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This manual applies to the following R&S®FSV3000 and R&S®FSVA3000 models with firmware version
2.20 and higher:

® R&S®FSV3004 (1330.5000K04) / R&S®FSVA3004 (1330.5000K05)
® R&S®FSV3007 (1330.5000K07) / R&S®FSVA3007 (1330.5000K08)
® R&S®FSV3013 (1330.5000K13) / R&S®FSVA3013 (1330.5000K14)
® R&S®FSV3030 (1330.5000K30) / R&S®FSVA3030 (1330.5000K31)
® R&S®FSV3044 (1330.5000K43) / R&S®FSVA3044 (1330.5000K44)
®* R&S®FSV3050 (1330.5000K50) / R&S®FSVA3050 (1330.5000K51)

The following firmware options are described:

® R&S®PFSV3-K144 (5G NR R15 Downlink Measurements) (1330.7219.02)

® R&S®FSV3-K147 (5G NR Combined EVM / ACLR / SEM Measurements) (1346.4250.02)

® R&S®PFSV3-K147C (3GPP 5G-NR FAST Multicarrier Measurement Application 1346.6498.02)
® R&S®FSV3-K148 (5G NR R16 Downlink / Uplink Measurements) (1346.4914.02)

® R&S®FSV3-K171 (5G NR R17 / R18 Downlink / Uplink Measurements) (1346.5362.02)
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R&S®FSV3-K144

Documentation overview

1.1

1.2

User manuals and help

Documentation overview

This section provides an overview of the R&S FSV/A user documentation. Unless
specified otherwise, you find the documents at:

www.rohde-schwarz.com/manual/FSVA3000
www.rohde-schwarz.com/manual/FSV3000
Further documents are available at:
www.rohde-schwarz.com/product/FSVA3000

www.rohde-schwarz.com/product/FSV3000

Getting started manual

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

A printed version is delivered with the instrument. A PDF version is available for down-
load on the Internet.

User manuals and help

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

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

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the R&S FSV/A is
not included.

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

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

1.3

1.4

1.5

1.6

1.7

Release notes and open-source acknowledgment (OSA)

Service manual

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

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):

R&S®FSVA3000/FSV3000 Service manual

Instrument security procedures

Deals with security issues when working with the R&S FSV/A in secure areas. It is
available for download on the internet.

Printed safety instructions

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

Specifications and brochures

The specifications document, also known as the data sheet, contains the technical
specifications of the R&S FSV/A. It also lists the firmware applications and their order
numbers, and optional accessories.

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

See www.rohde-schwarz.com/brochure-datasheet/FSV3000 /

www.rohde-schwarz.com/brochure-datasheet/FSVA3000

Release notes and open-source acknowledgment
(OSA)

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

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

1.8

1.9

Videos

See www.rohde-schwarz.com/firmware/FSV3000 /

www.rohde-schwarz.com/firmware/FSVA3000

Application notes, application cards, white papers,
etc.

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

See www.rohde-schwarz.com/application/FSV3000 /

www.rohde-schwarz.com/application/FSVA3000

Videos

Find various videos on Rohde & Schwarz products and test and measurement topics
on YouTube: https://www.youtube.com/@RohdeundSchwarz
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Overview of the 5G NR applications

2 Welcome to the 5G NR measurement appli-
cation

The 5G NR application is a firmware application that adds functionality to measure sig-
nals according to the 3GPP 5G NR (new radio) standard on the downlink to the
R&S FSV/A.

@ Bandwidth of 5G NR signals
5G NR signals have a bandwidth between 3 MHz and 400 MHz.

Measuring signals greater than 10 MHz requires an R&S FSV/A with one of the
optional bandwidth extensions (28 MHz or more).

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 man-
ual are the same as in the spectrum application and are described in the R&S FSV/A
user manual. The latest versions of the manuals are available for download at the
product homepage.

https://www.rohde-schwarz.com/manual/fsv3000

e Overview of the 5G NR applications............uuuucciiiiiiiiiiii e 12
L N [ 0TS =1 1= 11T TR 15
e 5G NR measurement application selection............cccccoooiiiiiiiiiiiiicccceee e, 15
o Display iNfOrmMation........cooiiiiii e 15

2.1 Overview of the 5G NR applications

You can equip the R&S FSV/A with one or more NR 5G applications. Each of the appli-
cations provides functionality for specific measurement tasks.

R&S FSV3-K144
The R&S FSV3-K144 is designed to measure NR 5G signals on the downlink.

The application supports features up to 3GPP release 15.

® Basic signal characteristics (like multiple component carriers, frequency ranges
and channel bandwidths).

® (Automatic) demodulation and configuration of the PDSCH and synchronization
signal (SS/PBCH).

® Configuration and analysis of multiple frames and bandwidth parts (multi-numerol-
ogy).

® Configuration and analysis of special downlink channels and reference signals (like
the PDCCH, the CSI-RS or the PT-RS).

® Configuration and analysis of various demodulation reference signals.
® Mapping of channels to different antenna ports.
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® LTE coexistance analysis.

® Synchronization of the configuration with a connected Rohde & Schwarz signal
generator.

® Tools to refine and filter the measurement results.

® Various result displays that show the measured signal characteristics in a diagram
or a numeric result table.

® Available measurements: EVM, ACLR, SEM, time alignment and on / off power.

R&S FSV3-K145
The R&S FSV3-K145 is designed to measure NR 5G signals on the uplink.

The application supports features up to 3GPP release 15.

® Basic signal characteristics (like multiple component carriers, frequency ranges
and channel bandwidths).

® (Automatic) demodulation and configuration of the PUSCH.

® Configuration and analysis of multiple frames and bandwidth parts (multi-numerol-
ogy).

® Configuration and analysis of special uplink channels and reference signals (like
the PUCCH, the PRACH, the SRS or the PT-RS).

® Configuration and analysis of various demodulation reference signals.
® Mapping of channels to different antenna ports.

® Synchronization of the configuration with a connected Rohde & Schwarz signal
generator.

® Tools to refine and filter the measurement results.

® Various result displays that show the measured signal characteristics in a diagram
or a numeric result table.

® Available measurements: EVM, ACLR and SEM.

R&S FSV3-K147

The R&S FSV3-K147 is designed to combine different 5G NR measurements in a sin-
gle measurement sequence, either on the downlink or on the uplink.

Note that this application requires the R&S FSV3-K144 or -K145.

The application supports the following features.

® Combined analysis of EVM, ACLR and SEM in a single application.

® Automatic measurement of multiple, subsequent events with a single analyzer.
® |ncreased measurement speed due to optimized measurement methods.

® Advanced trigger configuration.

® Extended functionality of the result displays that reflect the measurement
sequence.

® R&S FSV3-K147C unlocks combined measurements for multi-carrier signals.
Requires the R&S FSV3-K147 license.
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R&S FSV3-K148

The R&S FSV3-K148 extends the functionality of the base application with features
introduced with 3GPP release 16.

Note that this application requires the R&S FSV3-K144 or -K145.

Release 16 features include:
® Configuration of DCI parameters.
® Configuration and analysis of the PRS.

® New operating bands, slot formats (for IAB) and test models introduced with
release 16.

® New channel bandwidth introduced with release 16 (70 MHz).
® Increased PDSCH DMRS length.
® Increaed number of SS/PBCH blocks to support shared spectrum access.

R&S FSV3-K171

The R&S FSV3-K171 extends the functionality of the base application with features
introduced with 3GPP release 17.

Note that this application requires the R&S FSV3-K144 or -K145 and the R&S FSV3-
K148.

Release 17 and 18 features include:

® New deployment frequency range (FR2-2, up to 71 GHz).

® New channel bandwidths introduced for FR2-2 (800 MHz, 1600 MHz and 2000
MHz).

® New subcarrier spacings for various channels (user allocations, SS/PBCH, PRACH
etc.) introduced with FR2-2.

® New channel bandwidths introduced with release 17 (35 MHz and 45 MHz).
® New channel bandwidths introduced with release 18 (3 MHz).
® Support of 1024QAM modulation in FR1.

® New operating bands, test models and limits for ACLR and SEM measurements
introduced with release 17.

R&S FSV3-K175

The R&S FSV3-K175 extends the functionality of the base application with features
that allow measurements based on the O-RAN standard.

Note that this application requires the R&S FSV3-K144 or -K145.

The application supports the following features.
® Support of O-RAN test cases.

® Extended features in selected result displays that allow evaluation of O-RAN test
cases.

® Automatic configuration of the NR 5G application upon selection of an O-RAN test
case.
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Display information

2.2 Installation

Find detailed installation instructions in the getting started or the release notes of the
R&S FSV/A.

2.3 5G NR measurement application selection
The 5G NR measurement application adds a new application to the R&S FSV/A.

Starting the application
1. Press the [MODE] key on the front panel of the R&S FSV/A.

A dialog box opens that contains all operating modes and applications currently
available on your R&S FSV/A.

2. Select the "5G NR" item.

The R&S FSV/A opens a new measurement channel for the 5G NR measurement
application.

The measurement is started immediately with the default settings. It can be configured

in the "Overview" dialog box, which is displayed when you select the "Overview" soft-
key from any menu.

2.4 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.
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In the 5G NR measurement application, the R&S FSV/A shows the following settings:

Table 2-1: Information displayed in the channel bar in the 5G NR measurement application

Ref Level

Att

Inp: File Freq
Freq

Mode*

Frame Count*

Capture Time

Frame
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Reference level.

Mechanical and electronic RF attenuation.
Frequency for 1/Q file input.

Frequency for other input sources (RF etc.).

5G NR mode (link direction and channel bandwidth).

The first number represents the number of frames that have already been
captured.

The second number represents the total number of frames that will be
captured.

The third number in brackets represents the number of frames currently in
the capture buffer.

Signal length that has been captured.

Selected frame number.
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Display information

BWP/SS* Shows the signal part for which results are displayed (evaluation range).
SS = synchronization signal
BWP = bandwidth part

View<x> Information about the contents of View 1 and View 2.

Select the button for access to the dialog box for view configuration.

SGL Indicates that single sweep measurement is active.
Auto Demod Once Select the button to start automatic signal demodulation.
Consecutive CC Meas Number of component carriers that are measured; the numbers in paren-

theses indicate the number of component carriers that are analyzed in a
single capture.

Example: 8 (3 /3 /2) means that 8 component carriers are analyzed in
three consecutive data captures. The first two data captures analyze the
first 6 component carriers (3 CCs each), while the last data capture ana-
lyzes the last 2 component carriers.

*If you capture more than one data stream (for example several component carriers), the R&S FSV/A
shows two values separated by a slash. The first number corresponds to the first analyzed data stream,
the second number to the second analyzed data stream.

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

R&S FSV/A getting started manual.

Diagram header
The information in the diagram header depends on the result display.

® All diagrams show the window number and type of result display.
® Most diagrams contain trace information.
® Some diagrams contain controls to customize the diagram contents. The diagram

header of the "Allocation Summary", for example, contains a control to select which
columns are displayed.

® |f you analyze multiple component carriers or frames, the diagram header shows
which CC or frame is analyzed.

Status bar information

Global instrument settings, the instrument status and any irregularities are indicated in
the status bar beneath the diagram. Furthermore, the progress of the current operation
is displayed in the status bar.

Regarding the synchronization state, the application shows the following labels.
e "Sync OK"

The synchronization was successful. The status bar is green.
® "Sync Failed"

The synchronization was not successful. The status bar is red.

If you are measuring several component carriers, the message also indicates
which component carrier could not be synchronized.
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3.1

Measurements and result displays

Selecting measurements

Measurements and result displays

The 5G NR measurement application measures and analyzes various aspects of a 5G
NR signal.

The application provides several measurements and result displays.
® Measurements capture and analyze the signal in a different way.

® Result displays are different representations of the measurement results. They are
either diagrams that show the results as a graph or tables that show the results as
numbers.

Remote command:
Measurement selection: CONFigure [ :NR5G] :MEASurement on page 305

Result display selection: LAYout : ADD[ :WINDow] ? on page 224

o  SeleCting MEASUMEMENTS. .....iiii it e s aneeee s 18
e  Selecting result diSPIayS.......uuuiiiiiiiie i 20
o Performing MeasUrEmMENTS........ouuuiuiiiiiicecieie i e e 20
®  RESUIL SUMMAIY....uiiiiii i e e e e e e e e e e e e e e e e et e e e e e eeaeeeeee e aennanaaanas 21
®  1/Q MEASUIEMENTS. ..ottt e e e e e e e e e e e e e e e e e e e e e e e anenneeeeeeas 28
L I T2 e L= 1o T ' 1= 0 L =Y 4 o] U 44
e Transmit on / off power MeasUremMENt...........c.uueevviiieeiiiiieicreeee e 47
o Frequency SWeep MeEaSUrEMENTS.......cc.uuiiriiiiieeee e e e e e e e e 52
o  Combined MEASUIEMENTS.....ciiiuiiiieeiiiiiiee ittt e ettt ee e e st e e e s eee e e e s snbeeeeessnnbeeeeeeans 60
o Reference: cuStomM lIMItS......coieeiiiiii e 64
o Reference: 3GPP test SCENAIIOS. ....uuiiiiii i 65

Selecting measurements

Access: "Overview" > "Select Measurement"

The "Select Measurement" dialog box contains several buttons. Each button repre-
sents a measurement. A measurement in turn is a set of result displays that themati-
cally belong together and that have a particular display configuration. If these prede-
fined display configurations do not suit your requirements, you can add or remove
result displays as you like. For more information about selecting result displays, see
Chapter 3.2, "Selecting result displays", on page 20.

Depending on the measurement, the R&S FSV/A changes the way it captures and pro-
cesses the raw signal data.

EVM

EVM measurements record, process and demodulate the signal's I/Q data. The result
displays available for EVM measurements show various aspects of the 5G NR signal
quality.

For EVM measurements, you can combine the result displays in any way.
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Selecting measurements

For more information on the result displays, see Chapter 3.5, "I/Q measurements",
on page 28.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

Time alignment error

Time alignment error (TAE) measurements record, process and demodulate the sig-
nal's I/Q data. The result displays available for TAE measurements indicate how well
the antennas in a multi-antenna system are aligned.

For TAE measurements, you can combine the result displays in any way.

For more information on the result displays, see Chapter 3.6, "Time alignment error",
on page 44.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

Transmit on / off power

Transmit on / off power measurements record and process the signal's 1/Q data without
demodulating the data. The result displays available for transmit on / off power mea-
surements show various aspects of the transition from on to off power.

For transmit on / off power measurements, you can combine the result displays in any
way.

For more information on the result displays, see Chapter 3.7, "Transmit on / off power
measurement", on page 47.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

Combined EVM / ACLR / SEM
Combined measurements are a sequence of individual measurements that evaluate
the EVM, ACLR and / or SEM of a DUT.

For more information on the result displays, see Chapter 3.9, "Combined measure-
ments", on page 60.

Channel power ACLR
(inludes multi carrier ACLR and cumulative ACLR measurements)

ACLR measurements sweep the frequency spectrum instead of processing I/Q data.

The ACLR measurements evaluates the leakage ratio of neighboring channels and
evaluates if the signal is within the defined limits. The measurement provides several
result displays. You can combine the result displays in any way.

For more information on the result displays, see Chapter 3.8, "Frequency sweep mea-
surements”, on page 52.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

SEM
(inlcudes multi carrier SEM measurements)

SEM measurements sweep the frequency spectrum instead of processing 1/Q data.
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Performing measurements

The SEM measurements tests the signal against a spectrum emission mask and eval-
uates if the signal is within the defined limits. The measurement provides several result
displays. You can combine the result displays in any way.

For more information on the result displays, see Chapter 3.8, "Frequency sweep mea-
surements”, on page 52.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

3.2 Selecting result displays

Access: I

The R&S FSV/A opens a menu (the SmartGrid) to select result displays. For more
information on the SmartGrid functionality, see the R&S FSV/A Getting Started.

In the default state of the application, it shows several conventional result displays.
e (Capture Buffer

® EVM vs Carrier

® Power Spectrum

® Result Summary

® Alloc ID vs Symbol x Carrier

® Constellation Diagram

From that predefined state, add and remove result displays as you like from the Smart-
Grid menu.

Remote command: LAYout : ADD[ : WINDow] ? on page 224

3.3 Performing measurements

By default, the application measures the signal continuously. In "Continuous Sweep"
mode, the R&S FSV/A captures and analyzes the data again and again.

® For|I/Q measurements, the amount of captured data depends on the capture time.

® For frequency sweep measurement, the amount of captured data depends on the
sweep time.

In "Single Sweep" mode, the R&S FSV/A stops measuring after it has captured the
data once. The amount of data again depends on the capture time.
Refreshing captured data

You can also repeat a measurement based on the data that has already been captured
with the "Refresh" function. Repeating a measurement with the same data can be use-
ful, for example, if you want to apply different modulation settings to the same 1/Q data.

For more information, see the documentation of the R&S FSV/A.
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Result summary

3.4 Result summary

In addition to various graphical results, the R&S FSV/A provides a numerical result
summary for I/Q measurements. The result summary shows a multitude of results that
indicate the signal quality, combined in one table.

The result summary is split into several parts.

® Frame statistics, which evaluate the metrics of the resource elements in a complete
frame.
Results are averaged over frames.

® Sjlot and subframe statistics, which evaluate metrics of the resource elements in a
single slot or subframe.
Results are averaged over slots / subframes.

If you are using different numerologies, the R&S FSV/A first averages all slots with the
same numerology, before calculating the overall mean value.

Each row in the table corresponds to a certain metric or result parameter. You can add
or remove results you want to display as necessary.

By default, the R&S FSV/A evaluates the results over all captured frames, bandwidth
parts, subframes and slots. For most results, the result summary therefore contains a
mean (average), maximum and minimum value.

2 Result Summary Selected Frame  Frame Averaged
Frame Results Selected Mean Limit Max Min .
EVM PDSCH QPSK (%) 0.00 0.00 0.00 0.00
EVM PDSCH 16QAM (%) 0.00 0.00 0.00 0.00
EVM PDSCH 64QAM (%) 0.00 0.00 0.00 0.00
EVM PDSCH 2560QAM (%) 0.00 0.00 0.00 0.00
Results for Selection BWP/SS All, Subframe All, Slot All
EVM Al (%) 0.00 0.00 0.00
EVM Peak (%) 0.00 0.00 0.00
EVM Phys Channel (%) 0.00 0.00 0.00
EVM Phys Signal (%) 0.00 0.00 0.00
Frequency Error (Hz) 0.00 0.00 0.00
Sampling Error {(ppm) 0.00 0.00 0.00
I/Q Offset (dB) 0.00 0.00 0.00
I/Q Gain Imbalance (dB) - - -
I/Q Quadrature Error (°) - - -

Limit check

The R&S FSV/A also tests several results against limits, if 3GPP has defined limits for
a result. Limits are only evaluated if the signal complies to the 3GPP specification
regarding the number of analyzed frames and the results are averaged over all frames.
Depending on the limit test, the results are highlighted.

® |f one of the results passes the limit, the value is highlighted green.

® |f one of the results violates the limit, the value is highlighted red.

® Results that are not evaluated are not highlighted in a color.

For some results you can define custom limits. For more information, see Chap-
ter 3.10, "Reference: custom limits", on page 64.
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Result summary

You can check if a result supports limit evaluation in the result descriptions below. The
result descriptions also indicate special behavior of the limit check.

Evaluation range and multiple frame analysis

The evaluation range selects the way the results are evaluated and which values are
displayed.

For the frame statistics, the evaluation range is irrelevant. However, you can select a
specific frame that you want to analyze.

® Select "Frame Averaged" in the result summary header to display the average
result over all analyzed frames. The average results relate to all frames, not just
those in the capture buffer.
The table also shows the minimum and maximum values over the analyzed
frames.

® Select "Selected Frame" in the result summary header to display the results for a
single frame.
If you analyze a single frame, the mean, minimum and maximum values are the
same.

2 Result Summary Selected Frame  Frame Averaged

For the slot statistics and subframe statistics, the effects of the evaluation range are
as follows.

® Select "Frame Averaged" in the result summary header to display the average
results over all analyzed slots in all analyzed frames. The average results relate to
all frames, not just those in the capture buffer. The table also shows the minimum
and maximum values found in the analyzed frames.
When you select a specific BWP, subframe or slot while in "Frame Averaged"
mode, the R&S FSV/A automatically selects "Selected Frame" mode.

® Select "Selected Frame" in the result summary header to display the results over
all analyzed slots in a single frame. The analyzed frame depends on the frame you
have selected. In this case, you can filter the evaluation range as you like.
Examples:
— If you select a specific BWP: the R&S FSV/A takes the average over all slots in
the selected BWP.

— If you select a specific subframe: the R&S FSV/A takes the average over all
slots in the selected subframe.

— If you select a specific slot: the R&S FSV/A shows the result for that slot.
Note that selecting a specific slot for the subframe results (frequency and sam-
pling error) will not make a difference, because those results are always calcu-
lated over a complete subframe.

The current evaluation range is indicated in the header row of the slot statistics.
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Result summary

Multiple carrier analysis

For measurements on multiple carriers, the contents of the result summary depend on
your configuration, especially the CC result setting.

® Select "CC Result" = "All" to display information about all component carriers,
regardless of the number of component carriers.

— The "All" tab shows the average results for all component carriers. Each col-
umn in the table corresponds to one component carrier.

— The "View <x>" tabs show the detailed results for the component carriers
assigned to the two views.

® Select "CC Result" = "Viewed" to display information about the component carriers
assigned to the two views.

— The "All" tab shows the average results for the two selected component carri-
ers. Depending on your selection in the result summary header, the results are
either averaged over all frames, or relate to a single frame.

— The "View <x>" tabs show the detailed results for the component carriers
assigned to the two views. Depending on your selection in the result summary
header, the results are either averaged over all frames, or relate to a single,
selected frame.

If you analyze only one frame, the results are the same in both cases.

Note that analyzing all component carriers is slower compared analyzing the viewed
component carriers, because of the post-processing that occurs during the analysis.
Thus, if time is an issue, you can select two component carriers to analyze, and, if you
are later interested in the characteristics of another component carrier, analyze that
component carrier later (the data of the other carriers is available, just not analyzed).

Units
Most of the units of the results are fixed.

The unit of the EVM results depends on the selected EVM unit.
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Result summary
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Remote queries
The remote commands to query individual results and limit check results are indicated
in the description of the respective result.

Alternatively, you can query all results or limit check results at the same time using a
single command.

Remote command:

Results: FETCh[:CC<cc>] [ :ISRC<ant>] [ :FRAMe<fr>] :SUMMary:ALL?
on page 237

Limit check: CAL.Culate<n>:LIMit<1li>[:CC<cc>] [:ISRC<ant>][:
FRAMe<fr>]:SUMMary:ALL:RESult? on page 268

EVM PDSCH
Shows the EVM for all PDSCH resource elements with a certain modulation in the ana-
lyzed frame (QPSK, 16QAM, 64QAM, 256QAM).

Limit evaluation supported.

Remote command:

QPSK: FETCh[:CC<cc>] [: ISRC<ant>] [ :FRAMe<fr>] :SUMMary:EVM:DSQP [ :
AVERage] ? on page 240

16QAM: FETCh[:CC<cc>] [ : ISRC<ant>] [ :FRAMe<fr>] : SUMMary:EVM:DSST | :
AVERage] ? on page 242

64QAM: FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>] :SUMMary:EVM:DSSF [ :
AVERage] ? on page 241

256QAM: FETCh [ :CC<cc>] [: ISRC<ant>] [ : FRAMe<fr>] :SUMMary:EVM:

DSTS [ :AVERage] ? on page 242

Limit check QPSK: CALCulate<n>:LIMit<1li>[:CC<cc>] [:ISRC<ant>][:
FRAMe<fr>] :SUMMary:EVM:DSQP [ : AVERage] :RESult? on page 269

Limit check 16QAM: CALCulate<n>:LIMit<li>[:CC<cc>][:ISRC<ant>][:
FRAMe<fr>] :SUMMary:EVM:DSST [ : AVERage] :RESult? on page 270

Limit check 64QAM: CALCulate<n>:LIMit<li>[:CC<cc>][:ISRC<ant>][:
FRAMe<fr>] :SUMMary:EVM:DSSF [ : AVERage] :RESult? on page 269

Limit check 256QAM: CAL.Culate<n>:LIMit<li>[:CC<cc>] [:ISRC<ant>][:
FRAMe<fr>]:SUMMary:EVM:DSTS[:AVERage] :RESult? on page 271

BLER (%)

Shows the block error rate (BLER) for all code blocks used by the PDSCH as a per-
centage. The BLER is the ratio of the number of erroneously transmitted code blocks
to all code blocks in the analyzed frame.

Note that the result is only calculated if the number of bits per code block is identical
for all allocations.

To see the BLER results, you have turn on the throughput measurement.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:BLER[:AVERage]?
on page 238
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Result summary

TPUT (%)

Shows the throughput for all code blocks used by the PDSCH. The BLER is the ratio of
the number of successfully transmitted code blocks to all code blocks in the analyzed
frame.

Note that the result is only calculated if the number of bits per code block is identical
for all allocations.

To see the throughput results, you have turn on the throughput measurement.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:TPUT[:AVERage]?
on page 251

Frame Start Offset
Shows the start of the frame relative to the start of the capture buffer.

