> 10 GHz | 20 GHz
No other sample rate values are allowed.
*RST: 10 GHz

Default unit: HZ
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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:TCPip <Address>

Defines the TCPIP address or computer name of the oscilloscope connected to the

FSW 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"

SYSTem:COMMunicate:RDEVice:OSCilloscope:VDEVice?

Queries whether the connected instrument is supported by the 2 GHz / 5 GHz band-
width extension option(B2000/B5000).

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 / 5 GHz bandwidth extension (B2000/B5000) option.

Return values:
<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:VFIR?
Usage: Query only

TRIGger[:SEQuence]:OSCilloscope:COUPIling <CoupType>
Configures the coupling of the external trigger to the oscilloscope.

Parameters:

<CoupType> Coupling type
DC
Direct connection with 50 Q termination, passes both DC and
AC components of the trigger signal.
CDLimit
Direct connection with 1 MQ termination, passes both DC and
AC components of the trigger signal.
AC
Connection through capacitor, removes unwanted DC and very
low-frequency components.

*RST: DC

Manual operation: See "Coupling" on page 89

8.4.3.9 Configuring Oscilloscope Baseband Input

The following commands define settings for analog baseband input from an oscillo-
scope.

The commands for analog baseband input from an oscilloscope are similar, but not
identical to those used for analog baseband using the optional "Analog Baseband"
interface on the FSW.

INPUt:IQ:OSC:BALANCEA[:STATE]. ..eeeeeteieeeeeeeeeeeeeeentntnnaaaaaaaaeeeeeeeaeaaaaeseeeeeeeeeneensensnnnnnnnnnn 224
INPULIQ:OSC:CONSIALE?...ccceeeeeeeeeeeeeeeeeeeeeeeee et eeee e e e s e e eeeeeaeaeseeeeeeeeeaessssarasanannnnnns 224
INPULIQ:OSC:COUPIING....cetteteeeeeeteetiiee e e et eetee e e e e e eetieeeeeeeaat s eeesestanaeeeerastaaeaeseerannaaaaees 224
INPUt:IQ:OSC:FULLSCAIE[:LEVEI].. et a e e 225
INPULIQIOSCIIDN . ettt e et et e et e e et e e e ea e e e et e e eeaneesennaaeesnaennnnaees 225
INPULIQ:OSCIMPEAANCE. ... ettt e e et e et eeeeee e e e e e e enneeees 225
INPUt:IQ:OSC:IMPEAANCEIPTYPE......c.un ettt e e e et e e e eee e e e e eeneeeees 226
INPULIQIOSCISKEW: L e ettt e et e et e e et e e e e e e e e e et e e enan e reaneeenannas 226
INPUL:IQ:OSC:SKEW:LINVEMEA. .....ccvtiiieeeiieiiceeeee ettt e e eetee e e e ee e e e e e e eete e e e s eearnaeeaes 226
INPULIQ:OSC:SKEW: QL. ..uiiieieeiieete et et et e e e e e ae e s s e s s e s e eareneaenraenrenenrenranrnrans 227
INPUt:IQ:OSC:SKEW:Q:INVEMEA. ....cniiieiieeiieei e et et et e e e e e e e s e en e eae s saeneaeneens 227
TN o [ O S O3] 2 ¥ L= YRR 227
INPUEIQ:OSCLSTATE] e eeeereeeeseeseseeseseesessesessesesseseesesesseseeseseesesensesesseseaseseaseseaseseesesees 227
I U (O T 1T @ 1 = 228
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1N UL S (@R @ T O I =N 228
1N T (O R O RS OV B L AV o= 228
INPULIQ:OSCVFIRMWAEIE . . ettt ettt e et e et e et e e e et s e e e e s et e s e e s ssbasesnsseaseanssensaen 229

INPut:IQ:0SC:BALanced[:STATe] <State>

Parameters:

<State> ON|OFF |01
OFF |0
Single ended
ON |1
Differential
*RST: 1

Example: INP:IQ:0SC:BAL OFF

INPut:1Q:0SC:CONState?

Returns the state of the LAN connection to the oscilloscope for the optional Oscillo-
scope Baseband Input.

Return values:
<ConnectionState> CONNECTED | NOT_CONNECTED |
ESTABLISHING_CONNECTION

CONNECTED
Connection to the instrument has been established successfully.

ESTABLISHING_CONNECTION
Connection is currently being established.

NOT_CONNECTED

Connection to the instrument could not be established.

Check the connection between the FSW and the oscilloscope,
and make sure the IP address of the oscilloscope has been
defined (see INPut:I0:0SC:TCPip on page 228).

Usage: Query only

INPut:IQ:0SC:COUPIling <Coupling>
Determines the coupling of the oscilloscope to the FSW.

Parameters:

<Coupling> DC | DCLimit | AC
DC
DC coupling shows all parts of an input signal. DC 50 Q coupling
is the default for 50Q input impedance to connect, for example,
active probes.
DCLimit
DC coupling with 1 M Q input impedance to connect standard
passive probes.
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AC

AC coupling is useful if the DC component of a signal is of no
interest. AC coupling blocks the DC component of the signal so
that the waveform is centered on zero volts.

INPut:IQ:0SC: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.

Parameters:

<Level> Default unit: V

Example: INP:IQ:0SC:FULL:AUTO OFF
Example: INP:IQ:0SC:FULL:LEV 1.0

INPut:IQ:OSC:IDN?
Returns the identification string of the oscilloscope connected to the FSW.

Return values:
<IDN> string

Example: INP:IQ:0SC:IDN?
//Result: Rohde&Schwarz,RTO,
1316.1000k14/200153,2.45.1.1

Usage: Query only

INPut:IQ:0SC:IMPedance <Impedance>
Selects the nominal input impedance of the analog baseband input.

The command is not available for measurements with the optional "Digital Baseband"
interface.

For input from the RF input, use the TNPut : IMPedance command.

For analog baseband input without an oscilloscope, use the TNPut:1Q: IMPedance
command.

User Manual 1179.3844.02 — 06 225



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

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 1/Q Analyzer (and thus MSRA mode, primary applica-
tion only) and the optional Docsis 3.1 application.

*RST: 50
Default unit: Ohm

Example: INP:IQ:0SC:IMP 75

INPut:1Q:0OSC:IMPedance:PTYPe <PadType>

Defines the type of matching pad used for impedance conversion for analog baseband
input.

For RF input, use the TNPut : IMPedance: PTYPe command.

For analog baseband input without an oscilloscope, use the TNPut:10: IMPedance:
PTYPe command.

Parameters:

<PadType> SRESistor | MLPad
SRESistor
Series-R
MLPad
Minimum Loss Pad
*RST: SRESistor

Example: INP:IQ:0SC:IMP 100
INP:IQ:0SC:IMP:PTYP MLP

INPut:1Q:0OSC:SKEW:I <Value>

Compensates for skewed values in the positive | path, e.g. due to different input
cables.

Parameters:
<Value> Default unit: S
Example: INP:IQ:0SC:SKEW:I 0.2

INPut:IQ:0OSC:SKEW:I:INVerted <Value>

Compensates for skewed values in the negative | path, e.g. due to different input
cables.

Parameters:
<Value> Default unit: S
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Example: INP:IQ:0SC:SKEW:I:INV 0.2

INPut:1Q:0OSC:SKEW:Q <Value>

Compensates for skewed values in the positive Q path, e.g. due to different input
cables.

Parameters:
<Value> Default unit: S
Example: INP:IQ:0SC:SKEW:Q 0.2

INPut:IQ:0SC:SKEW:Q:INVerted <Value>

Compensates for skewed values in the negative Q path, e.g. due to different input
cables.

Parameters:
<Value> Default unit: S
Example: INP:IQ:0SC:SKEW:Q:INV 0.2

INPut:1Q:0SC:SRATe <SampleRate>

Returns the used oscilloscope acquisition sample rate, which depends on the used 1/Q
mode (see TNPut:1Q:0SC:TYPE on page 228).

Parameters:
<SampleRate> 10 GHz | 20 GHz

10 GHz
differential mode

20 GHz
single-ended mode

Default unit: Hz

Example: INP:IQ:0SC:SRAT?

INPut:IQ:OSC[:STATe] <State>

Activates or deactivates Oscilloscope Baseband Input from a connected oscilloscope.
This input requires optional firmware.

Parameters:

<State> ON|OFF|0]1
OFF | 0
Oscilloscope Baseband Input not active
ON |1
Oscilloscope Baseband Input active
*RST: 0
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Example: INP:IQ:0SC:STAT ON
This command has the same effect as INP: SEL. OBB, see
INPut:SELect on page 168.

INPut:1Q:OSC:TCPip <Tcpip>

Defines the TCPIP address or computer name of the oscilloscope connected to the
FSW via LAN.

Note: The IP address is maintained after a [PRESET], and is transferred between
applications.

Parameters:

<Tcpip> computer name or IP address
Example: INP:IQ:0SC:TCP '192.0.2.0'
Example: INP:IQ:0SC:TCP 'FSW43-12345"

INPut:IQ:OSC:TYPE <Type>
Defines the format of the input signal.

Parameters:

<Type> Q|1
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).

|

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

INPut:1Q:OSC:VDEVice?

Queries whether the connected instrument is supported for Oscilloscope Baseband
Input.

For details see the specifications document.

Return values:
<Device> ON|OFF |01

OFF | 0
Instrument is not supported.
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ON |1

Instrument is supported
Example: INP:IQ:0SC:VDEV?
Usage: Query only

INPut:1Q:0SC:VFIRmware?

Queries whether the firmware on the connected oscilloscope is supported for Oscillo-
scope Baseband Input.

For details see the specifications document.

Return values:
<FirmwareState> ON|OFF |01

OFF | 0
Firmware is not supported

ON |1
Firmware is supported

Example: INP:IQ:0SC:VFIR?

Usage: Query only

Frontend settings

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

L I 1= To {1 1= o[V S 229
@  REFEIENCE IBVEL....ue et 231
@ AENUALION. ... e e e e e e e e e e e e e e e e eaaa————— 232
o Configuring @ preamplifier...... ... 236
Frequency

[SENSE: FREQUENCY:CENTE . uutuuuuuutiiiieieieieteeeeeeeeeiereeeeeeeerrestsreraranaseseeeaeasaesesserereens 229
[SENSE:]JFREQUENCY:CENTEISTEP....uuiiiiiiietiieieeeeeetiee e e e e eette e e e e e eete e e e e eeeataeeeeseesnnaeaaees 230
[SENSe:]JFREQUeNCY:CENTErNSTEP:AUTO.....ciiiiiieeeeeieeiieie e eeeetiee e e s eeetee e e eeear e e e eeeannn 230
[SENSE:JFREQUENCY:OFFSEL..uuuuiiiiiiiiiiieieeieeitee e e e e et e e e e e erae e e e e e et s e e e e e eannn s e e e eeeannanes 230

[SENSe:]FREQuency:CENTer <Frequency>

Defines the center frequency.

Parameters:

<Frequency> For the allowed range and f,,,,, refer to the specifications docu-
ment.
*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 77

[SENSe:]JFREQuency:CENTer:STEP <StepSize>

Defines the center frequency step size.

Parameters:

<StepSize> For f .y refer to the specifications document.
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 77

[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 230).

Manual operation: See "Center Frequency Stepsize" on page 77

[SENSe:]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.

Parameters:

<Offset> Range: -1 THz to 1 THz
*RST: 0 Hz
Default unit: HZ
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Example: FREQ:OFFS 1GHZ

Manual operation: See "Frequency Offset" on page 78

Reference level

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALE]:RLEVEL........oervrerererereen. 231
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:RLEVel:OFFSet................ 231
[SENSE:JADJUSELEVEL c.uuuciieeeeiice ettt e e et e e e e et e e e e e et e e e e e eata s e e e eeeannanes 232

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel
<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

Parameters:

<ReferencelLevel> The unit is variable.
Range: see specifications document
*RST: 0 dBm

Default unit: DBM

Example: DISP:TRAC:Y:RLEV -60dBm

Manual operation: See "Reference Level" on page 79

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel: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
Parameters:
<Offset> Range: -200 dB to 200 dB
*RST: 0dB
Default unit: DB
Example: DISP:TRAC:Y:RLEV:OFFS -10dB
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Manual operation: See "Shifting the Display (Offset)" on page 80

[SENSe:]JADJust: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 FSW is not
overloaded and the dynamic range is not limited by an S/N ratio that is too small.

Example: ADJ:LEV
Manual operation: See "Setting the Reference Level Automatically (Auto Level)"

on page 80
Attenuation
[N Uy o0 E=1 a1 =1 (1o o T 232
INPUtATTENUAIONAUTO . ..ceueiiieeeeee et et e e et e e e e e st e e et e e eaaa e e s ssa e s st eerannseeennneseen 233
INPUt: ATTenUatioN:AUTO:IMODE. ... ..ot e ee s s e enenananns 233
1N LU = N I P 233
IN P UL E AT TiAUT O e e ie ittt ettt ettt e e e e et s e st e s e e e s e s e sasn s s s s s s enansnas 234
LN U = I ST N =TT 234
INPUt:SANAlYZEr AT TENUALION. ....eeeeeeieeeeeeeeeeeeeeieiei e as s e e e e e e e eeeeeeeeeeeeeeeeeeeeeeeeensnnnnnnnnnnns 234
INPut:SANalyzer: ATTenuatioN:AUTO . ....cie e eeeeteee e et e e e e ee e e e s e e enne e e e e e eeraan s 235
[SENSE:JIQ:VWBANG. .. ettt ettt e e s e e e et s s e e et e e e e s e s ea e eaneeas 235

INPut: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.

If an external frontend is active (see [SENSe: ]EFRontend[:STATe] on page 193),
you can configure the attenuation of the external frontend and the analyzer separately.
See also INPut:SANalyzer:ATTenuation:AUTO on page 235 and INPut:
SANalyzer:ATTenuation on page 234.

Parameters:

<Attenuation> Range: see specifications document
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 82
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INPut:ATTenuation:AUTO <State>

Couples or decouples the attenuation to the reference level. Thus, when the reference
level is changed, the FSW determines the signal level for optimal internal data pro-
cessing and sets the required attenuation accordingly.

If an external frontend is active (see [SENSe: ]EFRontend[:STATe] on page 193),
you can configure the attenuation of the external frontend and the analyzer separately.
See also INPut:SANalyzer:ATTenuation:AUTO on page 235 and INPut:
SANalyzer:ATTenuation on page 234.

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 82

INPut:ATTenuation:AUTO:MODE <OptMode>

Selects the priority for signal processing after the RF attenuation has been applied.

Parameters:
<OptMode> LNOise | LDIStortion
LNOise
Optimized for high sensitivity and low noise levels
LDIStortion
Optimized for low distortion by avoiding intermodulation
*RST: LDIStortion (WLAN application: LNQise)
Example: INP:ATT:AUTO:MODE LNO

Manual operation: See "Optimization" on page 83

INPut:EATT <Attenuation>

Defines an electronic attenuation manually. Automatic mode must be switched off
(INP:EATT:AUTO OFF, see INPut:EATT:AUTO on page 234).

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 specifications document
Increment: 1 dB
*RST: 0 dB (OFF)

Default unit: DB
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INP:EATT:AUTO OFF
INP:EATT 10 dB

See "Using Electronic Attenuation" on page 83

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>

Example:

Manual operation:

ON|OFF |01

OFF | 0

Switches the function off
ON |1

Switches the function on
*RST: 1

INP:EATT:AUTO OFF

See "Using Electronic Attenuation" on page 83

INPut:EATT:STATe <State>

Turns the electronic attenuator on and off.

Parameters:
<State>

Example:

Manual operation:

ON|OFF|0]1

OFF | 0

Switches the function off
ON |1

Switches the function on
*RST: 0

INP:EATT:STAT ON
Switches the electronic attenuator into the signal path.

See "Using Electronic Attenuation" on page 83

INPut:SANalyzer:ATTenuation <Attenuation>

Configures attenuation at the analyzer input for an active external frontend manually.

Parameters:
<Attenuation>

Manual operation:
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Increment: 1 dB
Default unit: DB

See "Attenuation Mode / Value" on page 82
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INPut:SANalyzer:ATTenuation:AUTO <State>

Enables or disables automatic configuration of attenuation at the analyzer input for an
active external frontend.

By default, the attenuation settings are applied at the input of the external frontend.

See INPut:ATTenuation:AUTO on page 233 and INPut:ATTenuation

on page 232.

Parameters:
<State>

Example:

Manual operation:

ON | OFF | 0] 1
OFF |0

Auto mode for analyzer attenuation is disabled. Allows you to

configure attenuation at the analyzer using TNPut :
SANalyzer:ATTenuation on page 234.

ON |1

Auto mode for analyzer attenuation is enabled. No attenuation is

configured at the analyzer.
*RST: 0

//Enable external frontend

EFR ON

//Query the currently configured RF attenuation
INP:ATT?

//Result: 10 dB

//Disable auto mode for analyzer attenuation
INP:SAN:ATT:AUTO OFF

//Configure 10 dB attenuation at the analyzer
INP:SAN:ATT 10

//Query the currently configured RF attenuation at the ext.

INP:ATT?
//Result: 0 dB

See "Attenuation Mode / Value" on page 82

[SENSe:]IQ:WBANd <State>

Selects the signal path for signal processing.

For details and restrictions, see "Signal Path" on page 83.

Parameters:
<State>

Example:
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ON|OFF |01

OFF | 0

The narrowband signal path is used.
ON |1

The wideband signal path is used.
*RST: 0

SENS:IQ:WBAN ON
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Manual operation: See "Signal Path" on page 83

Configuring a preamplifier

LN U 7 [N RS I = TP 236
INP UL GAINVALUE]. ¢ et ee e e e e e e e e e e e e e e e e e ettt ettt eeeeaen s e e e s e e e e e e eeeaaaaaeaeeeeeeeaeenenennnnsnnnnnn 236

INPut:GAIN:STATe <State>

Turns the internal preamplifier on and off. It requires the optional preamplifier hard-
ware.

Note that if an optional external preamplifier is activated, the internal preamplifier is
automatically disabled, and vice versa.

Is not available for input from the optional "Digital Baseband" interface.
For FSW85 models, no preampilifier is available.
If option R&S FSW-B22 is installed, the preamplifier is only active below 7 GHz.

If option R&S FSW-B24 is installed, the preamplifier is active for all frequencies.

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 81

INPut:GAIN[:VALue] <Gain>

Selects the "gain" if the preamplifier is activated (INP: GAIN: STAT ON, see INPut:
GAIN:STATe on page 236).

The command requires the additional preamplifier hardware option.

Parameters:

<Gain> For all FSW models except for FSW85, the following settings are
available:
15 dB and 30 dB
All other values are rounded to the nearest of these two.
30dB
For older FSW43/FSW50/FSW67 models, the input signal is
always ampilfied by about 30 dB when the preamplifier is active.
For FSW85 models, no preamplifier is available.
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Default unit: DB

Example: INP:GAIN:STAT ON
INP:GAIN:VAL 30
Switches on 30 dB preamplification.

Manual operation: See "Preamplifier" on page 81

Triggering measurements

The trigger commands define the beginning of a measurement.

Useful commands for retrieving results described elsewhere:
® TRIGger[:SEQuence] :0SCilloscope:COUPling on page 223

Remote commands exclusive to triggering measurements:

TRIGger[:SEQuence]:BBPoWer:HOLDO.........ccuuuiiiieiieiicce e 237
TRIGQEN: SEQUENCETDTIME. ... i ieiieiie e e e ettt iee e e e ettt e e e e e et ee s e e s eeaa s e e e eeeannaseeeeestanaaaeens 238
TRIGger[:SEQUeNce]:IFPOWErHOLDO.........uuuureieraaaeeae e e e e e e e eeeeeeeeeeeeeeeeeeeeeeenneene s 238
TRIGger[:SEQUENCE]:HOLDOM . TIME]....uucieieeeiiiieeeeeeeeiiieeeeeetrtie e e e e e eete e e e e e e eabe e e e e eesnnanns 238
TRIGQer:SEQUENCE]:IFPOWETHY STEIESIS. . ..ceeeeiiiiieieeiietiiieeeeeettee e e e e e eereeeeeeeeebaaeeeeeeenns 238
TRIGQer:SEQUENCE]:LEVEIBBPOWET......c.uuiiiiieiiiiiieieeeeeeiiie e e e e et s e e e e e eaaaee e e e e e enr e e e e eeenen 239
TRIGger[:SEQuence]:LEVeI:EXTerNal<port>].........ccuuuuuiriirieeiiiiieeeereeiieeseeeeeeinae e e eeeeenane s 239
TRIGQeEr:SEQUENCE]:LEVEIIFPOWET......ciieeeieiee e eeeece e e e e et e e e e e e e e e eeaae e e e 240
TRIGQer[:SEQUENCE]:LEVEIIQPOWET ... ... e eaaaaaae e e e e e e e e et e e e e e e 240
TRIGQEI:SEQUENCE]:SLOPE. ...cii i e i e e e e eee ettt e s e s e e e e e e e e e e e e e eeeeeeeeeeeneenensnnnnnnan 240
TRIGQEN:SEQUENCEI:SOURCE. .. ..civtuiieiieeieetiieeeeeeteee e e et eete e e e e e s esteeeeeeeesaaaeeesersanaaaaaes 240
TRIGGer[:SEQUENCE]:TIME:RINTEINVAL ...ccvutuieiieiiiiies et e e e et e s e e e s e e s eeaaa e e e eeeees 241

TRIGger[:SEQuence]:BBPower:HOLDoff <Period>
Defines the holding time before the baseband power trigger event.

The command requires the optional "Digital Baseband" interface or the optional "Ana-
log Baseband" interface.