Unavailable for "Frame Averaged" results, otherwise refers to the selected frame.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>] :SUMMary:FOFFset?
on page 251

EVM All
Shows the EVM for all resource elements in the selected evaluation range.

The result is a weighted average over all resource elements (PDSCH, DMRS etc.).
The number of occupied resource blocks and the number of used symbols of each
allocation is taken into account in the calculation of the mean EVM. Therefore, a fully
loaded PDSCH across multiple symbols gets a much higher weight than a single sym-
bol DMRS.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:EVM[:ALL] [:
AVERage] ? on page 239

EVM Peak
Shows the EVM of the resource element with the highest EVM value in the selected
evaluation range.

Unavailable for combined measurements.
Remote command:

FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:EVM:PEAK] :
AVERage] ? on page 244

EVM Phys Channel
Shows the EVM for all physical channel resource elements in the selected evaluation
range.

A physical channel corresponds to a set of resource elements carrying information
from higher layers. PDSCH, PUSCH, PBCH or PDCCH, for example, are physical
channels.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:EVM:PCHannel [:
AVERage] ? on page 243
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Result summary

EVM Phys Signal
Shows the EVM for all physical signal resource elements in the selected evaluation
range.

The reference signal is a physical signal, for example.

Frequency Error

Shows the difference in the measured center frequency and the reference center fre-
quency.

The frequency error is calculated over a subframe.

Limits are evaluated if you turn on the limit check.

The R&S FSV/A checks the measured frequency error against the limits defined by
3GPP. The values are highlighted green (pass) or red (fail) respectively. The color of
the mean value indicates the overall limit check passes or fails. Note that if you evalu-
ate a single subframe only, the minimum, maximum and mean values are the same.

The limit values depend on the base station category.

Remote command:

Result: FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>] : SUMMary:FERRor [ :
AVERage] ? on page 245

Limit check: CALCulate<n>:LIMit<li>[:CC<cc>] [:ISRC<ant>][:
FRAMe<fr>] :SUMMary:EVM: FERRor [ : AVERage] : RESult? on page 271

Sampling Error

Shows the difference in measured symbol clock and reference symbol clock relative to
the system sampling rate.

The sampling error is calculated over a subframe.

Remote command:

FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:SERRor[:AVERage]?
on page 250

Power
Shows the average time domain power for all resource elements in the selected evalu-
ation range.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:POWer [ :AVERage]?
on page 247

1/Q Offset
Shows the power at spectral line 0 normalized to the total transmitted power.

Not available for multiple BWPs.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:IQOFfset]|:
AVERage] ? on page 246

1/Q Gain Imbalance
Shows the logarithm of the gain ratio between the Q-channel and the I-channel.

Not available for multiple BWPs and only calculated if you turn on the calculation.
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Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:GIMBalance]|:
AVERage] ? on page 246

I/Q Quadrature Error
Shows the measure of the phase angle between Q-channel and I-channel deviating
from the ideal 90 degrees.

Not available for multiple BWPs and only calculated if you turn on the calculation.

Crest Factor
Shows the peak-to-average power ratio of the captured signal.

The peak power is determined over multiple frames.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>]:SUMMary:CRESt[:AVERage] ? on page 238

OSTP
Shows the OFDM symbol transmit power.

The result is the average power of all OFDM symbols that carry PDSCH and not con-
taining PDCCH, RS or SSB within a slot.

Not available for multiple BWPs.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:0STP[:AVERage]?
on page 247

RSTP
Shows the reference signal transmit power.

The result is an average over all PDSCH DMRS within a frame. For the calculation, the
R&S FSV/A first averages all DMRS in each slot, and then averages this value over all
slots in a frame.

Not available for multiple BWPs.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:RSTP[:AVERage]?
on page 250

RSRP

Shows the reference signal receive power for the CSI reference signal (CSI-RSRP)
and the second synchonization reference signal (SS-RSRP) as defined in 3GPP
38.215.

It is an average power over all resource elements that carry the CSl or SS reference
signal.

Not available for multiple BWPs.

Remote command:

CSI-RSRP: FETCh [ :CC<cc>] [ : ISRC<ant>] [ : FRAMe<fr>] : SUMMary:RSRP:
CSI[:AVERage]? on page 249

SS-RSRP: FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>] :SUMMary:RSRP:
SS[:AVERage] ? on page 249
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3.5

I/Q measurements

I/Q measurements

Access: [MEAS] > "EVM/Frequency Err/Power"

For 1/Q measurements, the R&S FSV/A captures and then analyzes the demodulated
I/Q data. I/Q measurements provide various result displays that show different aspects
and characteristics of the captured signal.

You can select the result displays from the evaluation bar and arrange them as you like
with the SmartGrid functionality.

Remote command:
Measurement selection: CONFigure [ :NR5G] :MEASurement on page 305

Result display selection: LAYout : ADD [ : WINDow] ? on page 224
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Capture Buffer
The "Capture Buffer" shows the complete range of captured data for the last data cap-
ture.

The x-axis represents time. The maximum value of the x-axis is equal to the Capture
Time.

The y-axis represents the amplitude of the captured I/Q data in dBm (for RF input).

The capture buffer uses the auto peak detector to evaluate the measurement data. The
auto peak detector determines the maximum and the minimum value of the measured
levels for each measurement point and combines both values in one sample point.
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3 Capture Buffer & [joExport @1 Clrw

2.01 ms/

Figure 3-1: Capture buffer without zoom

A green bar at the bottom of the diagram represents the frame that is currently ana-
lyzed.

A green vertical line at the beginning of the green bar in the capture buffer represents
the frame start. The diagram also contains the "Start Offset" value. This value is the
time difference between the frame start and capture buffer start.

The header of the "Capture Buffer" result display contains an "I/Q Export" button that
allows you to export I/Q data easily.

Remote command:

Selection: LAY:ADD ? '1',LEFT,CBUF

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ :DATA] : X? on page 304

Frame start offset: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:
FOFFset? on page 251

EVM vs Carrier

The "EVM vs Carrier" result display shows the error vector magnitude (EVM) of the
subcarriers. With the help of a marker, you can use it as a debugging technique to
identify any subcarriers whose EVM is too high.

The results are based on an average EVM that is calculated over the resource ele-
ments for each subcarrier. This average subcarrier EVM is determined for each ana-
lyzed slot in the capture buffer.

The contents of the result display depend on the evaluation range.

® |f you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The traces show the average
EVM of the corresponding signal part. The diagram header contains a legend that
shows the information that each trace carries.

® |f you analyze only the synchronization signal, one specific bandwidth part, or a
single subframe, the diagram contains three traces. The traces show the following
information.
— The average subcarrier EVM over all slots in the selected signal part.
— The lowest subcarrier EVM over all slots in the selected signal part.
— The highest subcarrier EVM over all slots in the selected signal part.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the subcarrier EVM for that slot only. Average, minimum and maximum values in
that case are the same.
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The x-axis represents the center frequencies of the subcarriers. The y-axis shows the
EVM in % or in dB, depending on the EVIM Unit.

3 EVM vs Carrier e 15582 BWPO = 3 BWP1
1.6 %
1.4 %
1.2 %

T,
1% i g
e w

0.8 % ——

0.6 % _*ﬁ,t—-“*.u

0.0 Hz 9.5 MHz/ 95.04 MHz

Remote command:

Selection LAY:ADD 2 '1',LEFT,EVCA

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] : X? on page 304

EVM vs Symbol

The "EVM vs Symbol" result display shows the error vector magnitude (EVM) of the
OFDM symbols. You can use it as a debugging technique to identify any symbols
whose EVM is too high.

The results are based on an average EVM that is calculated over the resource ele-
ments for each subcarrier. This average subcarrier EVM is determined for each ana-
lyzed slot in the capture buffer.

The contents of the result display depend on the evaluation range.

® If you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The diagram header contains a
legend that shows the information that each trace carries.

® |f you analyze only the synchronization signal, one specific bandwidth part, a single
subframe or a single slot, the diagram contains one trace. That trace shows the
average EVM of the symbols in the selected signal part.

The x-axis represents the OFDM symbols, with each symbol represented by a dot on
the line. Any missing connections from one dot to another mean that the R&S FSV/A
could not determine the EVM for that symbol.

On the y-axis, the EVM is plotted either in % or in dB, depending on the EVM Unit.
4 EVM vs Symbol e ] 552 BWP0De3 BWP1

829.92 ps/
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Remote command:

Selection: LAY:ADD ? '1',LEFT,EVSY

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] : X? on page 304

EVM vs RB
The "EVM vs RB" result display shows the Error Vector Magnitude (EVM) for all
resource blocks that can be occupied by the PDSCH.

The contents of the result display depend on the evaluation range.

® |f you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The traces show the average
EVM of the corresponding signal part. The diagram header contains a legend that
shows the information that each trace carries.

® |f you analyze only the synchronization signal, one specific bandwidth part, or a
single subframe, the diagram contains three traces. The traces show the following
information.
— The average subcarrier EVM over all slots in the selected signal part.
— The lowest subcarrier EVM over all slots in the selected signal part.
— The highest subcarrier EVM over all slots in the selected signal part.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the subcarrier EVM for that slot only. Average, minimum and maximum values in
that case are the same.

If you select and analyze one subframe only, the result display contains one trace that
shows the resource block EVM for that subframe only. Average, minimum and maxi-
mum values in that case are the same. For more information, see "Subframe Selec-
tion" on page 207.

The x-axis represents the PDSCH resource blocks. On the y-axis, the EVM is plotted
either in % or in dB, depending on the EVM Unit.

® ] 55¢2 BWPO = 3 BWP1

Remote command:

Selection: LAY:ADD ? '1',LEFT,EVRB

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 304

Frequency Error vs Symbol

Th e "Frequency Error vs Symbol" result display shows the frequency error of each
symbol. You can use it as a debugging technique to identify any frequency errors within
symbols.
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The result is an average over all subcarriers in the symbol.

The contents of the result display depend on the evaluation range.

® |f you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The diagram header contains a
legend that shows the information that each trace carries.

® |f you analyze only the synchronization signal, one specific bandwidth part, a single
subframe or a single slot, the diagram contains one trace. That trace shows the
average frequency error of the symbols in the selected signal part.

The x-axis represents the OFDM symbols, with each symbol represented by a dot on
the line. The number of displayed symbols depends on the subframe selection. Any
missing connections from one dot to another mean that the R&S FSV/A could not
determine the frequency error for that symbol.

On the y-axis, the frequency error is plotted in Hz.

Note that the variance of the measurement results in this result display can be much
higher compared to the frequency error display in the numerical result summary,
depending on the PDSCH and control channel configuration. The potential difference is
caused by the number of available resource elements for the measurement on symbol
level.

2 Freq Error vs Symbol ® 1 5592 BWPO

711.36 ps/ 9.959 ms

Remote command:

Selection: LAY:ADD ? '1',LEFT, FEVS

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ :DATA] : X? on page 304

Frequency Error vs Subframe

The "Frequency Error vs Subframe" result display shows the frequency error of each
subframe. You can use it as a debugging technique to identify any frequency errors
among subframes.

The result is an average over all subcarriers and symbols of each subframe.

The contents of the result display depend on the evaluation range.

® |f you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The diagram header contains a
legend that shows the information that each trace carries.

® |f you analyze only the synchronization signal or one specific bandwidth part, the
diagram contains one trace. That trace shows the average frequency error of the
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subframes in the selected signal part. Selecting a specific subframe or slot from the
evaluation range has no effects on the contents of the diagram.

The x-axis represents the subframes, with each of the nine subframes represented by
a dot on the line.

On the y-axis, the frequency error is plotted in Hz.

1 Freq Error vs Subframe e1 5522 BWPO

0 Subframe 1 Subframe/ 9 Subframe

Remote command:

Selection: LAY:ADD 2 '1',LEFT, FEVS

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 304

Power Spectrum
The "Power Spectrum" shows the power density of the complete capture buffer in
dBm/Hz.

The displayed bandwidth depends on the channel bandwidth.
The x-axis represents the frequency. On the y-axis, the power level is plotted.

For multi-carrier measurement with a large bandwidth and automatic selection of the
amount of captured data, it can happen that only parts of the signal are displayed.

6 Power Spectrum
-70 dBmI,!fH,z—..I

-80 dan,sz ||

-90 dBrj/Hz |
-10 t]dB m/Hz

-110 dBm/Hz
0.0 Hz 12.29 MHz/ 122.88 MHz

Remote command:

Selection: LAY:ADD ? '1',LEFT, PSPE

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ : DATA] : X? on page 304

Flatness

The "Channel Flatness" result shows the relative power offset caused by the transmit
channel for each subcarrier.
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The contents of the result display depend on the evaluation range.

® |f you analyze all synchronization signals (SS) and bandwidth parts (BWP), the
result display contains one trace for the synchronization signal and a variable num-
ber of traces that represent the bandwidth parts. The traces show the average flat-
ness of the corresponding signal part. The diagram header contains a legend that
shows the information that each trace carries.

® |f you analyze only the synchronization signal, one specific bandwidth part, a spe-
cific frame or a single subframe, the diagram contains three traces. The traces
show the following information.
— The average subcarrier flatness over all slots in the selected signal part.
— The lowest subcarrier flatness over all slots in the selected signal part.
— The highest subcarrier flatness over all slots in the selected signal part.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the subcarrier flatness for that slot only. Average, minimum and maximum values in
that case are the same.

The x-axis represents the frequency. On the y-axis, the channel flatness is plotted in
dB.

4 Flatness vs Carrier o1 5582 BWPO ® 3 BWP1
0.01 dB

0.005 dB

0-dB
-0.005 dB

-0.01 dB
0.0 Hz 9.5 MHz/ 95.04 MHz

Remote command:

Selecting the result display: LAY :ADD 2 '1',LEFT, FLAT
Querying results:

TRACe:DATA?

TRACe<n>[:DATA] : X? on page 304

CCDF

The "Complementary Cumulative Distribution Function (CCDF)" shows the probability
of an amplitude exceeding the mean power. For the measurement, the complete cap-
ture buffer is used.

The x-axis represents the power relative to the measured mean power. On the y-axis,
the probability is plotted in %.

kY
-18 dB 12 dB

Mean Peak Crest 10% 1% 0.1% 0.01%
-21.30 dBm-10.15 dBm 11.16 dB  3.68 dB 6.68dB 8.45dB 9.60 dB
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In addition to the diagram, the results for the CCDF measurement are summarized in
the CCDF table.

Mean Mean power

Peak Peak power

Crest Crest factor (peak power — mean power)

10 % 10 % probability that the level exceeds mean power + [x] dB
1% 1 % probability that the level exceeds mean power + [x] dB
0.1% 0.1 % probability that the level exceeds mean power + [x] dB
0.01 % 0.01 % probability that the level exceeds mean power + [x] dB

Remote command:

Selection: LAY:ADD ? '1',LEFT,CCDF

Query (y-axis): TRACe:DATA?

Numerical results: CATL.Culate<n>:STATistics:CCDF:X<t>? on page 266
Numerical results: CALCulate<n>:STATistics:RESult<res>? on page 266

Constellation Diagram
The "Constellation Diagram" shows the in-phase and quadrature phase results and is
an indicator of the quality of the modulation of the signal.

In the default state, the result display evaluates the full range of the measured input
data.

If you apply a boosting factor to resources as required by 3GPP for certain test models,
the constellation diagram excludes that boosting factor to display the constellation dia-
gram points by default. To consider the boosting factor for the calculation of the con-
stellation points, turn on the corresponding parameter.

The color represent either the modulation type or the allocation type, depending on
your selection. The color mapping for modulation is as follows. The color mapping for
allocations is the same as in the allocation ID vs symbol vs carrier result display.

e [N: RBPSK

: QPSK
N 16QAM

: 64QAM
N 256QAM
I 1024QAM

You can filter the results by changing the evaluation range.

5 Constellation Diagram
Points Measured : 270460
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The constellation diagram shows the number of points that are displayed in the dia-
gram.

Remote command:
Selection: LAY:ADD ? '1',LEFT,CONS
Query: TRACe:DATA?

Allocation Summary
The "Allocation Summary" shows various parameters of the measured allocations in a
table.

Each row in the allocation table corresponds to an allocation. A set of several alloca-
tions make up a slot. A horizontal line indicates the beginning of a new slot. Special
allocations summarize the characteristics of all allocations in a bandwidth part ("BWP
ALL") and the radio frame ("TOTAL ALL").

The "BWP ALL" and "TOTAL ALL" values are an average of all EVM values in the
table. For example: (EVM PDSCH 1 + EVM PDSCH 2 + EVM PDSCH 3 + EVM
DMRS) / 4. Each value has the same weight. Therefore, a fully loaded PDSCH across
multiple symbols has the same weight a single symbol DMRS.

1 Allocation Summary * TableConfig

-

Allocation No of Rel Power per EVM
BWP/SF/Slot D RBs Power [dB] RE [dBm] [%]

ss/1/3 PS5 6 0.000 -23.113 0.003
5856 0.000 -23.113 0.003

PBCH 6 0.000 -23.113 0.003

PBCH DMRS 6 0.000 ) -23.113 0.003

PS5 7 0.000 -23.113 0.003

5857 0.000 -23.113 0.003

PBCH 7 0.000 ' -23.113 0.003

PECH DMRS 7 0.000 -23.113 0.003

BWP ALL 273 0.003

Modulation

CORESET 0 270 0.000 OPSK -23.113 0.003 ~

The columns of the table show the following properties for each allocation.
The location of the allocation (slot, subframe, bandwidth part number).
The ID of the allocation (channel type).

Number of resource blocks used by the allocation.

The relative power of the allocation in dB.

The modulation of the allocation.

The power of each resource element in the allocation in dBm.

The EVM of the allocation.

The unit depends on the EVM unit

Select "TableConfig" to open a dialog box that allows you to add and remove columns.

Remote command:
Selection: LAY:ADD 2 '1',LEFT,ASUM
Query: TRACe:DATA?

Channel Decoder Results

The "Channel Decoder" result display shows the characteristics of various channels in
a specific subframe.
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The size of the table thus depends on the number of subframes and the number of
channels that were decoded.

The R&S FSV/A can decode the following channels, if they are present.
® Protocol information of the PBCH.

2 Channel Decoder Results

SUBF / SSB “""‘13;“"“ Data
SUBFOD/S5B0O PBCH SSBIndexExplicitFR2 1
econdHalf systemFrameNumber 922
dmrs-TypeA-Position pos3
celBarred not barred  intraFregReselection not allowe
SUBFO/SSB1 PBCH SSBIndexExplictFR2 0

econdHalf systemFrameNumber 403

Arare Timmalh Dackinn e

For each channel type, the table contains a different set of values.
e PBCH

Information as defined in 3GPP 38.331, for example:

— The half frame index

— The system frame number

— The subcarrier spacing

— The subcarrier offset

— The DMRS Type A position

If the CRC is not valid, the R&S FSV/A shows a corresponding message instead of
the results.

e PDCCH
Information about the DCI fields in the signal as defined by 3GPP. This includes the
field name and transmitted field values.
To decode the PDCCH, you have to demodulate the decoded payload data.

Remote command:
Selecting the result display: LAY:ADD 2 '1',LEFT,CDEC
Querying results: TRACe:DATA?

Bitstream
The "Bitstream" shows the demodulated data stream for the data allocations.

Each row in the table corresponds to an allocation (PDSCH or CORESET). A set of
several allocations make up a slot.

At the end of the table is a summary of the bitstream for certain configurations.

® Total number of bits or symbols

Total number of coded bits

Total number of bit errors

Bit error rate (BER) in percent

Bits per second (= coded bits - bit errors)

The totals are calculated over all PDSCH allocations that contribute to the bit-
stream. If the crc fails for one of the allocations, the R&S FSV/A returns NAN for
the total numbers.

The bitstream summary is displayed under the following conditions.
® Select an ORAN test case.
The PDSCH reference data must be "ORAN PN23".
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® Qutside of ORAN test cases:
Select PDSCH reference data = "All 0" or "PN23" or demodulation data = "Deco-
ded Payload Data".

Depending on the bitstream format, the numbers represent either bits (bit order) or
symbols (symbol order).

® For the bit format, each number represents one raw bit.

® For the symbol format, the bits that belong to one symbol are shown as hexadeci-
mal numbers with two digits.
(1024QAM: hexadecimal number with three digits)

Resource elements that do not contain data or are not part of the transmission are rep-
resented by a "-".

2 Bitstream Table

Allocation Code- . . =
BWP/St/Slot ID word Modulation # Symbols Bitstreamw

ss/0/0 PBCH O 1/1 QPSK 432 02 01 03 00 03 02 00 02 02

ss/o/0 PBCH 1 1/1 QPSK 02 01 01 03 03 00 03 03 00
0/0/0 PDSCH 0 1/1 QPSK 00 02 03 01 00 00 01 OO 02

0/0/1 PDSCH O 1/1 QPSK 02 03 01 00 02 03 01 00 02 .

.3

The table contains the following information:

e BWP/ Sf/ Slot
Number of the bandwidth part, subframe and slot the bits belong to.

e Allocation ID
Channel the bits belong to.
This is either a PDSCH, PDCCH or PBCH allocation.
If you bundle PDSCH allocations, a row combines the information for all allocations
with the same user ID.

e Codeword
Code word of the allocation.

® Modulation
Modulation type of the channels.

® # Symbols / # Bits
Number of symbols in the allocation.

® Bit Stream
The actual bit stream.
The table only shows the first few bits for each slot. If you want to see the complete
bitstream, you have to select a certain bandwidth part, subframe and slot from the
evaluation range. When you have done that, you can select "Extended" bitstream
from the header row.

Bitstream Extended | [Compact]
00 00 00 0O 0D 0D OO 0D 0O 0O 0O OO OO OO OO OO ..

Ind: Bitstream [Extended] | Compact
0 00 00 00 00 OO 00 0O OO OO 0O OO OO OO 0O 00 0O

16 00 00 00 00 00 0D OD 0O 00 0D OO OO OO 0O 00 OO
32 00 00 00 00 0D 0D OO OO 00 OO OO OO OO0 0D 00 OO

48 00 00 00 00 0O 00 00 OO OO 0O OO OO OO 00 00 00
64 00 00 00 00 OO 00 00 OO OO 0O 0O OO0 OO 0O 03 00
80 00 00 00 00 00 00 00 OO OO 00 OO 00 OO0 00 00 00
96 00 00 00 00 00 00 0O 0O 00 00 0O OO OO 00 0O OO

Figure 3-2: Compact vs extended bitstream (symbol format for coded data)
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In the extended display, the "# Symbols" / "# Bits" column turns into the "Bit Index"
or "Symbol Index" column, which indicates the position of the table row's first bit or
symbol within the complete stream.

If you decode the payload data, the R&S FSV/A shows the number of coded bits (#
symbols * Number of bits per symbol) and the number of bit errors at the end of the
bitstream. The number of info bits transmitted by the PDCCH is displayed in a dedi-
cated column ("# Bits").

Remote command:
Selection: LAY:ADD ? '1',LEFT,BSTR
Query: TRACe:DATA?

EVM vs Symbol x Carrier
The "EVM vs Symbol x Carrier" result display shows the EVM for each carrier in each
symbol.

The x-axis represents the symbols. The y-axis represents the subcarriers. Different col-
ors in the diagram area represent the EVM. A color map in the diagram header indi-
cates the corresponding power levels.

2 EVM vs Symbol X Carrier
L

Remote command:
Selection: LAY:ADD ? '1',LEFT,EVSC
Query: TRACe:DATA?

Power vs Symbol x Carrier
The "Power vs Symbol x Carrier" result display shows the power for each carrier in
each symbol.

The x-axis represents the symbols. The y-axis represents the subcarriers. Different col-
ors in the diagram area represent the power. A color map in the diagram header indi-
cates the corresponding power levels.

3 Power vs Symbol X Carrier

15
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Remote command:
Selection: LAY:ADD ? '1',LEFT, PVSC
Query: TRACe:DATA?

Allocation ID vs Symbol x Carrier
The "Allocation ID vs Symbol x Carrier" result display is a graphical representation of
the structure of the analyzed frame. It shows the allocation type of each subcarrier in
each symbol of the received signal.

The x-axis represents the OFDM symbols. The y-axis represents the subcarriers.

Each type of allocation is represented by a different color. The legend above the dia-
gram indicates the colors used for each allocation. You can also use a marker to get
more information about the type of allocation.

The color mapping is as follows.
N PDSCH allocations
I CORESET allocations
B : DMRS allocations (PBCH, CORESET, PDSCH)
I PTRS allocations
: CSI-RS and PRS allocations
[ : Synchronization signal allocations (PSS, SSS, PBCH)

4 Alloc ID vs Symbol X Carrier
585 PBCH
PECH DMRS PDSCH DMRS Not Used

Remote command:
Selection: LAY:ADD 2 '1',LEFT,AISC
Query: TRACe:DATA?

RS Magnitude
The "RS Magnitude" result display shows the magnitude of the carriers occupied by
various reference signals (PDSCH, PDCCH etc.) on different antenna ports (AP).

The contents of the result display depend on the evaluation range.

® |f you analyze all antenna ports, the result display contains one trace for each
antenna port. The traces show the average magnitude of the corresponding
antenna port. The diagram header contains a legend that shows the information
that each trace carries.

® [f you analyze a specific antenna port, the diagram contains three traces.
— The average magnitude over all slots on the selected antenna port.
— The lowest magnitude over all slots on the selected antenna port.
— The highest magnitude over all slots on the selected antenna port.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the magnitude for that slot only. Average, minimum and maximum values in that
case are the same.
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The x-axis represents the frequency, with the unit depending on your selection. The y-
axis shows the magnitude of each antenna port in dB.