Note that this command is maintained for compatibility reasons only. Use the
TRIGger [:SEQuence] : IFPower:HOLDof f on page 238 command for new remote
control programs.

Parameters:

<Period> Range: 150 ns to 1000 s
*RST: 150 ns
Default unit: S

Example: TRIG:SOUR BBP

Sets the baseband power trigger source.
TRIG:BBP:HOLD 200 ns

Sets the holding time to 200 ns.

User Manual 1179.3844.02 — 06 237



R&SPFSW-K96 Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

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).

Parameters:

<DropoutTime> Dropout time of the trigger.
Range: 0sto10.0s
*RST: Os

Default unit: S

Manual operation: See "Drop-Out Time" on page 89

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 89

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 88

TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>

Defines the trigger hysteresis, which is only available for "IF Power" trigger sources.

User Manual 1179.3844.02 — 06 238



R&SPFSW-K96 Remote commands for the R&S FSW OFDM VSA application

Configuring the R&S FSW OFDM VSA application

Parameters:

<Hysteresis> Range: 3dB 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.

Manual operation: See "Hysteresis" on page 89

TRIGger[:SEQuence]:LEVel:BBPower <Level>
Sets the level of the baseband power trigger.
Is available for the optional "Digital Baseband" interface.

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 88

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)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (TRIGGER3 INPUT/OUTPUT connector on
rear panel)

Parameters:

<TriggerLevel> Range: 05V to 3.5V
*RST: 14V
Default unit: V

Example: TRIG:LEV 2V

Manual operation: See "Trigger Level" on page 88
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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 specifications document.
*RST: -20 dBm
Default unit: DBM

Example: TRIG:LEV:IFP -30DBM

TRIGger[:SEQuence]:LEVel:IQPower <TriggerLevel>
Defines the magnitude the 1/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]: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 89
TRIGger[:SEQuence]:SOURce <Source>

Selects the trigger source.

Note on external triggers:
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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 FSW triggers when the signal fed into the "EXT TRIGGER
INPUT" connector on the oscilloscope meets or exceeds the
specified trigger level.
EXT2
Trigger signal from the "Trigger Input/Output” connector.
For FSW85 models, Trigger 2 is not available due to the second
RF input connector on the front panel. The trigger signal is taken
from the "Trigger Input/Output” connector on the rear panel.
Note: Connector must be configured for "Input".
EXT3
Trigger signal from the "TRIGGER 3 INPUT/ OUTPUT" connec-
tor.
Note: Connector must be configured for "Input".
BBPower
Baseband power
For input from the optional "Analog Baseband" interface.
For input from the optional "Digital Baseband" interface.
*RST: IMMediate

Example: TRIG:SOUR EXT

Selects the external trigger input as source of the trigger signal

Manual operation: See "Trigger Source" on page 85
See "Free Run" on page 85
See "External Trigger 1/2/3" on page 85
See "External Channel 3" on page 86
See "IF Power" on page 86
See "Baseband Power" on page 86
See "l/Q Power" on page 87
See "RF Power" on page 87
See "Time" on page 87
See "Digital I/Q" on page 87

TRIGger[:SEQuence]: TIME:RINTerval <Interval>

Defines the repetition interval for the time trigger.
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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.

Manual operation: See "Repetition Interval" on page 88

Configuring data acquisition

INPUt:FILTer:CHANNELI:HPASS:FDBBW?. ... et e e e e e e 242
INPUt:FILTer:CHANNEI:HPASS:SDBBW......ccccvvvtiiiiiiiiiiieaiaieeeeeeeeeaaeaeeeeeeeeeeeeeesssssnsnnnnnnnnnnns 242
INPUt:FILTEer:CHANNEIHPASS[:STATE]. ...i et e i eeeeeeeeeeeeeieeeneeeseaasaeeeseeeeeaeaeeeseeseeeneneensnnnnnnan 243
INPUt:FILTer:CHANNEI[:LPASS]:FDBBW....uuuuuiieieieieieeeeeeeeeieieeeeeeeeeeesrstsraraannaaneeeseeeeaeaens 243
INPUL:FILTEr:CHANNEI[:LPASS]:SDBBW. .....cuuieieiieiiiieieeeeeetiiieeeeeetataeeeeeeeranaeeeesresnaaeaesenes 243
INPUEFILTEr: CHANNEILPASSISTATE]. .. eeeeeeeeeeeeeeeeeeeeeeeeeseeeeseseeeeseseseeeeseseseeneseseseenenens 243
[SENSe:]CAPTUre:OVERSAMPIING. ...uuieieeieieeieeeeeeieieeeeeeeeeietestaraaseeeseseeeeeaeaaaaaaseseereeeens 244
[SENSEISWWAPIG. e ee e eeeeeeeeeeeseseeeeseseseeeeseseseeeeseseseeseseseeseseseseesasessesesesesseneseseeseneseseenen. 244
[SENSE:ISWEEPICOUNL. ...uuiiieieeeeeee e e e e ee e eeee et a e e e s e e e e e e e aaaeeeeeeeeeeeeneeeanennnnnnnnnn 245
[SENSE:ISWEEDPLENGN....ccceiiiiieeeeee ettt ss s s e e e e e e e e e aeeaeeeeeeeeeeeeneeeenennnnnnnnnn 245
[SENSE:ISWEEP:TIME.....cicettuieeeeiiitieieeeeeetaeeeeeeeetaaeeeeeetataeeeesestanaeeeerestanaaeeseesnnaaaaees 245
TRACE:IQ:BWIDIN. .. ettt 245
B R O [ ST = T PP 246
TRACE: QW BANA S T AT ettt it e e e e e e e e e e e e e s e a et s e s ena e eaneanaenrenns 246
TRACE:IQ:WBANA:MBWIALN. ..ceieieeeee et e e et e e e e a e e eeans 246

INPut:FILTer:CHANnel:HPASs:FDBBw?

Return values:
<Frequency> Default unit: HZ

Usage: Query only
Manual operation: See "50-dB Bandwidth" on page 94

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.

Parameters:
<Frequency> Default unit: HZ
Example: INPU:FILT:CHAN:HPAS:SDBB 30 MHZ

Manual operation: See "6-dB Bandwidth" on page 94
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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 94

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 243).

Parameters:
<Frequency> Default unit: HZ
Example: INP:FILT:CHAN:FDBB 40MHZ

Manual operation: See "50-dB Bandwidth" on page 93

INPut:FILTer:CHANnRel[: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 243).

Parameters:
<Frequency> Default unit; HZ
Example: INP:FILT:CHAN:SDBB 30MHZ

Manual operation: See "6-dB Bandwidth" on page 93

INPut:FILTer:CHANnel[:LPASs][:STATe] <State>
Turns an adjustable (lowpass) channel filter in the signal path on and off.

You can define its characteristics with
® TNPut:FILTer:CHANnel[:LPASs] :SDBBw on page 243
® INPut:FILTer:CHANnel [:LPASs] :FDBBw on page 243
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Parameters:
<State> ON | OFF

*RST: OFF
Example: INP:FILT:CHAN ON

Turns on the adjustable channel filter.

Manual operation: See "Filter State" on page 93

[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 91

[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.

This is useful if the DUT interchanged the | and Q parts of the signal; then the FSW
can do the same to compensate for it.

Parameters:

<State> ON |1
| and Q signals are interchanged
Inverted sideband, Q+j*|
OFF | 0
I and Q signals are not interchanged
Normal sideband, I+j*Q

*RST: 0

Manual operation: See "Swap 1/Q" on page 93
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[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

Manual operation: See "Capture Length" on page 91

[SENSe:]SWEep:TIME <Time>

Defines the measurement time. It automatically decouples the time from any other set-

tings.
Parameters:
<Time> refer to specifications document
*RST: depends on current settings (determined automati-
cally)

Default unit: S

Manual operation: See "Capture Time" on page 91

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
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Example: TRAC1:IQ:BWID?

TRACe:IQ:SRATe <SampleRate>

Sets the final user sample rate for the acquired I/Q data. Thus, the user sample rate
can be modified without affecting the actual data capturing settings on the FSW.

Parameters:

<SampleRate> The valid sample rates are described in Chapter 3.5, "Sample
rate and maximum usable 1/Q bandwidth for RF input”,
on page 40.
*RST: 32 MHz

Default unit: HZ

Manual operation: See "Sample Rate" on page 91

TRACe:IQ: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 92

TRACe:IQ:WBANd:MBWidth <Limit>

Defines the maximum analysis bandwidth. Any value can be specified; the next higher
fixed bandwidth is used.

Defining a value other than "MAX" is useful if you want to specify the sample rate
directly and at the same time, ensure a minimum bandwidth is available.

Parameters:
<Limit> 80 MHz
Restricts the analysis bandwidth to a maximum of 80 MHz.
The bandwidth extension options greater than 160 MHz are dis-
abled.
TRACe:TQ:WBANA[: STATe] is set to OFF.

160 MHz

Restricts the analysis bandwidth to a maximum of 160 MHz. The
bandwidth extension option R&S FSW-B320 is deactivated.

(Not available or required if other bandwidth extension options
larger than 320 MHz are installed.)
TRACe:IQ:WBANA[:STATe] is set to ON.

User Manual 1179.3844.02 — 06 246



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

8.4.6

8.4.7

Configuring the R&S FSW OFDM VSA application

1200 MHz | 500 MHz | 320 MHz | MAX

All installed bandwidth extension options are activated. The cur-
rently available maximum bandwidth is allowed.
TRACe:TQ:WBANd[:STATe] is setto ON.

*RST: maximum available
Default unit: Hz

Example: TRAC:IQ:WBAN:MBW 82 MHZ
TRAC:IQ:WBAN:MBW?
Result if R&S FSW-B160/-B320 is active:
160000000

Example: TRAC:IQ:WBAN:MBW 82 MHZ
TRAC:IQ:WBAN:MBW?
Result if R&S FSW-B512 is active:
512000000

Manual operation: See "Maximum Bandwidth" on page 92

Enabling a burst search

[SENSe:]DEMod:FORMat:BURSt <State>

Turns a search for bursted OFDM signals on and off.

Parameters:
<State> ON | OFF

*RST: ON
Example: DEM: FORM:BURS ON

Turns on the burst search.

Manual operation: See "Burst Search State" on page 96

Defining the result range

The result range determines which part of the capture buffer or burst is displayed.

[SENSe:]IDEMOd:FORMAtMAXFIAMES. .....ceeeieeereeeeeeeetieeeeeeeeeaeeeeeseetaaeeeeeeenraeeeeseeennnnes 247
[SENSe:IDEMod:FORMat:NOFSYMDOIS. ...ceeueieieetiieaaaaaaaee e e e e eeeeeeeeeeeeeeeeeeeeeeneeennnnnnnns 248

[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.
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Manual operation: See "Statistic Config / Max No of Frames to Analyze"
on page 95

[SENSe:]DEMod:FORMat:NOFSymbols <NSymbols>
Defines the number of symbols in a frame.

Note that frames with fewer symbols are not analyzed.

Parameters:

<NSymbols> Range: 4 to 2000
*RST: 10

Example: DEM: FORM:NOFS 44

Defines 44 symbols per frame.

Manual operation: See "Result Length" on page 96

Synchronization, tracking and demodulation

[SENSE:]COMPENSAtEICHANNEL. .. e eiieti et e et e e e e e e e e et e e e e eer e 248
RS N IS Y= [ 1Y oo 1 0 S 248
[SENSE:IDEMOU:COFFSEL...cceiiiiiiieieieeiiniaaaaaaiaaeeeeeeeaeaeaeeeeeeeeeeeeeaeesnnnnnnnaaaaaaaaeaeeaaaaaaeees 249
[ES1 =L N ST 13 =1 o Yo H ol IS o1 249
[SENSE: IDEMOA:FSYNC. . cuittiititiitiitit et et st e e e e e s e e e et s e s eaeans 249
[SENSE:IDEMOA:MDETECT. . ctuiiiiiiie ittt e e e et st e e e e e e e e e e eens 250
[SENSe:]IDEMod:THREShOIA: TIME.......ciieii et e e e e e eaas 250
[SENSe:]IDEMod: THREShOIA:FRAME. ... e e e e e e e e e e e 251
[SENSE:IDEMOG: TSYINC. ..ttuuuuaaaaaaeeeeeeeeeeeeeeeeeeeeeeeaeeeaenenaaaaaaaaeeeeeeeaaaeaaeeeeeeeennnnnennnnnnnnnn 251
SENSETRACKING:LEVEL ..cceiieiiiieee ettt a e e e e e e e e e e e e e e e e eeeeeeeeeeeeeaesnnennnnnnnnnn 251
SENSE:TRACKING:IPHASE. ....cottiiee ettt e et e e e e e et e e e e e e tabe e e e e e aeraaanns 252
SENSE:TRACKING: TIME. ... e s s e aanas 252

[SENSe:]COMPensate:CHANnel <State>

Turns compensation for the estimated channel transfer function on and off.

Parameters:
<State> ON | OFF

*RST: ON
Example: COMP:CHAN ON

Turns on channel compensation.

Manual operation: See "Channel Compensation" on page 100

[SENSe:]DEMod:CDD <Delay>

Defines the cyclic delay.
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Parameters:

<Delay> Cyclic delay in samples.
Range: —<FFT size> to +<FFT size>
*RST: 0

Example: DEM:CDD 5

Defines a cyclic delay of 5 samples.

Manual operation: See "Cyclic Delay" on page 101

[SENSe:]DEMod:COFFset <Offset>

Defines the maximum allowed carrier offset for frame synchronization.

Parameters:

<Offset> Frequency offset in terms of (sub)carriers.
Range: 0 to 16
*RST: 0

Example: SENS:DEM:COFF 2

Frame synchronization can cope with a signal frequency offset
of up to two subcarrier spacings.

Manual operation: See "Maximum Carrier Offset" on page 100

[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.

Manual operation: See "FFT Shift relative to Cyclic Prefix Length" on page 100

[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 98

[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 98

[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 99
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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 99

[SENSe:]DEMod:TSYNc <Mode>
Selects the time synchronization mode.

Parameters:
<Mode> CP
Performs time synchronization by correlating the cyclic prefix.

PREamble
Performs time synchronization by correlating the recurring pre-
amble structure.

*RST: CP

Example: DEM:TSYN CP
Selects time synchronization based on the cyclic prefix.

Manual operation: See "Time Synchronization" on page 97

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
Example: SENS:TRAC:LEV ON

Turns on power level tracking.

Manual operation: See "Level Tracking" on page 100
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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.

Manual operation: See "Phase Tracking" on page 99

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.

Manual operation: See "Timing Tracking" on page 99

8.4.9 Adjusting settings automatically

Some settings can be adjusted by the FSW automatically according to the current
measurement settings.

Useful commands for adjusting settings automatically described elsewhere:
® [SENSe:]ADJust:LEVel on page 232

Remote commands exclusive to adjusting settings automatically:

[SENSe:]ADJust:CONFigure:LEVEl:DURGLION. .......cuuuieeieeieiiieeeee et eeceevee e e e e eene e e e e 253
[SENSe:]ADJust:CONFigure:LEVel:DURatioN:MODE..........cccuceieeeiiiiiiieeeeeeeeiieeeeeeeeviae s 253
[SENSe:JADJust:CONFigure:HY STeresis:LOWET.........cieeeeiieiiieeeeeieetieeeeeeeeetiee e e e e eeraaeeaes 253
[SENSe:]JADJust: CONFigure:HY STeresis:UPPEr..........uuuuuiiceiieieieeeeeeeeeeeeeeeeeeeeeeeeesensnnnnnnes 254
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[SENSe:]JADJust:CONFigure:LEVel:DURation <Duration>

To determine the ideal reference level, the FSW performs a measurement on the cur-
rent input data. This command defines the length of the measurement if [SENSe:
]ADJust :CONFigure:LEVel :DURation:MODE is set to MANual.

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.

[SENSe:]JADJust:CONFigure:LEVel:DURation:MODE <Mode>

To determine the ideal reference level, the FSW performs a measurement on the cur-
rent input data. This command selects the way the FSW determines the length of the
measurement .

Parameters:

<Mode> AUTO
The FSW determines the measurement length automatically
according to the current input data.
MANual
The FSW uses the measurement length defined by [SENSe:
]JADJust:CONFigure:LEVel:DURation on page 253.

*RST: AUTO

[SENSe:]JADJust:CONFigure:HYSTeresis:LOWer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 232 command, the internal attenuators and the preamplifier 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 the signal must fall
below (compared to the last measurement) before the reference level is adapted auto-
matically.

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.
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[SENSe:]JADJust:CONFigure:HYSTeresis:UPPer <Threshold>

When the reference level is adjusted automatically using the [SENSe: ]ADJust:
LEVel on page 232 command, the internal attenuators and the preamplifier 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 the signal must exceed
(compared to the last measurement) before the reference level is adapted automati-

cally.
Parameters:
<Threshold> Range: 0dB to 200 dB
*RST: +1dB
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.

8.4.10 Output settings

The following commands are required to query or provide output at the FSW connec-
tors.

DIAGnostic:SERVice:NSOurce <State>

Turns the 28 V supply of the BNC connector labeled [noise source control] on the FSW

on and off.
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: DIAG:SERV:NSO ON

Manual operation: See "Noise Source Control" on page 75

OUTPut:IF:SBANd?

Queries the sideband provided at the "IF OUT 2 GHZz" connector compared to the side-
band of the RF signal. The sideband depends on the current center frequency.

Return values:
<SideBand> NORMal
The sideband at the output is identical to the RF signal.

INVerted
The sideband at the output is the inverted RF signal sideband.
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Example: OUTP:IF IF2

Activates output at the IF OUTPUT (2 GHZ) connector.
OUTP:IF:SBAN?
Queries the sideband provided at the connector.

Usage: Query only

OUTPut:IF[:SOURce] <Source>
Defines the type of signal available at one of the output connectors of the FSW.

Parameters:

<Source> IF
The measured IF value is available at the IF/VIDEO/DEMOD
output connector.

*RST: IF

Example: OUTP:IF VID
Selects the video signal for the IF/VIDEO/DEMOD output con-
nector.

Manual operation: See "Data Output" on page 74

Configuring the trigger output

The following commands are required to send the trigger signal to one of the variable
"TRIGGER INPUT/OUTPUT" connectors on the FSW.

OUTPULTRIGGEr<tp>:DIRECHON. .....eeieeee e eeeeeieieeiteit e e e e e e e e e e e e e e e e e e e e e e e e eeeeeneeaenennnnan 255
OUTPUETRIGGEISEPZILEVEL. ... e e et e e e e e e e e e e e e aeeeeeeeeeeees 256
OUTPULTRIGGEISP>IOTY P iiieieeiieieieieiteteeeaaaaese e e e e e e eeaaaeeeeeeeeeeeeeeenensnnnnnnaaaaaaaeaeeeeas 256
OUTPUt: TRIGger<tp>:PULSE:IMMEIAtE........cceeerieeeeeieiiiiei ettt e e e eeeaaas 257
OUTPUL:TRIGEr<tp>:PULSE:LENGIN.....iiiiiiiiiiee ettt eeeeb s 257

OUTPut:TRIGger<tp>:DIRection <Direction>
Selects the trigger direction for trigger ports that serve as an input as well as an output.

Suffix:

<tp> Selects the used trigger port.
2 = trigger port 2 (front)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (rear panel)

Parameters:
<Direction> INPut | OUTPut

INPut

Port works as an input.
OUTPut

Port works as an output.

*RST: INPut
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Manual operation:  See "Trigger 2/3" on page 75

OUTPut:TRIGger<tp>:LEVel <Level>
Defines the level of the (TTL compatible) signal generated at the trigger output.

Works only if you have selected a user-defined output with OUTPut : TRIGger<tp>:
OTYPe.

Suffix:
<tp> 1..n
Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (rear)
Parameters:
<Level> HIGH
5V
Low
ov
*RST: LOW
Example: OUTP:TRIG2:LEV HIGH

Manual operation: See "Level" on page 76

OUTPut:TRIGger<tp>:0TYPe <OutputType>

Selects the type of signal generated at the trigger output.

Suffix:

<tp> 1..n
Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (rear)

Parameters:

<OutputType> DEVice
Sends a trigger signal when the FSW has triggered internally.
TARMed

Sends a trigger signal when the trigger is armed and ready for
an external trigger event.

UDEFined
Sends a user-defined trigger signal. For more information, see
OUTPut:TRIGger<tp>:LEVel.

*RST: DEVice
Manual operation: See "Output Type" on page 76
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OUTPut:TRIGger<tp>:PULSe:IMMediate
Generates a pulse at the trigger output.

Suffix:
<tp> 1..n
Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (rear)

Manual operation: See "Send Trigger" on page 77

OUTPut: TRIGger<tp>:PULSe:LENGth <Length>

Defines the length of the pulse generated at the trigger output.

Suffix:
<tp> Selects the trigger port to which the output is sent.
2 = trigger port 2 (front)
(Not available for FSW85 models with two RF input connectors.)
3 = trigger port 3 (rear)
Parameters:
<Length> Pulse length in seconds.
Default unit: S
Example: OUTP:TRIG2:PULS:LENG 0.02

Manual operation: See "Pulse Length" on page 76

8.5 Performing a measurement

When the VSA application is activated, a continuous sweep is performed automatically.
However, you can stop and start a new measurement any time.

Furthermore, you can perform a sequence of measurements using the Sequencer (see
"Multiple Measurement Channels and Sequencer Function" on page 6).