Because the beamforming configuration can change between the slots of one frame,
the contents of this result display for Slot Selection = "All' might be invalid. Thus, it is
recommended to select the precise slot to be evaluated in order to get valid results.

3 RS Magnitude o1 AP 4000= 2 AP 1000 =3 AP 2000 e 4 AP 3000

RS Weights : All

L

9.83 MHz/ 98.28 MHz

Remote command:
Selection: LAY:ADD ? '"1',LEFT,RSMA
Query: TRACe:DATA?

RS Phase
The "RS Phase" result display shows the phase of the carriers occupied by various ref-
erence signals (PDSCH, PDCCH etc.) on different antenna ports (AP).

The contents of the result display depend on the evaluation range.

® |f you analyze all antenna ports, the result display contains one trace for each
antenna port. The traces show the average phase of the corresponding antenna
port. The diagram header contains a legend that shows the information that each
trace carries.

® |f you analyze a specific antenna port, the diagram contains three traces.
— The average phase over all slots on the selected antenna port.
— The lowest phase over all slots on the selected antenna port.
— The highest phase over all slots on the selected antenna port.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the phase for that slot only. Average, minimum and maximum values in that case
are the same.

The x-axis represents the frequency, with the unit depending on your selection. The y-
axis shows the phase of each antenna port in degrees.

Because the beamforming configuration can change between the slots of one frame,
the contents of this result display for Slot Selection = "All' might be invalid. Thus, it is
recommended to select the precise slot to be evaluated in order to get valid results.
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1 RS Phase e1 AP 1000=2 AP 1001 = 3 AP 2000 = 4 AP 3000
RS

270.0 kHz 450.0 kHz/

Remote command:
Selection: LAY:ADD 2 '1',LEFT,RSWP
Query: TRACe:DATA?

RS Phase Difference
The "RS Phase Difference" result display shows the phase difference of different
antenna ports (AP) relative to a reference antenna port.

The contents of the result display depend on the evaluation range.

® |f you analyze all antenna ports, the result display contains one trace for each
antenna port (but not the reference antenna port). The traces show the average
phase deviation of the corresponding antenna port to the reference antenna port.
The diagram header contains a legend that shows the information that each trace
carries.

® |f you analyze a specific antenna port, the diagram contains three traces.
— The average phase deviation over all slots on the selected antenna port.
— The lowest phase deviation over all slots on the selected antenna port.
— The highest phase deviation over all slots on the selected antenna port.

® |f you analyze only a single slot, the diagram contains one trace. That trace shows
the phase deviation for that slot only. Average, minimum and maximum values in
that case are the same.

The x-axis represents the frequency, with the unit depending on your selection. The y-
axis shows the phase deviation of each evaluated antenna port in degrees.

Because the beamforming configuration can change between the slots of one frame,
the contents of this result display for Slot Selection = "All' might be invalid. Thus, it is
recommended to select the precise slot to be evaluated in order to get valid results.

2 RS Phase Diff 1 AP 1001 =2 AP 3000
Reference AP : AP 1000

270.0 kHz 450.0 kHz/ 4.23 MHz

Remote command:
Selection: LAY:ADD ? '1',LEFT,RSWP
Query: TRACe:DATA?
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Beamforming Summary

The "Beamforming Summary" shows the phase characteristics for each allocation used
by the UE-specific reference signals (PDSCH, CORESET, CSI-RS etc.) in numerical
form.

2 Beamforming Summary

Allocation  Antenna - =T

BWP/Sf/Slot T Port Phase [°] Phase Diff [°]
o/0/0 PDSCH AP 1000 0.000

CORESET AP 2000 -134.124 -134.124

0/0/1 PDSCH AP 1000 -0.000
CORESET AP 2000 59.630 59.630

0/1/2 PDSCH AP 1000 0.000
CORESET AP 2000 -1068.054 -708.054

-

The rows in the table represent the allocation types. A set of allocations forms a slot.
The slots are separated by a line. The columns of the table contain the following infor-
mation:

e BWP/SF/ Slot
Shows the location of the allocation (bandwidth part - subframe - slot).
e Allocation Type
Shows the type of the allocation.
® Antenna Port
Shows the antenna port used by the allocation.
® Phase
Shows the phase of the allocation in degrees.
® Phase Diff(erence)
Shows the phase difference of the allocation relative to the reference antenna port.
® Average RS Weights
Shows the average magnitude of the weighted reference signal carriers in dB.
® Rel Power
Shows the power of each antenna port relative to the reference AP defined for the
corresponding slot.
The relative power in combination with the phase difference allows you to calculate
the beamforming.

Remote command:
Selection: LAY:ADD 2 '1',LEFT,BSUM
Query: TRACe:DATA?

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

This table is displayed automatically if configured accordingly.

Wnd Shows the window the marker is in.

Type Shows the marker type and number ("M" for a nor-
mal marker, "D" for a delta marker).

Trc Shows the trace that the marker is positioned on.
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Ref Shows the reference marker that a delta marker
refers to.

X-1Y-Value Shows the marker coordinates (usually frequency
and level)

Z-EVM Shows the "EVM", power and allocation type at the

Z-Power marker position.

Z-Alloc ID Only in 3D result displays (for example "EVM vs

5 Marker Table

2-M1
Trace
X-value
Y-value
Z-E\VM

Z-Power
Z-Alloc ID
4-M1
Trace
X-value
Y-value

Symbol x Carrier").

1

Symbol 84
Carrier 14
772.99 %
-47.12 dBm
PHICH

1
-495.000 kHz
0.32dB

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

Remote command:
LAY:ADD? '1',RIGH, MTAB, see LAYout:ADD[:WINDow]? on page 224

Results:

CALCulate<n>:
CALCulate<n>:

CALCulate<n>

MARKer<m>
MARKer<m>

: X on page 264
:Y on page 264

:MARKer<m>:7? On page 265
CALCulate<n>:MARKer<m>:7:ALL? on page 265

3.6 Time alignment error

Access: [MEAS] > "Time Alignment Error"

The time alignment error measurement captures the signal from different antenna ports
and calculates the time offset between a reference antenna port and another antenna

port(s).
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Antenna port 1
(reference)

Time o
>

A Antenna port 2

/Time alignment error 42,1

Time
>

A Antenna port 3

Frame start indicator

Time alignment error A3,1

Time >
A Antenna port 4

Time alignment error A4,1

/

P>

Time o
>

Figure 3-3: Time alignment error measurement (4 antenna ports)

Note that the measurement only works if you are analyzing multiple layers (antenna
ports). Therefore, you have to mix the signals into one cable that you can connect to
the R&S FSV/A.

Test setup

Tx Ant 1

Tx Ant 2
DUT
Tx Ant 3

Tx Ant 4

Figure 3-4: Hardware setup

The dashed lines are optional connections, and only necessary if you measure more
than two antenna ports. For most accurate measurement results, we recommend to
use cables of the same length and identical combiners as adders.

In addition to the result displays mentioned in this section, the time alignment error
measurement also supports the following result displays described elsewhere.

e "Capture Buffer" on page 28

® "Power Spectrum" on page 33

® "Marker Table" on page 43
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In the default layout, the application shows the "Time Aligment Error", "Capture Buffer"
and "Power Spectrum" result displays.

The remote commands required to configure the time alignment error measurement
are described in Chapter 6.10.30, "Time alignment measurement", on page 443.

Remote command:
Measurement selection: CONFigure [ :NR5G] :MEASurement on page 305
Result display selection: LAYout : ADD[ :WINDow] ? on page 224

TIMe AlIGNMENT EFTON...coiiiiiiii e e 46

Time Alignment Error

The time alignment is an indicator of how well the transmission antennas or antenna
ports in a MIMO system and between component carriers are synchronized. The time
alignment error is the time delay between a reference antenna port and another
antenna port. The reference is antenna port 1000. For measurements on multiple carri-
ers, the reference is antenna port 1000 of the first component carrier.

As AP1000 is the reference antenna port, it must be sent. Otherwise result are invalid.

The application shows the results in a table.

® For single carrier MIMO measurements, each row in the table represents one
antenna port.

® For multi carrier measurements, each row in the table represents one antenna port
for each carrier.

The number of rows therefore depends on the number of carriers and the PDSCH
antenna port configuration.

The reference antenna port is not shown in the table (all results would be "0").

For each antenna, the maximum, minimum and average time delay that has been
measured is shown. The minimum and maximum results are calculated only if the
measurement covers more than one frame.

In any case, results are only displayed if the transmission power of both antennas ports
is within 15 dB of each other. Likewise, if only one antenna transmits a signal, results
will not be displayed (for example if the cabling on one antenna is faulty).

The "Limit" value shown in the result display is the maximum time delay that may occur
for each antenna (only displayed for systems without carrier aggregation).

You can define a custom limit for the time alignment error. For more information, see
Chapter 3.10, "Reference: custom limits", on page 64.

2 Time Alignment Error

Limit : 90 ns

Time Alignment Error to Antenna Port 1000
Antenna
Port
AP 1001 2.60 ns 2.60 ns
AP 1002 5.21 ns 5.21ns
AP 1003 7.81 ns /.81 ns
AP 1006 15.63 ns 15.63 ns

Min Mean
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Remote command:
Measurement selection: LAY:ADD 2 '1',LEFT, TAL
Result query: FETCh: TAERror [ : CC<cc>] :AP<ap>[:AVERage] ? on page 262

3.7 Transmit on / off power measurement

The technical specification in 3GPP 38.141-1 / -2 describes the measurement of the
transmitter "off" power and the transmitter transient period of a base transceiver station
(BTS) transmitting a TDD signal and operating at its rated output power.

This measurement requires a special hardware setup. During the "off" periods (the
interesting parts of the signal for this measurement), the signal power is very low -
measuring such low powers requires a low attenuation at the RF input. On the other
hand, the signal power is very high during the transmitter "on" periods - in fact the sig-
nal power is usually higher than the maximum allowed RF input level. Measuring high
signal levels requires an appropriate test setup as described below.

Risk of instrument damage

The signal power during the "on" periods in this test scenario is usually higher than the
maximum power allowed at the RF input of a spectrum analyzer.

Make sure to set up the measurement appropriately. Not doing so can cause severe
damage to the spectrum analyzer.

Test setup

Ext. reference signal Analyzer with option B25
i’ (electronic attenuator)

Frame Trigger Ext Trigger RF Input

Tx signal -|—|-
Attenuator RF Limiter

Figure 3-5: Test setup for transmit on / off power measurement

® Connect an RF limiter to the RF input to protect the RF input from damage.
Table 3-1 shows the specifications that the limiter has to fulfill.

® |Insert an additional 10 dB attenuator in front of the RF limiter to absorb possible
reflected waves (because of the high VSWR of the limiter). The maximum allowed
CW input power of the attenuator must be higher than the maximum output power
of the BTS.
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Table 3-1: Specifications of the RF limiter in the test setup

Min. acceptable CW input power BTS output power minus 10 dB

Min. acceptable peak input power BTS peak output power minus 10 dB
Max. output leakage 20 dBm

Max. response time 1us

Max. recovery time 1us

Measuring the on / off power

If you are using an external trigger, you have to adjust the timing before you can start
the actual measurement.

The status message in the diagram header shows if timing adjustment is required or
not. After timing was successfully adjusted, you can start the measurement. Note that
relevant changes of settings might require another timing adjustment.

If timing adjustment fails for any reason, the application shows a corresponding mes-
sage in the diagram header. To find out what causes the synchronization failure, we
reccomend to perform a regular EVM measurement. Then you can use all the mea-
surement results like "EVM vs Carrier" to get more detailed information about the fail-
ure. The timing adjustment will succeed if the synchronization state in the header is
OK.

Select "Run Single" to start the measurement. The number of measurements that trace
averaging is based on depends on the number of frames you have defined. When all
measurements are done, the R&S FSV/A indicates if the measurement has failed or
passed.

The remote commands required to measure the transmit on / off power are described
in Chapter 6.10.31, "Transmit on/off power measurements”, on page 443.

Remote command:
Measurement selection: CONFigure [ :NR5G] :MEASurement on page 305

Result display selection: LAYout :ADD[ :WINDow] ? on page 224

Transmit ON / Off POWET ....c.ciiiiii et e e e e e e e e e e 48
L NUMEIICAI FESUIS. ...ttt 49
L Transmit power on / off diagram............ccccoveveeeuereeeeeeeeseseeeesseeeeeseseeeseseenas 50
L Transition dIagram..........c.coveeceieeeeeeiee et eees e ee s ee s st ee s seene e 51
L AGJUSE THMING. 1.ttt e e e s ee st e e seeee e seeeens 51
L NOiISE CanCEIAtION. .........cooveeveeeeeeeeieeeee et 51

Transmit On / Off Power

The transmit on / off power measurement analyzes the transition from transmission
("on" periods) to reception ("off" periods) of an 5G NR TDD signal over time. Because
this transition must happen very fast to use resources efficiently, it can be an issue in
TDD systems.
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During the transmit power on / off measurement, the R&S FSV/A verifies if the "off"
periods (= no signal transmission) comply to the limits defined by 3GPP. Note that you
have to apply a signal to the RF input for this measurement, because the R&S FSV/A
has to capture new 1/Q data instead of using the data other I/Q measurements are
based on.

The results for the transmit on / off power measurement are available in the following
displays.

® "Numerical results" on page 49

® "Transmit power on / off diagram" on page 50

® ‘"Transition diagram" on page 51

Remote command:

Selection: CONFigure [ :NR5G] :MEASurement on page 305

Selection (transition period): DISPlay [ :WINDow<n>] : TPOO:PERiod: SELect
on page 445

Query: TRACe:DATA?

Unit: UNTT:OPOWer on page 446

Numerical results < Transmit On / Off Power
The result summary shows the measurement results in a table. Each line in the table
corresponds to one "off" period.

The result summary shows the following information for each "off" period.

e "Start Off Period Limit"
Shows the beginning of the "off" period relative to the frame start (0 seconds).

® "Stop Off Period Limit"
Shows the end of the "off" period relative to the frame start (0 seconds).
The time from the start to the stop of the "off" period is the period over which the
limits are checked. It corresponds to the yellow trace in the diagram.

® "Time at A to Limit"
Shows the trace point at which the lowest distance between trace and limit line has
been detected. The result is a time relative to the frame start.

® "OFF Power"
Shows the absolute power of the signal at the trace point with the lowest distance
to the limit line.
You can display the "OFF Power" either as an absolute value in dBm or a relative
value in dBm/MHz. To select the unit, use the "Power Unit (dBm/MHz)" softkey
available in the "Meas Config" menu.

® "OFF Power A to Limit"
Shows the distance between the trace and the limit line of the trace point with the
lowest distance to the limit line in dB.

® "Falling Transition Period"
Shows the length of the falling transient.

® "Rising Transition Period"
Shows the length of the rising transient.

Results that comply with the limits are displayed in green. Any results that violate the
limits defined by 3GPP are displayed in red.
6 Transmit ON/OFF Power List

Start OFF Stop OFF Time at OFF Power OFF Power
Period Limit A to Limit Abs [dBm] A to Limit

4
3.
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Note that the beginning and end of a transition period is determined based on the "Off
Power Density Limit". This limit is defined in 3GPP 38.141-1 / -2 as the maximum
allowed mean power spectral density. The length of the transient from "on" to "off"
period is, for example, the distance from the detected end of the subframe to the last
time that the signal power is above the measured mean power spectral density.

You can define a custom limit for the off power density. For more information, see
Chapter 3.10, "Reference: custom limits", on page 64.

power }

@ @ » @ » time

Figure 3-6: Power profile of a TD-LTE On-to-Off transition. The transition lasts from the end of the ON
period until the signal is completely below the off power density limit.

L
L

1 = subframe ("on" power period)
2 = transient (transition length)

3 = "off" power density limit

4 = "off" power period

Transmit power on / off diagram < Transmit On / Off Power
The diagram shows all TDD frames that were captured and analyzed and contains
several elements.

® Yellow trace
The yellow trace represents the signal power during the "off" periods. The calcula-
tion of the trace also accounts for filtering as defined in 3GPP 38.141-1 / -2.

® Blue trace
The blue trace represents the transition periods (falling and rising).
Note that the blue trace might not be visible in the diagram because of its steep
flank and small horizontal dimensions. You can see the falling and rising transitions
in separate diagrams.

® Blue rectangles
The blue rectangles represent the "on" periods. Because of the overload during the
"on" periods, the actual signal power is only hinted at, not shown.

® Red lines
Limits as defined by 3GPP.

® Other information
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In addition to these elements, the diagram also shows the overall limit check, the
average count and the limit for the mean power spectral density ("Off Power Den-
sity Limit").

The overall limit check only passes if all "off" periods (including the transients) com-
ply with the limits.

ON/OFF Power

O Period Falling Periad 1 Rising Period 1 ON Period Falling Periad 2
-1.0 ms 1.0/ms/

Transition diagram — Transmit On / Off Power
The transition diagrams show the rising and falling periods for each TDD frame in more
detail.

The maximum number of transitions you can display depends on the slot configuration.
When you add a "Falling Period" or "Rising Period" to the diagram area, you can select
the period you want to analyze from a dropdown menu in the header of the result dis-
play. By default, the R&S FSV/A shows two periods.

Alternatively, you can configure these diagrams via the "Evaluation Range" dialog box.

The diagrams contain the following elements.
® Blue trace

The blue trace represents the transition periods (falling and rising).
® Red lines

Limits as defined by 3GPP.

2 Falling Period 1 ¢1 Avg |5 Rising Period 2

1.21455 ms 1.2665 ms | 9.94805 ms

Adjust Timing <— Transmit On / Off Power
Access: [Sweep] > "Adjust Timing"

If you are using an external trigger for the on / off power measurement, you have to
determine the offset of the trigger time to the time the 5G NR frame starts. You can do
this with the "Adjust Timing" function. When the application has determined the offset,
it corrects the results of the on / off power measurement accordingly.

Adjust timing also captures data with a reference level optimized for the "on" period to
increase the probability for successful synchronization.

Remote command:
[SENSe: ]NR5G:00Power : ATTIMing on page 446

Noise Cancellation < Transmit On / Off Power
Access: [Meas Config] > "Noise Cancellation"
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Noise cancellation corrects the results by removing the inherent noise of the analyzer,
which increases the dynamic range. To do this, the R&S FSV/A measures its inherent
noise and subtracts the measured noise power from the power in the channel that is
being analyzed.

Noise cancellation is valid for the current measurement configuration. If you change
the measurement configuration in any way, you have to repeat noise cancellation.

Remote command:
[SENSe: ]NR5G:00Power : NCORrection on page 446

3.8 Frequency sweep measurements

Access (ACLR): [MEAS] > "Channel Power ACLR"
Access (MC ACLR): [MEAS] > "Multi Carrier ACLR"
Access (Cumulative ACLR): [MEAS] > "Cumulative ACLR"
Access (SEM): [MEAS] > "Spectrum Emission Mask"
Access (Multi Carrier SEM): [MEAS] > "Multi Carrier SEM"

The 5G NR aplication supports the following frequency sweep measurements.

® Adjacent channel leakage ratio (ACLR)

® Spectrum emission mask (SEM)

Instead of using 1/Q data, the frequency sweep measurements sweep the spectrum
every time you run a new measurement. Therefore, it is mandatory to feed a signal into

the RF input for these measurements. Using previously acquired 1/Q data for the fre-
quency sweep measurements is not possible (and vice-versa).

Because each of the frequency sweep measurements uses different settings to obtain
signal data it is also not possible to run a frequency sweep measurement and view the
results in another frequency sweep measurement.

Make sure to have sufficient bandwidth to be able to capture the whole signal, includ-
ing neighboring channels.

Features of the frequency sweep measurements:

® SEM measurements use the FFT sweep type by default. For more information, see
the R&S FSV/A user manual.

In addition to the specific diagrams and table (see description below), frequency sweep
measurements support the following result displays.

® "Marker Table" on page 43

® Marker peak list
Both result displays have the same contents as the spectrum application.

Remote command:
Measurement selection: CONFigure [ :NR5G] :MEASurement on page 305

Result display selection: LAYout : ADD [ : WINDow] ? on page 224
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Adjacent Channel Leakage Ratio (ACLR).......ccuuiiiiiiiiiii e 53
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L RESUIE IAGIAM. ...ttt ettt et s st n s s sesee s seenas 55
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Adjacent Channel Leakage Ratio (ACLR)

The adjacent channel leakage ratio (ACLR) measurement is designed to analyze sig-
nals that contain multiple signals for different radio standards. Using the ACLR mea-
surement, you can determine the power of the transmit (Tx) channel and the power of
the neighboring (adjacent) channels to the left and right of the Tx channel. Thus, the
ACLR measurement provides information about the power in the adjacent channels as
well as the leakage into these adjacent channels.

When you measure the ACLR in the 5G NR application, the R&S FSV/A automatically
selects appropriate ACLR settings based on the selected channel bandwidth.

For a comprehensive description of the ACLR measurement, refer to the user manual
of the R&S FSV/A.

Remote command:
Selection: CONFigure [ :NR5G] :MEASurement on page 305

Result diagram < Adjacent Channel Leakage Ratio (ACLR)

The result diagram is a graphic representation of the signals with a trace that shows
the measured signal. Individual channels (Tx and adjacent channels) are indicated by
vertical lines and corresponding labels.

In addition, the R&S FSV/A highlights the channels (blue: Tx channel, green: adjacent
channels).
The x-axis represents the frequency with a frequency span that relates to the specified

5G NR channel and adjacent channel bandwidths. On the y-axis, the power is plotted
in dBm.

The power for the Tx channel is an absolute value in dBm. The power of the adjacent
channels is relative to the power of the Tx channel.

In addition, the R&S FSV/A tests the ACLR measurement results against the limits
defined by 3GPP.

Remote command:
Result query: TRACe:DATA?
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Result summary «— Adjacent Channel Leakage Ratio (ACLR)

The result summary shows the signal characteristics in numerical form. Each row in
the table corresponds to a certain channel type (Tx, adjacent channel). The columns
contain the channel characteristics.

e Channel
Shows the channel type (Tx, adjacent or alternate channel).
® Bandwidth
Shows the channel bandwidth.
e Offset
Shows the channel spacing.
® Power

Shows the power of the Tx channel.

® Lower/ Upper
Shows the relative power of the lower and upper adjacent and alternate channels.
The values turn red if the power violates the limits.
Depending on the evaluation logic, the R&S FSV/A shows either the absolute
power in dBm, the relative power in dBc or both power values. The overall limit
check passes or fails depending on your selected evaluation logic. The end result
of the limit check is displayed in the table header.

Remote command:

Result query: CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult]:
CURRent]?

Result query details: CAT.Culate<n>:MARKer<m>:FUNCtion:POWer<sb>:
RESult:DETails on page 301

Limit check: CALCulate<n>:LIMit<1i>:FAIL? on page 280

Limit check absolute: CATL.Culate<n>:LIMit<1li>:ACPower:ACHannel :RESult:
ABSolute on page 274

Limit check relative: CALCulate<n>:LIMit<1li>:ACPower:ACHannel :RESult:
RELative on page 274

Multi Carrier ACLR (MC ACLR)

The MC ACLR measurement is basically the same as the Adjacent Channel Leakage
Ratio (ACLR) measurement: it measures the power of the transmission channels and
neighboring channels and their effect on each other. Instead of measuring a single car-
rier, the MC ACLR measures several component carriers and the gaps in between.
The component carriers do not necessarily have to be next to each other.

In its default state, the MC ACLR measurement measures two neighboring channels
above and below the carrier.

Note that you can configure a different neighboring channel setup with the tools provi-
ded by the measurement. These tools are the same as those in the spectrum applica-
tion. For more information, refer to the documentation of the R&S FSV/A.

The configuration in its default state complies with the test specifications defined in
38.141-1/-2.

Remote command:
Selection: CONF:MEAS MCAC
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Result diagram < Multi Carrier ACLR (MC ACLR)

The result diagram is a graphic representation of the signals with a trace that shows
the measured signal. Individual channels (Tx and adjacent channels) are indicated by
vertical lines and corresponding labels.

In addition, the R&S FSV/A highlights the channels (blue: Tx channel, green: adjacent
channels).

The x-axis represents the frequency with a frequency span that relates to the 5G NR
channel characteristics and adjacent channel bandwidths. Note that the application
automatically determines the center frequency of the measurement according to the
frequencies of the carriers.

On the y-axis, the power is plotted in dBm. The power for the TX channels is an abso-
lute value in dBm. The powers of the adjacent channels are values relative to the
power of the TX channel. The power of the channels is automatically tested against the
limits defined by 3GPP.

The result display contains several additional elements.

® Blue and green lines:
Represent the bandwidths of the carriers (blue lines) and those of the neighboring
channels (green lines). Note that the channels can overlap each other.

® Blue and green bars:
Represent the integrated power of the transmission channels (blue bars) and
neighboring channels (green bars).

ANRSG_FR1_100M1 B:NRSG_FRI_100M1

W LWLWF LMMWWWMM

CF 1.11 GHz 7701 pts 77.0 MHz/ Span 770.0 MHz

Remote command:
TRACe:DATA?

Result summary — Multi Carrier ACLR (MC ACLR)

The result summary shows the signal characteristics in numerical form. Each row in
the table corresponds to a certain channel type (Tx, adjacent channel). The columns
contain the channel characteristics.

A table above the result display contains information about the measurement in numer-

ical form:

® Channel
Shows the type of channel.
The first rows represent the characteristics of the component carriers. The label
also indicates their respective bandwidths (for example: NR5G_FR1_100M1
means the first NR channel ("_100M1) with a 100 MHz bandwidth ("_100M1")).
The information also includes the total power of all component carriers.
The other rows represent the neighboring channels (Adj Lower / Upper and Alt1
Lower / Upper).

® Bandwidth
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Shows the bandwidth of the channel.
The bandwidth of the carrier is the sum of the two component carriers.

®* Frequency
Shows the center frequency of the component carriers.

® Offset
Frequency offset relative to the center frequency of the aggregated carrier.

® Power / Lower / Upper/ Gap
Shows the power of the carrier and the power of the lower and upper neighboring
channels relative to the power of the aggregated carrier.
Depending on the evaluation logic, the R&S FSV/A shows either the absolute
power in dBm, the relative power in dBc or both power values. The overall limit
check passes or fails depending on your selected evaluation logic. The end result
of the limit check is displayed in the table header.

2 Result Summary: i-Standard Radio
Channel requency Power

-24.79 dBm
-24.79 dBm
Power
-25.01 dBm
-25.01 dBm
ACLR Power

Note that the font of the results turns red if the signal violates the limits defined by
3GPP.

Remote command:

Result query: CATL.Culate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult[:
CURRent ] ? on page 300

Limit check adjacent: CALCulate<n>:LIMit<1i>:ACPower:ACHannel :RESult?
on page 273

Limit check adjacent absolute: CATL.Culate<n>:TLIMit<li>:ACPower:ACHannel:
RESult:ABSolute on page 274

Limit check adjacent relative: CALCulate<n>:LIMit<1li>:ACPower:ACHannel:
RESult:RELative on page 274

Limit check alternate: CAT.Culate<n>:LIMit<li>:ACPower:ALTernate<alt>:
RESult? on page 275

Limit check alternate absolute: CAL.Culate<n>:LIMit<li>:ACPower:
ALTernate<ch>:RESult:ABSolute on page 276

Limit check alternate relative: CATL.Culate<n>:LIMit<li>:ACPower:
ALTernate<ch>:RESult:RELative on page 276

Cumulative ACLR

The cumulative ACLR measurement is designed to measure the cumulative ACLR test
requirement for non-contiguous spectrum in 38.141-1 / -2. It calculates the cumulative
ACLR of the gaps as defined in 3GPP 38.141-1 / -2. Note that this measurement is
only useful for two non-contiguous carriers.

The gap channels are labeled "Gap<x>U" or "Gap<x>L", with <x> representing the
number of the gap channels and "U" and "L" standing for "Upper" and "Lower". The
number of analyzed gap channels depends on the channel spacing between the carri-
ers as defined in the test specification.

Remote command:
Selection: CONF:MEAS MCAC
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Result diagram — Cumulative ACLR

The result diagram is a graphic representation of the signals with a trace that shows
the measured signal. Individual channels (Tx and adjacent channels) are indicated by
vertical lines and corresponding labels.

In addition, the R&S FSV/A highlights the channels (blue: Tx channel, green: adjacent
channels).

The x-axis represents the frequency. Note that the application automatically deter-
mines the center frequency and span of the measurement according to the frequencies
of the carriers.

On the y-axis, the power is plotted in dBm. The power for the Tx channels is an abso-
lute value in dBm. The power of the gap channels is an absolute value relative to the
cumulative power of the Tx channels. The power of the channels is automatically tes-
ted against the limits defined by 3GPP.

The result display contains several additional elements.

® Blue and green lines:
Represent the bandwidths of the carriers (blue lines) and those of the gap chan-
nels (green lines). Note that the channels can overlap each other.

® Blue and green bars:
Represent the integrated power of the transmission channels (blue bars) and gap
channels (green bars).

AINRSG_FR_100M1 B:NRSG|FR1_100M1

r»,-..»-.,.m,,.‘,.,.n‘_,.,.—.‘a.... ...V.\.\,‘\.\,..,“.“.T ‘.n.,.,m..u.,.-,.,-,,....\..,MN.‘,\.«“ ooy

‘\ J | |
" Mﬂ,wwwj . V,M»J memwmwm
CF 1.075 GHz 3561 pts 35.6 MHz/ Span 356.0 MHz

Remote command:
TRACe:DATA?

Result summary — Cumulative ACLR

The result summary shows the signal characteristics in numerical form. Each row in
the table corresponds to a certain channel type (Tx, adjacent channel). The columns
contain the channel characteristics.

A table in the result display contains information about the measurement in numerical
form:
® Channel
Shows the type of channel.
Channel "A" and "B" represent the component carriers. For each of the channels,
the application also shows the "Total", which should be the same as that for the
channel.
The other rows ("AB:Gap") represent the gap channels.
® Bandwidth
Shows the bandwidth of the channel.
The bandwidth of the carrier is the sum of the two component carriers.
®* Frequency
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Shows the frequency of the carrier.
Available for the aggregated carriers.

®o Offset
Frequency offset relative to the center frequency of the aggregated carrier.
Available for the gap channels.

® Power / Lower / Upper
Shows the power of the carrier and the power of the lower and upper gap channels
relative to the power of the aggregated carrier.
Depending on the evaluation logic, the R&S FSV/A shows either the absolute
power in dBm, the relative power in dBc or both power values. The overall limit
check passes or fails depending on your selected evaluation logic. The end result
of the limit check is displayed in the table header.

2 Result Summary Standard Radio
Char i Power
FRI_100ML (Ref) ) MHz -24.77 dBm
-24.77 dBm

Power
-25.09 dBm
-25.09 dBm
ACLR Power CACLR Power
-49.98 dBc -52.83 dBc
-49.53 dBc -52.70 dBc
Aasa oo a5ia oo

Remote command:

Result query: CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult[:
CURRent ] ? on page 300

Limit check adjacent: CALCulate<n>:LIMit<1li>:ACPower:ACHannel:RESult?
on page 273

Limit check adjacent absolute: CAL.Culate<n>:LIMit<li>:ACPower:ACHannel:
RESult:ABSolute on page 274

Limit check adjacent relative: CALCulate<n>:LIMit<1li>:ACPower:ACHannel:
RESult:RELative on page 274

Limit check alternate: CALCulate<n>:LIMit<li>:ACPower:ALTernate<alt>:
RESult? on page 275

Limit check alternate absolute: CAL.Culate<n>:LIMit<li>:ACPower:
ALTernate<ch>:RESult:ABSolute on page 276

Limit check alternate relative: CAT.Culate<n>:LIMit<1i>:ACPower:
ALTernate<ch>:RESult:RELative on page 276

Spectrum Emission Mask (SEM)

Note: The application also provides multi-SEM measurements as a separate measure-
ment. This measurement is basically the same as the SEM measurement, with the dif-
ference that it analyzes several sub blocks. The limits between the carriers are a sum
of the individual limits according to 3GPP.38.141-1 / -2 The multi-SEM measurement
also supports carrier aggregation.

The "Spectrum Emission Mask" (SEM) measurement shows the quality of the mea-
sured signal by comparing the power values in the frequency range near the carrier
against a spectral mask that is defined by the 3GPP specifications. In this way, you can
test the performance of the DUT and identify the emissions and their distance to the
limit.

For a comprehensive description of the SEM measurement, refer to the user manual of
the R&S FSV/A.

Remote command:
Selection: CONFigure [ :NR5G] :MEASurement on page 305
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Result diagram < Spectrum Emission Mask (SEM)
The result diagram is a graphic representation of the signal with a trace that shows the
measured signal. The SEM is represented by a red line.

If any measured power levels are above that limit line, the test fails. If all power levels
are inside the specified limits, the test passes. The application labels the limit line to
indicate whether the limit check has passed or failed.

The x-axis represents the frequency with a frequency span that relates to the specified
5G NR channel bandwidths. The y-axis shows the signal power in dBm.

Remote command:
Result query: TRACe:DATA?

Result summary — Spectrum Emission Mask (SEM)

The result summary shows the signal characteristics in numerical form. Each row in
the table corresponds to a certain SEM range. The columns contain the range charac-
teristics. If a limit fails, the range characteristics turn red.

e Start/ Stop Freq Rel
Shows the start and stop frequency of each section of the spectrum emission mask
relative to the center frequency.

e RBW
Shows the resolution bandwidth of each section of the spectrum emission mask.

® Freq at A to Limit
Shows the absolute frequency whose power measurement being closest to the
limit line for the corresponding frequency segment.

® Power Abs
Shows the absolute measured power of the frequency whose power is closest to
the limit. The application evaluates this value for each frequency segment.

® Power Rel
Shows the distance from the measured power to the limit line at the frequency
whose power is closest to the limit. The application evaluates this value for each
frequency segment.

e Ato Limit
Shows the minimal distance of the tolerance limit to the SEM trace for the corre-
sponding frequency segment. Negative distances indicate that the trace is below
the tolerance limit, positive distances indicate that the trace is above the tolerance
limit.

Marker Peak List

The marker peak list determines the frequencies and levels of peaks in the spectrum or
time domain. How many peaks are displayed can be defined, as well as the sort order.
In addition, the detected peaks can be indicated in the diagram. The peak list can also
be exported to a file for analysis in an external application.
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3 Marker Peak List
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Tip: To navigate within long marker peak lists, simply scroll through the entries with
your finger on the touchscreen.

Remote command:
LAY:ADD? '1',RIGH, PEAK, see LAYout:ADD[:WINDow]? on page 224

Results:
CALCulate<n>:MARKer<m>:X on page 264
CALCulate<n>:MARKer<m>:Y on page 264

3.9 Combined measurements

Access (ACLR): [MEAS] > "Channel Power ACLR"

For an introduction on combined measurements and their application, see Chapter 4.6,
"Combined measurement guide", on page 172.

The measurements (EVM, ACLR and SEM) themselves are the same as in their
respective mode. The combined mode supports all result displays that are available for
the corresponding measurements (diagrams, tables etc.).

Note that combined measurements are not available for FR2-2 frequency deployment.
For a comprehensive description of the measurements and their result displays, refer
to:

® EVM measurements

® ACLR measurements (single carrier measurements)

® SEM measurements (single carrier measurements)

® MC ACLR measurements (multi carrier measurements)

® Cumulative ACLR measurements (multi carrier measurements)

® MC SEM measurements (multi carrier measurements)

Using the combined EVM / ACLR / SEM results table

Combined measurements show the results of the measurement sequence in a big
numerical result summary. This result summary contains a list of all single measure-
ments (events) in the measurement sequence.
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Each line in the result summary corresponds to an event (aka "Meas ID"). Each col-
umn shows a certain aspect about the events. By default, the table contains the results
of all measurements.

You have several options to work with the table.
1. Filter the results by certain aspects.
2. Add columns (= other results) to the tables.

3. Select a line to view the results for the captured I/Q data of the corresponding
event.
When you select a single event, you can view the usual result displays (tables and
diagrams) available for the EVM, ACLR and SEM measurements. By default, the
R&S FSV/A only shows the result summaries, but you can add other result displays
as well.

4. Select another line to compare the results of different events.

5. Apply different settings to the captured data.
You can apply different settings to all events or the selected event only.
All events: "Sweep" > "Refresh"
Selected event: "Sweep" > "Refresh Current"
The result summary displays a yellow star for all events whose settings deviate
from the current setting - if you select a measurement, change the signal configura-
tion, all other measurements get a yellow star.
Yellow stars disappear if you also apply the current signal configuration to other
events. To do so, select an event and apply the current configuration.
You can restore the initial settings with "Restore Settings" available in the "Meas
Config" softkey menu.

In addition to the results available for EVM, ACLR and SEM measurements, the com-
bined measurements result summary contains the following events aspects.

Meas ID
Shows an index number that identifies each measurement in the measurement
sequence.

Remote command:
TRACe:DATA?

cC
Shows the number of the component carrier that the corresponding measurement
refers to.

Available for multi-carrier measurements.

Remote command:
via the suffix at the cC<cc> keyword

Time Stamp

Shows the beginning time of the I/Q data capture for the corresponding measurement
(= time when the event has occurred).
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The time stamp is a value relative to the first event. The first event has a time stamp =
0 seconds.

Remote command:

FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>]:SUMMary:TSTamp? On page 261
TRACe:DATA?

Time Stamp Delta
Shows the time that has passed between events.

The delta is therefore the difference between the time stamp of two consecutive mea-
surements.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:TSDelta?
on page 261

Center Frequency
Shows the center frequency of the component carrier.

Available for combined multi-carrier measurements.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:CFRequency?
on page 254

Frequency Offset
Shows the frequency offset of the component carrier relative to the center frequency of
the first component carrier.

Available for combined multi-carrier measurements.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>] :SUMMary:FOFFset?
on page 251

EVM All CCs
Shows the average EVM of all resource elements over all CCs in the corresponding
measurement of the measurement sequence.

Available for combined multi-carrier measurements.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:EAACcs? on page 256

Power All CCs
Shows the total power over all CCs in the corresponding measurement of the mea-
surement sequence.

Available for combined multi-carrier measurements.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:PACCs? on page 259

Sync State
Shows the synchronization state for the corresponding measurement.
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Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:SSTate? on page 260
TRACe:DATA?

ACLR Pass / Fail
Shows the limit check results for the ACLR of the corresponding measurement.

You can check the ACLR against the absolute or relative limits defined by 3GPP. The
result summary shows the limit check results that you have selected.

For multi-carrier measurements, the application evaluates the limits of the MC ACLR
and cumulative ACLR measurements instead.

For multi-carrier measurements, the application does not evaluate the ACLR.
"ACLR Pass/  Shows the overall limit check result.

Fail"

"ACLR Abs Shows the absolute limit check result.
Pass / Fail"

"ACLR Rel Shows the relative limit check result.
Pass / Fail"

Remote command:

ACLR absolute or relative: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:
SUMMary:APFail? on page 253

ACLR absolute: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:
AAPFail? on page 252

ACLR relative: FETCh[:CC<cc>] [: ISRC<ant>] [:FRAMe<fr>]:SUMMary:
ARPFail? on page 253

C. ACLR absolute or relative: FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>]:
SUMMary:CPFail? on page 255

C. ACLR absolute: FETCh [ :CC<cc>] [: ISRC<ant>] [ : FRAMe<fr>] :SUMMary:
CAPFail? on page 254

C. ACLR relative: FETCh [ :CC<cc>] [ : ISRC<ant>] [ : FRAMe<fr>] :SUMMary:
CRPFail? on page 255

MC ACLR absolute or relative: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:
SUMMary:MCPFail? on page 257

MC ACLR absolute: FETCh [ :CC<cc>] [: ISRC<ant>] [ :FRAMe<fr>] :SUMMary:
MAPFail? on page 256

MC ACLR relative: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:
MRPFail? on page 258

Trace data: TRACe:DATA?

SEM Pass / Fail
Shows the overall limit check result for the SEM of the corresponding measurement.

For multi-carrier measurements, the application evaluates the limits of the MC SEM
measurement instead.
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Remote command:

SEM: FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>] :SUMMary:SPFail?

on page 260

MC SEM: FETCh[:CC<cc>] [:ISRC<ant>] [ :FRAMe<fr>] : SUMMary:MSPFail?
on page 258

Trace data: TRACe:DATA?

OVLD
Shows a mesage if an overload status was detected (RF overload, RF input overload,
IF overload).

For details about the overload states and what to do about them, see the R&S FSV/A
user manual.

Remote command:
FETCh[:CC<cc>] [:ISRC<ant>] [:FRAMe<fr>]:SUMMary:OVLD? on page 259
TRACe:DATA?

3.10 Reference: custom limits

The R&S FSV/A checks various results against the limits defined by 3GPP. For some
of those limits, you can define custom limits.

I/Q measurement result summary

e EVM PDSCH QPSK/16QAM / 64QAM / 256QAM

e EVM PUSCH PI/2 BPSK/ QPSK / 16QAM / 64QAM

e EVM PUSCH DMRS PI/2 BPSK / QPSK / 16QAM / 64QAM

e EVMPUCCH

Time alignment error measurements
® Time alignment error

Transmit on / off power
e Off power spectral density
Limit values are stored in an xml file that combines the limits for downlink and uplink.

The file name must be Default.nr5G limits and is located in the following direc-
tory:

C:\R_S\instr\user\NR5G\

The R&S FSV/A automatically applies the custom limits after you have copied the file
and restarted the R&S FSV/A

The structure of the file is as follows. You can omit any xml elements you do not want
to define, either by making no entry or by deleting the corresponding element.

<Limits>
<DL>
<EVM>
<PDSCHQPSK Mean="0.185"></PDSCHQPSK>
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<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PDSCH16QAM Mean="0.135"></PDSCH16QAM>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PDSCH640QAM Mean="0.09"></PDSCH64QAM>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PDSCH256QAM Mean="0.045"></PDSCH256QAM>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
</EVM>

<TimeAlignmentError Limit="90"></TimeAlignmentError>
<!--Unit [ns]-->
<OffPowSpectralDensity Limit="-82.5"></0ffPowSpectralDensity>
<!--Unit: [dBm/MHz]-->
</DL>
<UL>
<EVM>
<PUSCHPI 2BPSK MaX="O.3"></PUSCHPI72BPSK>

<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PUSCHQPSK Max="0.175"></PUSCHQPSK>

<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PUSCH16QAM Max="0.125"></PUSCHI16QAM>

<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PUSCH640QAM Max="0.08"></PUSCH64QAM>

<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<DMRSPUSCHPI 2BPSK Mean="0.3"></DMRSPUSCHPI_2BPSK>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->

<DMRSPUSCHQPSK Mean="0.175"></DMRSPUSCHQPSK>

<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<DMRSPUSCH16QAM Mean="0.125"></DMRSPUSCHI16QAM>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<DMRSPUSCH64QAM Mean="0.08"></DMRSPUSCH64QAM>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
<PUCCH Max="0.175"></PUCCH>
<!--Unit: linear (1 = 0 dB, 0.1 = -20 dB)-->
</EVM>

</UL>

</Limits>

3.11 Reference: 3GPP test scenarios

3GPP defines several test scenarios for measuring base stations. These test scenarios
are described in detail in 3GPP TS 38.141-1 (conducted measurements) and 38.141-2
(radiated measurements).

For radiated measurements, 3GPP only supports test models 1.1, 2, and 3.1. Release
16 also supports test models 2a and 3.1a.

The following table provides an overview which measurements available in the 5G NR
application are suited to use for the test scenarios in the 3GPP documents.
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Table 3-2: Test scenarios for NR-FR<x>-TMs as defined by 3GPP (38.141-1/-2)

Test Test scenario FR1 test described FR2 test described Measurement
Model in in
NR-FR- Radiated transmit n/a chapter 6.2 Transmit on / off
™11 power power
Base station output chapter 6.2 chapter 6.3 Power (= "Result
power Summary")
Transmit on / off chapter 6.4 chapter 6.5 Transmit on / off
power power
TAE chapter 6.5.4 chapter 6.6.4 Time alignment error
Transmitter intermo-  chapter 6.7 chapter 6.8 ACLR
dulation
Occupied bandwidth  chapter 6.6.1 chapter 6.7.2 Occupied bandwidth'
ACLR chapter 6.6.2 chapter 6.7.3 ACLR
Operating band chapter 6.6.3 chapter 6.7.4 Spectrum emission
unwanted emissions mask
Transmitter spurious  chapter 6.6.4 chapter 6.7.5 Spurious emissions'’
emissions
NR-FR- ACLR chapter 6.6.2 n/a ACLR
T™M1.2
Operating band chapter 6.6.2 n/a Spectrum emission
unwanted emissions mask
NR-FR- Total power dynamic  chapter 6.3.2 chapter 6.4.3 OSTP (= "Result
TM2 range Summary")
Frequency error chapter 6.5.1 chapter 6.6.2 Frequency Error (=
"Result Summary")
Error vector magni- chapter 6.5.2 chapter 6.6.3 EVM results
tude
NR-FR- Total power dynamic  chapter 6.3.2 n/a OSTP (= "Result
TM2a range Summary")
Error vector magni- chapter 6.5.2 n/a EVM results
tude
Frequency error chapter 6.5.1 n/a Frequency error (=
"Result Summary")
NR-FR- Total power dynamic  chapter 6.3.2 n/a OSTP (= "Result
TM2b range Summary")
Error vector magni- chapter 6.5.2 n/a EVM results
tude
Frequency error chapter 6.5.1 n/a Frequency error (=
"Result Summary")
NR-FR- Total power dynamic  chapter 6.3.2 chapter 6.4.3 OSTP (= "Result
TM3.1 range Summary")

Frequency error

chapter 6.5.1

chapter 6.6.2

Frequency error (=
"Result Summary")
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Test Test scenario FR1 test described FR2 test described Measurement
Model in in

Error vector magni- chapter 6.5.2 chapter 6.6.3 EVM results

tude
NR-FR- Total power dynamic  chapter 6.3.2 n/a OSTP (= "Result
TM3.1a range Summary")

Error vector magni- chapter 6.5.2 n/a EVM results

tude

Frequency error chapter 6.5.1 n/a Frequency error (=

"Result Summary")

NR-FR- Total power dynamic  chapter 6.3.2 n/a OSTP (= "Result
TM3.1b range Summary")

Error vector magni- chapter 6.5.2 n/a EVM results

tude

Frequency error chapter 6.5.1 n/a Frequency error (=

"Result Summary")

NR-FR- Frequency error chapter 6.5.1 n/a Frequency error (=
TM3.2 "Result Summary")

Error vector magni- chapter 6.5.2 n/a EVM results

tude
NR-FR- Frequency error chapter 6.5.1 n/a Frequency error (=
TM3.3 "Result Summary")

Error vector magni- chapter 6.5.2 n/a EVM results

tude

'"These measurements are available in the spectrum application of the Rohde & Schwarz signal and spec-
trum analyzers (for example the R&S FSW)
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4.1

I/Q Measurement

Configuration

3GPP 5G NR measurements require a special application on the R&S FSV/A, which
you activate using the [MODE] key on the front panel.

When you start the 5G NR application, the R&S FSV/A starts to measure the input sig-
nal with the default configuration or the configuration of the last measurement (when
you have not performed a preset since then). After you have started an instance of the
5G NR application, the application displays the "Meas Config" menu which contains
functions to define the characteristics of the signal you are measuring.

Unavailable hardkeys

Note that the [SPAN], [BW], [TRACE], [LINES] and [MKR FUNC] keys have no con-
tents and no function in the 5G NR application.
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Configuration overview

Throughout the measurement channel configuration, an overview of the most important
currently defined settings is provided in the "Overview". The "Overview" is displayed
when you select the "Overview" menu item from the "Meas Setup” menu.

EVM/Frequency Error/Power

Mode Downlink Input RF
#CCs 1 Frequency 13.25 GHz
Bandwidth 100MHz Ref Level 0.0 dBm
Cell ID Auto Att 10.0dB

o) Signal F Trigger/
A IEI Description @ A Signal Capture

Capture Time 20.1 ms
Source Free Run
Offset 0.0s

No of Subframes 10 Phase Tracking

—> @ Tracking

‘—I

Display Config

— Y| Analysis

Marker 1 Off
Y Axis -90.0 ~ 30.0 dBm

— |

Demodulation

Multi Carrier Filter off

='I= Evaluation
Range
BWP/SS Al

Subframe All
Slot All

Capture Buffer

Preset Channel Select Measurement Specifics for 1: Capture Buffer

In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialog boxes. The individual configuration steps are displayed in the
order of the data flow. Thus, you can easily configure an entire measurement channel
from input over processing to output and analysis 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 4.1.3, "Physical signal description", on page 74.

2. Input/ Frontend
See Chapter 4.1.14, "Input source configuration”, on page 142.

3. Trigger / Signal Capture
See Chapter 4.1.17, "Trigger configuration", on page 149.
See Chapter 4.1.18, "Data capture", on page 150.

4. Tracking
See Chapter 4.1.20, "Tracking", on page 155.
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5. Demodulation
See Chapter 4.1.21, "Demodulation”, on page 157.

6. Analysis
See Chapter 5, "Analysis", on page 196.

7. Display Configuration

See Chapter 3, "Measurements and result displays", on page 18

In addition, the dialog box provides the "Select Measurement" button that serves as a
shortcut to select the measurement type.

Configuring the measurement

» 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.

R T R O 0 F= T oL =) T 70
SeIECE MEBASUIEIMENT. .. .ceeeieeee ettt et e e e e et e e et e e e e s e et e e e et e eenans 70
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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 R&S FSV/A (except
for the default channel)!

Remote command:
SYSTem:PRESet :CHANnel [ : EXEC] on page 308

Select Measurement
Opens a dialog box to select the type of measurement.

For more information about selecting measurements, see Chapter 3.1, "Selecting mea-
surements”, on page 18.

Remote command:
CONFigure[:NR5G] :MEASurement on page 305

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.
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4.1.2 Automatic measurement configuration

The R&S FSV/A provides various functions to automatically configure measurements
based on the signal you are measuring and thus makes these measurements as easy
as possible.

Automatic configuration functions are available in different dialog boxes and softkey
menus.

Access (auto configuration): [AUTO SET]

Access (auto demodulation): "Overview" > "Signal Description" > "Signal Description”

Automatic measurement configuration

The automatic measurement configuration functions adjust various general measure-
ment settings to achieve the optimal display of the measurement results.