Y T o 258
INITIAtE N> CONMEES. ...evuueeeeeiieteeeeeeeetteeeeeeeeet e e eeeeeet e eeeeeesata s eeeeeetanaeeeeeestaaeaesenranns 258
INITIAtE<N> CONTINUOUS. ... eeetieeiee e et ee e et e e et ee e et e e ettt e e et e e e eaeeeeaaeeeeaaaesenaneeesnnaeennnnnns 259
TN =Y SRS g b LY /1= [ =1 (= U 259
INITIAtE<N>IREFRESN. ....uiiieeeceeee e e e e e e e e e e e e e e e e eeean 259
INITiate:SEQUENCENABORI.......uucieei ettt e e e e e et e et e e e e e e e eaneeeeaneereaas 260
INITiate:SEQUENCErIMMEIALE. ... ...cieieeiiiee e et e et e e e e e e et e e e e e eeaae e e e e eeeenan 260
INITiate:SEQUENCErREFRESN[:ALL] .ciutuiiiiiiiiiiies e eecetis e s e e e e e e e e e e e e e e eer s 260
INITiate:SEQUENCEINMODE.........ooiiiieeei e e e et e e et e e e e e et e e e et e e e ean e e eaneaeeaans 261
N T [T 11 RS (@ TN T=T o ToT =T SRR 261
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ABORt
Aborts the measurement in the current channel and resets the trigger system.

To prevent overlapping execution of the subsequent command before the measure-
ment has been aborted successfully, use the *OPC? or *WAT command after ABOR and
before the next command.

For details on overlapping execution see Remote control via SCPI.
Note on blocked remote control programs:

If a sequential command cannot be completed, for example because a triggered sweep
never receives a trigger, the remote control program will never finish and the remote
channel to the FSW is blocked for further commands. In this case, you must interrupt
processing on the remote channel first in order to abort the measurement.

To do so, send a "Device Clear" command from the control instrument to the FSW on a
parallel channel to clear all currently active remote channels. Depending on the used
interface and protocol, send the following commands:

® Visa:viClear ()
® GPIB: ibclr ()
® RSIB: RSDLLibclr ()

Now you can send the ABORt command on the remote channel performing the mea-

surement.

Example: ABOR; : INIT:IMM
Aborts the current measurement and immediately starts a new
one.

Example: ABOR; *WAT
INIT:IMM
Aborts the current measurement and starts a new one once
abortion has been completed.

Usage: Event

INITiate<n>:CONMeas

Restarts a (single) measurement that has been stopped (using 2BORt) or finished in
single measurement mode.

The measurement is restarted at the beginning, not where the previous measurement
was stopped.

As opposed to INTTiate<n>[:IMMediate], this command does not reset traces in
maxhold, minhold or average mode. Therefore it can be used to continue measure-
ments using maxhold or averaging functions.

Suffix:
<n> irrelevant
Usage: Asynchronous command
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INITiate<n>:CONTinuous <State>
Controls the measurement mode for an individual channel.

Note that in single measurement mode, you can synchronize to the end of the mea-
surement with *OPC, *OPC? or *WAI. In continuous measurement mode, synchroniza-
tion to the end of the measurement is not possible. Thus, it is not recommended that
you use continuous measurement mode in remote control, as results like trace data or
markers are only valid after a single measurement end synchronization.

For details on synchronization see Remote control via SCPI.

Suffix:
<n> irrelevant
Parameters:
<State> ON|OFF |01
ON |1
Continuous measurement
OFF | 0
Single measurement
*RST: 1 (some applications can differ)
Example: INIT:CONT OFF

Switches the measurement mode to single measurement.
INIT:CONT ON

Switches the measurement mode to continuous measurement.

Manual operation: See "Continuous Sweep / Run Cont" on page 94

INITiate<n>[:IMMediate]
Starts a (single) new measurement.
You can synchronize to the end of the measurement with *OPC, *OPC? or *WAI.

For details on synchronization see Remote control via SCPI.

Suffix:
<n> irrelevant
Usage: Asynchronous command

Manual operation: See "Single Sweep / Run Single" on page 95

INITiate<n>: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.

User Manual 1179.3844.02 — 06 259


https://www.rohde-schwarz.com/rc-via-scpi
https://www.rohde-schwarz.com/rc-via-scpi

R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Performing a measurement

Suffix:
<n> irrelevant
Example: INIT:REFR
Updates the IQ measurement results.
Usage: Asynchronous command

Manual operation: See "Refresh" on page 95

INITiate:SEQuencer:ABORt
Stops the currently active sequence of measurements.

You can start a new sequence any time using INITiate:SEQuencer:IMMediate
on page 260.

Usage: Event

INITiate:SEQuencer:IMMediate
Starts a new sequence of measurements by the Sequencer.

Its effect is similar to the TNTTiate<n>[:IMMediate] command used for a single
measurement.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 261).

Example: SYST:SEQ ON
Activates the Sequencer.
INIT:SEQ:MODE SING
Sets single sequence mode so each active measurement is per-
formed once.
INIT:SEQ:IMM

Starts the sequential measurements.

INITiate:SEQuencer:REFResh[:ALL]

Is only available if the Sequencer is deactivated (SYSTem: SEQuencer
SYST:SEQ:0FF) and only in MSRA mode.

The data in the capture buffer is re-evaluated by all active MSRA secondary applica-
tions.
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SYST:SEQ:OFF

Deactivates the scheduler

INIT:CONT OFF

Switches to single sweep mode.

INIT; *WAT

Starts a new data measurement and waits for the end of the
sweep.

INIT:SEQ:REFR

Refreshes the display for all channels.

INITiate:SEQuencer:MODE <Mode>

Defines the capture mode for the entire measurement sequence and all measurement
groups and channels it contains.

Note: To synchronize to the end of a measurement sequence using *OPC, *OPC? or
*WAT, use SINGle Sequencer mode.

Parameters:
<Mode>

SINGle

Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence is finished.

CONTinuous

Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence restarts with the first one and
continues until it is stopped explicitly.

*RST: CONTinuous

SYSTem:SEQuencer <State>

Turns the Sequencer on and off. The Sequencer must be active before any other
Sequencer commands (INIT:SEQ. . .) are executed, otherwise an error occurs.

Parameters:
<State>

User Manual 1179.3844.02 — 06

ON|OFF |01

ON |1

The Sequencer is activated and a sequential measurement is
started immediately.

OFF | 0

The Sequencer is deactivated. Any running sequential measure-
ments are stopped. Further Sequencer commands

(INIT:SEQ. ..)are not available.

*RST: 0
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Example: SYST:SEQ ON
Activates the Sequencer.
INIT:SEQ:MODE SING
Sets single Sequencer mode so each active measurement is
performed once.
INIT:SEQ: IMM

Starts the sequential measurements.
SYST:SEQ OFF

8.6 Analysis

General result analysis settings concerning the trace, markers, windows etc. can be

configured.

o ResuUlt configuIration.........uueueiiiciceie e 262
L IS o 11 Vo TP UPUPPPRt 265
O UNItS fOr r@SUILS....eeeieeee e e e e e 268
®  WOrking With Markers.........ooeeiii oo e e 270
o Z00ming iNtO the diSPlay.......ccccuuiiiiiiiiieiie e 281
e Configuring an analysis interval and line (MSRA mode only)......ccccccveeeeiiiieicnnnns 285

8.6.1 Result configuration

[SENSEe:]IDEMOA:EVMCAIC:FAVEIAQE. ....cevvueeeeeeeeiiteeeeeeieteeeeeeeeetee e e e s eeasaaeeaseeesannseeeeeesnns 262
[SENSe:]IDEMod:EVMCAICINORMAIIZE......ccvuuieeeeieiiiieeeeeeeiiee e eee et s e e e eeetaee e e e e eeebaeeaeees 263
CALCulate<n>:BITStream:FORMEL. .......cccuueeiieieieeie e e e ettt et e e e e e e e e e eeeeeeaaaee e e 263
CONFIgUre:FILTEr<N>ICARRIE . ... . e e e e e e e e e ettt ettt a e e e e e e e e e aaaaaaeeaeeeaeeee 263
CONFigure:FILTer<n>:MODUIBHON. ... cttieeeeeeeeeeee et e e e e e e e e e e e eaeeeeeeeeeneees 264
CONFigure:FILTer<n>:MODUIAtiON:TYPE........ccceiiieieeeeeieieiieieteeeee e e e e e e e e e e e e eeeeeeeeeeeeneeees 264
CONFIgUre:FILTEr<N>:SYMBOL...cccveuruureruununaaaaaaeieeeeeeeeeaeeeeeeeeeeeeeerenetnsnsnnnnnaaaaaaesesasaaeees 264

[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 131
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[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.

Manual operation: See "Normalize EVM to" on page 131

CALCulate<n>:BITStream:FORMat <Mode>

Defines the format of the symbols for the Bitstream display.

Suffix:

<n> 1..n

Parameters:

<Mode> BINary | OCTal | DECimal | HEXadecimal
*RST: HEXadecimal

Example: CALC2:BITS:FORM DEC

Sets the bitstream display on window 2 to use decimal format.

CONFigure:FILTer<n>:CARRier <CarrierNo>

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

The range of valid carrier numbers is:

[- FFT Size/2, +FFT Size/2]
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Suffix:
<n>

Parameters:
<CarrierNo>

Example:

Manual operation:

Analysis

1..n
Window
ALL | integer

CONF:FILT:CARR -2

See "Constellation Display - Carrier" on page 132

CONFigure:FILTer<n>:MODulation <Modulation>

The constellation diagram includes only symbols for the selected modulation.

Suffix:
<n>

Parameters:
<Modulation>

Example:

Manual operation:

1..n
Window
ALL | 'string'

Modulation as defined in the configuration file.
CONF:FILT:MOD 'Zero'

See "Constellation Display - Modulation" on page 131

CONFigure:FILTer<n>:MODulation: TYPE <ModType>

The constellation diagram includes only cells for the selected modulation type.

Suffix:
<n>

Parameters:
<ModType>

Example:

Manual operation:

1..n
Window

PDATa | PlLots | DATA

PDATa

Pilot and data cells
PlLots

Pilot cells only

DATA
Data cells only

CONF:FILT:MOD:TYPE DATA
Only data cells are displayed.

See "Constellation Display - Modulation Type" on page 131

CONFigure:FILTer<n>:SYMBol <SymbolNo>

The constellation diagram includes all or only the specified symbol number. The first

symbol is 0.
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Suffix:
<n> 1..n

Window
Parameters:
<SymbolNo> ALL | integer
Example: CONF:FILT:SYMB 2
Manual operation: See "Constellation Display - Symbol" on page 132
Scaling
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:AUTO ONCE.................... 265
DISPlay[:WINDow<n>][:SUBWindow<n>]: TRACe<t>:Y[:SCALE:AUTO........eveveeeereerererereene. 265
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACEe<t>:Y[:SCALE].....cetetrrrrrrrrrierreererrniiaenaans 266
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:PDIVision..........c.cceeereereun. 266
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RPOSition.............ccevrrrrr.. 266
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RVALUE.......cc.cccvvrrrrrrrurnn.. 267
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]l:MAXIMUM.....c.citiiriiiiiiieeeeee e e eee e 267
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:MINIMUM.....cccouiiiiiiiiiiiiie e 267

DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:AUTO ONCE

Automatic scaling of the y-axis is performed once, then switched off again (for all
traces).

Suffix:
<n> Window
<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 134
See "Auto Scale Once" on page 134
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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

<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 135

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 FSW adjusts the scaling of the y-axis accordingly.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> irrelevant
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Example: DISP:TRAC:Y:RPOS 50PCT

Manual operation: See "Ref Position" on page 135

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 135

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 135

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 135
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Units for results

L8Nl 07 =TT 268
L0811 = 268
LT I == N 269
LN | oo 3 T =S 269
(0N RS T AN =N 269
L I 1 =TT 270

UNIT:CAXes <Unit>

Selects the unit for result displays that show results on carrier level, for example the
EVM vs Carrier.

Parameters:
<Unit> CARR
Carrier axis represents the subcarriers.
HZ
Carrier axis represents the frequency (Hz).
*RST: CARR
Example: UNIT:CAX CARR

Selects 'subcarriers' as the unit of the carrier axis.

Manual operation: See "Channel Flatness" on page 14
See "Constellation vs Carrier" on page 16
See "EVM vs Carrier" on page 18
See "EVM vs Symbol vs Carrier" on page 19
See "Group Delay" on page 20
See "Power vs Carrier" on page 24
See "Power vs Symbol vs Carrier" on page 25

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 18
See "EVM vs Symbol vs Carrier" on page 19
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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 23

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 21

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.
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Manual operation: See "Allocation Matrix" on page 11
See "Constellation vs Symbol" on page 17
See "EVM vs Symbol" on page 18
See "EVM vs Symbol vs Carrier" on page 19
See "Power vs Symbol" on page 25
See "Power vs Symbol vs Carrier" on page 25

UNIT:TAXes <Unit>

Selects the unit for result displays that show results over time, for example the Magni-
tude Capture display.

Parameters:
<Unit> SECond
Time axis represents seconds.
SAMPle
Time axis represents samples.
SYMBol
Time axis represents symbols.
This setting is not available if 2 different cyclic prefix lengths are
used (see CONFigure [ :SYMBol] : GUARd : MODE on page 159).
*RST: SEC
Example: UNIT:TAX SEC

Selects 'seconds' as the unit of the time axis.

Manual operation: See "Magnitude Capture" on page 22

8.6.4 Working with markers

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

e Individual marker SEtiNgS.....cooi i 270
o General marker SEtiNGS. ....oovviiii i 275
o Marker positioning SEttiNgS........cccccciiiiiiire e 276

8.6.4.1 Individual marker settings
In OFDM VSA evaluations, up to 5 markers can be activated in each diagram at any
time.

Useful commands for configuring markers described elsewhere:
® CALCulate<n>:MARKer<m>:Y? on page 306

® C(CAlLCulate<n>:DELTamarker<m>:Y? on page 304
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Remote commands exclusive to individual markers

CALCulate<n>:MARKEIr<mM>:IAOFF ......ou ittt et e et e e et e e e e ena s 271
CALCulate<n>:MARKer<ms>:LINK:TO:MARKEIr<MO>.......cccceereeieeeeiiieieeeeeeerererrnrnnanannns 271
CALCUIate<n> MARKEIr<MSE[:STATE] ceuuueteeeiertiiieeeeettttaeeeeeeeetaaeeeeseestaaaeeeseesntaeeaeresrnnnnns 272
CALCuUlate<n>:MARKEIr<M>:TRACE. .......cieieeiitetieeeeeeeetieeeeeeeeetiee e e e e eeteaeeaeseerteseeeeeerananns 272
CALCUIAtE<N>IMARKEISIMS X eeiiieeeeeeeettee e eeeeeetee e e e e eeeteaeeeeeetabeeeeeseetanaeeeerensanaaaesenes 272
CALCulate<n>:DELTamarker<m>:AOFF.........ccooou i 273
CALCulate<n>:DELTamarker<m>:LINK...........oceeiuiiiiieee et et e e e e e eeeans 273
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEr<md>..........ccceerereuiererrnieeenneeeeeneeennnns 273
CALCulate<n>:DELTamarker<m>:MREFEIENCE.............eevrrrrrurmrieiiieieieeeeeeeaeeeeeeeereeeeeeesenns 274
CALCulate<n>:DELTamarker<m>[:STATE]......ccuuueeeeeerieriieeeeeeetriieeeeeeerieeeeeeerasteseeeeeerannnns 274
CALCulate<n>:DELTamarker<m>:TRACE.........ccuueiereeieriieieeeeeriieeeeeeeeateeeeeeeetaaeeeeeeeeranns 275
CALCulate<n>:DELTamarker<m>:X........cuiiieiuoieiiiiie e e et eeeeie e e e e e e eae e e et e eeeteeeenaeaeens 275

CALCulate<n>:MARKer<m>:AOFF

Turns off all markers.

Suffix:

<n> Window

<m> Marker

Example: CALC:MARK:AOFF

Switches off all markers.

Manual operation: See "All Markers Off" on page 139

CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md> <State>

Links the normal source marker <ms> to any active destination marker <md> (normal
or delta marker).

If you change the horizontal position of marker <md>, marker <ms> changes its hori-
zontal position to the same value.

Suffix:
<n> Window
<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 139
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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 "Select Marker" on page 137
See "Marker State" on page 138
See "Marker Type" on page 138

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.

Suffix:

<n> Window

<m> Marker

Parameters:

<Trace>

Example: //Assign marker to trace 1

CALC:MARK3:TRAC 2

Manual operation: See "Assigning the Marker to a Trace" on page 139

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
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<m>

Parameters:
<Position>

Example:

Manual operation:

Analysis

Marker

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

CALC:MARK2:X 1.7MHz
Positions marker 2 to frequency 1.7 MHz.

See "Marker Table" on page 22
See "X-Value" on page 138

CALCulate<n>:DELTamarker<m>:AOFF

Turns off all delta markers.

Suffix:
<n>

<m>

Example:

Window
irrelevant

CALC:DELT:AQFF
Turns off all delta markers.

CALCulate<n>:DELTamarker<m>:LINK <State>

Links delta marker <m> to marker 1.

If you change the horizontal position (x-value) of marker 1, delta marker <m> changes
its horizontal position to the same value.

Suffix:
<n>

<m>

Parameters:
<State>

Example:

Manual operation:

Window
Marker

ON|OFF |01
OFF | 0
Switches the function off

ON |1
Switches the function on

CALC:DELT2:LINK ON

See "Linking to Another Marker" on page 139

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).
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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 139
CALCulate<n>:DELTamarker<m>:MREFerence <Reference>
Selects a reference marker for a delta marker other than marker 1.
Suffix:
<n> Window
<m> Marker
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 139

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

User Manual 1179.3844.02 — 06 274



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

8.6.4.2

Analysis

ON |1
Switches the function on

Example: CALC:DELT2 ON
Turns on delta marker 2.

Manual operation: See "Select Marker" on page 137
See "Marker State" on page 138
See "Marker Type" on page 138

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.

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 "X-Value" on page 138
General marker settings

DISPIlay[:WINDOWSN>]:MINFO[:STATE]. e ettt tteeeeeeetaeeeei e eeenseeetaaeeeeneeeeneseenaaserennsaennnneeeen 275
DISPIay[:WINDOWSNZ]IMTABIE. ... . eaeaeieiee e e e eeeeeeeeee et eeee et eeeaeteteeaesasas e e e e e e e eaeaaaaaeeeeeenenes 276

DISPlay[:WINDow<n>]:MINFo[:STATe] <State>

Turns the marker information in all diagrams on and off.
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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 140

DISPlay[:WINDow<n>]:MTABIe <DisplayMode>

Turns the marker table on and off.

Suffix:
<n> irrelevant
Parameters:
<DisplayMode> ON |1
Turns on the marker table.
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 140

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 272

® CALCulate<n>:DELTamarker<m>:TRACe on page 275

Remote commands exclusive to positioning markers:

CALCulate<n>:DELTamarker<m>:MAXIMUM:APEGK............ccevueiereerieirieieeeeeerieeeeeeeeerenns 277
CALCulate<n>:DELTamarker<m>:MAXimUM:LEFT.........cooimmiii e 277
CALCulate<n>:DELTamarker<m>:MAXIimMUMINEXT.......cccoiiiiiiiiieie e 277
CALCulate<n>:DELTamarker<m>:MAXimUM[:PEAK]........ccceeiiiieeeeieieeeeeeeeeeeieeeeee s 278
CALCulate<n>:DELTamarker<m>:MAXIimMUM:RIGHL...........ccceeiriiiiiiiieiee e, 278
CALCulate<n>:DELTamarker<m>:MINIMUM:LEFT.......ccuceeeiiiiiiiiiiieeeeeereeee e eeevaenn 278
CALCulate<n>:DELTamarker<m>:MINIMUMNEXT.......coeiiiiiiirieieeeieeiieeeeeeeeeteeeeeeeeraae e 278
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CALCulate<n>:DELTamarker<m>:MINIMUM[:PEAK].......ccouuriiiiiiiiiiicee e e eeeeeee e e 278
CALCulate<n>:DELTamarker<m>:MINIMum:RIGHt.............oocoiiiiiiiiiieie e 279
CALCulate<n>:MARKer<m>:MAXIMUM:APEGK........ccccouuieieeeieeieee e 279
CALCulate<n>:MARKer<m>:MAXIMUM:LEFT.......cuiiiiiii e 279
CALCulate<n>:MARKer<m>:MAXIMUMINEXT.......ccuiiiiieeiiiiiiiieeeeeeintee s eeeeeereeeeeseenbaneeeeens 279
CALCulate<n>:MARKer<m>:MAXIiMUM:RIGHTL..........ccooiiiiiiiiiiieeiciice et 280
CALCulate<n>:MARKer<m>:MAXIMUM[:PEAK].....cceeieitrieeeeeeeetieeee et e e eeeeeevannns 280
CALCulate<n>:MARKer<m>:MINIMUM:LEFT........coomiiiii e 280
CALCulate<n>:MARKer<m>:MINIiMUMINEXT ........oouiiiiieeie et 280
CALCulate<n>:MARKer<m>:MINIMUM:RIGHL..........cooimuiiiii e 281
CALCulate<n>:MARKer<m>:MINIMUM[:PEAK].......uuuruuieeiieieieeeeeeeeeeeeeeeeeeeeeeeeeeresssssnnnnnnn.. 281
CALCulate<n>:MARKEr<m>:SEARCN........cciiiiiiiiiieieeiietee e ettt e e e eetaae e e e e e eeranas 281

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

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 141

CALCulate<n>:DELTamarker<m>:MAXimum:NEXT

Moves a marker to the next positive peak value.

Suffix:

<n> 1..n
Window

<m> 1..n
Marker

Manual operation: See "Search Next Peak" on page 141
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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 141

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 141

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 141

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 141

CALCulate<n>:DELTamarker<m>:MINimum[:PEAK]

Moves a delta marker to the minimum level.

User Manual 1179.3844.02 — 06 278



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Analysis

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 141

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 141

CALCulate<n>:MARKer<m>:MAXimum:APEak

sets the marker to the largest absolute peak value (maximum or minimum) of the
selected trace.

Suffix:

<n> Window
<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 141

CALCulate<n>:MARKer<m>:MAXimum:NEXT
Moves a marker to the next positive peak.

Suffix:
<n> Window
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<m> Marker

Manual operation: See "Search Next Peak" on page 141

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 141

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

Manual operation: See "Peak Search" on page 141

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 141

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 141
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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 141

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 141

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

Zooming into the display

Using the single zoom

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:AREA.........cceeeee et 282
DISPlay[:WINDow<n>][:SUBWINdow<w>]:ZOOM[:STATE ... vveeeeereeeererereererereseeseseseeserenenes 283
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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 %)

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

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
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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.

8.6.5.2 Using the multiple zoom

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTIple<zn>:AREA.......coceevrevererereeerens 283
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>[:STATE]......ccreeeerreeerrnrn. 284

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  1Rm Clrw %)

‘
CF 2,.000519931 GHz 498 pts 1,24 MHz/Span 12.435008666 MHz|

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.
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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: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
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8.6.6 Configuring an analysis interval and line (MSRA mode only)

In MSRA operating mode, only the MSRA primary actually captures data; the MSRA
secondary applications define an extract of the captured data for analysis, referred to
as the analysis interval. The analysis line is a common time marker for all MSRA
secondary applications.

For the OFDM VSA secondary application, the commands to define the analysis inter-
val are the same as those used to define the actual data acquisition (see Chapter 4.5,
"Data acquisition”, on page 90. Be sure to select the correct measurement channel
before executing these commands.

Useful commands related to MSRA mode described elsewhere:
® INITiate<n>:REFResh on page 259

® INITiate:SEQuencer:REFResh[:ALL] on page 260

Remote commands exclusive to MSRA secondary applications

The following commands are only available for MSRA secondary application channels:

CALCulate<n>:MSRA:ALINE:SHOW. ... oottt e e e e e enas 285
CALCulate<n>:MSRA:ALINE[:VALUE]. ...ttt e e e e e e e e e e e e e e e 285
CALCulate<n>:MSRA:WINDOWSNZ:IVAL. .....oeieiieeeeeeeeieeee e et e e eeee et e e e e e e e e eeanaeees 286
[SENSE:IMSRA:CAPTUIEIOFFSEL......ceeieieieeeeeeeeeteeieieteeeeasae e e e e e e e e e e aaeaeeeeeeeeeeeeeeeeenennnnan 286

CALCulate<n>:MSRA:ALINe:SHOW

Defines whether or not the analysis line is displayed in all time-based windows in all
MSRA secondary applications and the MSRA primary application.

Note: even if the analysis line display is off, the indication whether or not the currently
defined line position lies within the analysis interval of the active secondary application
remains in the window title bars.

Suffix:

<n> irrelevant

Parameters:

<State> ON|OFF |01
OFF |0
Switches the function off
ON |1

Switches the function on

Manual operation: See "Show Line" on page 144

CALCulate<n>:MSRA:ALINe[:VALue] <Position>

Defines the position of the analysis line for all time-based windows in all MSRA secon-
dary applications and the MSRA primary application.

Suffix:
<n> irrelevant
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Parameters:
<Position> Position of the analysis line in seconds. The position must lie
within the measurement time of the MSRA measurement.

Default unit: s

Manual operation: See "Position" on page 144

CALCulate<n>:MSRA:WINDow<n>:IVAL

Returns the current analysis interval for applications in MSRA operating mode.

Suffix:
<n> irrelevant
<n> 1..n
Window
Return values:
<IntStart> Analysis start = Capture offset time

Default unit: s

<IntStop> Analysis end = capture offset + capture time
Default unit: s

[SENSe:]MSRA:CAPTure:OFFSet <Offset>

This setting is only available for secondary applications in MSRA mode, not for the
MSRA primary application. It has a similar effect as the trigger offset in other measure-
ments.

Parameters:

<Offset> This parameter defines the time offset between the capture buf-
fer start and the start of the extracted secondary application
data. The offset must be a positive value, as the secondary
application can only analyze data that is contained in the cap-
ture buffer.

Range: 0 to <Record length>
*RST: 0
Default unit: S

Manual operation: See "Capture Offset" on page 90

Configuring the result display
The following commands are required to configure the result display in a remote envi-
ronment.

o General WindOW COMMANTS........ccuuiiiieiiiiiiie et e et e e e e e e e e e e eaaae e e e e eeeranns 287
e Working with windows in the diSplay............uuiiiciiiiiiiiie e 287
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8.7.2

Configuring the result display

General window commands

The following commands are required to configure general window layout, independent
of the application.

(DR ol NV L @] Y =Y SRR 287
DISPIay[:WINDOWSNS]:SIZE.....uuu e e eieieeieeeeeeeetie e e e ettt e e e e e et e e e e e eetaaeeaeeesaaaseeesenrananss 287

DISPlay:FORMat <Format>

Determines which tab is displayed.

Parameters:

<Format> SPLit
Displays the MultiView tab with an overview of all active chan-
nels
SINGle
Displays the measurement channel that was previously focused.
*RST: SING

Example: DISP:FORM SPL

DISPlay[:WINDow<n>]:SIZE <Size>

Maximizes the size of the selected result display window temporarily. To change the
size of several windows on the screen permanently, use the LAY : SPL. command (see
LAYout:SPLitter on page 292).

Suffix:
<n> Window
Parameters:
<Size> LARGe
Maximizes the selected window to full screen.
Other windows are still active in the background.
SMALI
Reduces the size of the selected window to its original size.
If more than one measurement window was displayed originally,
these are visible again.
*RST: SMALI
Example: DISP:WIND2:SIZE LARG

Working with windows in the display

The following commands are required to change the evaluation type and rearrange the
screen layout for a channel as you do using the SmartGrid in manual operation. Since
the available evaluation types depend on the selected application, some parameters
for the following commands also depend on the selected channel.
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Note that the suffix <n> always refers to the window in the currently selected channel.

LAYOUL ADD:WIND OW] 2.t ettt ettt et e e e e e e s e e et et s e et e s e e s e e ea e e e e e e e eeneen 288
LAYOUL: CATaIOG:WINDOW]?.... ettt ettt e et et e et et e et e e ee e e e e e e e e e e e enaeeeans 290
LAYOUL: IDENY[:WINDOW] ...ttt ettt ettt et et e e e e et e et e e e e e e enas 290
LAYOUL:MOVE[IWINDOW].cetttuuteeeeeetnueeeeeeettaseeeseeennaseeesestannaeesessssanseesensnnnseeeessnsnnneeesenes 291
LAYOUt:REMOVE[:WINDOW]....ettttutuueaaaieaeeeseeeeeaeseeeeeeeaeeeeenensnsnnnnnnnaanaeseesesaaaeeeeseeeeennnnnes 291
LAYOUt:REPLACE[IWINDOW]....ceutueieeiietiiiieeeeeettieeeeeeeettieeeeeeeestaseeesestaneeeeerentaneaesensnnnnnns 291
[N o T RS od W11 (=] SO UPPPPROR 292
LAYOULWINDOWSNZ I ADD 2. ettt et et e e e e e s e et st s e e e e a e e aeans 293
LAYOUt:WINDOWSNZ:IIDENLfY 2.ttt ettt et et e e e e e e eans 294
LAYOUt:WINDOWSN>REMOVE. ....ccittiuuieieeiiiiiieeeeeeetteaeeee s sttt s e eeeeetnnsaeeseetnnesaeeeensanseaaeens 294
LAYOUL:WINDOWSN>IREPLACE. .....unciieeeeiet et et e et e e e e eee e e e eae e e e e e enaeeees 294
LAYOUE:WINDOWSNZTYPE . ... i ciiieeet i ee e e et e et e et e e e e e et e s et e e sea e e eeaneeeeaneenenns 295

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.

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 14
See "Channel Flatness" on page 14
See "Constellation Diagram" on page 15
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 18
See "EVM vs Symbol vs Carrier" on page 19
See "Group Delay" on page 20
See "Impulse Response" on page 21
See "Magnitude Capture" on page 22
See "Marker Table" on page 22
See "Notes" on page 23
See "Power Spectrum" 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 25
See "Result Summary" on page 26
See "Signal Flow" on page 27
See "Trigger to Sync" on page 28

Table 8-4: <WindowType> parameter values for OFDM VSA application

Parameter value Window type

AMATTix "Allocation Matrix"
BITStream "Bitstream"

CCARtrier "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"

User Manual 1179.3844.02 — 06 289



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Configuring the result display

Parameter value Window type
PSYMbol "Power vs Symbol"
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>

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 LAYout : WINDow<n>:
IDENtify? query.

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

Usage: Query only
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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','1l',LEFT
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.

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.
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<WindowType> Type of result display you want to use in the existing window.
See LAYout:ADD[ :WINDow] ? on page 288 for a list of availa-
ble window types.

Example: LAY:REPL:WIND '1',MTAB
Replaces the result display in window 1 with a marker table.

Usage: Setting only

LAYout:SPLitter <Index1>, <Index2>, <Position>

Changes the position of a splitter and thus controls the size of the windows on each
side of the splitter.

Compared to the DISPlay [ :WINDow<n>] : STZE on page 287 command, the
LAYout:SPLitter changes the size of all windows to either side of the splitter per-
manently, it does not just maximize a single window temporarily.

Note that windows must have a certain minimum size. If the position you define con-
flicts with the minimum size of any of the affected windows, the command does not
work, but does not return an error.

x=100 x=100, y=100

1 Frequency Sweep P 7 'mﬁtr[r » P Clr z ‘|-

CF 18 G TN s F05% GHef Span M5 e | OF TR25 GHe 1001 plsSpan 6.5 Gz rame & 0

A Presaloctos

x=0, y=0 y=100
Figure 8-1: SmartGrid coordinates for remote control of the splitters

Setting parameters:
<Index1> The index of one window the splitter controls.

<Index2> The index of a window on the other side of the splitter.
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<Position> New vertical or horizontal position of the splitter as a fraction of
the screen area (without channel and status bar and softkey
menu).
The point of origin (x = 0, y = 0) is in the lower left corner of the
screen. The end point (x = 100, y = 100) is in the upper right cor-
ner of the screen. (See Figure 8-1.)
The direction in which the splitter is moved depends on the
screen layout. If the windows are positioned horizontally, the
splitter also moves horizontally. If the windows are positioned
vertically, the splitter also moves vertically.

Range: 0 to 100

Example: LAY:SPL 1,3,50
Moves the splitter between window 1 ('Frequency Sweep') and 3
("Marker Table™) to the center (50%) of the screen, i.e. in the
figure above, to the left.

Example: LAY:SPL 1,4,70
Moves the splitter between window 1 (‘Frequency Sweep') and 3
("Marker Peak List") towards the top (70%) of the screen.
The following commands have the exact same effect, as any
combination of windows above and below the splitter moves the
splitter vertically.
LAY:SPL 3,2,70
LAY:SPL 4,1,70
LAY:SPL 2,1,70

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 288 for a list of availa-
ble window types.

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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Configuring the result display

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

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 : IDENtify [ :
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:
L} 2 L}

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 LAYout : 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.
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8.8

8.8.1

Retrieving results

Suffix:
<n> Window

Setting parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout:ADD[ :WINDow] ? on page 288 for a list of availa-
ble window types.

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 288.

Note that this command is not available in all applications and measurements.

Suffix:
<n> 1..n
Window
Parameters:
<WindowType>
Example: LAY :WIND2:TYPE?

Retrieving results

The following commands are required to retrieve the calculated OFDM VSA parame-
ters.

e Retrieving NUMENCAl rESUIS.......cvvuiiiiiiieeere e 295
e Retrieving signal flow results...........oo o 300
e Retrieving trace data and marker values.............ccovvrririiiiiiiiciccccie e, 304
o Using the TRACE[:DATA] COMMANG.......cuiiiiiiiiaaeiiiieeie et a e e 313

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

FETCR:BURSE COUNL ...t et e e e e e e e e et et s e e e e e an e e a e aenns 296
FETCh:BURSELENGINS? ... i e et e e e e e e aeeaas 297
L IO N TS Sl Y a4 372N 297
] O RS W =Y o AN I 297
FETCh:SUMMary:CRESEMAXIMUM?.....cciiitiieeeeeeitiiieeee e eetieeeeeeseesaesesseeasnneeeeseestanseaaeens 298

User Manual 1179.3844.02 — 06 295



R&S®FSW-K96

Remote commands for the R&S FSW OFDM VSA application

Retrieving results

FETCh:SUMMary:CRESHMINIMUM? ...ttt et e e e e e e e e 298
FETCh:SUMMary:CRESI:AVERAGE]?......eeeeeeeeereeeesesesesesesessesesseseseeseesessesesseseseesesnaees 298
FETCh:SUMMary:EVM:DATAIMAXIMUM?. ..ttt e e e e e e e e 298
FETCh:SUMMary:EVM:DATAIMINIMUM?...c.evriieietnnaaaaaeaeseeeeseeeaaaeaesereeeeeeneneenensnnnnnnnnnns 298
FETCh:SUMMary:EVM:DATA[AVERAGE]?.cuuuuieeeietiiieieeeeettiiieeeeeetateeeeeseetaneeesersssnnaaaesenes 298
FETCh:SUMMary:EVMPeak:DATAIMAXIMUM* ?...uuiieiiiiiieeieeeeetiieeeeeeeetieeeeeeeesnnaeseeeeeennns 298
FETCh:SUMMary:EVMPeak:DATA:PCT:MAXIMUM*?......cccoiiiiiiiiieieieininiinnee e e e e e e e e aaaaeaas 298
FETCh:SUMMary:EVMPeak:PILOt:MAXIMUM™ 2. ...ttt 298
FETCh:SUMMary:EVMPeak:PILot:PCT:MAXIMUM™ ...t 298
FETCh:SUMMary:EVMPeak[: ALLI:MAXIMUM*?.....eiieieieeeeeieeeeieieeeeae e e e e e e e e e aeaaaeeeeeeeees 298
FETCh:SUMMary:EVMPeak[:ALL::PCT:MAXIMUM* 2..cceiiiiiecciitieeeeeee e e e e e e esesncnreeeeeeeaae e 298
FETCh:SUMMary:EVM:PILOMAXIMUM?...covttiieieeieeiiieeeeeeetiee s eeeeeeteeeeeeeanteeeeesesbaneeaeees 299
FETCh:SUMMary:EVM:PILOLMINIMUM?. ...uuiiiieieieie e e e e eeeeee e e e e e e e 299
FETCh:SUMMary:EVM:PILO{[:AVERGAGE]?.....cu ettt e e e e 299
FETCh:SUMMary:EVM:PILOt:PCT[:AVERGAQGE]?.... ettt e e 299
FETCh:SUMMary:EVM[:ALL]:MAXIMUM ...ttt e s ee e e e e e e e 299
FETCh:SUMMary:EVM[:ALLLMINIMUM?. ... ieieeie e e e e eeeeeeeeeeeeeee et e e e e e e e e e e 299
FETCh:SUMMary:EVM[ALLILAVERAGE]?. v vveveeeeeereeeeeeeeeeeeeeesesseseeessesesessesesessessesseeneneas 299
FETCh:SUMMary:EVM[:ALL]:PCT:MAXIMUM?.....ccieitiiieeeieeeiiieeeeeeeetieeeeeeeevnnaeseeeeestanaeeaeens 299
FETCh:SUMMary:EVM[:ALLL:PCT:MINIMUM?...iiiieeeieeeeeeceeeeeeeeeeeeeete e e e e e e 299
FETCh:SUMMary:EVM[:ALL]:PCT[:AVERGAQGE]?. ... ettt ettt e e e 299
FETCh:SUMMary:FERROIMAXIMUM?....i ettt et e e e e e e e e 299
FETCh:SUMMary:FERROIMINIMUM?...ceiiiieiieee ettt e e e e e e e e e 299
FETCh:SUMMary:FERROI:AVERGGE]?......cceieieeeieieieieinneiaaaaaaaaeseeeeaaaaeaeseeesseeeeensennnsnnnnns 299
FETCh:SUMMary:GIMBalance:MAXIMUM?....cuuuiiie et eeeeetieieeeeeeenieseeeeeetnneeeeeeennannnns 299
FETCh:SUMMary:GIMBalance:MINIMUM?..........uiiieiiiiiiieieeeeeeiieeeeeeeeeteeeeeeeernneeeeeeeeranns 299
FETCh:SUMMary:GIMBalanCe[:AVERAGE]?....uuuuuuiieieieieieeeeeeeeeeeeeeeeeeeeeeseesnnnnnnns e e e e e as 299
FETCh:SUMMary:IQOFfset:MAXIMUM?......oiiiiiieeeieee ettt e e e e e e e e e e e e e eeeeeeeeeees 299
FETCh:SUMMary:IQOFfset:MINIMUM 2. ...cene et 299
FETCh:SUMMary:IQOFfSEt[:AVERAQJE]?...ceerrueeinrnnunaaaaaaaaeeeeeeeeeeaeeeeeeeeeeeeeaneenenennnnnnannns 299
FETCh:SUMMary:MER[ALLLEMAXIMUM?...euvururituiiaeieieeeeeeeeeeeeeeeesereeeeeeesessrsssarannnnnnnnnes 299
FETCh:SUMMary:MER[:ALLIMINIMUM?...eeituiieeeiiiiiieeee ettt seeeeeetaneseeeeeetnnesaeeeesraneaasens 299
FETCh:SUMMary:MER[:ALL][:AVERAJE]?.....ccceieieeeeeeeeeeeiitiniitceeseseseeeeeaeaaaesaeaeeeeeeeeeenens 299
FETCh:SUMMary:POWer:MAXIMUM? ... ittt e et e e e et e e e e e eea e 299
FETCh:SUMMary:POWer:MINIMUM?.....c. ettt e e et e e e e e e e eanas 299
FETCh:SUMMary:POWEIT:AVERAGE]?. c.....cveeeereeeereeeeseeseseesssesesseseseeseesessesessesesseseseseeeans 299
FETCh:SUMMary:QUADEITOr:MAXIMUM?......eeeeeeeeeeeeeienenneeaaaaaaeaesesessaaaesesseeseennneessnsnsnnen 299
FETCh:SUMMary:QUADEITOrMINIMUM?....ccieiiieeieeeeieieeeeeeeeevevasvabeneeeseeeeeeeaeaeaeseeeeeeees 299
FETCh:SUMMary:QUADEITOI:AVERAQGE]?...cceeietiiee ettt a e e e 299
FETCh:SUMMary:SERROIMAXIMUM?.....cciiiieieeeieeeeeeeeeete s ss s e s e e e e e e e aaaeaaseeeseseennees 299
FETCh:SUMMary:SERROFMINIMUM?....oeeee ettt e e e e e 299
FETCh:SUMMary:SERROIM:AVERGGE] . . ettt 299
FETCh:SUMM:<parameter>:<statiStic>...........eiiieiiiiiiiiiieiiieiceeeeeese e e e e e e e e e e e e e e e eeeeeeeeeeeees 299
L O o T I I o o =T T 299

FETCh:BURSt:COUNt?

Returns the number of analyzed bursts from the current capture buffer.
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Retrieving results

Return values:
<Value>

Usage: Query only

FETCh:BURSt:LENGths?
Returns the length of the analyzed bursts from the current measurement.
The result is a comma-separated list of lengths, one for each burst.

Return values:
<Value> Default unit: s

Usage: Query only

FETCh:BURSt:STARts?
Returns the start position of each analyzed burst in the current capture buffer.

Return values:
<Value> Offset of the burst start from the beginning of the capture buffer.

Default unit: s

Example: FETC:BURS:STAR?
//Result:
//6.04e-05
Usage: Query only

FETCh:SUMMary[:ALL]?
Returns all values in the result summary, in the same order as in the display

(See "Result Summary" on page 26.)
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Retrieving results

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 26

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:EVMPeak:DATA:MAXimum*?
FETCh:SUMMary:EVMPeak:DATA:PCT:MAXimum*?
FETCh:SUMMary:EVMPeak:PlLot:MAXimum*?
FETCh:SUMMary:EVMPeak:PlLot:PCT:MAXimum*?
FETCh:SUMMary:EVMPeak[:ALL]:MAXimum*?
FETCh:SUMMary:EVMPeak[:ALL]:PCT:MAXimum*?
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Retrieving results

FETCh:SUMMary:EVM:PILot:MAXimum?
FETCh:SUMMary:EVM:PILot:MINimum?
FETCh:SUMMary:EVM:PILot[:AVERage]?
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:GlMBalance[:AVERage]?
FETCh:SUMMary:IQOFfset:MAXimum?
FETCh:SUMMary:IQOFfset:MINimum?
FETCh:SUMMary:1QOFfset[:AVERage]?
FETCh:SUMMary:MER[:ALL]:MAXimum?
FETCh:SUMMary:MER[:ALL]:MINimum?
FETCh:SUMMary:MER[:ALL][:AVERage]?
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
Table 2-1.

*) These results are not included in the Result Summary display, nor in the FETCh :
SUMMary [ :ALL] ? results.

FETCh:TTFRame?

Retrieves the time offset between the trigger event and the start of the first OFDM
frame.

Return values:

<Time>
Example: FETC:TTFR?
Usage: Query only
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8.8.2

Retrieving results
Manual operation:  See "Trigger to Sync" on page 28
Retrieving signal flow results

The following commands are required to retrieve the results of the signal flow stages.
See also "Signal Flow" on page 27.