Automatic signal demodulation

The automatic signal demodulation functions determine the characteristics of the signal
you are measuring. Based on the signal characteristics, the R&S FSV/A is then able to
demodulate and analyze the signal.

Signal demodulation is available on several levels.

® Detection of all signal characteristics.

® Detection of the bandwidth part configuration, incl. antenna port configuration.

® Detection of the synchronization signal configuration.

For an automatic signal demodulation, all frames must have the same configuration.

AULO LEVEL. ..ttt ettt e e e e e e e e e s r e e e e e e e e e e e an 71
AUTO EVIML. ettt b e a et s b b e e e ear e e sbe e eanes 71
U (o IR o= =R 72
Complete Signal Demodulation........ ... 72
Bandwidth Parts Demodulation.............ooueueeieiiiii e 73
Synchronization Signal Demodulation.............occueiiiiiii e 74
Auto Level

You can use the auto leveling routine for a quick determination of preliminary amplitude
settings for the current 5G NR input signal.

For additional information, see "Auto Level" on page 146.

Remote command:
[SENSe:]ADJust:LEVel on page 310

Auto EVM
Adjusts the amplitude settings to achieve the optimal EVM using the maximum
dynamic range.

This routine measures the signal several times at various levels to achieve the best
results.

If you measure several component carriers, this routine can take several minutes to fin-
ish (depending on the number of component carriers).

User Manual 1178.9249.02 — 12 7



R&S®FSV3-K144 Configuration

I/Q Measurement

You can speed up the auto EVM routine by performing it across a certain number of
slots only ("Auto EVM # Of Slots To Analyze").

Select "Auto Set" > "Auto Level Config" > "Meas Time Mode" = "Manual" to access this
method.

If you are using this method, make sure to:

® Define an appropriate measurement time that corresponds to the number of
selected slots. The minimum measurement time is 1 ms.

® Perform a triggered measurement to reliably capture at least one complete slot.

Remote command:
Run measurement: [SENSe: ]ADJust : EVM on page 310
Slots used: [SENSe:]ADJust:EVM:SLOTs on page 310

Auto Scale
Scales the y-axis for best viewing results based on the results.

For more information about y-axis scaling, see "Automatic scaling of the y-axis"
on page 198.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] : AUTO
on page 458

Complete Signal Demodulation
Automatic signal demodulation determines the complete signal configuration.

Complete signal demodulation includes:

® Detection of the synchronization signal configuration, including the SS/PBCH block
state.

You can still define the relative powers of the PSS, SSS, PBCH and PBCH DMRS.
Detection of the cell ID.

Detection of the bandwidth part configuration.

Detection of the slot configuration.

Detection of the PDSCH and CORESET configuration, including the enhanced set-
tings.

® Detection of the antenna port configuration.

It is not possible to edit any properties that are automatically detected.

When you turn on complete signal detection, you only have to define the basic signal
characteristics like the deployment frequency range, the channel bandwidth or the
number of component carriers.

To turn on complete and continuous signal demodulation, select "All On". "All On" auto-
matically turns on automatic demodulation of the synchronization signal, the cell ID and
the bandwidth parts.
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Physical Settings - CC1 Physical Settings -l] Physical Settings - CC1 Physical Settings -

Channel Bandwidth 100MHz ~ Samplg Channel Bandwidth 100MHz v Samplq

Auto Demod All On All Off Auto Demod All On All off

Synchronization Auto Manual Configure Synchronization Auto Manual| Configure

Bandwidth Parts Auto Manual Configure Bandwidth Parts Auto |Manual| Configure

Auto Detection Auto Detection
Cell ID Off  CellIDf i 1D

Instead of continuous automatic demodulation, you can demodulate the signal once for
a single capture. This method is useful if you want to change individual parameters like
the bandwidth part configuration later on without subsequent automatic demodulation.
In addition, it increases the measurement speed, because automatic demodulation
occurs only once.

To demodulate the signal once, select the corresponding button in the channel bar.
For a one-off demodulation, all properties remain available to edit.

Similarliy, you can turn off automatic signal demodulation with a single step with "All
Off". All automatic signal demodulation routines are turned off in that case.

Note that if the signal contains no synchronization signal, you have to define the cell ID
manually ("Auto Detection Cell ID" = Off).

For FR2-2 frequency deployment, only auto demodulation of the synchronization signal
is supported.

Remote command:
State: CONFigure[:NR5G] :DL[:CC<cc>] : DEMod:AUTO on page 311
Demodulate once: [SENSe: ]ADJust : DEMod on page 309

Bandwidth Parts Demodulation
Determines the configuration of the bandwidth parts.

Bandwidth part demodulation includes:

® Detection of the bandwidth part configuration.

® Detection of the slot configuration.

® Detection of the PDSCH and CORESET configuration, including the enhanced set-
tings.

® Detection of the cell ID in the range of 0 to 10.
If you are using a different cell ID, you have to enter the cell ID manually.

It is not possible to edit any properties that are automatically detected.

When you turn on bandwidth part detection, you only have to define the basic signal
characteristics like the deployment, the channel bandwidth or the number of compo-
nent carriers and the synchronization signal.

Note that auto demodulation is not available for FR2-2 frequency deployment.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:DETection
on page 312
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Synchronization Signal Demodulation
Determines the configuration of the synchronization signal.

Synchronization signal demodulation includes:
® Detection of the synchronization signal configuration, including the SS/PBCH block
state.
You can still define the relative powers of the PSS, SSS, PBCH and PBCH DMRS.
® Detection of the cell ID.

It is not possible to edit any properties that are automatically detected.

When you turn on synchronization signal detection, you can still define the basic signal
characteristics like the deployment or the channel bandwidth and the complete band-
width part configuration, including the PDSCH and CORESET allocations.

Note that if the signal contains no synchronization signal, you have to define the cell ID
manually ("Auto Detection Cell ID" = Off).

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :SSBLock<ssb>:DETection on page 312
4.1.3 Physical signal description

Access: "Overview" > "Signal Description" > "Signal Description"

The "Signal Description" dialog box contains general signal characteristics.

Signal Description Radio Frame Config = Ant Port Mapping = Advanced Settings

Mode Downlink - (CC1)user Defined Set: Settings.allocation

Number of n -

Deploy Frequency

Range FR1 > 3GHz ~ Operating Band

Physical Settings - CC1 Physical Settings - CC2 Carrier Configuration
Channel Bandwidth 100MHz ~ Sample Rate 122.88 MHz

Auto Demod All On All Off
Synchronization Auto Manual Configure SCS--- Delta to CF -
Bandwidth Parts Auto Manual Configure 1 BWPs SCS 30kHz

Slot Configure Slot Format 0

PDSCH/PDCCH Configure QPSK

Auto Detection
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Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

The remote commands required to configure the physical signal characteristics are
described in Chapter 6.10.3, "Physical settings", on page 313.

The remote commands required to query measurement results are decribed in:

® Chapter 6.9, "Retrieve trace data", on page 281

® Chapter 6.7, "Remote commands to retrieve numeric results", on page 236

Selecting the 5G NR MOUE.......coiiiiiiiiii et 75
Deployment FrequenCy RaANGE........uuiiiiiiiiiiiiiiieee et 75
(@] o=T =T i1 aTe N =21 o T AR 76
Physical settings of the SIgNal.............ueeuiiiiii e 76

Selecting the 5G NR mode
The "Mode" selects the 5G NR link direction you are testing.

The choices you have depend on the set of options you have installed.
® Option R&S FSV/A-K144 enables testing of 3GPP 5G NR signals on the downlink.
® OptionR&S FSV/A-K145 enables testing of 3GPP 5G NR signals on the uplink.

Downlink (DL) and Uplink (UL) describe the transmission path.

® Downlink is the transmission path from the base station to the user equipment.
The physical layer mode for the downlink is always OFDMA.

® Uplink is the transmission path from the user equipment to the base station.

The application shows the currently selected 5G NR mode (including the bandwidth) in
the channel bar.

Remote command:
Link direction: CONFigure [ :NR5G] : LDIRection on page 315
not supported

Deployment Frequency Range
A 5G NR signal can be transmitted in several different frequency ranges ("FR").

3GPP release 17 extends the deployment frequency range (FR2-2).

® "FR1 <=3 GHz": Deployment in frequency range 1 < 3 GHz.

® "FR1 >3 GHz": Deployment in frequency range 1 above 3 GHz.

® "FR2-1": Deployment in frequency range 2 (high frequencies up to 52.60 GHz).

® "FR2-2": Deployment in frequency range 2 (extra high frequencies up to 71 GHz).

The frequencies that FR1 and FR2 cover are defined by 3GPP.

The selected frequency range has an effect on the following settings.

e Different channel bandwidths are available in each frequency range.

e Different subcarrier spacings are available in each frequency range.

e Different synchronization signal patterns are available in each frequency range.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : DFRange on page 314

Operating Band
Selects the operating band that the carriers are in. The operating bands are defined in
3GPP 38.104: 5.2 "Operating Bands".

Depending on the operating band you select for the transmission, the R&S FSV/A
automatically adjusts the minimum requirements for channel spacing between compo-
nent carriers, especially the frequency offset to CC1.

If the center frequency of the carriers is not within the selected operating band, the
R&S FSV/A shows a corresponding message in the carrier configuration dialog box.

For a selected set of operating bands, you can select the channel raster within the
component carrier.

3GPP release 16 unlocks additional operating bands.
3GPP release 17 unlocks additional operating bands.

Remote command:
CONFigure [ :NR5G] : OBANd on page 313

Physical settings of the signal
Physical settings describe the basic structure of the signal you are measuring.

The "Channel Bandwidth" is variable with fixed values in the range from 5 MHz to
400 MHz. The numbers next to the dropdown box show the sample rate of the signal.
The sample rate depends on the selected channel bandwidth.

3GPP release 17 extends the channel bandwidths up to 2000 MHz in FR2 and adds
additional bandwidths in FR1 (35 MHz and 45 MHz). 3GPP release 18 adds a new
channel bandwidth (3 MHz).

The available channel bandwidths depend on the frequency range you have selected.

Selecting one of the "Configure" buttons opens the radio frame configuration tab where

you can customize the radio frame structure according to your needs.

® "Synchronization": Configuration of synchronization signal (SS).
The numbers next to the button indicate the subcarrier spacing of the SS and the
frequency offset relative to the center of the channel bandwidth.

® "Bandwidth Parts": Configuration of bandwidth parts (BWP).
The numbers next to the button indicate the number of configured BWPs and their
subcarrier spacings.

® "Slot Config": Configuration of individual slots.
The numbers next to the button indicate the slot format used in the BWPs and if a
CSl reference signal is present or not.
The slot format determines the usage of the OFDM symbols (UL, DL or flexible).
The slot formats are defined in 3GPP 38.211, table 4.3.2-3.

e "PDSCH /PDCCH Config": Configuration of the data channel (PDSCH) and the
control channel (PDCCH)
The numbers next to the button indicate the modulation types used for the alloca-
tions in all slots and if a SMUX or phase-tracking reference signal (PT-RS) is pres-
ent or not.
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The physical layer cell ID is responsible for synchronization between network and user
equipment. It identifies a specific radio cell in the 5G NR network. The cell ID is a value
between 0 and 503.

For automatic detection of the cell ID, turn on the "Auto" function. However, auto detec-
tion only works if at least one SS/PBCH block is included in the signal.

Remote command:
Channel bandwidth: CONFigure [ :NR5G] : DL [:CC<cc>] : BW on page 313
Cell ID: CONFigure[:NR5G] :DL[:CC<cc>] :PLC:CID on page 314

4.1.4 Test scenarios

Access: "Overview" > "Signal Description" > "Test Models"

Test scenarios are descriptions of specific 5G NR signals for standardized testing of
DUTs. These test scenarios are stored in .allocation files. You can select, manage
and create test scenarios in the "Test Models" dialog box.

3GPP test models
Test models are certain signal descriptions defined by 3GPP for various test scenarios.
3GPP calls them NR-TM. These NR-TM are defined in 3GPP 38.141-1/-2.

There are three main test model groups NR-TM1, NR-TM2 and NR-TM3). Each of
these main groups in turn contain signal descriptions for specific signal configurations
(different transmission type, different bandwidth etc.).

Because the complete list of test scenarios is long, you can filter the list by the follow-
ing criteria.

® "Test Model": Filters by test model group (NR-TM1, NR-TM2 etc.).
"Transmission": Filters by transmission technology (radiated or conducted).
"Duplexing": Filters by duplexing mode (FDD or TDD).

"Bandwidth": Filters by channel bandwidth.

"Subcarrier Spacing": Filters by subcarrier spacing.

For an overview of the test scenarios, see Chapter 3.11, "Reference: 3GPP test sce-
narios", on page 65.

3GPP release 17 and 18 add additional test models.

Remote command:
MMEMory : LOAD: TMODel [ : CC<cc>] on page 315

ORAN test cases
In addition to the 3GPP test models, you can also use O-RAN test cases. O-RAN test
cases are defined by the O-RAN alliance for standardized measurements.

The test cases comply with O-RAN specification O-RAN.WG4.CONF.0-v08.00.

The O-RAN test cases are based on the 3GPP test models (downlink) and fixed refer-
ence channels (uplink) and are customized for the O-RAN applications.

For more information about the test cases themselves, see the O-RAN specifications
available on the O-RAN website.

For more information about using O-RAN test cases in measurements with the
R&S FSV/A, see Chapter 4.9, "O-RAN measurement guide”, on page 184.
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Remote command:
MMEMory : LOAD: TMODel [ : CC<cc>] on page 315

User defined test scenarios

User defined test scenarios are custom signal descriptions for standardized measure-
ments that you can save and restore as you like. To create a custom test scenario,
describe a signal as required and then save it with the corresponding button. The
R&S FSV/A stores custom scenarios in .allocation files.

If you do not need test scenarios any longer, you can also delete them.

For a description of the .allocation files, see Chapter 4.10, "Reference: structure
of .allocation files", on page 185.

Remote command:
Save: MMEMory : STORe<n>:DEModsetting[:CC<cc>] on page 317
Restore: MMEMory : LOAD: DEModsetting[:CC<cc>] on page 316

Test scenarios for carrier aggregation

When you measure component carriers, you can describe each component carrier
separately and save or restore the scenario for each carrier in the corresponding tab
("CC<x>"). Single carrier scenarios are stored in .allocation files.

For easier handling of multiple carriers, however, you can also store the descriptions of
all carriers in a single file. To do so, configure all component carriers as required and
save the test scenario in "All CCs" tab. Multiple carrier test scenarios are stored

in .ccallocation files. The advantage of this method is, that you do not have to
restore a scenario for each component carrier, but can do so in a single step.

The .ccallocation files contain the frequency information of the signal.

Remote command:
Save: MMEMory: STORe<n>:DEModsetting:ALL on page 317
Restore: MMEMory : LOAD: DEModsetting:ALL on page 316

4.1.5 Component carrier configuration

Access: "Overview" > "Signal Description"

Carrier aggregation has been introduced in the 5G NR standard to increase the band-
width. In those systems, you can use several carriers to transmit a signal.

The 5G NR measurement application supports up to 16 component carriers for mea-
surements on contiguous and non-contiguous intra-band carrier aggregation (the carri-
ers are in the same frequency band).

Each carrier has one of the channel bandwidths defined by 3GPP. You can deploy the
component carriers in different frequency ranges.

The radio frame can be different for each component carrier. For more information
about configuring 5G NR radio frames, see Chapter 4.1.6, "Radio frame configuration”,
on page 83.
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Several measurements support contiguous and non-contiguous intra-band carrier
aggregation (the carriers are in the same frequency band).

® |/Q Based Measurements (EVM, Frequency Error, etc.)

® Frequency sweep measurements (multi-carrier ACLR, cumulative ACLR and multi
SEM)

Physical Settings - CC 1 | Physical Settings - CC 2  Carrier Configuration

CcC Center Frequency Frequency Offset Bandwidth “ Ganeral  Global MC
Fregency 850.0 MHz Center
850 MHz 0 Hz 100MHz

Fregen
1GHz 150 MHz 100MHz MC Setup (el to — ¥

Freqgency
Offset Mode

Carrier
Spading

Fixed
CC Offset

fe—{car: Hf -

}15DMH;}

Arbitrary >

The remote commands required to configure component carriers are described in
Chapter 6.10.4, "Component carrier configuration", on page 317.
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Number of component carriers

The supported "Number Of Component Carriers" you can measure is in the range from
1 to 16. When you select more than one component carrier, the R&S FSV/A expands
the "Signal Description" dialog box by several tabs.

One tab for each component carrier you can configure and one tab to define general
properties of the component carrier configuration.

Remote command:
CONFigure[:NR5G] :NOCC on page 320

Component carrier data capture
Capturing signals with several component carriers can generate big amounts of data.

The 5G NR application thus provides different "CC Signal Capture" modes that allow

you to capture even several component carriers with a large bandwidth.

® "Single": Each configured component carrier is captured consecutively by an indi-
vidual data capture buffer.
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® "Auto": The R&S FSV/A determines how many component carriers it can capture in
a single measurement.

If you select "Auto” mode, the R&S FSV/A captures as many component carriers as it
can in a single measurement and captures the rest in subsequent measurements. The
maximum number of component carriers the R&S FSV/A can analyze in a single cap-
ture depends on the available bandwidth.

With the optional 400 MHz bandwidth, for example, it can analyze up to 4 100 MHz
carriers in a single capture.

When all required measurements are done, the R&S FSV/A shows the results for all
component carriers.

Remote command:
CONFigure[:NR5G] :CSCapture on page 319

Views

Results of component carrier measurements are shown for each component carrier
separately. When you measure more than one carrier, each result display shows the
information of up to two component carriers. For more than two component carriers,
you can select which component carriers are displayed in the two views.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : CCNumber on page 469

Basic component carrier configuration
Access: "Overview" > "Signal Description" > "Carrier Configuration"

The number of component carriers (CCs) you can select depends on the measure-
ment.

® 1/Q based measurements (EVM etc.): up to 16 CCs

® Frequency sweep measurements (ACLR etc.): up to 8 CCs

You can define the characteristics of the CCs in the carrier configuration table.
Depending on the "Number of Component Carriers", the application adjusts the size of
the table. Each line corresponds to a component carrier.

The R&S FSV/A shows a preview of the current carrier configuration in a diagram at
the bottom of the dialog.

+—— 100 bz |——»

o1 \'{ w2 0 cca
397 MHz

Frequency configuration — Basic component carrier configuration
The location of each component carrier in the spectrum is defined by a center fre-
quency. The frequencies of the carriers must be in an ascending order.

The R&S FSV/A indicates if the location of the carriers is compatible to the selected
operating band.

e "Carrier within selected NR band"

® "Carrier outside of selected NR band"
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The actual measurement frequency differs from the carrier frequencies: the application
calculates that frequency based on the carrier frequencies. It is somewhere in between
the carrier frequencies.

Note that the measurement frequency can change during a capture. If the signal band-
width is larger than the available analysis bandwidth, the captured data consists of sev-
eral captures with a smaller bandwidth, each with a different measurement frequency.

The R&S FSV/A indicates the actual measurement frequency in the channel bar.

MultiView 22 Spectrum ! x S5GNR ! X

Ref Level 0.00 dBm | Freq 1.95 GHz | Mode Downlink, 20/20 MHz

Att 10 dB Frame Count 1/1 of 1/1(1/1)
YIG Bypass

In addition to the carrier's center frequency, you have to define a frequency offset. By

default, the frequency offset is an offset relative to the first component carrier and an

arbitrary value.

® When you change the offset of a carrier in the table, the R&S FSV/A adjusts its
center frequency.

® \When you change the frequency of one of the carriers in the table, the R&S FSV/A
adjusts the offset.

You can use additional tools to define the frequency characteristics of the component
carriers.

Remote command:

Frequency: [SENSe: ]FREQuency:CENTer [ : CC<cc>] on page 422

Offset (ref. point = CC1): [SENSe: ] FREQuency:CENTer [:CC<cc>] :OFFSet
on page 422

Offset (ref. point = global MC freq.): [SENSe: ] FREQuency:CENTer [:CC<cc>] :
MCOFfset on page 321

Bandwidth configuration < Basic component carrier configuration
For each carrier, select the "Bandwidth" from the corresponding dropdown menu.

The combination of bandwidths is arbitrary. If the total bandwidth of all component car-
riers is too large, the R&S FSV/A displays a corresponding message.

The R&S FSV/A also shows the "Occupied Bandwidth" of the aggregated carriers and
the "Sample Rate" in a read-only field next to the carrier configuration.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :BW on page 313

Channel Raster — Basic component carrier configuration
Access: "Overview" > "Signal Description" > "Carrier Configuration" > "Global"

Shows the distance between the RF reference frequencies in the selected operating
band. The distance between frequencies depends on the channel raster the operating
band belongs to (channel raster are defined by 3GPP).
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Frequency spectrum

Operating band
nt n2 n3 nbd s n96

4
P )
’ .

)
.~ Channel raster forn3

RF reference frequencies Frer
Channel raster defines distance between Frer

For most operating bands, the channel raster is a fix value of 15 kHz, 60 kHz or
100 kHz.

A few selected operating bands support multiple channel raster.

The channel raster is the basis for the calculation of the channel spacing (distance
between component carriers) for intra-band contiguous carrier aggregation.

For details about the channel raster and its effects, see 3GPP 38.104, chapter 5.4.2.

Remote command:
CONFigure[:NR5G] :CRASter on page 318

Nominal Channel Spacing
Resets the channel spacing between component carriers to its default value according
to the channel spacings defined by 3GPP.

This setting has an effect if you change the distance (frequency offset) between the
component carriers, for example by changing the frequency of one of the carriers.

Remote command:
CONFigure[:NR5G] :NCSPacing on page 320

Additional tools for frequency configuration
Access: "Overview" > "Signal Description" > "Carrier Configuration" > "MC Setup"

You can either define the frequency characteristics of each component carrier sepa-
rately in the component carrier table, or use the following tools. These tools allow you
to change the frequency characteristics of all component carriers at the same time
according to a certain logic.

Note that regardless of the changes you make with these tools, the carrier bandwidth
of each carrier remains the same.
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Center frequency configuration < Additional tools for frequency configuration
The global multicarrier frequency is a tool you can use to change the center frequency
of all carriers at the same time.

Center frequencies of the component carriers remain the same, as long as you do not
change the global MC frequency. When you change the global MC frequency, the cen-
ter frequencies change and the frequency offset for each carrier remains the same.

You can also synchronize the global MC frequency to the center frequency of all carri-
ers.

Remote command:
Define global MC frequency: CONFigure [ :NR5G] : GMCFreqg on page 320
Synchronize to center frequency: CONFigure [ :NR5G] : CENTer on page 318

Frequency offset configuration < Additional tools for frequency configuration
The frequency offset configuration tools allow you to change the freqeuncy offset
between carriers.

By default, the frequency offset of each component carrier is a frequency relative to the
first component carrier (CC1). In that case, the offset of the first carrier is always 0 Hz.

Alternatively, you can set a frequency offset that is relative to the global multicarrier fre-
quency. In that case, the offset can take on negative values if a carrier is on a fre-
quency below the global MC frequency.

For both methods, the offsets are arbitrary values - the spacing between carriers is not
equidistant.

If you have a setup in which the distance between carriers is the same, you can use
the equidistant frequency offset mode. In this mode, you can define a carrier spacing
that is applied to all component carriers. Changing the component carrier's offset sepa-
rately is no longer possible. Center frequencies of the component carriers are automat-
ically adjusted depending on the carrier spacing you enter.

You can change this logic by turning on a fixed CC offset. When you do, the offset
becomes a fixed value (but not necessarily equidistant). Changing the frequency of
one carrier adjusts the frequencies of the other carriers. The offset remains the same.

Remote command:

Reference point: CONFigure [ :NR5G] : OREL on page 321
Offset mode: CONFigure [ :NR5G] : OMODe on page 320
Carrier spacing: CONFigure [ :NR5G] : CSPacing on page 319
Fixed offset: CONFigure [ :NR5G] : FCOFfset on page 319

4.1.6 Radio frame configuration

Access: "Overview" > "Signal Description" > "Radio Frame Config"

Basic frame structure

A radio frame in the 5G NR standard has a length of 10 ms (same as in LTE). It con-
sists of 10 subframes, each with a length of 1 ms.

A subframe contains a variable number of slots, depending on the subcarrier spacing.
A subframe can have different subcarrier spacings in different bandwidth parts.
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Figure 4-1: Basic frame structure of a 5G NR frame

Slot structure

A slot contains 14 OFDM symbols and has a bandwidth the size of the bandwidth part
it is in. A slot can have one of many slot formats, with each slot format representing a
different symbol usage. Most of the symbols are usually used by the PDSCH for trans-
mission of user data (payload).

Resource blocks

One symbol with a bandwidth of 12 subcarriers makes up a resource block (the size of
the subcarrier is variable). One symbol over one subcarrier makes up a resource ele-
ment, which is the basic quantity in a 5G NR radio frame.

The 5G NR standard differentiates between virtual resource blocks (VRB) and physical
resource blocks (PRB). VRBs are all resource blocks that are allocated to the resource
grid. PRBs have the same size and number as VRBs, but can be mapped to different
subcarriers to according to certain rules defined by 3GPP. Mapping to different subcar-
riers can be useful to use the resource grid more efficiently.