[ = O g RS Y o oYV o o N 300
L O ST ol o R AN =0 A I N 300
FETCh:SFLOW:STATE:BDETECHON?. ... eeeeeeeee e eeeee et e e e e e e e et e e e e e e e eeeean 301
FETCh:SFLOW:STATE:COMPENSAIE?. . uuuuueiiiieieieieeeeeeeeeeeeeeeeeeeeeeeerarararae e s e s eeeeeeaaeaeeas 301
FETCh:SFLOW:STATE:DESTIMAtION?....cieiiiiieeeeeieeiie i eeeeeetee e e e e eette e e e e seraaeeeeeeeetaeeeeeeenns 301
FETCH:SFLOW:STATEEVMMEAS?... . cieeietiieeeeeeeeeteeeeeeeetteeeeeeeeetaaeeeeeeaabaeeeeseesaaaeeaeseees 302
[ S O] RS Y ol W oY RN AN [N S 1 N (o3 S PP 302
FETCh:SFLOW:STATE:IMDETECHON?. .. enieiiiieie ettt e e e e e e e e ee e eneeenens 303
FETCh:SFLOW:STATE:PESTIMAION?.....uiiiriieeeei e ettt e e e e e eeeeennnas 303
FET CN:SFLOW: S TATE TSYNC? .. ceeiieteeeeeeee et ee e e e e et e e e e e e e e e ea e e raaeeeeanseeeanneeeenn 303
FETCN:SFLOWITSYNGC?...cieitetietiteititiieeaaeieieeeeeeeeeeeteeeeeeeeesessstatarasa—an i seseesasasaasesserereees 304

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

e Compensate

® EVM meas

Return values:

<Value> FAIL
Not successful
PASS
Successful
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Retrieving results

WARN
Warning occurred

DiSabled
Inactive

Example: FETC:SFL:STAT:ALL?

Usage: Query only

FETCh:SFLow:STATe:BDETection?
Returns the state of the burst detection stage of the signal flow.

Return values:
<Value> 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

FETCh:SFLow:STATe:DESTimation?
Returns the state of the data-aided parameter estimation stage of the signal flow.

Return values:
<Value>
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Retrieving results

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?

Usage: Query only
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Retrieving results

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

DiSabled
Inactive

Example: FETC:SFL:STAT:TSYN?
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Retrieving results

Usage: Query only

FETCh:SFLow:TSYNc?

Returns the Time Synchronisation value.

Return values:

<Value>
Example: FETC:SFL:TSYN?
Usage: Query only

8.8.3 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 272

Remote commands exclusive to retrieving trace data and marker values:

CALCulate<n>:DELTamarker<m>:Y2.......ccooiu oot eeaans 304
CALCulate<n>:DELTamarker<m>:Y:RELAIVE?........ccceuuieiiieieieeeeeeee e 305
CALCuUlate<n>:DELTAMAIKErSM>:iZ.....ccuueeeeieeeee et e et e e e e et e e et e e e e e e e e e e eaeerenans 305
CALCUIAte<N>MARKEISIMZ:IY 2...c.ccevirririretiiiiieaeeeeieseeeeeaaaeeeseeeeeeeersesrsrarararaaeaeaeeeens 306
CALCUIAtE<N> IMARKEISIMSIZ. .. e e eeeeettee i ee et ee e ettt e e e e e e et e e e e e ee b e e e e eeaabaeeaeseesannanns 306
FORMEIDATA ettt eeeeeeeeeeee et eeeeeeeseseseseseseeeseeeee et eeeseseseseseseseseseseeeeeeeesasneneneneeen 307
FORMat:DEXPOrt:DSEPAIrAtOr. .......iiiieeiitiee et ee et e e et e et e e et e e e e e eeaaeeeeanaaes 308
FORMAAt: DEXP O GRAP K. ettt et et s e e a e e a e e e eneeenanns 308
FORMAt:DEXPOIMHEADET. ... eeete et e et e et ee e e e e e e e e s etaeeeea e e eeaeeeeaeeeeanneees 308
FORMaAt:DEXP O TRACES. .....uieietieeeee ettt e et e et e e e e e e et e e e ea e e saaa e e e e e s eaneeersnaeerennees 309
FORMat: DEXP O XDISH D . 11 ieeeeeeeiieiee e eeeiee e e e ettt e e e e e ettt e e e e e ee it e e e e e s eetaeeeeeeeansaneaeeenns 309
MMEMOTY:STORESNZTRACE. .. . et eeiittieeeeeeeettee e e ettt eeeeeeeta e e eeeseataeeeeeetataeaeseerannnnns 309
TRACENS[:DATA]Z. e e eeeeeeeee e eeseseeeseseeeeeeeeeeeeeeeeeseseseseseseseseeeeeenseseseseseseseseseseseaees 310
TRACELNS[DATALX? e eeeeeeeeeeeeeeeeeeseseeeeeeeeseseseseeeeeeseeeseeeeseee st seseseseaseeeseaseseeeeeneeens 310
TRACELNSDATALY 2ot eeee e e e e eeeeeeeeeeeeeeaeeseseeeaseseeeeseseneeeeseseseeneseneeeesenenes 311
LI YO [ I A 7N 311
TRACE:IQ:DATAIFORMEAL. ...t ittt e e e e e e e e e s sa s sanenaens 312
TRACEIQ:DATAIMEMOIY?..cetiueeieeeeetteee e e ettt ee e e e ettt ie e e e e eeest e eaeseestaseseeresstaseeeeesrnnaaaaaes 312

CALCulate<n>:DELTamarker<m>:Y?

Queries the result at the position of the specified delta marker.

Suffix:
<n> 1..n
<m> 1..n
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Return values:
<Result>

Usage:

Manual operation:

Retrieving results

Result at the position of the delta marker.
The unit is variable and depends on the one you have currently
set.

Default unit: DBM
Query only
See "Y-Value" on page 138

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>

<m>

Return values:
<XValue>

Example:

Usage:

1..n
Window

1..n
Marker

Default unit: HZ

CALC:DELT3:Y:REL?

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>

<m>

Parameters:
<Result>

Example:
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1..n
Window

1..n
Marker

Result at the position of the delta marker.

For 3-dimensional constellation diagrams (Constellation vs car-
rier/symbol), this parameter defines the carrier or symbol,
respectively, to place the marker at.

The unit depends on the type of data displayed on the z-axis.

//Define a power vs. symbol vs. carrier display
LAY:ADD? '1',RIGH, PSC

//Set delta marker 2 at carrier 2

CALC2:DELT2:Y 2

//Query the delta marker result for carrier 2
CALC2:DELT2:Z?
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//Define constellation vs. symbol display
LAY:ADD? '1l',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>

<m>

Return values:
<Result>

Usage:

Manual operation:

Default unit: DBM
Query only

See "Marker Table" on page 22
See "Y-Value" on page 138

CALCulate<n>:MARKer<m>:Z <Result>

Sets a marker's current position on the z-axis or queries its result in a 3-dimensional

diagram.
Suffix:
<n>

<m>

Parameters:
<Result>

Example:
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1..n
Window

1..n
Marker

Result at the position of the marker.

For 3-dimensional constellation diagrams (Constellation vs car-
rier/symbol), this parameter defines the carrier or symbol,
respectively, to place the marker at.

The unit depends on the type of data displayed on the z-axis.

//Define a power vs. symbol vs. carrier display
LAY:ADD? '1',RIGH, PSC

//Set marker 2 at carrier 2

CALC2:MARK2:Y 2

//Query the marker result for carrier 2
CALC2:MARK2:7Z7?
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Example: //Define constellation vs. carrier display
LAY:ADD? '1l',RIGH,CCAR
//Set marker 2 at symbol 3
CALC2:MARK2:Z 3
//Query the marker result for symbol 3.
CAL2:MARK2:Y?

Manual operation: See "Constellation Diagram" on page 15
See "Constellation vs Carrier" on page 16
See "Constellation vs Symbol" on page 17
See "EVM vs Symbol vs Carrier" on page 19
See "Power vs Symbol vs Carrier" on page 25

FORMat[:DATA] <Format>[, <BitLength>]

Selects the data format that is used for transmission of trace data from the FSW to the
controlling computer.

Note that the command has no effect for data that you send to the FSW. The FSW
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".
In the Spectrum application, the format setting REAL is used for
the binary transmission of trace data.

<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.

Example: FORM REAL, 32
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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 POIN.

Example: FORM:DEXP:DSEP POIN
Sets the decimal point as separator.

Manual operation: See "Decimal Separator" on page 143

FORMat:DEXPort:GRAPh <State>

If enabled, all traces for the currently selected graphical result display are included in
the export file.

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 143

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.

Parameters:
<State> ON|OFF |01

*RST: 1

Manual operation: See "Include Instrument & Measurement Settings" on page 143
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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 309).

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 ASCII 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 142

FORMat:DEXPort:XDIStrib <XDistribution>
Defines how the x-values of the trace are determined in the frequency domain.

Parameters:
<XDistribution> STARtstop | BINCentered

BINCentered

The full measurement span is divided by the number of mea-
surement points to obtain bins. The x-value of the measurement
point is defined as the x-value at the center of the bin (bin/2).
STARtstop

(Default): The x-value of the first measurement point corre-
sponds to the starting point of the full measurement span. The x-
value of the last measurement point corresponds to the end
point of the full measurement span. All other measurement
points are divided evenly between the first and last points.

Example: FORM:DEXP:XDIS BINC

MMEMory:STORe<n>:TRACe <Trace>, <FileName>
Exports trace data from the specified window to an ASCII file.

For details on the order of the trace results depending on the display type, see Chap-
ter 8.8.4, "Using the TRACe[:DATA] command", on page 313.

Secure User Mode

In secure user mode, settings that are stored on the instrument are stored to volatile
memory, which is restricted to 256 MB. Thus, a "memory limit reached" error can occur
although the hard disk indicates that storage space is still available.
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To store data permanently, select an external storage location such as a USB memory
device.

For details, see "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the FSW base unit user manual.

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 143

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 8.8.4, "Using the TRACe[:DATA] command",
on page 313.

Suffix:
<n> 1..n
Window
Query parameters:
<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACE5 | TRACEG6
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 8.8.4, "Using the
TRACe[:DATA] command", on page 313.

Suffix:
<n> 1..n
Window
Query parameters:
<Trace> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES | TRACE6
Example: TRAC2:DATA:X?
Usage: Query only
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Manual operation: See "Allocation Matrix" on page 11
See "CCDF" on page 14
See "Channel Flatness" on page 14
See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 18
See "EVM vs Symbol vs Carrier" on page 19
See "Group Delay" on page 20
See "Impulse Response" on page 21
See "Magnitude Capture" on page 22
See "Power vs Carrier" on page 24
See "Power vs Symbol" on page 25
See "Power vs Symbol vs Carrier" on page 25

TRACe<n>[:DATA]:Y? [<Trace>]
Returns the y-values for 3-dimensional trace data in the selected result display.

For information on how many values are returned see Chapter 8.8.4, "Using the
TRACe[:DATA] command", on page 313.

Suffix:
<n> 1..n
Window
Query parameters:
<Trace>
Example: TRAC2:DATA:Y?
Usage: Query only

Manual operation: See "Allocation Matrix" on page 11
See "EVM vs Symbol vs Carrier" on page 19
See "Power vs Symbol vs Carrier" on page 25

TRACe:IQ:DATA?

Initiates a measurement with the current settings and returns the captured data from
I/Q measurements.

Corresponds to:
INIT:IMM; *WAI; :TRACe:IQ:DATA:MEMory?
However, the TRACe: IQ: DATA? command is quicker in comparison.

Return values:
<Results> Measured voltage for | and Q component for each sample that
has been captured during the measurement.

Default unit: V
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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

TRACe:IQ:DATA:FORMat <Format>
Selects the order of the 1/Q data.

Parameters:
<Format> COMPatible | IQBLock | IQPair

COMPatible

| 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.
(1L,1,1,1,Q,Q,Q,Q,1,1,1,1,Q,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
rQ,1,QlQ...).

*RST: IQBL

TRACe:IQ:DATA:MEMory? [<OffsetSamples>,<NoOfSamples>]
Queries the 1/Q data currently stored in the capture buffer of the FSW.

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: IQ:DATA? command initiates a new measurement before return-
ing the captured values, rather than returning the existing data in the memory.)

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.
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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
<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 307.

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

8.8.4 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.

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.
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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 307.

Following this detailed description, you find a short summary of the most important
functions of the TRACe<n>[:DATA] ? command.

L I N[ Fo Yoz o] g T g = 1 USSP 314
O BitSIrEaM...ceeccee e 314
L J O O I L PSR 315
®  Channel flatness. .. ... e 315
o Constellation diagram..... ..o 315
@ CoNnStellation VS CarTier..... ... it e e e e eas 317
o Constellation VS SYMDOL........oiiiiiiiii e 317
@ EVIM VS CaITIBr ittt eeie e e e e e e ettt e e e e e e e e e e e e e e e e e eeeeeeeeeeeesaseabasananan 318
®  EVM VS SYMDOL. ... a e e e e e e e e 318
@  EVM VS SYMDOI VS CaITIEr ... i i i i i ie e s e s e s e e e e e e e e e e e e e e e e e e e eeeaeeeeernnnnas 318
L I € o 1N o Jo (=] = 2SS 319
®  IMPUISE MBSPONSE. ... e et e e e e e e e e e e e e e e e e e e e e e e e et b e e eeeas 319
L J V= Vo 1 (0 To [T oz=T o (1 ] - S 319
@ POWET VS CaITIOr . uuiiiiiiieie e i i ie ettt et e e e e e e e s e e e e e e e e e e e s e s s s ntnreneeeeeaaeeeesanannnnnns 320
®  POWEN VS SYMDOL.... ... e a e 320
o  Power VS SYMDOI VS CarTiEr........cooiiiiiiieieiiiccre e e e e e e e e e e e e e e e ee e aennnanas 320
L I o VY= g o 1= o 1 1 o 321

8.8.4.1 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 310.

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 311.

8.8.4.2 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".
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CCDF

The command returns the complementary cumulative probability distribution for each
sample in the capture buffer, relative to the average power.

To obtain a list of the average power per sample, use TRACe<n>:DATA:X? TRACel,
see TRACe<n>[:DATA] : X? on page 310.

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.
e TRACE2

Returns the minimum power found over all frames.
e TRACES3

Returns the maximum power found over all frames.

Constellation diagram

The command returns two values (I/Q) for each constellation point, for each carrier, in
each symbol, in each frame, as defined in the Allocation matrix.

<I[Fol[Symgl[Carro]>, <Q[Fo][Symel[Carro]>, ..., <I[Fo][Symol[Carry]>, <Q[Fol[Symg][Carry]>,
<I[Fol[Sym4][Carro]>, <Q[Fo][Symy][Carro]>, ..., <I[Fo][Symi][Carry]>, <Q[F,l[Sym.][Carry]>,

<I[Fol[Sym.][Carro]>,
<I[F4][Syml[Carr]>,
<I[FJ[Sym4][Carro]>,

<Q[Fol[Symi][Carro]>, ..., <I[Fo][Symy][Carr,]>, <Q[Fo][Sym,][Carr,]>,
<Q[F][Symgl[Carro]>, ..., <I[F4][Symg][Carr,]>, <Q[F][Sym][Carr,]>,
<Q[F][Sym4][Carro]>, ..., <I[F1][Sym4][Carr,]>, <Q[F;][Sym/][Carr,]>,

<IF]Symnl[Carrol>, <QIF,J[Symy][Carro]>, ..., <I[F ][Symy][Carry]>, <Q[F][Sym,][Carr,]>

Where:

® F =frame

® Sym = symbol of that subframe
® Carr = subcarrier in that symbol

The | and Q values have no unit.
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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 Oor CONFigure:FILTer<n>:MODulation:
TYPE is ignored.

@ Results for trace export (MMEM:STOR:TRAC)

Note that for the trace export feature, the results are different to the TRACe<n> [ :
DATA] ? results (see MMEMory : STORe<n>: TRACe on page 309):

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 264)

—  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 Qo Q2 P2 B2 Q4 Q6 -1

u u u u u u u u -2
Where:

® P:pilots

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:
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Q0 Q2Q4 Q6 Q1 Q3 Q5Q7

8.8.4.6 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? TRACe2 returns Q values
Table 8-5: Results for TRACe1:DATA? TRACe1

<I[Fol[Carro][Symq]>,<I[Fol[Carro][Sym.]>, ..., <I[Fo][Carro][Sym,]>,
<I[Fol[Carrs[Symg]]>,<I[Fol[Carry[Symy]]> , ..., <I[Fo][Carrs][Sym,]>,

<I[Fol[Carry][Symq]>,<I[Fol[Carry][Symi]> , ..., <I[Fol[Carr,][Sym,]>,
<I[F1][Carro][Symg]>,<I[F4][Carro][Sym]> , ..., <I[F4][Carro][Sym,]>,
<I[F4][Carr][Symg]>,<I[F4][Carr;][Sym]> , ..., <I[F4][Carr;][Sym,]>,

<I[Fnl[Carry][Symgl>,<I[F J[Carr ][Symi]> , ..., <I[F,][Carr,][Sym,]>

Where:

® F =frame

® Carr = subcarrier in that frame
® Sym = symbol of that subcarrier

The | and Q values have no unit.

O To obtain a list of the subcarriers (corresponding to the x-axis in the matrix), use
= TRACe<n>:DATA:X? TRACel, see TRACe<n>[:DATA] :X? on page 310.

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

8.8.4.7 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 310.

Example for a result length of 4:
0,0,00,..,0,1,1,11,...,1,2222,...,23333...,3

8.8.4.8 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.

8.8.4.9 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.

8.8.4.10 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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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 310.

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 311.

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.

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.

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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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.

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.

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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8.8.4.17

8.9

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 310.

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 311.

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 FSW OFDM VSA appli-
cation are described.

For details on the common FSW status registers refer to the description of remote con-
trol basics in the FSW 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 FSW 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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Status reporting system

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 322
and STATus:QUEStionable:SYNC[:EVENt]? on page 322.

Table 8-6: Status error bits in STATus:QUEStionable:SYNC register for the R&S FSW 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 322
STATUs:QUEStIoNable:SYNCLEVENL] 2. e e 322
STATUS:QUESHIONADIE:SYNCENABIE. .. ..ttt e e e e e e e eneenas 322
STATUs:QUEStIONable:SYNCINTRANSIHION. ....ccvueeieeeeeeieeeeeieeeieee e e e e e e e e e e e e e e e eeeannees 323
STATUS:QUESHIONable:SYNC:PTRANSIION. ....ciieieerieieeieeeeieeeeeseeeiieeeeeereaeeeeeeeesaaeeeeeeenns 323

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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8.10

Deprecated commands

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.

Deprecated commands

Note that the following commands are maintained for compatibility reasons only. Use
the specified alternative commands for new remote control programs.

CALCulate<n>:FEED <ResultDisplay>

This command selects the result display.
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Deprecated commands

Note that this command is maintained for compatibility reasons only. Use the LAYout
commands for new remote control programs (see Chapter 8.7.2, "Working with win-
dows in the display", on page 287).

Suffix:
<n>

Window

Parameters for setting and query:

<ResultDisplay>
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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)

'STAT:SFLO'
(Signal Flow)
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8.11

8.11.1

Programming examples: OFDM vector signal analysis

Example: CALC2:FEED 'POW:CBUF'
Selects the Capture Buffer result display for screen B.

DISPlay[:WINDow<n>]:TYPE <WindowType>
Selects the results displayed in a measurement window.

Note that this command is maintained for compatibility reasons only. Use the LaYout
commands for new remote control programs (see Chapter 8.7.2, "Working with win-
dows in the display", on page 287).

Suffix:

<n> Window

Parameters:

<WindowType> The parameter values are the same as for LAYout :ADD[ :

WINDow] 2 on page 288.

Programming examples: OFDM vector signal analysis

The following examples demonstrate how to perform OFDM vector signal analysis in a
remote environment. They use I/Q data from the demo files provided with the FSW
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.

Example 1: analysis using a predefined configuration file

This example uses input from the demo file WlanA 64QAM.1iqg.tar and the configura-
tion file wlanA 64QAM.xml, which are both provided in the directory:
C:\R_S\INSTR\USER\demo\OFDM-VSA\.

Note: You must insert the correct path for your installation before executing this script.

[/ === Preparing the measurement channel -----——-—-—-—-
//Reset the instrument
*RST

//Create OFDM VSA channel as replacement for default Receiver channel
INST:CRE:REPL 'Receiver',6 OFDMVSA, '"MyOFDMVSA'

//Load I/Q data file for input

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INP:FILE:PATH 'WlanA 64QAM.ig.tar', 16000000
//Assign the file as input source

INP:SEL FIQ
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[/ === Configuring the OFDM signal --------------
//Use the provided sample file - insert correct path!

MMEM: LOAD:CFGF 'WlanA 64QAM.xml'

//Capture 40000 samples with a sample rate of 20 MHz
SWE:LENG 40000
TRAC:IQ:SRAT 20000000

//Enable burst search

DEM: FORM:BURS ON

//Max 1 frame to be demodulated, result length = 100 symbols per frame
DEM:FORM:MAXFEF 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

[/ =mmmmmmm e 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)
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8.11.2

Programming examples: OFDM vector signal analysis

FETC:BURS:COUN?
FETC:BURS:LENG?

//Query max. EVM of data symbols
FETC:SUMM:EVM:DATA :MAX?

//Query the state of the individual signal flow stages
FETC:SFL:STAT:ALL?

//Retrieve trace data for power vs symbol vs carrier diagram
TRAC3:DATA:X? TRACel

TRAC3:DATA:Y? TRACel

TRAC3:DATA? TRACel

//Retrieve trace data for filtered constellation diagram

TRAC4:DATA? TRACEL

Example 2: analysis with manual signal description

This signal uses input from the demo file WLANac 64QAM 20MHz ShortCP.iqg.tar.

Note: You must insert the correct path for your installation before executing this script.

e Preparing the measurement channel ------------
//Reset the instrument

*RST

//Create a second OFDM VSA channel
INST:CRE:NEW OFDMVSA, 'ManualOFDMVSA'

//Load I/Q data file for input

//Select file to load - insert correct path! Analysis bandwidth = 16 MHz
INP:FILE:PATH 'WLANac_ 64QAM 20MHz ShortCP.ig.tar', 16000000
//Assign the file as input source

INP:SEL FIQ

[/ =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
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CONF:PRE:FOFF -560

//Capture 43680 samples with a sample rate of 20 MHz
SWE : LENG 43680
TRAC:IQ:SRAT 20000000

//Enable burst search

DEM:FORM:BURS ON

//Max 1 frame to be demodulated, result length = 100 symbols per frame
DEM: FORM:MAXF 1

DEM: FORM:NOFS 100

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

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 102.
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Error vector magnitude (EVM)

Annex
A Formulae

A.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

Pnorm

RMS Pilots & Data 1 )
v Dl
Npilot +Ndata

1kePilot,Data
RMS Data 1 Z|a |2
1,k
N >
data 1 keData
RMS Pilots | Z|‘1 P
1,k
Npilat

1,kePilot

Peak Pilots & Data 2
max |a1,k|
1,kePilot,Data

Peak Data 2
max |a1 k|
LkeData'
Peak Pilots 2
max ||
LkePilot'
None 1.0

® Nt is the number of pilot cells
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I/Q impairments

® Nya is the number of data cells

A.2 1/Q impairments
The I/Q imbalance can be written as
r()=G, - R /-G, - 30}

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 lo [|GQ |J dB
g

1G]

_ m Gy} 150
Quadrature-Error =arctan [@] 4
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B Reference: IQW format specification for
user-defined constellation points

For a user-specific, unusual constellation of a signal component, you can configure the
constellation in an 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 B-1: Example for user-defined constellation points

Create the constellation file using a python or Matlab script, for example.

Consider the following prerequisites:
® The file must contain the ideal complex values for the N constellation points.

® Define the symbols in the correct order (symbol number 0, 1, 2, 3.., N-1). Other-
wise, the bitstream results are incorrect.

® The number of points must be between 2 and 64*1024.

® For each constellation point, define the real component first, than the imaginary
component. One point after the next. (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 B-2.

sFilename = '16PSK.igw';
iN = 16
vfcVector = exp (13*2*pi/iN*[0:iN-11])

fileID = fopen(sFilename, 'w');
if -1==filelD
error ('file open failed')
end
for iK = l:length(vfcVector)
fwrite (fileID, real (vfcVector (iK)) ,'single', 'ieee-le');
fwrite (fileID, imag(vfcVector (iK)) , 'single', 'ieee-le');
end
fclose (filelID) ;

As a result, the following constellation points are configured:

Figure B-2: 16-PSK ideal constellation points

.00 +3*0.00 //corresponds to symbol number 0
.92 +3*0.38
.71 +3*0.71
.38 +3*0.92
.00 +3*1.00
-0.38 +3*0.92
-0.71 +3*0.71
-0.92 +3*0.38
-1.00 +3*0.00
-0.92 +3*-0.38
-0.71 +3*-0.71
-0.38 +3*-0.92
-0.00 +3*-1.00
0.38 +j*-0.92
0.71 +3*-0.71

o O O O =

0.92 +3%-0.38 //corresponds to symbol number 15

User Manual 1179.3844.02 — 06 332



R&S®FSW-K96

List of commands (OFDM VSA)

List of commands (OFDM VSA)

[SENSe:]JADJust: CONFigure:HY STeresis:LOWET.........cccuiiiiiiiiiie et 253
[SENSe:]JADJust: CONFigure:HY STeresiS:UPPEr.........coui i 254
[SENSe:]JADJust: CONFigure:LEVEI:DURAON. ... ...cc..iiiiiiiiiiiie it 253
[SENSe:]JADJust: CONFigure:LEVel:DURAtIONIMODE.............ccooiiiiiiiieiesie e 253
[SENSE:JADJUSELEVEL. ...ttt ettt ettt et et et e sne e e aneeneeaneeneennen 232
[SENSe:]CAPTUIrE:OVERSAMPIING. ...ttt ettt ettt ettt e et e sbe e et e e eneeenbeeaneaan 244
[SENSE:JCOMPENSAtEICHANREL. ..ottt ettt 248
[SENSe:JCORRECHONICVLIBAND. ..ottt ettt ettt et na et et e aeee e 179
[SENSE:JCORRECHONICVLIBIAS. ...ttt e st e e e e e et e e e ent e e e enreeeennnas 179
[SENSe:JCORRECHON:CVLICATAIOG?. ... .eteeieteeiete ettt ettt ettt ettt sne e e eaeeneeane e nes 180
[SENSE:JCORRECHONICVLICLEGN. ... ..ciitiiiiiieiiieit ettt ettt ettt et ebe e 180
[SENSe:]CORRECON:CVLICOMMENL.......cciiuiiieiiiee et eete ettt e et e e e e e et e e e st e e e ennaeeeaaseaeeasseeeenns 180
[SENSE:JCORRECHONICVLIDATA . ...ttt b e ettt et et ese e et eme e et eneenneaneenaeaneens 180
[SENSe:]CORRECHON:CVLIHARMONIC. ...ttt ettt ettt 181

[SENSE:JCORRECHON:ICVLIMIXEN......ccuiiieeieee ettt e ettt e e et e e e et e e et e e e e be e e s entaeeeeasseesannneeannes
[SENSe:]CORRection:CVL:PORTs
[SENSe:]CORRection:CVL:SELect
[SENSe:]CORRection:CVL:SNUMber

[T ST [V oo H ] ] 2RSSR
[SENSE:IDEMOA:CORFSEL.......eiiiiiiiiieiie ettt ettt ettt e b et e eeb e eaee s
[SENSe:IDEMOA:EVMCAICIFAVEIAQE. .......coiiiiiiiiiit ettt ettt ettt e ettt e e e nbeeanaeean 262
[SENSe:IDEMod:EVMCAICINORMAINIZE. ..ottt 263
[T =N ST [ 1Y oo H o i 1 o1 SRS
[SENSe:]DEMod:FORMat:BURSt

[SENSe:IDEMOd:FORMat:MAXFIAMES.......ccuiiiiieiiieiie ettt ettt 247
[SENSe:IDEMod:FORMat:NOFSYMDOIS......c..eiiiiiiiiiiie et 248
[SENSE:IDEMOG:FSYNC......ctiiiiiietiit ettt ettt ettt ettt nr et eer et en e e 249
[SENSE:IDEMOG:MDETEC. ...ttt ettt ettt et e bt e e en e 250
[SENSe:IDEMOd: THRESOIA:FRAME. .......ooiiiiiiiiiie ettt 251
[SENSe:IDEMOd: THREShOIA:TIME . ..ottt 250
[T ST [ =Y oo B IS 4 N[ROSR 251
[SENSe:]JEFRontend:ALIGNMENt<Ch>:FILE.......c.ooiiiiiii s 194
[SENSe:IEFRoNtend: ALIGNMENtKC>ISTATE. ....ccciiie et et e e ae e e eaaee s 194
[SENSe:]EFRontend:CONNECHON:CONFIG.......cootiiiiiiiieitii et
[SENSe:]JEFRontend:CONNection:CSTate?..
[SENSe:IEFRONtENd:CONNECHON[:STATE]. ... uveie ettt ettt e e e e e e e et e e e saa e e e eareeeeneeeas
[SENSe:]EFRontend:FREQUENCY:BAND:ICOUNL?......c..oiiiiiiieiieieie e e 187
[SENSe:]JEFRontend:FREQuUeNCY:BAND<D>ILOWET?........ccuiiiiiiiieiiie e 187
[SENSe:]JEFRontend:FREQUENCY:BAND<SD>IUPPEI?.......ooiiiiiiiiiii ittt 187
[SENSe:]EFRontend:FREQUENCY:BCONFIGIAUTO. ......ciuiiiiiieeierieeie ettt 188
[SENSe:]JEFRontend:FREQUENCY:BCONTFIGILIST?...c.uiiiiiiiiieiieite s 188
[SENSe:]EFRontend:FREQuency:BCONfig:SELect
[SENSe:]JEFRontend:FREQuency:IFRequency:MAXIMUM?..........ooiiiiiiiieii e 189
[SENSe:]JEFRontend:FREQuency:IFRequency:MINIMUM?........coiiiiiiiiiiiei et 190
[SENSe:]JEFRontend:FREQuency:IFRequency:SIDeband?............cccoiiiiiiiiiiiiiiei e 190
[SENSe:]JEFRontend:FREQuency:IFReqUeNCy[:VALUE]?........coci i 190
[SENSe:]JEFRontend:FREQuency:LOSCillator:INPut:FREQUENCY?..........coiiiiiiiiiiiiiecee e 190
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[SENSe:]JEFRontend:FREQuency:LOSCillator:MODE.............couiiiiiiiieiie e
[SENSe:]JEFRontend:FREQuency:LOSCillator:OUTPut:FREQuency?.
[SENSe:]JEFRontend:FREQuency:LOSCillator:OUTPUL:STATE. .......ueiiiiiiieiiii et
[SENSe:]JEFRontend:FREQUENCY:REFEIENCE. .........ciiiiiiiiiiii it
[SENSe:]JEFRontend:FREQuency:REFerence:LIST?........ooiiiiiiii e 192
[SENSe:JEFRONENA:FWUPALE. ........eiiiii ittt 195
[SENSE:IEFRONENAIDN?. ...ttt ettt e et e et e e et e e et e e e et e e e easeeesaseeeansaeeeassaeeaanseeeannes 193
[SENSE:]JEFRONENA:INETWWOIK. ...c.etiutiiiiie ittt ettt 193
[SENSe:]JEFRontend[:CHANRel<ch>]:EXTDevice<di>:CORReCtiON:FILE...........ccccoiiiiiiiiiiiiiecc e, 196
[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:CORRection:STATE........cc.cccevrieeviieeccie e 196
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>:CORRection:VALIA?...........cccceviriiiiniiiiiiiencnn 197
[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:FREQuency:MAXIimUM?..........c.cceeivrririnnicieen. 198
[SENSe:]JEFRontend[:CHANnel<ch>]:EXTDevice<di>:FREQuency:MINimum?.... .
[SENSe:]EFRontend[:CHANNel<ch>]:EXTDeVICe<di>:GAIN?........ccceiiiiiiiiee e 199
[SENSe:]JEFRontend[:CHANRel<ch>:EXTDeVICe<di>:LIST?. ..ot 197
[SENSe:]JEFRontend[:CHANNel<ch>]:EXTDeVICe<di>:NAME?..........cccooiiiiiieiecie et 199
[SENSe:]EFRontend[:CHANnel<ch>]:EXTDevice<di>:REFRESh..........cccccoiiriiiiiiiiicec e 198
[SENSe:]JEFRontend[:CHANRNel<ch>]:EXTDevice<di>:TYPE?.......cccoiiiiiiieee e 200
[SENSE: IEFRONENA[ISTATE]. .. eeeeiitie ettt e ettt ettt e et e et e e et e e et e e e easeeeesaseeeesssaeeesseeeesseaeensaeeanns
[SENSe:]JEFRontend<fe>:SELFtest:RESult?.

[SENSe:JEFRONtENASIESISELFIEST?. ...ttt 195
[SENSE: JFREQUENCY:CENTET. ...ttt b ettt et e e e bt et e et eebeeaneeens 229
[SENSe:JFREQUENCY:CENTEISTEP......uiiiiiiiiie ettt 230
[SENSe:JFREQUENCY:CENTENSTEP:AUTO . ..ottt ettt esne e e e 230
[SENSE: JFREQUENCY:OFFSEL......ciuiiiiiiiiie ittt et sa et e et be e
[SENSE:JIQIWBANG. ...ttt et bbbtttk b ettt et bt e bt be e bt e e b e
[SENSe:]MIXer<x>:BIAS:HIGH

[SENSE:IMIXEr<X>:BIASILOWI.....oe oottt et e e st e e et e e e et e e e sae e e esreeesnsaeeesnneeas 172
[SENSe:]MIXer<x>:FREQUENCY:HANDOVET..........ccciiiiiiiiiiiie et 173
[SENSe:]IMIXer<x>:FREQUENCY:ISTARL......cciiitiiiii ittt 174
[SENSe:IMIXer<x>:FREQUENCY:ISTOP.......coiiiiiiiiieitie ittt ettt ettt b et anee s 174
[SENSe:]MIXer<x>:HARMONICIBAND..........ccuiiiiiirtiiierie ettt ettt ens 174
[SENSe:]MIXer<x>:HARMONIC:BAND:PRESEL. ........coouiiiiiiiieiiieiee et 174
[SENSe:IMIXer<x>HARMONIC:HIGH:STATE.......ccoiiiieeiiie et e e aea e e 175
[SENSe:]MIXer<x>:HARMONIC:HIGH[:VALUE]........ccoiiiiiiiieie et 175
[SENSe:IMIXer<x>:HARMONICITYPE........coiiiiiiii ittt ettt siee e
[SENSe:IMIXer<x>:HARMONICELOW].......uiiiitiie ettt ettt e e et e e et e e e en e e e snseeeennneens
[SENSe:]MIXer<x>:IF?......cccccemvvrvuenncnn

[SENSE:IMIXEr<XZILOPOWET ...ttt ettt ettt ettt e bttt e eebe e s
[SENSE:IMIXEr<x>:LOSS:HIGH. ... ...ooiiiiiieie ettt e e e e e e e e e ent e e e enaeeesnnneeans
[SENSe:]MIXer<x>:LOSS:TABLEIHIGH. ..ottt
[SENSe:IMIXer<x>:LOSS:TABLE[:ILOW].... .ottt ettt e e
[SENSE:IMIXEr<xX>:LOSS[ILOWTI....cii ettt ettt e et e e et e e e aae e e e e e e enbeeeenseeeennreeeennnas
[SENSE:IMIXEISXZIPORTS....c.ccitiiiiiiteeiteete ettt h et bbbttt et e eae e bt et e bt e eeenbesbeenbesbeens
[SENSe:]MIXer<x>:RFOVerrange[:STATe]....

[SENSE: IMIXEISXZ[:STATE]. .. teee et e ettt e ettt ettt e et e e et e et e e et e e et e e e sseeessaseeessseeeesbeeeasbeeesnnseeesnneaeenns
[SENSE:IMSRA:CAPTUIEIOFFSEL. ...ttt ettt ettt
[SENSe:]PROBe<pb>:ID:PARTNUMDEI?.......oiiiiiiiiiie ettt 213
[SENSEe:]PROBE<PD>:ID:SRNUMDEI?.......citiiiiitiee ettt e et e e et e e e et e e et ee e et e e e staeeesnsseessaneeeannes 213
[SENSe:]PROBE<pb>:SETUP:ATTRALO. ... .ciuiiiiiiiiieitieie ettt 213
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[SENSe:]PROBe<pb>:SETup:CMOFfset
[SENSe:]PROBe<pb>:SETup:DMOFfset

[SENSe:]PROBE<pPD>:SETUPIMODE... ..ottt ettt ettt
[SENSE:IPROBE<PD>:SETUDPINAME?. ... ..ottt ettt e et e e e e e e st e e s s e e e sasreeesasaeeeenneeas 215
[SENSe:]PROBe<pb>:SETUPINMOFTSEL.....oouiiiiiiiiieitie ettt 215
[SENSe:]PROBE<pb>:SETUPIPMODE.........ciiiiiiiiiiiiiie ettt 216
[SENSe:]PROBE<pb>:SETUP:PMOFFSEL.......oiiiiiiiiciiiie ettt ettt et e e eaaeeanes 216
[SENSE:IPROBESPD>ISETUPISTATE?. ...ttt ettt ettt ettt et e e ehe e et e eae e et e e steeeseesneeeaseeanneeaneaanneaas 217
[SENSE:IPROBE<PD>ISETUPI TYPE?.. ..ottt ettt ettt ettt e e ene e enteeeseeanseesseeensaennees 217
[SENSe:]SWAPIq .
[SENSE:ISWEEPICOUNL. ...ttt ettt ae e et e et e et e e ehe e e e e e eseeemeeeeseeanseesaeaanseeenseeabeaannaanns 245
[SENSE:ISWEEP:LENGLN. .....ccctiiiiieiiecee ettt et e et e e b e ssteese e et e e ebeeesaeesneesnneenneas 245
[SENSEISWEEP:TIME ... .ottt ettt ettt e bt e bt ekt e bt e bt e e bt e eaeeanteeeneeebeeanaeenee 245
ABORY. ...ttt ettt e h et h e e eeeea e e e te ekt e e bt e ea et et e e enbeeaheeenseeente e teeaneeeeaeeenneeneas 258
CALCulate<n>:BITStream:FORMEL...........ccoiiiiiiiee e ee ettt e e e e e e e e e anaeeesneeeesnneeeesnseaeenseeeennes 263
CALCulate<n>:DELTamarker<m>:AOFF ..........cooii ittt 273
CALCulate<n>:DELTamarker<m>:LINK........ .o ittt s e e nae e aneeas 273
CALCulate<n>:DELTamarker<m>:MAXIMUMIAPEGK..........ccoiiiiiriiiie et snee e 277
CALCulate<n>:DELTamarker<m>:MAXimum:LEFT 277
CALCulate<n>:DELTamarker<m>:MAXIMUMINEXT ..ot 277
CALCulate<n>:DELTamarker<m>:MAXIMUMRIGH..........ccciiiiieie e 278
CALCulate<n>:DELTamarker<m>:MAXIMUM[:PEAK]..........cooiiiiiiiiie e 278
CALCulate<n>:DELTamarker<m>:MINIMUM:LEF T ... 278
CALCulate<n>:DELTamarker<m>:MINIiMUMINEXT .........coooiiiiiiiie e 278
CALCulate<n>:DELTamarker<m>:MINIMUM:RIGHL...........ccooiiiiiiiii e 279
CALCulate<n>:DELTamarker<m>:MINIiMUM[:PEAK]........cooiiiii e 278
CALCulate<n>:DELTamarker<m>:MREFEIrENCE............cceiuiiiiiiiie et aee e 274
CALCulate<n>:DELTamarker<m>:TRACe...
CALCuUlate<n>:DELTamMarker<m>:X...... ..o iiee et ettt et e e e et e e e sate e e e aaseeeaatseeeateeaeanseeeeanseeaanes 275
CALCulate<n>:DELTamarker<m>:Y:RELGVE?........ccutiiiiiiiiiie ettt e e see e e e e neeeennnes 305
CALCuUlate<n>:DELTamMarker<m>IY 2. .. ettt ettt e et ettt e e et e nbeeaneeenne 304
CALCuUlate<n>:DELTaMArKEr<mM>:Z..........oii ittt et et e e e sae e e e e ae e e e e beeeaanbeeeanneeeeanneeeaas 305
CALCulate<n>:DELTamarker<m>[:STATE].......ccciutiriiiieiii ettt 274
CALCulate<n>:DELTamarker<ms>:LINK:TO:MARKEr<mMd>.........ccccoiiiiiiiieiiiaie i 273
CALCUIAESNZIFEED. ..ottt ettt ettt e et e eae e e beeesb e e e st e eneeeesbeenbeeaseeenneesnneaneeanns
CALCuUlate<n>:MARKEI<MZIAOFF ...ttt e et e e st e e eaee e e nseeesenseeeeneeeesnnneeanns
CALCulate<n>:MARKer<m>:MAXimum:APEak. .
CALCulate<n>:MARKer<m>:MAXIMUM:LEF T ...ttt
CALCulate<n>:MARKer<m>:MAXIMUMINEXT ........cciiiiiieeiiire e seeeseeeeseee e et eaesneeeesneeeeesneeeeaneeeeannes
CALCulate<n>:MARKer<m>:MAXIiMUM:IRIGHTL............coiiiiiii e
CALCulate<n>:MARKer<m>:MAXimum[:PEAK]