1 Subframe (1 ms) = x slots, x depends on subcarrier spacing

<
<

lot 1 = 14 OFDM symbols

N

Figure 4-2: Basic slot structure of a 5G NR slot
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The radio frame in a 5G NR signal is highly flexible. The location of the synchronization
signal is just as variable as the size and number of bandwidth parts and the configura-
tion of each slot in the radio frame.

For more information about configuring the radio frame structure, refer to the following
topics.

® Synchronization Signal

® Bandwidth parts

® Slots

e PDSCH

Measuring multiple radio frames

You can capture and analyze multiple radio frames. Each radio frame can have a dif-
ferent configuration.

Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

Frame Configuration...........oooi oo 85
Effects of capturing multiple frames on resultS..........cccccceeeieiiiiiiiii e, 86
Frame Configuration Management..... ... 87

Frame Configuration

The "# Frames To Configure" input field defines the number of radio frames with a dif-
ferent configuration. If you select more than one frame to configure, you can assign a
different slot configuration and PDSCH configuration for the frames. The synchroniza-
tion signal and bandwidth part configuration is the same for all frames.

To configure a specific frame, enter the corresponding number in the "Selected Frame"
field. If you configure only one frame ("# Frames To Configure" = 1), all frames have
the same configuration.

After you have configured several frames, you can also select how many frames the
R&S FSV/A actually captures and analyzes with the "Number of Frames to Analyze"
property. If you capture more than the number of configurable frames, the frame con-
figuration is repeated for the surplus frames.

Example:
The number of configurable frames is 2. The number of frames you have captured is 5.
In that case, the BWP configuration of frame 0 and 1 is repeated for frames 2 to 4.

If you capture less than the number of configurable frames, only the first frame configu-
rations are applied.
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Example:
The number of configurable frames is 3. The number of frames you have captured is 1.
In that case, the BWP configuration of frame 0 is used for analysis.

In addition, if the R&S FSV/A needs more than one capture to analyze all frames, for
example if the capture time is too small, the capture always starts with the configura-
tion of the first frame.

Example:

The number of configurable frames is 3. The capture time is 20.1 ms. The number of
frames you have captured is 3.

The first capture contains 2 full frames with configuration of frame 0 and 1.
The second capture contains 1 frame, again with configuration of frame 0.

(If you want to capture a frame with the third configuration, you would have to define a
capture time of at least 30.1 ms.)

Remote command:
Configurable frames: CONFigure [ :NR5G] : DL [ :CC<cc>] : FTConfig on page 323
Frame selection: via suffix at FRAMe<fr>

Effects of capturing multiple frames on results

Analyzing multiple frames has the following effects on results.

® Results in the result summary are either averaged over all frames or refer to a sin-
gle frame, depending on your selection.

® All graphical results refer to a single frame.
If there is more than one frame in the capture buffer, you can select the frame you
want to display.

® The R&S FSV/A can only display graphical results of the last data capture.
If the capture time is too small to capture all frames to analyze, the R&S FSV/A
captures the signal in multiple capture buffers.
Note that this only applies to graphical results like EVM vs Carrier or the constella-
tion diagram. The result summary still averages over all analyzed frames.

Example:

The capture time is 20.1 ms. The number of frames to analyze is 3. Two data captures
are required to analyze all frames.

In that case, the first data capture analyzes the first two frames. The second data cap-

ture analyzes the third frame. However, you can only display the results for the third
frame in the graphical result displays.

If you analyze multiple component carriers, you can also display the results for a spe-
cific frame by assigning a frame to a view.

Remote command:

Select a frame: [SENSe: [NR5G[:CC<cc>] : FRAMe: SELect on page 477
Assign frame to a view: DISPlay [ :WINDow<n>] [ : SUBWindow<w>] : FNUMber
on page 469
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Frame Configuration Management
The R&S FSV/A provides some tools to make frame configuration easier.

® "Copy Frame": Copies the bandwidth part configuration of the selected frame.
Note that this includes the slot configuration and PDSCH/PDCCH configuration of
that frame.

® "Paste Frame": Applies the bandwidth part configuration in the cache to the
selected frame.

e "Paste To All": Applies the bandwidth part configuration in the cache to all configu-
rable frames.

Remote command:

Copy: CONFigure[:NR5G] : DL [ :CC<cc>] : FRAMe<fr>:COPY on page 322
Paste: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:PASTe [ : FRAMe]
on page 323

Paste to all: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:PASTe:ALL
on page 322

4.1.7 Synchronization signal configuration

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "Synchroniza-
tion"

The 3GPP 5G NR standard defines two synchronization signals (SS), the primary syn-
chronization signal (PSS) and the secondary synchronization signal (SSS). They are
bundled in a synchronization signal block (SS/PBCH block). Both synchronization sig-
nals are used for radio frame synchronization. The UE also uses the synchronization
signals to detect the physical layer cell ID.

In addition to the two synchronization signals, the SS/PBCH block also includes the
physical broadcast channel (PBCH). The PBCH carries general system information.

An SS/PBCH block is transmitted on a fix schedule. Each half frame contains either 4,
8 or 64 SS/PBCH blocks, depending on the subcarrier spacing and the deploy fre-
quency range.

The synchronization signals are assigned to fix symbols as defined by 3GPP, but you
can adjust the subcarriers on which they are transmitted.
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Slot 1 Slot 2 Slot 3

Subcarrier

\4

OFDM symbols
PSS
SSS
PBCH

Figure 4-3: Location of synchronization signals in a succession of several slots

Detection of synchronization signal

The R&S FSV/A supports automatic detection of the synchronization signal character-
istics. When you select "Auto" detection mode, the R&S FSV/A detects various syn-
chronization signal properties like the the subcarrier spacing, block pattern and the fre-
quency offset (in terms of resource blocks and subcarriers).

When you select "Manual" mode, you can describe the synchronization signals man-
ually with various characteristics.

If you measure a signal with a bad signal-to-noise ratio, for example due to a low signal
level, manual configuration of the synchronization signals can increase the synchroni-
zation probability.

When you turn on automatic signal detection, the settings in this dialog box are
unavailable.
Synchronization signal in multiple frame analysis

If you measure multiple frames, the configuration of the synchronization signal is the
same for all frames. Therefore, the synchronization signal configuration is only availa-
ble for the first frame.
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Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

The remote commands required to configure the synchronization signals are described
in Chapter 6.10.6, "Synchronization signal configuration", on page 323.

Subcarrier Spacing (synchronization signal)..........occiiiiiiieei e 89
SS/PBCH BIOCK PatterN....ccco ittt 90
Synchronization Signal OffSEt......ccciii i 90
BUrst Set PeriodiCity......ccoeiiiii it ——————— 92
SS/PBCH BIOCK State........uveieiiiiiiiee ettt ettt e e et e e e snre e e e e 92
Half Frame OffSet....ooi i e e e e as 92
REIAtIVE POWET ... .ot e e e e e e e e e e e s 93

Subcarrier Spacing (synchronization signal)
The "Subcarrier Spacing" selects the subcarrier spacing for the synchronization sig-
nals.

The available subcarrier spacings depend on the frequency range you have selected.

® FR1: 15 kHz, 30 kHz

(30 kHz unavailable for a 5 MHz channel bandwidth.)
® FR2-1: 120 kHz, 240 kHz

(240 kHz unavailable for a 50 MHz channel bandwidth.)
® FR2-2: 120 kHz, 480 kHz, 960 kHz

Note that a 60 kHz subcarrier spacing is only supported for the user data transmission.
Subcarrier spacings for FR2-2 have been introduced in 3GPP release 17.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : SSBLock<ssb>:SSPacing on page 328

SS/PBCH Block Pattern
The "SS Block Pattern" defines which symbols in a slot carry the synchronization sig-
nals.

® "Case A": Used for subcarrier spacing of 15 kHz and a carrier frequency in FR1.
® "Case B": Used for subcarrier spacing of 30 kHz and a carrier frequency in FR1.
® "Case C": Used for subcarrier spacing of 30 kHz and a carrier frequency in FR1.
The start symbol index for the SS/PBCH blocks is different than "Case B".

"Case D": Used for subcarrier spacing of 120 kHz and a carrier frequency in FR2.
"Case E": Used for subcarrier spacing of 240 kHz and a carrier frequency in FR2.
"Case F": Used for subcarrier spacing of 480 kHz and carrier frequency in FR2-2.
"Case G": Used for subcarrier spacing of 960 kHz and carrier frequency in FR2-2.

For cases A, B and C, the symbols occupied by the SS further depend on if the carrier
frequency is below or above 3 GHz.

For a comprehensive description of the block patterns, refer to 3GPP 38.213, chapter
4.1,

The R&S FSV/A automatically selects the valid case, depending on the selected fre-
quency range and subcarrier spacing - you only have to select the case for a subcar-
rier spacing of 30 kHz.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : SSBLock<ssb>:PATTern on page 326

Synchronization Signal Offset

The "RB Offset" and "Additional Subcarrier Offset" parameters define the location of
the synchronization signals in the frequency domain in terms of resource blocks (RB)
and subcarrier.

Both values are either relative to the first subcarrier of the channel or the reference
point A, depending on the "Offset Rel To" property.

® |f you select "TxBW", the offset refers to a resource grid with the subcarrier spacing
of the bandwidth part.

® If you select "Reference Point A", the offset refers to a resource grid with a 15 kHz
subcarrier spacing (deployment in FR1) or a 60 kHz subcarrier spacing (deploy-
ment in FR2).

Note that an offset relative to the "TxBW" is only supported if one of the bandwidth
parts has the same subcarrier spacing as the synchronization signal. Therefore, for a
SS/PBCH subcarrier spacing = 240 kHz, the reference is always the reference point A.

The read-only field next to the input fields indicates the frequency offset of the SS/
PBCH block in Hz, relative to the center of the channel bandwidth.
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Example:
For "Offset Rel To" = "TXBW":

An RB offset = 0 would position the first subcarrier of the SS/PBCH block on the first
subcarrier of the channel.

An RB offset = 12 would position the first subcarrier of the SS/PBCH block on the
144th subcarrier of the channel.

————————— First subcarrier of channel - — — — — — — — -
b. RB offset > 0, < max.

Figure 4-4: Synchronization signal block offset relative to the first subcarrier

For "Offset Rel To" = "Ref Point A™:
The RB offset must consider the distance between reference point A and the first sub-
carrier of the channel (min. offset).

The min. offset would position the first subcarrier of the SS/PBCH block on the first
subcarrier of the channel.

An RB offset greater than the minimum RB offset would place the SS/PBCH block on
the nth subcarrier of the channel.

Channel

IRB offset: at least min. offset

min. offset

Figure 4-5: Synchronization signal block offset relative to the reference point A

You can fine-tune the location by defining an "Additional Subcarrier Offset".

Example:

An SS block offset = 12 and an additional subcarrier offset = 6 would position the first
subcarrier of the SS/PBCH block on the 150th subcarrier of the channel or above the
reference point A (provided that the minimum offset is lower than 150 subcarriers).
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Remote command:
Resource blocks: CONFigure [ :NR5G] : DL [ :CC<cc>] : SSBLock<ssb>:0FFSet

on page 326
Subcarrier: CONFigure [ :NR5G] :DL[:CC<cc>] : SSBLock<ssb>:ASOFfset
on page 324
Offset reference: CONFigure [ :NR5G] : DL [ :CC<cc>] : SSBLock<ssb>:RTO
on page 328

Burst Set Periodicity
The "Burst Set Periodicity" determines how often a block of synchronization signals is
transmitted.

Currently, the R&S FSV/A supports a burst set periodicity of 10 ms which corresponds
to a transmission in every frame.

The following periodicities are supported.

® 5 ms: transmission in every half frame.

® 10 ms: transmission in every frame.

® 20 ms: transmission in every second frame.
® 40 ms: transmission in every fourth frame.

Burst set periodicities greater than 10 ms are useful for the analysis of multiple frames.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :SSBLock<ssb>:BSPeriod on page 324

SS/PBCH Block State

A half frame can contain up to 4, 8 or 64 SS/PBCH blocks, depending on the selected
subcarrier spacing and the deploy frequency range. However, you can exclude individ-
ual SS/PBCH blocks from the signal description if you measure a signal that contains
less than the supported number of SS/PBCH blocks.

When you select the "Configure" button, the R&S FSV/A opens a dialog box to turn
individual SS/PBCH blocks on and off.

The number of SS/PBCH blocks that you can turn on and off (4, 8 or 64) depends on

the deployment.

® 4 SS/PBCH blocks for a deployment in FR1 < 3 GHz.*

® 8 SS/PBCH blocks for a deployment in FR1 above 3 GHz.

® 64 SS/PBCH blocks for a deployment in FR2.

*A special scenario also allows you to use 8 SS/PBCH blocks for a deployment

<3 GHz:

® Select a 30 kHz subcarrier spacing.

® Select a "Case C" block pattern.

® The "L Selection" parameter becomes available. Select the number of resource
blocks to use (4 or 8).

Remote command:

SS/PBCH block state: CONFigure [ :NR5G] : DL[:CC<cc>] : SSBLock<ssb>[:
STATe<ss>] on page 330

L selection: CONFigure [ :NR5G] : DL [ :CC<cc>] : SSBLock<ssb>:1 on page 325

Half Frame Offset
Selects the half frame in which the synchronization signal is in.
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Select "0" if your SSB is in the first half frame, and "1" if it is in the second.

This selection only has an effect for synchronization signals with a periodicity greater
than 5 ms.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :SSBLock<ssb>:HFOFfset on page 324

Relative Power
You can define an additional boosting for each synchronization signal.

The "PSS Rel Power" defines the relative power of the PSS.
The "SSS Rel Power" defines the relative power of the SSS.
The "PBCH Rel Power" defines the relative power of the PBCH.

The "PBCH DMRS Power" defines the power of the PBCH demodulation reference sig-
nal (DMRS) relative to the PBCH power.

Remote command:

PSS: CONFigure[:NR5G] :DL[:CC<cc>] : SSBLock<ssb>:PSS:POWer

on page 328

SSS: CONFigure [ :NR5G] :DL[:CC<cc>] : SSBLock<ssb>:SSS:POWer

on page 329

PBCH: CONFigure [ :NR5G] : DL[:CC<cc>] : SSBLock<ssb>:PBCH:POWer

on page 327

PBCH DMRS: CONFigure [ :NR5G] : DL[:CC<cc>] : SSBLock<ssb>:PDMRs : POWer
on page 327

4.1.8 Bandwidth part configuration

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "BWP Config"

One of the defining features of the 5G NR standard is bandwidth parts (BWP). Using
bandwidth parts, you can split the complete channel bandwidth into several smaller sli-
ces. A bandwidth part is defined as a contiguous set of physical resource blocks that
have the same subcarrier spacing (or numerology as the 3GPP standard calls it).

The numerology has several effects on the signal, like the symbol length and the num-
ber of slots in a subframe.

Table 4-1: Numerology in 5G NR

Numerology 0 1 2 3 4
Subcarrier spacing 15 kHz 30 kHz 60 kHz 120 kHz 240 kHz
Slot length 1ms 0.5ms 0.25ms 0.125 ms 0.0625 ms

N
N
IN

Number of slots in subframe 8 16
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Table 4-2: Additional numerology introduced with 3GPP release 17

Numerology 5 6

Subcarrier spacing 480 kHz 960 kHz

Slot length 0.03125 ms 0.015625 ms
Number of slots in subframe 32 64

The number of bandwidth parts you can configure with the R&S FSV/A is limited to 12.
During transmission, each bandwidth part can be assigned to a specific user equip-
ment (UE). Bandwidth parts can overlap, in which case UEs share the resource ele-
ments of a bandwidth part.

For measurements on signals with multiple bandwidth parts, it is sufficient to configure
only the active bandwidth part.

You can configure bandwidth parts in the bandwidth part configuration table. This table
contains the characteristics of all bandwidth parts in the currently selected frame. You
can add or remove bandwidth parts and configure them as you like.

Each row in the table corresponds to a bandwidth part.

Detection of bandwidth part configuration

The R&S FSV/A supports automatic detection of the bandwidth part configuration.
When you select "Auto" detection mode, the R&S FSV/A detects the bandwidth part
configuration, slot configuration and PDSCH and CORESET allocations.

When you select "Manual" mode, you can describe the bandwidth part manually with
various characteristics.

If you measure a signal with a bad signal-to-noise ratio, for example due to a low signal
level, manual configuration of the bandwidth parts can increase the synchronization
probability.

When you turn on automatic signal detection, the settings in this dialog box are
unavailable.
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Signal Description = Radio Frame Config Advanced Settings

CC1 cc2

# Frames To Selected
Configure - oy - Copy Frame Paste Frame Paste to all

Synchronization = BWP Config Slot Config PDSCH/PDCCH Config

gallgcted H Prev BWP Numerology #0

= . 1 slots per SF
Subcarrier RB Slot Add

BWP # RBs

Spacing Offset  Config 14 symb per slot
Configure Bandwidth 1.08 MHz

Remove
Delta to CF 4.14 MHz

Total # slots 10
Max # RBs 52
. | Duplicate  FFT size 1024

Configure
Configure Clear

Configure

O Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

The remote commands required to configure the bandwidth parts are described in
Chapter 6.10.7, "Bandwidth part configuration”, on page 330.

e BWP configuration table management..........cccoiiiiiiiii e 95
o  BWRP configuration table...........oocueiiiiiiiie e 96

4.1.8.1 BWP configuration table management

The R&S FSV/A provides several tools to manage the configuration table and make
the configuration of bandwidth parts easier.

Bandwidth Part SEIECHON..........ceiviiiii e 95
BWP Configuration TOOIS.........cuuuiiiiiiiiiee e ettt e e e e e e s e s e e e e e e e e e e s s ssaanranaeeeeees 96

Bandwidth Part Selection

You can select the bandwidth part you want to configure by entering its number in the
"Selected BWP" input field. In the configuration table, the selected bandwidth part is
highlighted blue.

You can also select bandwidth parts with the "Prev BWP" and "Next BWP" buttons.

Note that when you select a bandwidth part, the R&S FSV/A also selects that band-
width part in the Slot Config and PDSCH / PDCCH Config tabs and vice versa.
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Remote command:
via suffix at BwPart<bwp>

BWP Configuration Tools

The BWP configuration table provides several management tools.

e "Add": Adds a bandwidth part to the table.

® "Remove": Deletes the selected (highlighted) bandwidth part.

® "Clear": Removes all entries from the table.

® "Duplicate": Copies the configuration of the selected bandwidth part to a new band-
width part.
Note that this includes the Slot Config and PDSCH / PDCCH.

Remote command:

Add BWP: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:ADD
on page 330

Remove BWP: CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:BWPart<bwp>:
REMove on page 332

Clear table: CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CLEar on page 331

Duplicate BWP: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
DUPLicate on page 331

4.1.8.2 BWP configuration table

The bandwidth part configuration table consists of several rows, each of which corre-
sponds to a bandwidth part. The size of the table therefore depends on the number of
bandwidth parts you have added to the table.

Preview diagram

The preview diagram shows the distribution and location of the bandwidth parts. The x-
axis represents the bandwidth part, the y-axis represent the frequency, with the point of
origin of the diagram being the first subcarrier. The color depends on the subcarrier
spacing selected for the corresponding bandwidth part.

The width of the bandwidth parts depends on the number of resource blocks it occu-
pies. The location of the bandwidth part on the y-axis depends on the resource block
offset.

If two or more bandwidth parts overlap (share the same resource blocks), the corre-
sponding parts of the bandwidth part are highlighted by black lines.

Unused parts of the spectrum remain gray.

Numerology

Next to the bandwidth part configuration table, the R&S FSV/A displays various infor-
mation about the numerology in the currently selected bandwidth part.

® "Numerology": Shows the numerology of the bandwidth part as defined by 3GPP.

® "Slots per SF": Shows the number of slots in a subframe in the selected BWP. The
number of slots depends on the selected subcarrier spacing.
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® "Symbols Per Slot": Shows the number of symbols in a slot in the selected BWP.

® "Bandwidth": Shows the width of the selected BWP in Hz.

e "Delta To CF": Shows the frequency offset of the BWP relative to the center fre-
quency of the complete signal.

® "Total # Slots": Shows the complete number of slots in the BWP over all subframes.
The number of slots depends on the selected subcarrier spacing.

® "Max # RBs": Shows the maximum number of resource blocks that the bandwidth
part can have.

® "FFT Size": Shows the FFT size in the selected BWP. The FFT size depends on
the selected subcarrier spacing.

BWP NUMIDET ...ttt e e e e e e 97
Subcarrier Spacing (USEr data).......cueeeieiiiiie e 97
2 = 1 PP PP PP 98
RB OffSOL. . ceeieeeeeeeeeeeeeeeeeeeeereeee e 98
1[0 Q0o o 1o T SRR 98
BWP Number

The "BWP Number" shows the index number of the corresponding BWP.

The bandwidth part number is a consecutive index number that allows you to identify
each bandwidth part. The first bandwidth part has the index number 0.

Remote command:
not supported

Subcarrier Spacing (user data)
The "Subcarrier Spacing" selects the subcarrier spacing for the corresponding BWP.

The available subcarrier spacings depend on the frequency range you have selected.

® FR1: 15 kHz, 30 kHz, 60 kHz
Note that 15 kHz is only available for channel bandwidths < 60 MHz.
FR2-1: 60 kHz, 120 kHz
FR2-2: 120 kHz, 480 kHz, 960 kHz
The following restrictions apply:
— Channel bandwidtj = 100 MHz: 120 kHz
— Channel bandwidth = 400 MHz: 120 kHz, 480 kHz and 960 kHz
— Channel bandwidth = 800 MHz and 1600 MHz: 480 kHz and 960 kHz
— Channel bandwidth = 2000 MHz: 960 kHz

Note that a 240 kHz subcarrier spacing is only supported for the synchronization sig-
nal.

Subcarrier spacings are indicated by different colors in the preview diagram.
- 15 kHz
: 30 kHz

I 60 kHz

[ 120 kHz

[ 480 kHz
: 960 kHz
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For bandwidth parts with a 60 kHz subcarrier spacing, you can select if it has a normal
cyclic prefix (NCP) or an extended cyclic prefix (ECP). Note that the diagrams only
show results if you select the BWP with the extended cyclic prefix from the evaluation
range.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:SSPacing
on page 333

# RBs

The "# RBs" defines the number of physical resource blocks (PRB) the bandwidth part
occupies. The number of physical resource blocks also defines the frequency width of
the bandwidth part.

The maximum number of physical resource blocks for a bandwidth part depends on
the selected subcarrier spacing and the overall channel bandwidth, which in turn
depend on the selected frequency range. For a detailed overview, see 3GPP 38.104,
tables 5.3.2-1 and 5.3.2-2.

Bandwidth parts can share resource blocks.

Remote command:
CONFigure[:NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:RBCount
on page 331

RB Offset
The "RB Offset" defines an offset of the first resource block that the bandwidth part
uses relative to the first resource block of the channel.

The resource block offset therefore defines the location (frequency) of the bandwidth
part in the NR channel.

Remote command:
CONFigure[:NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:RBOFfset
on page 332

Slot Config
The "Configure" button opens the dialog box to configure the slots in the corresponding
bandwidth part.

For details, see Slot Config.

Remote command:
not supported
4.1.9 Slot configuration
Access: "Overview" > "Signal Description" > "Radio Frame Config" > "Slot Config"

Slots

Slots are flexible entities in the 5G NR radio frame, whose characteristics depend on a
number of factors.
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In the time domain, the length of a slot and the number of slots in a subframe depends
on the numerology.

Each slot contains 14 OFDM symbols. Each symbol can have a different scheduling
type to make scheduling during transmission as flexible as possible.

Slot configuration table

The slot configuration table represents the frame structure in the time domain. Each
row corresponds to one slot, and each slot can have a different configuration.

When you turn on automatic signal detection, the settings in this dialog box are
unavailable.

Signal Description = Radio Frame Config Ant Port Mapping = Advanced Settings

CC1 cc2

# Frames To Selected
Configure - Fenr - Copy Frame Paste Frame Paste to all

Synchronization = BWP Config = Slot Config PDSCH/PDCCH Config

Bandwidth Part Number _ CSI Settings

# User Configurable Slots

(repeat remaining) Copy

Selected Slntu Prev Slot  Next Slot

SF Slot Slot Slot PDSCH Repeated Ref 2
Number Number Allocation Format  Allocations  Slot No Signals FremEmi

Configure User 2 Paste to all

Periodicity 10ms
500.0 ps
20 slots in BWP 0

Reset
Slot Config

Preview for Slot 0

e e e e e e

Selecting the bandwidth part to configure

» Enter the number of the bandwidth part you want to configure in the "Bandwidth
Part Number" field.

The R&S FSV/A selects the corresponding bandwidth part.
Note that when you select bandwidth part here, the R&S FSV/A also selects that
bandwidth part in the BWP Config tab and vice versa.

O Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.
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The remote commands required to configure the slots are described in Chapter 6.10.8,
"Slot configuration", on page 334.

e General slot configuration..............oooiiiiiiiiiicccccccc e ————— 100
e Slot configuration table.............oooiiii i 101
®  CSIreferenCe SigNal.......oo i 103
o Positioning reference Signal..........ccooiiiiiiiiii e 107

General slot configuration

The slot configuration table contains a variable number of rows, depending on the
bandwidth parts configuration.

RS T= 1= o (Yo ] o S 100
Number of Configurable SIOtS.........ccoi i 100
Slot Configuration TOOIS........c.ciiiecccieie e e e e e e e e e e e e s s e s sanrnnes 101

Selected Slot
You can select the slot you want to configure by entering its number in the "Selected
Slot" input field. In the configuration table, the selected slot is highlighted blue.

You can also select slots with the "Prev Slot" and "Next Slot" buttons.

Note that when you select a slot, the R&S FSV/A also selects that slot in the PDSCH /
PDCCH Config tab and vice versa.

Remote command:
via suffix at SLOT<s1>

Number of Configurable Slots

You can configure each slot in the radio frame individually, but when more slots have
the same configuration (for example each subframe has the same slot configurations),
you can configure just a certain number of slots and repeat this configuration on other
slots.

The slots you can edit ("# User Configurable Slots") are always the first slots in the
table. For example, if the number of configurable slots is "4", you can edit the first four
rows in the table. The cells of slots you can edit are white.

The slot configuration is repeated for all other slots. For example, if you can edit the
first four slots, the subsequent four slots have the same configuration and so on. The
configuration that a specific slot uses is indicated in the last column of the slot configu-
ration table.

The "Periodicity" shown next to the slot configuration table indicates the length of all
customized slots. For example, a periodicity of 1 ms in a BWP with a 30 kHz subcarrier
spacing indicates that the first two slots have a custom configuration which is repeated
every 1 ms.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:CSLot
on page 334
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Slot Configuration Tools
The R&S FSV/A provides some tools to make slot configuration easier.
® "Copy Slot": Copies the slot configuration of the selected slot.
Note that this includes the PDSCH/PDCCH configuration of that slot.
"Paste Slot": Applies the slot configuration in the cache to the selected slot.
"Paste To": Applies the slot configuration to a set of configurable slots.
Paste to "Slots": Paste to specific slots or range of slots (e.g. 1,2,5-8)
Paste to "Data": Paste to all data slots.
Paste to "Unused": Paste to all unused slots (they will turn into data slots).
Paste to "Custom": Paste to selected slots according to a certain logic (period /
duration).
"Paste To All": Applies the slot configuration in the cache to all configurable slots.
"Reset Slot Config": Restores the default slot configuration (including the PDSCH/
PDCCH configuration).

Remote command:

Copy: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COPY on page 335

Paste: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:PASTe[:SLOT] on page 340

Paste to all: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:PASTe:ALL on page 336

Paste to selected: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<s1>:PASTe:TO on page 338

Reset: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:PRESet on page 340

4.1.9.2 Slot configuration table

The slot configuration table contains the configuration of all slots in the currently
selected bandwidth part. The number of rows (slots) depends on the subcarrier spac-
ing in the selected bandwidth part.

The complete number of slots in the selected bandwidth part is indicated next to the
table ("n Slots in BWP x").

SF Slot Slot Slot PDSCH Repeated Ref -

Number Number Allocation Format Allocations Slot No Signals

0 Data 0 Configure User CSI-RS
0 1 Data 1] (1] None
2 Data 0 (1] None
t 3 Data 0 0 None
4 Data 0 0 CSI-RS
2 5 Data 0 0 None
6 Data 0 (1] None
3 7 Data 0 0 None M

Slot preview

The slot preview shows the scheduling of the OFDM symbols in the selected slot.
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Figure 4-6: Preview of symbol usage for slot format 38 as defined in 3GPP 38.211, table 4.3.2-3

The scheduling depends on the selected slot format.
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Subframe Number
The "Subframe Number" shows the index number (0 to 9) of the subframe that the slot
belongs to.

The number of subframes is always 10, the number of slots in a subframe varies,
depending on the subcarrier spacing / numerology. The first subframe always has the
index 0.

Remote command:
not supported

Slot Number
The "Slot Number" shows the index number (0 to n) of the corresponding slot.

The selected slot is highlighted blue.

The number of slots in the frame varies, depending on the subcarrier spacing / numer-
ology. The first slot always has the index 0.

Remote command:
not supported

Slot Allocation
The "Slot Allocation" selects the usage of the corresponding slot.

e "Data": Slot is used for user data transmission.
® "Unused": Slot is not used.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ATYPe on page 335

Slot Format
The "Slot Format" selects one of the slot formats defined by 3GPP for the correspond-
ing slot.

The slot format defines the usage of the OFDM symbols in a slot. Possible symbol usa-
ges are:

® Uplink: Symbol carries uplink information.
® Downlink: Symbol carries downlink information.
® Flexible: Symbol usage is undefined and can carry uplink or downlink information.
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The symbol usage of the selected slot format is indicated in the slot preview.

For a comprehensive list of all supported slot formats, see 3GPP 38.211, table 4.3.2-3:
"Slot formats".

3GPP release 16 unlocks additional slot formats.
Remote command:

CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
FORMat on page 336

PDSCH Allocations
The "Configure" button opens the dialog box to configure the PDSCH or CORESET
allocations in the corresponding slot.

For details, see Chapter 4.1.10, "PDSCH and PDCCH configuration", on page 110.

Remote command:
not supported

Repeated Slot No
The "Repeated Slot No" shows the slot number on which the configuration of a slot is
based on.

If the table cell says "User", the slot is configured manually.

If the table cell contains a number, the slot configuration is the same as the slot indica-
ted by that number. For example, if the cell contains the number "1", the slot configura-
tion is the same as the slot with the index number 1.

Remote command:
not supported

Ref Signals
Opens a dialog box to configure reference signals transmitted in the corresponding
slot.

For details, see Chapter 4.1.9.3, "CSl reference signal", on page 103.

Remote command:
not supported

4.1.9.3 CSl reference signal

The channel state information reference signal (CSI-RS) is used to estimate the prop-
erties of the signal propagation channel from the base station to the user equipment.
This information is quantized and fed back to the base station. The base station makes
use of this information for example to calculate the channel quality or to adjust the
beamforming parameters.

You can define various parameters to describe the physical attributes and structure of
the CSI-RS, for example where it is located in the resource grid or how often it occurs
in the signal.

The CSI-RS configuration is specific to a bandwidth part.

Within a bandwidth part, the CSI-RS configuration depends on the number of resour-
ces you define. Each resource of the CSI-RS can have a different configuration. You
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can allocate the CSI-RS to more than one slot (periodic or aperiodic transmission
method).

Note that the CSI-RS is only analyzed if you assign it to an antenna port.

Channel-State Information RS

State On Ooff Resources

Slot Zero Number Start CDM n Scrambling Rel. Power -
Config Power of RBs RB Type D /dB

Periodic Off 273 0 1 No CDM
Periodic Off 273 0 No CDM
Periodic Off 273 0 No CDM

Row Ports Density

The remote commands required to configure the CSI reference signal are described in
Chapter 6.10.9, "CSI reference signal configuration", on page 341.

] €= (TR 104
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State

Turns the CSI reference signal on and off.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
STATe on page 349

Resources
Defines the number of CSI-RS resources that make up the CSI-RS. Each resource can
have a different configuration

Each line in the CSI-RS configuration table corresponds to a resource. Changing the
number of resources adjusts the number of rows accordingly.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
RESources on page 345
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Slot Config
Opens a dialog box to configure in which slots the CSI reference signal appears.

You can select "Periodic" or "Aperiodic" transmission.

Remote command:
Method: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:SLOT:MODE on page 347

Periodic transmission — Slot Config

Periodic transmission transmits the CSI-RS every <x> slots ("Periodicity)". You can
also define an "Offset" if you do not want the first occurence of the CSI-RS in the first
slot - for an offset of 2, for example, the first slot that carries is the CSI-RS is slot 2.

If you configure and analyze multiple frames, the sequence of CSI-RS is applied in
subsequent frames. For example, if you define a periodicity of "4" in 2 frames with 10
slots each, the following slots contain a CSI-RS (assuming, there is no offset):
® Firstframe:0-4-8
® Second frame:2-6-10
You can check the distribution of CSI-RS in the "Ref Signals" column of the slot
configuration table when you select different frames.

For a correct analysis of the CSI-RS over multiple frames, you have to define the start-

ing frame. You can do this in different ways.

® Trigger on a fixed system frame number (recommended).

® Select the received frame with the frame number n_f parameter. You can find out
the system frame n_f in the channel decoder results (an SSB must be available for
this to work). After you change n_f, you have to refresh the results.

Remote command:

Periodicity: CONFigure [ :NR5G] :DL[ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:SLOT:PERiodicity on page 347

Offset: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:SLOT:POFFset on page 348

Aperiodic transmission — Slot Config

Aperiodic transmission transmits the CSI-RS in arbitrary slots. Enter the slot numbers
that should carry the CSI-RS in the "Slots" input field. For example: 1-3,5,7 to transmit
the CSI-RS in slots 1,2,3,5 and 7.

Available slots depend on the subcarrier spacing in the bandwidth part.

For aperiodic transmission over multiple frames, you can define the location of the CSI-
RS in each frame manually. If you only define the CSI-RS location for one frame, the
R&S FSV/A assumes that the location is the same in all frames.

Remote command:
Slots: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:SLOT:APERiodic on page 346

Zero Power
Turns zero power transmission of the CSI reference signal on and off.
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If you turn on zero power transmission, the resource elements are allocated to the CSI-
RS as if it were there, but it is not actually transmitted. Results for the CSI-RS, like the
EVM, are also not calculated. You can no longer define a scrambling ID or relative
power for the CSI-RS.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
ZPOWer on page 349

No. RBs

Selects the number of resource blocks the CSI reference signal uses.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
NORBs on page 344

Start RB

Selects the first resource block in the bandwidth part that the CSI reference signal
uses.

Remote command:

CONFigure[:NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:CSI<csi>:SRB
on page 348

Row
Selects one of the CSI-RS location settings defined in 3GPP 38.211, table 7.4.1.5.3-1.
The location settings correspond to the rows in this table.

The selection has an effect on the ranges of the following CSI-RS settings:

® Density
® Bitmap

(Note that the bitmap has a fixed configuration for some rows.)
* |0/

(Some location settings reserve two symbols for the CSI-RS transmission.)

The row selection also defines the values for the "Ports" and the "CDM Type" (code
domain multiplexing type) parameters. These two values are fixed for each row and
therefore read only parameters.

Remote command:

Row selection: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:ROW on page 345

Ports (query): CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:BWPart<bwp>:
CSI<csi>:PORT? on page 344

CDM type (query): CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:CSI<csi>:CTYPe? on page 342

Density
Defines how many subcarriers are allocated to the CSI-RS.

The available values depend on the location settings parameter.

If you select 0.5 density, you can define if the CSI-RS is located on even or odd
resource blocks.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
DENSity on page 342

Bitmap
Defines the subcarriers on which the CSI-RS is transmitted (location of the CSI-RS in
the frequency domain).

For more information about supported bitmap values, see 3GPP 38.211, chapter
7.4.1.5.

Note that the bitmap setting is not available for all location settings.
Remote command:

CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
BITMap on page 341

0/11
Parameters |y and |, define the location of the CSI-RS in the time domain.

"I0" defines the position of the first symbol of the first CSI-RS in the resource grid.

"I1" becomes available for location settings that support a two-symbol transmission of
the CSI-RS. It defines the resource grid position of the second symbol allocated to the
CSI-RS.

Note that |, must be smaller than |. |, is automatically adjusted if this is not the case.

Remote command:

lo: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:CSI<csi>:
LZERO

l4: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:CSI<csi>:
LONE on page 342

Scrambling ID
Defines the pseudo-random seed value for the CSI-RS sequence generation.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:SID
on page 346

Rel Power
Defines the relative power of the CSI-RS in dB.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:CSI<csi>:
POWer on page 344

4.1.9.4 Positioning reference signal

The positioning reference signal (PRS) is used to locate user equipment using timing
based methods. Compared to other positioning systems like GPS, using the PRS is
highly accurate and provides a greater coverage, even indoors. PRS is useful for any
type of location based services, for example emergency calls.
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You can define various parameters to describe the physical attributes and structure of
the PRS, for example where it is located in the resource grid or how often it occurs in
the signal.

The PRS configuration is specific to a bandwidth part.

Within a bandwidth part, you can configure a single PRS. You can allocate the PRS to
more than one slot (aperiodic transmission method).

The positioning reference signal is available with 3GPP release 16.

Positioning RS

State Oon Ooff

Slot Config Number of RBs Start RB I"PRS_start L_PRS n~PRS_ID,Seq K"PRS_comb k~PRS_ offset Rel. Power/dB
Aperiodic 272 ] 0 2 0 2 0 0 dB

The remote commands required to configure the positioning reference signal are
described in Chapter 6.10.10, "Positioning reference signal", on page 350.
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State

Turns the positioning reference signal on and off.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:PRS:STATe
on page 353

Slot Config

Opens a dialog box to configure in which slots the positioning reference signal
appears.

You can assign the PRS to arbitrary slots. Enter the slot numbers that should carry the
PRS in the "Slots" input field. For example: 1-3,5,7 to transmit the PRS in slots 1,2,3,5
and 7.

Available slots depend on the subcarrier spacing in the bandwidth part.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:SLOT:
APERiodic on page 352

No. RBs
Selects the number of resource blocks the positioning reference signal uses.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:NORBs
on page 351

Start RB
Selects the first resource block in the bandwidth part that the positioning reference sig-
nal uses.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:SRB
on page 353

I"PRS_Start
Defines the first symbol in a slot allocated to the positioning reference signal.

Note that the selection of the start symbol has an effect on the number of symbols
number of symbols the PRS can use. The higher the start symbol, the less symbols the
PRS can use.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:PRS:LPSTart
on page 351

L_PRS
Defines the number of symbols allocated to the positioning reference signal.

Note that the selection of the start symbol has an effect on the number of symbols the
PRS can use. The higher the start symbol, the less symbols the PRS can use.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:LPRS
on page 351

n“PRS_ID,Seq
Defines the pseudo-random seed value for the PRS sequence generation.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:PRS:NPID
on page 352

KAPRS_comb
Defines the number of subcarriers allocated to the positioning reference signal.

The number of subcarriers you can use depends on the size of the PRS.

Remote command:
CONFigure[:NR5G] :DL[ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:KPComb
on page 350

KAPRS_Offset
Defines an offset for the positioning reference signal in the frequency domain relative
to the first subcarrier.

Possible offsets depend on the number of subcarriers the PRS uses.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:PRS:KPOFfset
on page 350

Rel Power
Defines the relative power of the positioning reference signal in dB.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:PRS:POWer
on page 352

4.1.10 PDSCH and PDCCH configuration

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "PDSCH /
PDCCH Config"

Each slot assigned to carry user data contains one or more resource allocations.
Resource allocations are the physical channels that carry user data or information
about it. The size of an allocation in the resource grid is variable. An allocation covers
one or more physical resource blocks.

PDSCH

The physical downlink shared channel (PDSCH) carries the general user data and is
therefore the most prominent channel in a radio frame that occupies the most resour-
ces. PDSCH allocations have a variable number of resource blocks and OFDM sym-
bols. Each slot can have one or more PDSCHs. The PDSCH has a dedicated demodu-
lation reference signal (DMRS).

Interleaving means that virtual resource block bundles are mapped to different physical
resource block bundles in the physical resource grid. If you do not apply interleaving,
the physical resource grid is the same as the virtual resource grid.

The RB bundle size in the frequency domain is variable, in the time domain it still con-
sists of a single OFDM symbol.

CORESET

The physical downlink control channel (PDCCH) carries the downlink control informa-
tion. The PDCCH is transmitted in a control resource set (CORESET) that has a dedi-
cated demodulation reference signal (DMRS). A CORESET contains the control infor-
mation for one or more UEs. Each slot can contain one or more CORESETs.

In terms of the resource allocation, a PDCCH consists of several control channel ele-
ments (CCEs), depending on the aggregation level. A CCE is a cluster of several REG
bundles, which in turn consist of one or more resource element groups (REG). In the
resource grid, the REG bundles can be grouped, but can also be distributed over non-
contiguous resource blocks (interleaving). A REG corresponds to one resource block
(12 resource elements in the frequency domain and one OFDM symbol in the time
domain).

The PDCCH also contains the downlink control information (DCI).
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Figure 4-7: PDCCH structure

When you turn on automatic signal detection, the settings in this dialog box are
unavailable.

Signal Description = Radio Frame Config Ant Port Mapping = Advanced Settings

CC1 cc2

# Frames To Selected
T . Ferra Copy Frame Paste Frame Paste to all

Synchronization = BWP Config = Slot Config PDSCH/PDCCH Config

User - Code n Enhanced Number Offset Number Offset Rel. Power
i Allecation y,q Modulaion goitings ofRBs  RB  ofSymb Symb  /dB

CORESET QPSK
CORESET QPSK
PDSCH | 1/1 QPSK
PDSCH | 1/1 QPSK

D Conflict ~

Combine PDSCH Allocations with Same User ID
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O Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

e General PDSCH / PDCCH configuration.............ccccccuiiiiieiieiee e ccecineeneeeee e e 112
e PDSCH /PDCCH configuration table........ccccccceeeiiiiciiiiiiiiieecce e 113
e Enhanced CORESET settings: allocation configuration...........ccccceeeeeiiiinnnnnnnnnnnn. 117
e Enhanced CORESET settings: PDCCH...........oooiiiiirreee e 119
e Enhanced PDSCH settings: DMRS..... ..o 123
e Enhanced PDSCH settings: PTRS......coo it 127
e Enhanced PDSCH settings: scrambling / COdiNg......cccoovcuieiiiiiiiieieiiiiieee e, 128

4.1.10.1 General PDSCH / PDCCH configuration
The allocations in the table refer to a specific bandwidth part and slot.

Selecting the bandwidth part to configure

» Enter the number of the bandwidth part you want to configure in the "Bandwidth
Part Number" field.

The R&S FSV/A selects the corresponding bandwidth part.
Note that when you select bandwidth part here, the R&S FSV/A also selects that
bandwidth part in the BWP Config tab and vice versa.

Selecting the slot to configure

» Enter the number of the slot you want to configure in the "Selected Slot" field.

Note that when you select a slot here, the R&S FSV/A also selects that slot in the
Slot Config tab and vice versa.

Defining the number of PDSCH and CORESET allocations

The R&S FSV/A allows you to allocate up to 100 individual CORESETs and PDSCH
allocations to a slot.

» Enter the number of allocations in the "# CORESETs" or "# PDSCH Allocations"
field.

The R&S FSV/A expands the PDSCH configuration table accordingly.

When you add a CORESET, the new CORESET is added after the last existing
CORESET and before the first PDSCH allocation. New PDSCH allocations are
always added at the end of the table.
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Combining PDSCH allocations with the same user ID

Instead of decoding each PDSCH separately, you can bundle PDSCH allocations and
decode them as one (PRB bundling), even if they have a different location in the
resiource grid. You can bundle PDSCH allocations by giving them the same user ID.

1. Assign user IDs to PDSCH allocations as required.
You can define the user ID for a specific allocation in the "Enhanced Settings" or in
the corresponding column in the allocation table.

2. Turn on "Combine PDSCH Allocations With Same User ID".

When you combine allocations, you can change the allocation settings (modula-
tion, number of symbols, enhanced settings etc.) only for the first allocation in the
bundle. Number of resource blocks and the resource block offset remain available
for all allocations.

Bundling PDSCH allocations has an effect on result displays that show the deoc-
ded signal, like the bit stream. Instead of showing the decoded results for each
PDSCH allocation, these result display combine the results for bundled allocations.

H PDSCH AllOCAtIONS. ....ueiiiii ittt e e et e st e e s e e e e s s s ra e e st e aeenaans 113
e+ O O 1 Sy S =l K= TR 113
Combine PDSCH Allocations With Same USer ID.......c..cooviueiiiiiiieeeeeeeeeeeeeeeee e 113

# PDSCH Allocations
Defines the number of PDSCH allocations in the slot.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALCount on page 361

# CORESETs
Defines the number of CORESET allocations in the slot.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
CRSCount on page 360

Combine PDSCH Allocations With Same User ID
Turns PRB bundling on and off.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl1l>:CUID
on page 367

4.1.10.2 PDSCH /PDCCH configuration table
The configuration table contains the PDSCH and PDCCH (CORESET) allocations.

Each row corresponds to an allocation. The first part of the table shows the CORE-
SETs, the second part of the table the PDSCH allocations.
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Reusing PDSCH allocations

If you are measuring multiple slots with a different configuration, you can copy alloca-
tions to other slots once you have defined them in the first slot.

Prerequisite: # of configurable slots > 1

1. Select "Copy To" to copy the allocation configuration to the clipboard.
The R&S FSV/A opens a dialog to select the target slots.

2. From the "Copy To" menu, select:

e "Slots" to copy the allocation to a number of selected slots.
e "Custom" to copy the allocation to slots based on a certain logic.

3. "Copy To": "Slots":
Select the slots you want to to copy the allocation to.

e Enter a comma-separated list of slots (for example: 1,4,5,7)
e Enter a range of slots (for example: 3-6)
e Enter a combination of both (for example: 1,3-5,8)

4. "Copy To": "Custom":
Select the copy logic.

e "Period": Copy the allocation to every nt" slot.
Example: Period = 3 copies the allocation to every 3rd slot, beginning with slot
0 (if selected slot = 0, the copy appears in slots 3,6,9, etc.).

e "Duration": Copy the allocation to n slots in a row.
Example: Period = 3 and duration = 2 copies the allocation to two slots in a
row, every 3rd slot, beginning with slot O (if selected slot = 0, the copy appears
in slots 1,3,4,6,7,9,10 etc.)

The R&S FSV/A only copies the allocation to a slot if the slot configuration accepts
a manual configuration (and is not based on the configuration of another slot).

O Allocations in the time aligment measurements
S For time alignment measurements, you can only configure PDSCH allocations.

In addition, enhanced settings are only available for the PDSCH DMRS. Because the
enhanced PDSCH settings are the same for all PDSCH allocations in the entire frame,
you can configure them centrally with the corresponding button in the "Slot" configura-
tion tab.

Allocation &rﬁg Meodulation E;eht%r:lcge: ':';.T:;;r ﬂg;et (l,\lfu&tr)"e; (;:'frs"t;t (el I;gwer Conflict ~
0 CORESET QPSK 6 0 1 0 0dB
1 CORESET QPSK 6 6 1 0 0dB
0 0 PDSCH | 1/1 QPSK 10 16 1 0dB
1 0 PDSCH | 1/1 QPSK 10 0 13 1 0dB

The remote commands required to configure the PDSCH and CORESET allocations
are described in Chapter 6.10.11, "CORESET allocation configuration", on page 354
and Chapter 6.10.12, "PDSCH allocation configuration", on page 360.
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The "ID" column shows the unique identifier for the corresponding CORESET or
PDSCH allocation.

The counter starts at 0.
Remote command:

CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:UEID on page 393

Allocation
The "Allocation" column shows the allocation's channel type (CORESET or PDSCH).

Remote command:
not supported

Modulation

The "Modulation" selects the modulation type for the corresponding allocation (chan-
nel).

"DMRS Only" analyzes the DMRS and ignores the payload data in the allocation.
The CORESET modulation is always QPSK.

The PDSCH modulation is either QPSK, 16QAM, 64QAM, 256QAM.

3GPP release 17 adds 1024QAM modulation.

Remote command:

CORESET: not supported

PDSCH allocations: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>[:CW<cw>] :MODulation
on page 364

Enhanced Settings
Opens the "Enhanced Settings" dialog box.

Enhanced settings for CORESET allocations:
¢ CORESET DMRS
e PDCCH and DCI

Enhanced settings for PDSCH allocations:
e PDSCH DMRS

® PTRS

® Channel coding and PDSCH scrambling
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Remote command:
not supported

Number of RBs
The "Number of RBs" defines the number of physical resource blocks that the alloca-
tion occupies in the resource grid.

Remote command:

CORESET: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:RBCount on page 358

PDSCH allocation: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:RBCount on page 365

Offset RB

The "Offset RB" defines the first physical resource block that the allocation uses. The
offset is a value relative to the first resource block used by the bandwidth part the allo-
cation is in.

Remote command:

CORESET: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:RBOFfset on page 358

PDSCH allocation: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:RBOFfset on page 366

Number of Symbols
The "Number of Symbols" defines the number of symbols that the allocation uses.

The number of symbols a CORESET can use is limited to 3.
3GPP release 16 unlocks additional numbers of symbols a PDSCH can use.

Remote command:

CORESET: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:SCOunt on page 359

PDSCH allocation: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:SCOunt on page 366

Offset Symbols
The "Offset Symbols" defines the first symbol that the allocation uses. The offset is a
value relative to the first symbol in the slot.

Remote command:

CORESET: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:SOFFset on page 359

PDSCH allocation: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:SOFFset on page 367

Rel Power / dB
The "Rel Power / dB" defines the relative power of the corresponding allocation.
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Remote command:

CORESET: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:POWer on page 357

PDSCH allocation: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:POWer on page 365

Copy to
Opens a dialog to copy the allocation configuration to other slots.

For details, see "Reusing PDSCH allocations" on page 114.

Remote command:

PDSCH: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:COPY on page 362

CORESET: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:COPY on page 355

Conflicts

The R&S FSV/A indicates a conflict in the following cases.

® |f the allocation is located in a symbol reserved for uplink.

® |f two or more allocations use the same resource blocks (overlapping allocations).
® |f the total number of resource blocks over all allocations is greater than 273.

To remove a conflict, try to reduce the total number of resource blocks or change the
RB offset.