CALCulate<n>:MARKer<m>:MINIMUM:LEFT.......ooo e e e e e nee e e ennes
CALCulate<n>:MARKer<m>:MINIMUMINEXT ..ottt
CALCulate<n>:MARKer<m>:MINIMUM:RIGHTL..........coooii e
CALCulate<n>:MARKer<m=>:MINIMUM[:PEAK]........ccottiiiiee et
CALCulate<n>:MARKer<m>:SEARch... .
CALCulate<n>:MARKEI<MZ:ITRACE. .....cccuiiieiiiie ettt et e et e e e et e e e nbe e e e anbe e e esbeeeannneaeanneas
CALCUIAtE N> IMARKEISIMZIX .. tieeieiiee et etee et e e st e e ettt e e asaee e e s st e e aseeeeansteeeanseeeeasseeeaasaeeessseeesnseneennnenas 272
CALCUIAtE NS IMARKEISIMZIY 2.ttt ettt et a e bt a bt et e et e e be e e be e sneeabeeanees 306
CALCUIAteSNZIMARKEISIMSIZ ...ttt ettt ettt e ettt e e e tb e e e aateeeeabeeaeabeeeeanteeeeanteeeaaneeeaannes 306
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CALCUIate<n>:MARKEI<MS[:STATE]. ... ueii et eteie ettt ettt e e et e e st e e s ae e e s aeeeeasbeeesasseeesnseeeenseaeenns
CALCulate<n>:MARKer<ms>:LINK:TO:MARKer<md>..
CALCUIate<n>:MSRAIALINEISHOW......cco ittt e e et e e e e e e e e e e nnaeeeesaeeesnnaeeeanneas
CALCUIate<n>:MSRAALINE[:VALUE]......ccutete ettt ettt e et e e et e e e e e st e e e nae e e enaraeeanneas
CALCulate<n>:MSRAWINDOWSNZIVAL. ......oiuiiiiiiiieiiieeie ettt
CALibration: AlQ:HATIMING[:STATE]. ...t eeee ittt ettt ettt sb et e saee e
CONFIQUrE:FILTErSNSICARRIET. ...ttt ettt ekttt et et eeae e et e st e b e aneeenees
CONFigure:FILTer<n>:MODUIGLION. .........oii ittt ettt et e e et e e e ete e e e saseeeaneeeeanneeeeannes
CONFigure:FILTer<n>:MODUIAtION:TYPE........cciiiiiiiii ettt
CONFIgUre:FILTEr<N>ISYIMBOL. ...ttt ettt ettt b et ettt et e e e b e aneeeas
CONFigure:PREAMDBIEIBLENGEN. ... .ottt ettt e et e e e e e eneeeas
CONFigure:PREGMDIEIFOFFSEL......ccuiiiiiiiiieiie ettt
CONFigure:RFUC:FZERo:FREQuency
CONFIgure:RFUC:FZEROIMODE..........cciiiiiiiit ittt ettt sttt et
CONFIGUIEIRFUCISTATE. ...ttt ettt a et ae et be e bt nae et e et e be e eeneees
CONFIGUIEISY STEMICFILE. ...ttt h et a ettt e b e et eehe e e e et e e beeanee e
(610NN To U =T I o 2= Te7o T [ Vo TSRO URPRTRRN
CONFigure:TPRECOMING:IGINOTE..........uiiiiiiiieit ettt ettt b e aiae e
CONFigure[:SYMBOIJ:GUAR:MODE..........cuii ittt b ettt e s
CONFigure[:SYMBol: GUARd:NSYMbols<cp>....
CONFigure[:SYMBOIJ:GUAR:PERIOIC. ......c..etitiiiiiiiie ittt
CONFIGUIEL:SYMBOIINFF T ... ettt h e et h et bt e ea bt et e e nb e e ebe e et e e eaeeebeeanee s
CONFIgUre[:SYMBOIINGUEAIASKCPS.....coiiieieiiiie ettt ee ettt e et e e e aee e e s bt e e e e beeeaasbeeesaneeeeanneeeaanseaeannneaaanes
CONFIGUrE[:SYMBOIJINSUFTIX. ...ttt ettt ettt ettt sae et e e ebeesiae e
CONFigure[:SYMBOI]:ZPADAING:LENGEN.........iiiiiiii i
CONFigure[:SYMBOI]:ZPADAING:OFFSEL......cotiiiiiiiieie et
CONFigure[:SYMBol]:ZPADding:REPetition
CONFigure[:SYMBOI]:ZPADAING STATE. ...ttt ettt ettt e bt e sae e ate e eneeebeeanee e

DIAGNOSHIC:SERVICEINSOUICE. ...ttt ettt e et e e e e st e e esb e e e asab e e e anbeeeaanneaeenneeas

DISPIAYIFORMEL. ...ttt a et ae et b et na ettt a ettt enes

DISPIay[:WINDOWSNSJIMINFO[ISTATE]. ...ttt ettt ettt bttt et e e e e

DISPIay[:WINDOWSNZTIMTABIE. ..ottt ettt ettt been e be e neeas

DISPIay[:WINDOWSNS ISIZE...... .ottt ettt ettt h ettt ettt e st et sane et ea

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MAXIMUM.....ccoiiiiiiiiiiiieiie et 267
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEL:MINIMUM......cccoriiiiiiiiiiiiie e 267
DISPIay[:WINDOWSNSTTYPE.... ..ottt ettt ettt b ettt et et e naeesaee e 325
DISPlay[:WINDow<n>][:SUBWindow<n>]:-TRACe<t>:Y[:SCALEJ:AUTO.......ccceiiiiiiiaiiiiiie e 265
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]............ .
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALeJ:AUTO ONCE..........ccecvrerrirrerrirreiienenns 265
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]:PDIViSiON.........ccccceeriiriiaiiiiieiic e 266
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALE:RLEVEL........cccceririiriiiiiiiiieiiecee 231
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:RLEVel:OFFSet........c..ccceevrverriireennrans 231
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]:RPOSItiON.........cccceriririiiiiieiiieieeiieee 266
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALE:RVALUE........c.cceerirriiriieiieeseeeen 267
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:AREA
DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTiple<zn>:AREA

DISPlay[:WINDow<n>][:SUBWindow<w>]:ZOOM:MULTIple<zn>[:STATE]........ceesererrrerirririrrereeierieaens 284
DISPlay[:WINDow<n>][:SUBWIiNdowW<w>]:ZOOM[:STATE].....c.uetruriiiieerieriie ettt 283
EXPOrt:WAVETOrMIDISPIAYOST ...ttt ettt e e e 218
FETCh:BURSECOUNL? ...ttt ettt e et nb et b et e b es 296
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FETCh:BURSELENGINS? ...ttt ettt 297
FETCh:BURSt:STARts?..

L] S O RS T 0T S N oSS 300
FETCN:SFLOWISTATEIALLT ...ttt b ettt ettt e e nae s 300
FETCh:SFLOW:STATEIBDETECHON?....c..eitiieieie ittt sttt ees 301
FETCh:SFLOW:STATEICOMPENSALE?.......eeiieiiie et eeiiee et e st e et e e et e e st e e e st e e e neeeeanneeeansaeeesnaeeesnneaeens 301
FETCh:SFLOW:STATE:DESTIMALIONT.....ctiiiiitiiiieii ettt 301
FETCh:SFLOW:STATEIEVMMEAS?.......ei ittt ettt ettt 302
FETCN:SFLOW:STATEIFSYNC?. ...ttt ettt e e s et e st e et ene e e ene e e eneeneeaneeneanean 302
FETCh:SFLOW:STATEIMDETECHON?. ..ottt ettt 303
FETCh:SFLOW:STATEIPESTIMAIONT. ...ttt bttt 303
FETCN:SFLOW: STATEI TSYNC? ..ottt ettt ettt este s e teen e teeme e e ene e e e eneeneeaneeneeanean 303
FETCN:SFLOWITSYINGC? ...ttt ettt ettt ettt ettt e r e e bt e 304
FETCh:SUMM:<parameter>:<StatiStiC™.......coouiiiiiie et e e eneee s 299
FETCh:SUMMary:CRESEMAXIMUM?........eiiiiieie ettt ettt e e e neeaesneennenneenees 298
FETCh:SUMMary:CRESEMINIMUM?. ...ttt ettt ettt 298
FETCh:SUMMary:CRESIIAVERGGE]?......ecuietiiiieie ittt sttt sttt ettt sttt ebe et ee s 298
FETCh:SUMMary:EVM:DATAIMAXIMUM?......eeiiiieiiee ettt seeeee s eneeste e sne e sneaneesaesneenaesneenneaneens 298
FETCh:SUMMary:EVM:DATAIMINIMUM?. ...ttt ettt ettt et be e 298
FETCh:SUMMary:EVM:DATA[:AVERage]?... "
FETCh:SUMMary:EVM:PILOEMAXIMUM? ...ttt 299
FETCh:SUMMary:EVM:PILOtMINIMUM ...ttt 299
FETCh:SUMMary:EVM:PILOt:PCTIAVERGGE]?......eiiiiuiiieitieeseee et 299
FETCh:SUMMary:EVM:PILOt[ZAVERGGE] ..ottt 299
FETCh:SUMMary:EVMALLLEMAXIMUM? ...ttt ettt s 299
FETCh:SUMMary:EVM[:ALLIEMINIMUM?....oiiiii ettt 299
FETCh:SUMMary:EVM[:ALLIPCT:MAXIMUM?....cuiiiiiieiese ettt e e nne e 299
FETCh:SUMMary:EVM[:ALLLPCTMINIMUM?. ..ottt 299
FETCh:SUMMary:EVM[:ALL]:PCTAVERGGE]?......eiiiiuiiieitieie ettt 299
FETCh:SUMMary:EVM[:ALL]AVERGGE]?.....ceueieeieeieeie sttt et eee s seesae s enne e nneeneeneenneeneeens 299
FETCh:SUMMary:EVMPeak: DATAIMAXIMUM™ 2 ...ttt ettt ettt 298
FETCh:SUMMary:EVMPeak:DATA:PCT:MAXIMUM™ ..ottt 298
FETCh:SUMMary:EVMPeak:PILOtMAXIMUM™ ?.....oiiiiiiiiiiei et 298
FETCh:SUMMary:EVMPeak:PILOt:PCT:MAXIMUM™ 2.ttt 298
FETCh:SUMMary:EVMPeak[:ALLLMAXIMUM® ?....cuiiiiiiiiiieii ettt 298
FETCh:SUMMary:EVMPeak[:ALL]:PCT:MAXIMUM* ?......ueiiiieeieieeese et 298
FETCh:SUMMary:FERROFMAXIMUM ...ttt ettt et e e 299
FETCh:SUMMary:FERRor:MINimum?...

FETCh:SUMMary:FERROIT:AVERGQJE]?......co ittt 299
FETCh:SUMMary:GIMBalance:MAXIMUM?........iiiiiiieaiieiie ettt ettt ebee e 299
FETCh:SUMMary:GIMBalanCe:MINIMUM?.........oiiiiiiiiiie ettt e e e s e e e eneeeeannneeas 299
FETCh:SUMMary:GIMBalanCe[:AVERAGE]?.......c.ui ittt 299
FETCh:SUMMary:IQOFfSEt:MAXIMUM ..ottt sttt 299
FETCh:SUMMary:IQOFFSEt:MINIMUM?......oiiiiiiiiie ettt 299
FETCh:SUMMary:IQOFfset[:AVERage]?...

FETCh:SUMMary:MER[ALLIEMAXIMUM?......coiiiiit ittt ettt e e e e e 299
FETCh:SUMMary:MER[:ALLLMINIMUM? ...ttt 299
FETCh:SUMMary:MER[:ALL]:AVERGQGE]?.......eeieeiiieieeiieeeiee ettt e e neenne e e 299
FETCh:SUMMary:POWErMAXIMUM?.......coiiiiit ittt ettt ettt et esae et e et e e b e snaeenne 299
FETCh:SUMMary:POWETrMINIMUM?.......oiuiiiiiiieiiiete ittt ettt 299

User Manual 1179.3844.02 — 06 337



R&S®FSW-K96

List of commands (OFDM VSA)

FETCh:SUMMary:POWEIT:AVERGGE]?. ... .ottt ettt ettt et 299
FETCh:SUMMary:QUADerror:MAXimum?....

FETCh:SUMMary:QUADEITOrMINIMUM?.......ooiiiiiiiiii ittt 299
FETCh:SUMMary:QUADEITOI[:AVERGGE]? ...ttt 299
FETCh:SUMMary:SERROIFMAXIMUM ...ttt ettt ettt sttt 299
FETCh:SUMMary:SERROFMINIMUM ...ttt 299
FETCh:SUMMary:SERROIM:AVERGGE] ...ttt ettt 299
FETCR:SUMMEIY[IALL]?. .ottt ettt ea et b et e bt et e bt n e bt et e tenneete e 297
Lo IO 0 I = o oSS 299
FORMat:DEXPOMDSEPAIALOr. ........eiiiiiiiiiiiie ettt ettt ettt e e e 308
FORMat:DEXPOIMGRAPR. ...ttt ettt b e bttt ettt etenneeee e
FORMAt:DEXPOIMHEADET ......c..eiie ettt et et e e et e e et e e et eeeente e e e nteeeanteeeanseaeeanseeeaanseeennaneenns
FORMat:DEXPort: TRACes....
FORMat:DEXPOIEXDISTD. ...ttt eb e sb e

LT T = 3N I PSS
INITiate:SEQUENCEIABORL. ..ottt ettt h ettt h e e bt e e e bt et e e neeenes
INITiate:SEQUENCEIMMEIALE. ... eeiiiiiii ettt e ettt e et e e e ene e e e e e e e enteeeaenneeean 260
INITiate:SEQUENCEIIMODE..........ooi it e e e e e e st e e e st e e et e e e snseeeesnseeeesnseeeanseeeeanseeeannneeens 261
INITiate:SEQUENCErREFRESN[IALL]. ...ttt ettt ettt 260

INITiate<n>:CONMeas
INITiate<n>:CONTinuous
INITIAtESNZIREFRESN. ...ttt s et e e e e e
INITIAtESNS[IIMMEIALE]. ...t ettt e ettt e e ettt e e e st e e e mb e e e e nnee e e nbeeeasbeaeanneaeaas
LN UL o0 I =Y 11T T o SR
INPULATTENUALIONIAUTO ...ttt ettt et h et e e h bttt e hb e e bt e eat e et e et e e b e aneeas
INPut:ATTenUatioN:AUTO:IMODE.........oo ittt ettt e et e e bt e e e e e eaeeebeesseeeseesneeaneeenes
INPut:AT Tenuation:PROTection:RESet...
INPULICONNECEON . ...ttt h et ekt et e bt e e bt e ehe e et e eene e e bt e anb e e bt e enbeebeeannes
INPULICOUPHING. ...ttt ettt ettt ekt e e ab e e eheeeae e e e aeeembe e s eeeaseeeaeeemseeeseeeabeeansaenneeenseeaneaanns
INPUEDIQICDEVICE. ...ttt ettt ettt e ettt e e et e e et e e et e e e seeeeamse e e e nseeeanneeeeannteeeanneeeeanneeeaneeaennneeas
INPUt:DIQ:RANGE:COUPIING. ...ttt ettt b ettt ettt n e n e s e nes
INPUt:DIQ:RANGE[IUPPET].....c ettt ettt ettt ettt e e s e e e ae e e mseeeseeenbeeeseaenseeenbeanseaans
INPUt:DIQ:RANGE[:UPPEIT:AUTO. ...ttt ettt ettt et e b et
INPUt:DIQ:RANGE[:UPPEIT:UNIT ...ttt ettt b ettt beesnee e
INPULIDIQISRATE. ...ttt ettt et e bt e eh b e e he e eaee e st e eabeeeheeenseeeabeenseeesseesbeeemseeeneeenseeaneaanns
INPULDIQISRATEIAUTO . ...ttt ettt ettt e et e e b e et e e seeenaeeeaeeeaseeesseebeeensaensseenseeasaesnnin
INP UL DPATR . ettt h et ekt e bt e h e bt e e bt e £t e e e bt e e bt e ea bt e ehe e enbeeebee e bt e nnteeteeans
INPut:EATT.....
INPULEATTAUTO . ...ttt ettt ettt e et e e st e et e e ese e e st e easeeseeenbeeeseaenseeenseenseeansaesseesnseennees

[N LU = TS N = SRR SPPOP

INPULIFILEIPATH. ..ottt ettt et e e bt e e s et e eh e e e abe et e e e abeeeaeeemseeenseebeeeneeeneesnreaneeanns

INPUL:FILTEr:CHANRNEIHPASSIFDBBW?..... ..ttt et e st e e e et eesnaeeesnnaeeesnneaeees 242
INPUt:FILTEr:CHANNELHPASSISDBBW. .......coiuiiiiiiiiteitie ettt ettt et

INPUt:FILTEr:CHANNEIHPASS[:STATE]. ..ottt ettt ettt ettt et e et e e e emeeeseeenbeesneeennas

INPut:FILTer:CHANnel[:LPASs]:FDBBw
INPut:FILTer:CHANnel[:LPASs]:SDBBw
INPut:FILTer:CHANnNel[:LPASSs][:STATe]
INPUL FILTEIr T HPASS[ESTATE]. ...ttt ettt ettt ettt ettt et naeeenees
INP UL F I LTI Y LG S TATE] ettt e e e et e e et e e e et e e e s e e e esaeeesasseeesssaeesanseeeesseaeanes
INP UL GAINISTATE .. ettt ettt et e e h e e et e eae e e bt e ehee e seeeaseeseeembeeeaeeenseeenseenbeeeseaenseesnneanseans
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INPULIGAINIVALUE]. ..tttk h e et b e st h et e et eea bt e bt e e b b e e bt e embeeebeeenbeeabeeanne 236
INPut:IMPedance

INPUEIMPEAANCEIPTYPE...... .ottt ettt e et e et e e et e e e e s e e enteeeansaeeeansaeeeaneneennsaeeennneeas 168
INPUL IQ:BALANCEA[ISTATE]. ..ttt a ettt e bt e ehe e et e e ae e bt e ene e e b e nnbeaneeanne 210
INPULTQIFULLSCAIEIAUTO. ...ttt ettt ettt a e et e et e e s e e eaeeemseeeseeebeeeneaeneeeneeeseeannas 210
INPULIQIFULLSCAIE[ILEVEI]......c.ceieeieeeie ettt ettt e et e e e s e e beessaaeseeenseensae e 210
INPULTQIIMPEAANCE. ...ttt h e et h ettt e e bt e e bt e esb e e bt e enbeeaneeanne 21
INPUEIQ:IMPEAANCEIPTYPE.... ..ttt e et e et e e e e te e e e easb e e e ensaeesanseaeanneeaaanes 211
INPUt:IQ:OSC:BALANCEA[:STATE]. ... e ieeeetieeiie ettt ettt ettt s e et e eaaeebe e et e e saeeesseeesseeseeasseesseeennaennees 224
INPULTQ:OSCICONSEAE?. ...ttt bbbt ekt eehe et e be e e bt e s sb e e bt e eneeenneeanne 224
INPULTQIOSCiCOUPIING. ...ttt ettt ettt a et e ae e et e e eseeenb e e eaeeenseeeneeebeeeneeenneeenneeseaannas 224
INPUt:IQ:OSC:FULLSCAIE[ILEVEI].......coeieiie ettt ettt ettt e etaeenaeebeesaeeenneas 225
INPULTQIOSCIIDINT. ..ttt a et e h e e bt e e he et eea bt e bt e e ab e e bt e et e e bt e e nbeesaeeenteeas 225
INPUL:IQIOSCIIMPEAANCE. ...ttt ettt ettt e et e e he e et e e st e e st e e ebeeemeeeeaeeemseeaseeenbeeeneeanneean 225
INPUELIQ:OSC:IMPEAANCEIPTYPE. ... ettt e st e e et e e et e e e snseeeesneeeeanneeeeenseeenn 226
INPULTQIOSCISKEW:LL ..ttt ettt ettt e b e ab e e bt et e e bt e e b e eneeennee s 226
INPUt:IQ:OSC:SKEW:EINVEIEA. ...ttt ettt et e et eae e ente e seeenbeeeneeaneeean 226
LN UL (O @ T @8 1 S T L SRS 227
INPUt:IQ:OSC:SKEW:QIINVEIEA. ...ttt ettt ettt e e e 227
INPut:IQ:OSC:SRATe...

INPUL I Q O S C T CPID. .. ettt ettt ettt ettt et e e e et e e st e e st e e ase e se e e st e e saeeeaseeenseensaeaneeanseesnneensaenneas
INPULTQIOSCITYPE. ...ttt b e h ekttt e E e e et e eh et et e ehb e e bt e esb e e bt e enbeeaneeanne
INPULTQIOSCVDEVICE?......e ettt ettt h ettt a e e e e et e e e st e eaeeeseeeseeeeaeeensaeneeenseeneaannas 228
INPUETQIOSCVFIRMWAIE? ... cieee et ettt e et e e et e e st e e et eeasaeeeeasaeeeanteeeansseeeanneeeeasseaeaneaaennsaeeennneean 229
[N LU (@ @ S 7 S 1N =Y SO P OO SRRPI
INPUE IQITY PE. .ttt ettt ettt e oo a et e ek b e oo n bt e e eas s e e e aas e e e e b et e e e abe e e e emteeeeamsseeeaneeeeaanneeeanneeaan
INPut:SANalyzer:AT Tenuation

INPut:SANalyzer: ATTENUAIONIAUTO ..ottt ettt e ebe e es 235
INPULISELECL. ...ttt et ettt e ae e et e e e ae e et e e ea e e e st e easeeseeeneeeaaeeenseaneeenseenseaennas 168
INPULTYPE ...ttt ettt et ettt e e 2 e e eat e et e e es e et e e esseeaseeeateebeeesseeeaeeemseeesseebeesnsaeseesnseesenans 169
INSTrumMENt:CREGIEIDUPLICALE. ......coutiiiiiiiiie ittt ettt et e et e saeeetee e 153
INSTrument:CREGLEIREPLACE.........coiiiiiiiie ettt e st e e et e e e saee e e e nteeeenneeeeanes 154
INSTrumMENE:CREGIE[INEW]......eiiiiiii ettt ettt sttt 153
INSTIUMENEDELELE. ...ttt et et h ettt e he e e bt e st e e bt e et e bt e et e e beeenes 154

LAYout:CATalog[: WINDow]?...

LAYOUL: IDENETY[IMVINDOW] 2.ttt ettt eat e et e e s e et eesseeessaeenseesbeesseeenneesnneeseeannas 290
LAYOULIMOVEWINDOWT]. ....ccitiieiitie ettt ettt ettt e e et e e et e e e easaeeeasseaesasseesenseeeanseeeensnaeeansaneannes 291
LAYOUL:REMOVE[IWINDOW]. ...ttt ettt ettt ettt e s e e beeeheeeaseeenbeeseeeseeeeneeeneeeaseeenbeesneaenneas 291
LAYOUt:REPLACE[:WINDOW].......ciutieitiiiie ettt ettt b ettt st 291
[N o TN ] o 1 (= OSSP P PP PROPPNE 292
LAYOUL:WINDOWSNZIADD? ...ttt ettt ettt et ettt et e et e e e bt e eae e e st e embeeaaeeenseeeneeensaeasseenseesnnaenneas 293
LAYout:WINDow<n>:IDENtify?..

LAYOUL:WINDOWSNZIREMOVE. ...ttt ettt ettt e et e e e b e e e eaes
LAYout:WINDow<n>:REPLace

LAYOUEWINDOWSNZITYPE..... oottt ettt e e e e st e e e st e e et e e e e nteeeeenseeeasnseeeaneeeennseneannnen
MMEMOTY:LOAD:ICFGRIIE.......tiiiiteeitee ettt et b ettt he et be e et e naeeenteeanees
MMEMOry:LOAD:IQ:STREAM.......iiiiiiiiiieiie ettt ettt ettt as
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MMEMory:LOAD:IQ:STREAMIAUTO.......ciiiiiiiie ittt ettt
MMEMory:LOAD:IQ:STReam:LIST?...

MMEMOTY:STORESNZITRACE. ...ttt ettt a ettt ettt b e e s b e et nareenbe e
OUTPUETFISBANGA? ...ttt ettt bbbt b e bt e ettt e et et e e e naeeee e 254
OUTPUEIF[:SOURCE]. ...ttt b ettt ettt b et b et b et nb et eneee e 255
OUTPUL: TRIGEr<tP>:IDIRECHON. ......eiiiiiiiiie ittt ettt 255
OUTPULTRIGEISEIPZILEVEL. ...ttt ettt et be e s 256
OUTPUL TRIGGEISEDZ IO TY P, ettt sa et eb ettt e be e e s 256
OUTPUt: TRIGEr<tp>:PULSEIMMEIALE. .........ooiiiiiiiiiiitei et 257
OUTPUt:TRIGEr<tp>:PULSEILENGEN. ..ottt 257
SENSETRACKINGILEVEL. ...ttt b ettt et enes 251
SENSETRACKINGIPHASE. ...ttt e e s e ae s e te s eteeneeeenneeeenneenne e 252
SENSETRACKING:TIME . ...ttt ettt ettt sa e eb e be et e e 252
STATUs:QUESHIONabIe:SYNC:CONDItION?......c.uiiuiiiiiiieiieiiee ettt 322
STATUS:QUESHIONADIEISYNCENABIE. ...ttt ne e nneens 322
STATus:QUESHionable:SYNCINTRANSIHION. .......ccuoiiiiiiiiiiiiic e 323
STATus:QUEStioNable:SYNC:PTRANSIION. ........coiiiiiiiiiiiiie e 323
STATUS:QUESHIONADIEISYNCEVENE]?......cceeeeeese ettt ettt e neeenes 322
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGNMENt:DATE.........c..ooeiiuiiiiciiee e 220
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGnment:FALignment............ ..220
SYSTem:COMMunicate:RDEVice:OSCilloscope:ALIGNmMent:STEP<St>[:STATE].......ccvoviiiiiriiiiiiiiieeieeee 219
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:IDN. .......cciuiiiiiiiie e 220
SYSTem:COMMunicate:RDEVice:OSCilloscope:LEDSAte. ... ...cccoiuiiiiiiiieiiieeeee e 221
SYSTem:COMMunicate:RDEVice:OSCilloscope:PSMOdE[:STATE]......c.uiriiirieiiiieiieiiieeee e 221
SYSTem:COMMunicate:RDEVice:OSCilloSCOPEISRATE..........eiiiciiieieiiee ettt e e e 221
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE: TCPIP. ....ciiiiiieiiiie ettt eeee e 222
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE:VDEVICE?......ccuuiiiiiiiiiiieeieeiiee et 222
SYSTem:COMMunicate:RDEVice:OSCilloscope:VFIRMWAre?..........cccuiieiiiiiiiiie e 222
SYSTem:COMMunicate:RDEVice:OSCilloSCOPE[:STATE]. ... .uueie ettt 219
SYSTem:PRESEt:CHANRNEILEXEC]. .. .ottt ettt 157
SY STEMISEQUENCET ...ttt ettt ettt ettt a et ae et e e bt et b ettt e ettt e et e e nee s 261
TRACEIIQIBWIDN. ...ttt bbbttt bttt b et eb et b e st e e bt et e bt n et ne s 245
TRACEIQ:DATAIFORMEL. ...ttt ettt et e et e et ameeseeese e e e ameeneeeteeneeaneaneenneeneeneeenes 312
TRACEIQ:DATAIMEMOIY ...ttt ettt a et b ettt ettt ettt eeees 312
IR A O =N (@ 5 PP PR PPTPRPRPINS 311
TRACE:IQ:FILE:REPEHHONICOUNTE. ......oeeiiiieieii ettt sne e esneeneenees 171
TRACEIIQ:ISRATE. ...ttt ettt bbbttt ettt bttt ettt
TRACe:IQ:WBANd:MBWidth

IR AN O (@ RSy N o | S 3 I 1= SR
TRACESNZ[IDATALX? ettt et a et b et e bt st e bt e et e bt ee e e bt eae et sae e e ae e ees 310
TRA CE NS D AT ALY 2.ttt ettt a et h et h et b e e st e bt e et e bt ettt e ettt et n e ne e arean 311
QLR AN O =T g el [ T 1 SRR 310
TRIGger[:SEQUEeNCce]:BBPOWEIHOLDOR..........coiiiiiiiiie e 237
TRIGGEr[:SEQUENCELDTIME. ..ottt saee s

TRIGger[:SEQuence]:HOLDoff[: TIME]
TRIGger[:SEQuence]:IFPower:HOLDoff

TRIGger[:SEQUEeNCE]:IFPOWErHY STEIESIS. ......cueiiiiiiiiiie e 238
TRIGGer[:SEQUENCEL:LEVEIBBPOWET ........c.eiiiiiiiiiiie ettt 239
TRIGGEr:SEQUENCELLEVEIIFPOWET......cuiiiiiiiit ettt et 240
TRIGger[:SEQUENCE]:LEVEIIQPOWET ..o 240
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TRIGger[:SEQuence]:LEVEI[:EXTErNalSPOIrT>].....ccuuiiiiiiiiiiie ittt 239
TRIGger[:SEQuence]:OSCillosCope:COUPING. .......coiiiiiiiiiiie et 223
TRIGGE:SEQUENCE]I:SLOPE. ...ttt ettt sb ettt et ebeesiee e 240
TRIGGE:SEQUENCELSOURCE. ...ttt ettt b et e h e bt e b e bt e sneeenees 240
TRIG@er[:SEQUENCE]:TIME:RINTEIVAL ..ot e e 241
LU O L =SSR 268
UNITEEVIML e h et h et e et h et e h et e e bt et e e bt et e et e et e bt et e eteeneeane e 268
UN T FAXES .tttk ettt a et a bt h et h et b e e s bt ettt e a s bt ettt et e e bt b aeean 269
UNITIIRESPONSE. ...ttt b ekttt b e bt e a e et e bt e bt e a bt e et et e s be e e bt e naeeeneeen 269
UNITESAXES. ..ttt ettt ettt bt et btk h ekt h ekttt e et et et et e e e a e et e ene e es 269
UN T TAXES ettt h bt b e bttt h et e et et e h e et e bt et bt et e bt e b bt ettt e bt 270
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Index

A
Aborting

SWEEP ittt 94, 95
AC/DC COUPIING ...ttt 70, 81
Activating

VSA (remMOte) ..ooueiiiiiiiieeiee e 153
Allocation matrix

MarKers ........ocoiiiiiii i 136
Amplitude

Configuration .........cocociiiiiiiii e 78

SetliNGS v 78
Analog Baseband

INPUL s 72
Analysis

Bandwidth, definition .............cccoiiiii 40

BULON oo 130
Analysis interval

Configuration (MSRA, remote) .........cccoeoeiiiiieeenennn. 285

MSRA/MSRT .t 90
ANAIYSIS [N .o

Configuration

Configuration (MSRA, remote) .........cccoeoeieiiieeeninnn. 285
AtENUAtioN ..o 82

Auto

Configuration (remote) .......cooooeiiiiiiiiiiiiiiee e 232

Electronic

Manual ....

OPLION e

Protective (remote) ........ccocvviiiiiiiiiiiie e 165
Audio signals

Output (remote) ......eeeeiiiiiiiiieee e 74,255
Auto level

Reference level ... 80, 101

SOfKEY e 80, 101
Automatic

Configuration (remote) .......ccooceeeiiiiiiiiiiie e 252
B
B2000

Remote commands ........cccocceveiiiieeniiie e 218
Band

External Mixer (remote) ........cccceeviiriiinieniiiiiciene 174
Bandwidth

Coverage, MSRA MOAE .......cccvvveeiiiieeiieeeee e 58

Extension options

Maximum usable

Relationship to sample rate ............cccceviiiiiiiinen 41
BB Power

Trigger (SOftKeY) ...vvviiiiiieiece e 86
Bias

External Mixer (remote) ........ccccceeviiiiiiiieiiiiieiiee 172
C
Capture offset

MSRA secondary applications ...........ccccceeviininiiiens 90

Remote ... . 286

Softkey .... ...90
Capture time .......ccccevvvieeiiieein. .91

see also Measurement time ... .
Carrier OffSEt .......ovieiiiie e 100
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CDA

COoNfIQUIING ..o 60
Center freQUENCY ......ooiuiiiiieiiieiie e 77

Softkey

StEP SIZE v 77
Channel

Creating (remote) .......cooiiiiiiiiieiiecee e

Deleting (remote) .......ccooviiiiiiiiiiiiiieeee e

Duplicating (remote) .........cccocveiiiiieeiiiiieiieeeee

Querying (remote) .... .

Renaming (remote) ........cccooveeiiiiiiiiiiieieceeeeen

Replacing (remote) .........ccooeeiiiiiiiiiiiiieeceee
Channel bandwidth

MSRA MOAE ..o 58
Closing

Channels (remote) .........ccovvuieiieiiiiiiiieece e 154

Windows (remote) .......c.ccoieeiieiiiiiieiie e 294
Configuration

Procedure ... 61
Configuration file

WizZard ..o 102
Constellation diagram

Markers ........ccoooiiiii 136
Continuous sweep

SOFtKEY . 94
Conventions

SCPI commands ........ccocveeirieniinieieieeee e 148
Conversion loss

External Mixer (remote) ........ccccoioviiiiiiiiiiinennns 176, 178
Conversion loss tables

Available (remote) ........ccocoeeiieiiiiii i 180

Band (remote) .......ccceoviiiiiiiieiie e

Bias (remote) .......ccceviiiiiiiiiieiieec e

Deleting (remote)

External Mixer (remote) ........ccccceeiiiiiiiiieiiieiiecne 177

Harmonic order (remote) .........ccccovieeiiiiiiiiiiceee, 181

Mixer type (remote) .

Selecting (remote) .......ccceeviviiiiiiiiii e
Copying

Channel (remote) .......ccceeiieiiiiiiiiiieeeceee e 153
Coupling

LA Lo 1= PRSP PPPRN 89
Cyclic delay diversity ..........ccooeeiieiiiiniieiese e 101
D
Data acquisition

MSRA/MSRT .t 90
Data format

REMOLE ..ooooiiiiieee e 308, 309
Data source

DiSPIAY ..o 8
DC offset

Analog Baseband (B71, remote control) ................. 212
Decimal separator

Trace @XPOrt ......cocveiiiiiiiiieee et 143
Delta Markers ........cccooiiiiiiiiieee e 139

DefiniNg veeiii 138
Diagram footer information .............coccoeiiiiiniiiiiiies 8
Digital I/Q

Enhanced mode ..o 87

TrQGEIING et 87
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Direct path

Input configuration ... Il
Display

INfOrmMation ..o 7
Drop-out time

B4 Lo 1= PSR RRPN 89
Duplicating

Channel (remote) ........cooiiiieiiiieiee e 153
E
Electronic input attenuation ..........ccccceeveiiiiinciiene 82, 83
Enhanced mode

Digital /Q ..o 87
Errors

IF OVLD .o 79
Evaluation

Refreshing .....c..ooiiiiiiii e 95
Evaluation methods

REeMOLE ..o 288

WLAN Lo 11

EVM ......... 329
Exporting

/Q data ..o 60

Measurement settings .........cccoccviiiiiiinie, 143

TrACES ..oveiiieeieeeee e 142,143
External Mixer

Activating (remote) ........ccoceeiieiiiiiiiiee e 172

Band ..o .. 174

Programming example .. ..182

RF overrange ................ ...178

TYPE ettt 178
External trigger ......cocooiiiiiiiec e 85, 86

Level (remote) ....oovecveiiiieiieeceee e 239
F
FET Shift ..o 100
Files

I/Q data input ... 72
Filters

High-pass (RF input) .........ccccoiiiiiiiiiiieceeee 71,94

YIG (remMOLE) oo 167
Format

Data (remote) ......cocveeiiiieiiiiee e 308, 309
Free Run

B4 Lo 1= PSR STRRN 85
Frequency

Configuration ..........ccoiiiiiiiie e 77

Configuration (remote) .......ccoooeeiiiiiiiiiieeeeeeeee 229

IF OUL e 74

OffSEL .. 78
Frontend

Configuration .................

Configuration (remote)

H
Handover frequency

External Mixer (remote) ........cccceeviiriiiinieiiieiieiiene 173
Harmonics

External Mixer (remote) ........ccccceeviiriiiinieiiienicciene 176
High-pass filter

RFE INPUL e 71,94
Hysteresis

THIGGET e 89
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1/Q data
EXPOrting ...coviiiiiiiee e 60
IMPOTtING ..o 60
Input file
INPUL FIlES ..o 72
Maximum bandwidth ... 40
Sample rate ..o 40

1/Q Power
THGGET e e

Trigger level (remote)
IF frequency

OUIPUL e 74
Output (remote) .....oooviiiiiiiieie e 255
IF Out Frequency ........ ... 74

IF output .............. ... 74

RemMOte ..o 255
IF Power

THGGET e 86

Trigger level (remote) ........cooovviiiiiiiiieccee 240
IF WIDE OUTPUT

CONNECION ... 92
Impedance

SetliNG eeeeeeie e 70, 81
Importing

Q data ..o 60
Input

Configuration ..o

Configuration (remote) ....

COUPIING i
/Q data files ......cocueeiiiiiiii e
Overload (remote) ....
RF o
SettiNgS .oeeiiiie
Source configuration ...........cccceeeieriiiiieenee e
Input sample rate (ISR)
Definition ..o 40
Input sources
Q data file ......oooeeeiieie s 73
1/Q data files ...... 12
Radio frequeNnCy .........ccocoeiiiiiiiieee e 68
K
Keys
Peak Search ... 141
RUN CONT
RUN SINGLE ...coiiiiiiiiiiicciceeeee e 95
L
Linking
MaArKErS ..o
LO feedthrough
M
Marker table
CoNfiQUIING ..o 140
Evaluation method ... e 22
Marker 10 TracCe ......ccveiiiiiiiiiiii et 139
Markers
Allocation MatriX ........cccocceeiiiieiiie e 136
ASSIgNEd traCe .......cccviiiiiiiiiiiiee e 139
ConfiguriNg ....ocvveiiiiiiiiieeee e 135, 136
Constellation diagram ...........cccccooiiiiiiiiiiiiieieece 136
343
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Deactivating .......ccooeieiiiieiee e
Delta markers ..o
General settings (remote) .
LiNKING e
MiNIMUM
Next minimum ...
NEXt PEAK ....ooiiiiiiiiii s
Peak ..o
Positioning
Retrieving values (remote)
Settings (remote) .....coceeeiiiiieiiiieeee e
State
Table ..o
Table (evaluation method)
Type
X-VAIUE ..o
Y-VAlUE .o
Maximizing
WiIndows (remote) ........eeeiiiiiiiiiiieeiiiee e 287
Measurement
Allocation MatriX .........cccociiiiiiiiiiiiee 1"
Capture Buffer ... 22
Channel FIatness ..........ccccciiiiiiiiiiiiieecec s 14
Channel Impulse Response ..........cccoceeeiiieieiiiecennnen. 21
Complementary Cumulative Distribution Function
(CCDF) it
Constellation Diagram ...
Constellation vs Carrier ...........ccccooiiiiiiiciieeee
Constellation vs Symbol
EVM vs. Carrier
EVM vs. Symbol

EVM vs. Symbol vs Carrier ........ccccceeiiieeeiiieeiiiieee 19
Group Delay .

Power Spectrum ........ccocoii i 23
Power vs Carrier vs Symbol ..........ccccooiiiiiiiieiiieenne 25

Power vs. Carrier
Power vs. Symbol

Signal flOW ..o
Measurement time

Remote ...
MINIMUM

Marker positioning ...

NEXE .o
Modulation

Inverted (1/Q, remote) .......ccceiiiiiiiiiiiiiie 244

Inverted (I/Q) ....oooiiiiii 93
MSRA

Analysis interval ... 90

Operating Mode .........cooiiiiiiiiiieiee e 58
MSRA secondary applications

Capture offset (remote) .......cccoooeiiiiiiiiieeeee, 286
MSRT

Analysis interval ... 90
Multiple

Measurement channels .............cccccooiiiiiiiiiiie, 6
N
Next Minimum ... 141

Marker positioning .........ccocveiieiiiiiiere e 141
Next Peak

Marker positioning .........ccoceeiieiiiiiieeee e 141
Noise

SOUICE i 75
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(o)
OFDM VSA

Performing ......cocooiiiiieiie e 145
Offset

Analysis interval ..........ccocooiiiiiiiii 90

FrequenCy ..o 78

Reference level ... 80
Options

Bandwidth extension .............cccccceviiiiiiiiiinn. 40, 41, 92

Electronic attenuation ...........cccccoooiiiiniiiiic 83

High-pass filter

Preamplifier ...
Oscilloscopes

Remote commands (B2000) ........cccccovvrceveiieeneennen. 218
Output

AUIO e

Configuration

Configuration (softkey) ........ccocieiiiiiiniie 73

IF frequency (remote) ........ccocveeiiiiiciiiiiicieeee 254

IF Out Frequency

IF source (remote) ........cccooveveiiieiiiiiiciicee e

NOISE SOUICE ....ceviiiiiiiiiciie e

Sample rate, definition .

SettiNGS .eeeiiiiie e

THGGET e e

VIdEO i
Overload

RF input (remote) ........cociiiiiiiiiiii e 165
Overview

Configuration OFDM VSA .......cccooiiiiiiice e 60
P
Parameter tables

Configuration ..........ccceiiiiiiiiii e 132
Peak search

Y e 141
Peaks

Marker positioning ........cccoceviiiiiiin e 141

NEXE e 141

SOFtKEY . 141
Performing

OFDM VSA measurement .........cccceveeieenienneennens 145
Ports

External Mixer (remote) ........ccccceeviiiiiiiieiiieiiee 178
Power splitter mode .........ccooviiiiiiiiiiiie e 221
Preamplifier

SEHNG .viiiie i 81

SOFtKEY .t 81
Preset

Bands (External Mixer, remote) ...........ccceoueeieennnene 174
Presetting

Channels ........oooiiiiiii e 62
Pretrigger ..o 88
Programming examples

External MIXer ... 182
Protection

RF input (remote) ........coceiiiiiiiiiiiieeeee 165
R
Record length

Definition ... 40

Relationship to sample rate ... 41
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Refresh
SOMKEY e 95

Remote commands
BasiCs ON SYNtAX ...ccoivviiiiiiieiiieeeiee e 147
Boolean values ...........cccoovviiieiiiiiiiiiieee e
Capitalization ....
Character data ..........ccccceeeeeiiiiiiiiiee e
Data bIOCKS ......vvveeiieiiiiieie e
Numeric values ....
Optional keywords

Parameters ... 150

Strings

SUIXES e 149
Repetition interval ... 88

SOMKEY e 88
Resetting

RF input protection ..........ccccoiiiiiiiiieeee 165
Restoring

Channel settings .........cccceiiiiiiiiee e 62
Result display

Configuration (remote) .......cooooeieiiiiiiiiiieeeeeeee 286
Result displays

Bitstream ..o

Marker table

Result Summary ........ccoooiiiiii e 26

Trigger t0 SYNC ...vveiiiiiiieee e 28

WLAN Lo 1
Result range

Remote ..o 247
Result type

DiSPIAY et 8
Results

Data format (remote) .........ccceiiiiiiiiiiiiiiees 308, 309

EXPOItiNG «..eeeeeiiiie et 142

Retrieving (remote) .......cccooiiiieiiiiiieeeee s 295
RF attenuation

AULO . 82

Manual ... 82
RF input

Overload protection (remote) .........cccceeviieeiiiiienninenn. 165

Remote ... 165
RF overrange

External MiXer .........ccooiiiiiiiiiiiecee e 178
RF Power

I3 Lo 1= PP SRRTRRN 87
RUN CONT

KBY e 94
RUN SINGLE

KBY e 95
S
Sample rate

Definition .....cooiiiiicie e 40

1/Q data

MaXIMUM <. 40

Relationship to bandwidth ...........c.cccoooiiiiiiii . 41

REMOLE ..o 246
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Scaling
AULOMALIC ..ot
Automatically ..
YA8XIS eveeeiitiee it et
SeleCt Marker ...
Sequencer
Activating (remote) .......coooiiiiiiiiii e 260
REMOLE ..o 259
Sequences
Aborting (remote) .......coceiiiiiieiiiiee s 260
Mode (remote) .....coeiveiiiiieeiiie e 261
Settings
OVEIVIEW .ottt 60
Signal capturing
DUration ......eeoiie e 91
Duration (remote) ........ccceeiiiiiiiiiieiee e 245
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