Remote command:
not supported

4.1.10.3 Enhanced CORESET settings: allocation configuration

The enhanced CORESET settings contain settings to configure the CORESET demod-
ulation reference signal (CORESET DMRS) and the characteristics (like the location
and DCI content) of the PDCCH within the CORESET.

General CORESET DMRS Config

Precoder Granularity REG Bundle ~ Rel Power (to CORESET) JKiKil:]

Use DMRS Scrambling ID On Off _ Reference Point Ref Point A -

Allow PDSCH Off
Interleaving

State Off Bundle Size

Shift Index - _ Interleaver Size

PDCCH Config

DCI Aggregation CCE Pattern
Format Level Index Length

C-RNTI 0_0 1 1} 44

Usage Content

The remote commands required to configure CORESET allocations are described in
Chapter 6.10.13, "Enhanced CORESET allocation configuration", on page 368.
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Precoder GranUIarty....... ... s e e 118
CORESET DMRS Sequence Generation............ccccuuieiiiiiieiaeeees e e e e 118
ANIOW PDSCH.... ettt ctee e e e e e e e e e st e e e e e st e e e e e e ntaeeeeeeanreas 118
CORESET DMRS REI POWET .......ccceieieeeeeeeeeeeeeee et 118
CORESET DMRS Reference POiNt.........c.uuiiiiiiiiiiieiiieie et seeeee e 119
INEEIIEAVING. .. ..ot e e e e e e e e et et e e e e e te et reseeeeeeeaaaaaaaaaeeenens 119

Precoder Granularity
Defines which resource elements are used by the PDCCH DMRS.

"All Contiguous PDCCH DMRS expected on all resource blocks of the CORESET.
RBs"

"REG Bundle" PDCCH DMRS expected on the resource blocks allocated to the
PDCCH.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PGRanularity on page 384

CORESET DMRS Sequence Generation

3GPP (38.211) defines two methods by which the CORESET DMRS sequence can be
calculated. You can select the method with the "Use DMRS Scrambling ID" parameter.
Ilonll:

Calculates the sequence based on a pseudo-random seed value. You can define the
seed value in the input field that becomes available when you select this method.
Iloﬁll:

Calculates the sequence based on the cell ID, if the higher layers provide no value.
"n_ID*Cell" has the same value as the cell ID.

For this method, N_RNTI is assumed to be 0 as defined by 3GPP.

Remote command:

Method: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:DMRS:SCRam|[:STATe] on page 370

Seed value: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:DMRS:SID on page 370

Allow PDSCH
Turns usage of CORESET resources for PDSCH transmission on and off.

By default, resource elements allocated to the CORESET are reserved for the CORE-
SET, even if they are unused. When you allow PDSCH resources within a CORESET,
unused CORESET resource elements can be allocated to the PDSCH.

Available if CORESET resources are not contiguous.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDSCh:STATe on page 383

CORESET DMRS Rel Power

Defines the power of the CORESET DMRS relative to the power of the CORESET
resource elements.
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:DMRS:POWer on page 369

CORESET DMRS Reference Point
Defines the reference point for the CORESET DMRS in the resource grid.

The CORESET DMRS position is either relative to the reference point A or the start of
the CORESET.

Select "CORESET Start" if

e the CORESET is configured by the PBCH or

e the CORESET is configured by the controlResourceSetZero field in the PDCCH-
ConfigCommon IE.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:DMRS:RPOint on page 369

Interleaving
Interleaving defines the position of the PDCCH resource elements in the resource grid.

As long as you turn off interleaving, all PDCCH resource elements groups (REGs) use
subcarriers next to each other. If you turn on interleaving, you can assign the REGs to
non-adjacent subcarriers according to certain rules defined in 3GPP 38.211.

The "Bundle Size" defines the number of REGs in a REG bundle.
The "Shift Index" defines an offset of the REG bundles.

You can select one of two methods to define the offset.

e "N_|ID”Cell": Select an offset based on the cell ID.

® "n_shift": Select the offset manually.

The "Interleaver Size" defines the distance between individual REG bundles in the fre-
quency domain.

Remote command:

State: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:INTerleaving:STATe on page 373

Bundle size: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:INTerleaving:BSIZe on page 371

Shift index method: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:COReset<cr>:INTerleaving:SINDex on page 372
Shift index: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:INTerleaving:NSHift on page 372

Interleaving size: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:INTerleaving:ISIZe

4.1.10.4 Enhanced CORESET settings: PDCCH

The enhanced CORESET settings also contains a table to define the downlink control
information (DCI) fields (as defined in 38.212) contained in the PDCCH payload.

You can configure one PDCCH in each CORESET.
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You can assign an RNTI type to the PDCCH in the CORESET. Each type of RNTI has
a certain purpose in the network and the CRC of the information of several DCI formats
is scrambled by a RNTI. The DCI format in turn determines the DCI fields that are
available.

The base station transmits control information to the user equipment via several DCI
formats. The control information can comprise all kinds of information about the trans-
mitted data like resource allocation, bandwidth part usage, modulation type and many
others. 3GPP defines various DCI formats, each of which carries different sets of infor-
mation (DCI fields), depending on the system setup.

You can evaluate the DCI fields in the channel decoder.

The DCI fields you can configure depend on the selected DCI format and the selected
RNTI type.

The DCI fields have a predefined order. This order is represented in the DCI field con-
figuration table, from left to right and top to bottom.

Example:
® RNTI type = C-RNTI
e DClformat=0_0

DCI Field Bit Length DCI Field

m Identifier for DCI formats 1

Bit Length
uency Domain Resource Assignment Auto
me Domain Resource Assignment 4 Frequency Hopping Flag 1
mdulatiun and Coding Scheme (TB1) 5 New Data Indicator (TB1)
Redundancy Version (TB1) 2 HARQ Process Number
2
0

mc Command for Scheduled PUSCH 10. field: Padding bits
m UL/SUL indicator 12. field: ChannelAccess-CPext

Figure 4-8: Order of DCI fields in DCI format 0_0

(=T

1 = Name of DCI field
2 = Bit length of DClI fields (grey fields: not editable, white fields: editable)

Order of DCI fields in the PDCCH:

"Identifier For DCI Formats" > "Frequency Domain Resource Assignment" > "Time
Domain Resource Assignment" > "Frequency Hopping Flag" etc.

Each DCI field has a certain bit length. The sum of all bits must be the same as the
pattern length. The pattern length must be at least 12 bits and must be correct.
The bit lengths for each DCI field are defined in 3GPP 38.212.

® Fix bit lengths are always the same and defined by 3GPP (for example DCI field
"X" always uses 1 bit). You cannot edit those values.

e Automatically calculated bit lengths are variable and depend on other parameters.
The R&S FSV/A calculates them according to the conditions defined by 3GPP. You
cannot edit those values.

® Variable bit lengths can have different values in a certain value range (for example
DClI field "Y" uses either 1, 2 or 4 bits). You can edit those values as required.
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Which bit lengths are variable depends on the DCI format and its corresponding
RNTIs. Note that in some scenarios all bit lengths are fix.

There are a few test scenarios that allow you to ignore the DCI field bit lengths.

® |f you are only interested in the bit stream, it is not necessary to define the bit
lengths of each DCI field. The correct pattern length is sufficient in that case and
does not have to match the bits of the individual fields.

® |f you are only interested in the decoding of certain fields, it is sufficient to define
the pattern length and the bit length up to the DCI field you are interested in cor-
rectly.
For example, if you are interested in the 4th DCI field, define the complete pattern
length and the bit lengths of the first four DCI fields and ignore the subsequent
ones.

For some DCI fields, you can define how often they are transmitted in a single PDCCH.
For those DCI fields the total bit length = bit length * # indicator.

Example:

® RNTI type = SFI-RNTI

e DClformat=2 0

® Slot format indicator bit length = 4
® #indicators =4

Total bit length of the slot format indicator = 16 bits
For some DCI formats, you can define how often the complete set of DCI fields are

transmitted in a single PDCCH. In that case the total bit length = bit length of all param-
eters * # blocks.

Example:

® RNTI type = TPC-PUCCH-RNTI

e DClformat=2 2

® Closed loop indicator bit length = 4

® TPC commands bit length = 2 (fix value)
® #blocks =2

Total bit length of the PDCCH = 12 bits

Configuring DCI fields

Here's an example for the usual process to define DCI fields.
1. Select the RNTI "Usage".

2. Select the "DCI Format".

3. Define the PDCCH "Pattern Length".

4. Select "Content" to define the details of the DCI.
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For a list of available DCI fields, see Table 6-5. For a comprehensive breakdown of
availability of DCI fields, their bit lengths and dependencies, refer to 3GPP 38.212.
3GPP release 16 unlocks additional DCI formats and fields.

[ EST= o - 122
A I RS 122
91 I o5 03 - PR 122
AGGregation LEVEL..........eiiieiie e 122
L0 = [ o = R 122
Pattern Length.........ooo oo e a e e e e e 123
(7] 01 (=Y o | FH PO UPTRPUP PPN 123
Usage

Selects the type of radio network temporary identifier (RNTI) that the PDCCH uses. It
also determines which DCI formats are available.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:USAGe on page 383

RNTI
Selects the radio network identifier.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:RNTI on page 382

DCI Format
Selects the DCI format.

The available DCI formats depend on the selected RNTI type.
The selected DCI format in turn defines which information the PDCCH can carry.
3GPP release 16 unlocks additional DCI formats and fields.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:DCIFormat on page 374

Aggregation Level

Defines how many control channel elements (CCEs) the PDCCH uses in the resource
grid.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:ALEVel on page 373

CCE Index
Defines an offset of the CCE relative to the first subcarrier.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:CCEindex on page 374
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Pattern Length
Defines the number of bits the PDCCH uses. The number of bits is a custom value
depending on your signal.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
COReset<cr>:PDCCh<cf>:PLENgth on page 382

Content
Opens a dialog box to define the information that the PDCCH carries.

The number and type of information depends on the selected DCI format.

You can find an overview of all DCI fields that are available in one or more DCI for-
mats, including the SCPI command you can use to change the bit length of the DCI
field in Table 6-5.

Special settings for certain DCI formats:

e DCl format 0_1: "Scope": Selection defines the DCI fields available in format 0_1.

® DCI format 1_0: "Frequency Domain Resource Assignment": Selection defines the
DClI fields available in format 1_0.

® For other special fields, see Chapter 4.1.10.4, "Enhanced CORESET settings:
PDCCH", on page 119.

3GPP release 16 unlocks additional DCI formats and fields.

Remote command:

Query DCI fields:CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:PDCCh<cf>:DCISettings:LIST? on page 379
Configure DCI fields: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:COReset<cr>:PDCCh<cf>:DCISettings:ITEM

on page 376

# blocks: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:PDCCh<cf>:DCISettings:NOBLock on page 380
TCP commands: CONFigure [ :NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:PDCCh<cf>:DCISettings:TPCCommand on page 381
Frequency resource assignment: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:COReset<cr>:PDCCh<cf>:DCISettings:FDRassign
on page 375
SCOpe:CONFigure[:NRSG]:DL[:CC<CC>]:FRAMe<fr>:BWPart<bwp>:
SLOT<s1>:COReset<cr>:PDCCh<cf>:DCISettings:SCOPe on page 380

4.1.10.5 Enhanced PDSCH settings: DMRS

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "PDSCH /
PDCCH Config" > "Enhanced Settings" > "PDSCH DMRS Config"
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User ID _ VRB-to-PRB Interleaver Non-Interleaved ~

PDSCH DMRS Config Phase-tracking RS Config (PTRS) | Scrambling/Coding

Config Type 1 ~ Codeword to Layer Mapping

First D_MRS Symb Rel to slot start (A) . layers/Codewords 1/1
(Mapping Type)

RSHDKESE b 2 Antenna Ports 1000 + 0

(Type A Pos)

DMRS Add Position Index 0 CDM groups w/o data 1

DMRS Length 1 Reference Point Ref Point A

Sequence Generation N_ID~Cell DMRS-Downlink On Off

n_SCID

Rel Power (to PDSCH) 0.0dB

The remote commands required to configure the DMRS are described in Chap-
ter 6.10.14, "Enhanced PDSCH settings: DMRS", on page 384.

(0 1T=T o | D TSRO 124
VRB-O-PRB INTEIHEAVEN.......cccceeeeee et e et eeeeanas 124
PDSCH DMRS LOCALON......ccciiiiiiiiiiieeeeeeeeeeee s e s e e e e e e e e e e s e e e e e e e e eevesesbaaabaanaaans 125
Multi SYMDBOI DIMRS......cooiiitiee et e et e e e e e s saar e e e e e ennaeeeean 125
PDSCH DMRS Sequence GENeration..........uucieieiccceieiiiiieeeeaeeesssessenieeeeeeeeaesessssssnnnnns 125
PDSCH DMRS REI POWET.......ccceeieeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e e e e eeeeass b b aaannns 126
Codeword to Layer Mapping......ccooeieeeeiiieeeeeeeeeee s s e s e e e e e e e e e e e e e e e e e eeeeeeaenen s 126
YN g} (=T aF= T = o o SRR 126
CDM Groups W/O Dat@......uecieeieiiii et e e e e e e e e e e e e e e e e e e e e eeeeae s nnanaaas 127
Y =T =T ot o T | 127
DIMRS-DOWNINK. ..ttt ettt e e s e s e e e e e s e e e aeseseeeeeesseseebebasannnnnns 127
User ID

Selects the radio network temporary identifier (RNTI) used to identify different users
currently accessing the network. The corresponding allocation and its configuration is
assigned specifically to the ID you select in this field.

By default, the RNTI is the same the bandwidth part index.
Remote command:

CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:UEID on page 393

VRB-to-PRB Interleaver

Selects the RB bundle size of the interleaver according to 3GPP 38.211, chapter
7.3.1.6. Interleaving means that virtual resource block bundles are mapped to different
physical resource blocks in the physical resource grid.

A VRB bundle can consist of 2 or 4 resource blocks. "Non-interleaved" means that no
interleaving or bundling is applied.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:VTPinter on page 393
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PDSCH DMRS Location
The "Config Type" defines the mapping of the DMRS to physical resources elements
as defined in 3GPP 38.211. You can select from configuration "Type 1" or "Type 2".

The "Mapping Type" defines the position of the first DMRS symbol in the resource grid.
Mapping "Type A" is a location relative to the start of the slot. Mapping "Type B" is a
location relative to the start of the PDSCH resources.

For mapping type A, you can select an additional parameter "Type A Pos" to select the
first symbol that the DMRS uses.

The mapping type also limits the number of symbols the PDSCH allocations can use.

Remote command:

Configuration type: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:DMRS:CTYPe on page 387

Mapping type: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:MTYPe on page 388

Type A position: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:TAPos on page 392

Multi Symbol DMRS

The DMRS can be transmitted on one or two symbols, depending on the "DMRS
Length".

You can also add additional DMRS with the "DMRS Add Position Index".

Remote command:

Length: CONFigure [ :NR5G] : DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:MSYMbol:LENGth on page 387

Position index: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:MSYMbol:APOSition on page 387

PDSCH DMRS Sequence Generation

3GPP (38.211) defines two methods by which the PDSCH DMRS sequence can be
calculated. You can select the method with the "Sequence Generation" parameter.
"n_IDA"DMRS":

Calculates the sequence based on a pseudo-random seed value. You can define the
seed value in the input field that becomes available when you select this method.

The scrambling ID "N_ID*1" is for low PAPR DMRS transmission. For other transmis-
sion types, use the "N_ID”*0" scrambling ID.

"N_ID*" is available if DMRS-Downlink = "On".

"n_ID"Cell";

Calculates the sequence based on the cell ID, if the higher layers provide no value.
"n_ID*Cell" has the same value as the cell ID.

Remote command:

Method: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:SGENeration on page 390

Seed value N_ID*0: CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:DMRS:SID on page 390
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Seed value N_IDM: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:DMRS:SIONe on page 391
Scrambling ID: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:DMRS:NSCid on page 388

PDSCH DMRS Rel Power
Defines the power of the PDSCH DMRS relative to the power of the PDSCH resource
elements.

Remote command:
CONFigure[:NR5G] :DL[ :CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:DMRS:POWer on page 389

Codeword to Layer Mapping

Selects the number of layers for a PDSCH allocation and the number of codewords.
The combination of layers and number of codewords determines the layer mapping.
Each layer is transmitted on a separate antenna port.

The number of supported layers depends on:
® DMRS configuration type
® DMRS length

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:CLMapping on page 385

Antenna Port

Each layer of a PDSCH allocation is mapped to a certain antenna port. The "Antenna
Port 1000 +" dropdown menu selects the antenna ports that are used for the transmis-
sion of the PDSCH allocation.

Note that the R&S FSV/A has only one RF input and can therefore measure only one
PDSCH. Which PDSCH is measured depends on the antenna port mapping.

Example:

® DMRS configuration type =1

® DMRS length =2

® Codeword to layer mapping = 4/1, which corresponds to 4 layers

For this configuration you can map the layers to antenna ports "1000,1001,1004,1005",
"1000,1002,1004,1006" or "1002,1003,1006,1007".

The antenna ports (layers) that are actually analyzed depend on the antenna port con-
figuration.

The contents of result displays that analyze antenna ports depend on the beamforming
selection.

Remote command:

CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:DMRS:AP on page 386
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CDM Groups w/o Data

Selects the number of CDM groups that are reserved and contain no data. They are
therefore not used by the PDSCH for data transmission. In the resource grid, the
resource elements for CDM (between PDSCH DMRS resource elements) remain
empty.

Note that the different values for this parameter change the default values of the rela-
tive DMRS power according to 3GPP 38.214, table 4.1-1.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:DMRS:CGWD on page 386

Reference Point
Defines the reference point for the PDSCH DMRS in the resource grid.

The PDSCH DMRS position is either relative to the reference point A or the first sub-
carrier of the bandwidth partitis in.

You can use the bandwidth part start as the reference point for the PDSCH DMRS to
define the reference point according to 3GPP 38.211 chapter 7.4.1.1.2.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
ALLocation<al>:RPOint on page 392

DMRS-Downlink
Turns the higher layer parameter "dmrs-downlink" on and off.

This parameter reduces the peak-to-average power ratio (PAPR) of the PDSCH DMRS
as defined 3GPP, release 16. Using the low PAPR also results in a different calculation
of the DMRS sequence.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:SLOT<sl>:
AlLocation<al>:DMRS:RST on page 389

4.1.10.6 Enhanced PDSCH settings: PTRS

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "PDSCH /
PDCCH Config" > "Enhanced Settings" > "Phase-Tracking RS Config (PTRS)"

The phase tracking reference signal (PTRS) is a reference signal whose main purpose
is to track the phase of the transmitter and the receiver. It thus helps to avoid phase
errors which can disturb the signal transmission.

If you assign the PDSCH to antenna ports whose port number is higher than the maxi-
mum port that 3GPP allows for the PTRS, the PTRS settings become unavailable. For
an overview of supported antenna ports, see 3GPP 38.211, table 6.4.1.2.2.1-1.
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PDSCH DMRS Config = Phase-tracking RS Config (PTRS) Scrambling/Coding

State On off

RN (G )] 0.0 dB

L_PTRS il

K_PTRS 2

DL-PTRS-RE-offset

The remote commands required to configure the PTRS are described in Chap-
ter 6.10.15, "Enhanced PDSCH settings: PTRS", on page 394.

Functions in the "PTRS" dialog box described elsewhere:
® "User ID" on page 124
e "VRB-t0-PRB Interleaver" on page 124

PTRS ConfIQUIation........coiiiiiiieee et 128

PTRS Configuration

The phase tracking reference signal (PTRS) is a UE-specific reference signal that is
used to compensate for the phase noise of the oscillator. The PTRS is transmitted in
resource blocks used for the PDSCH.

If the PTRS "State" is on, you can define its "Power" relative to the PDSCH and its
location in the resource grid.

The "L_PTRS" defines distance between the PTRS in terms of OFDM symbols (trans-
mission every 1, 2 or 4 OFDM symbols). If the subcarrier used by the PTRS also con-
tains a DMRS, the distance can be larger.

The "K_PTRS" and "DL-PTRS-RE-Offset" define the location of the PTRS in the fre-
quency domain. Kprrg defines the distances between the PTRS in terms of subcarrier.
You can also define an additional frequency offset for the PTRS relative to the first sub-
carrier.

Remote command:

State: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:

SLOT<sl>:ALLocation<al>:PTRS[:STATe] on page 396

Power: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:PTRS:POWer on page 395

LPTRS: CONFigure[:NR5G] :DL[:CC<cc>] :FRAMe<fr>:BWPart<bwp>:

SLOT<sl>:ALLocation<al>:PTRS:L on page 395

Kptrs: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:

SLOT<sl>:ALLocation<al>:PTRS:K on page 394

Offset: CONFigure [ :NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:PTRS:REOFfset on page 396

Enhanced PDSCH settings: scrambling / coding

Access: "Overview" > "Signal Description" > "Radio Frame Config" > "PDSCH /
PDCCH Config" > "Enhanced Settings" > "Scrambling / Coding"
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User ID _VRB—UJ—PRB Interleaver Non-Interleaved ~

PDSCH DMRS Config | Phase-tracking RS Config (PTRS) = Scrambling/Coding

Channel Coding

MCS Table 64QAM v

Redundancy Version Index
TB Scaling Factor S 1 -

TB Size Induding Allocation Gaps On

Scrambling

Scrambling Data-Scrambling-ID  ~ _

The remote commands required to configure the channel coding and scrambling are
described in Chapter 6.10.16, "Enhanced PDSCH settings: scrambling / coding",
on page 397.

Functions in the "Scrambling / Coding" dialog box described elsewhere:
® "User ID" on page 124
e "VRB-t0-PRB Interleaver" on page 124

ChanNel COTING. .. ceeii ittt e e s s aee e e e e s eanee e e e s annneeeas 129
PDSCH SCrambliNg......ccoii ittt s ee e e 130

Channel Coding

Channel coding parameters determine the code rate of the PDSCH, which is the ratio
between transmitted bits and maximum possible bits in a subframe (or 1 ms transport
block). Because the number of bits in a subframe is variable, the target code rate has
to be derived from the modulation order in combination with an index lycs.

In addition, the target code rate depends on a transport block scaling factor S.

You can select the modulation order for the PDSCH (one of several tables, one for
each modulation type) from the "MCS Table" dropdown menu and select the corre-
sponding index value (defined in the tables) in the "I_MCS" input field. The target code
rates for modulation order and index are defined in 3GPP 38.214, chapter 5.1.3.

The size of a transport block (TB) depends on the "TB Scaling Factor S", which in turn
affects the code rate. Transport blocks can continue over combined allocations if you
turn on "TB Size Including Allocation Gaps". This is only available when you combine
PDSCH allocations.

In addition to the modulation order and lycs, the number of transmitted bits depends on
the "Redundancy Version Index", which is used to re-transmit data in case of transmis-
sion errors. Depending on the redundancy version index, the PDSCH contains a differ-

ent amount of parity bits for error detection: Index 0 adds 1 sequence of parity bits,
index 1 adds two sequences of parity bits etc.
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Because redundancy version 1 and 2 do not transmit a complete set of data (only new
bits that have not been transmitted correctly before), it is not possible to decode such
signals, even if the signal-to-noise ration is perfect. Only redundancy version 3 trans-
mits a complete set of data, and can therefore be decoded without the knowledge of
previous data.

Remote command:

Modulation order: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:CCODing:MCSTable on page 398
MCS index: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:CCODing:IMCS on page 397

Redundancy version: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:CCODing:RVINdex on page 399
Scaling factor: CONFigure [ :NR5G] : DL [ : CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:CCODing:TBSFs on page 399

TB size including allocation gaps: CONFigure [ :NR5G] : DL [ :CC<cc>] : FRAMe<fr>:
BWPart<bwp>:SLOT<sl>:ALLocation<al>:CCODing:TBSize on page 400

PDSCH Scrambling
3GPP (38.211) defines two methods by which the PDSCH scrambling can be calcula-
ted. You can select the method with the "Scrambling" parameter.

e "Data-Scrambling-ID"
Scrambles the PDSCH based on a pseudo-random seed value. You can define the
seed value in the input field that becomes available when you select this method.
e "n_|D"Cell"
Scrambles the PDSCH based on the cell ID, if the higher layers provide no value
for "DMRS-Scrambling-ID". "n_ID”Cell" has the same value as the cell ID.

Remote command:

Method: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:SCRambling on page 400

Seed value: CONFigure[:NR5G] :DL[:CC<cc>] : FRAMe<fr>:BWPart<bwp>:
SLOT<sl>:ALLocation<al>:SCRambling:DSID on page 401

4.1.11 Antenna port configuration

Access: "Overview" > "Signal Description" > "Ant Port Mapping"

Antenna ports are not physical antennas, but rather are a logical concept. Each
antenna port carries certain signal components (= physical channels) that should be
transmitted under the same conditions. Physical channels can be transmitted on a sin-
gle antenna port, or on several antenna ports. Each antenna port in turn can be map-
ped to one of the physical antennas. Typically, one physical antenna combines several
antenna ports. However, one specific antenna port can also be transmitted on more
than one physical antenna.

The dialog is designed as a table with two rows representing the physical antennas
("Config 1" and "Config 2").

Only one of the two configurations can be on.
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The columns represent the physical channels.

The "Ant Port Mapping" dialog box allows you to map the antenna ports used by the
various physical channels defined by 3GPP to one or two layer configurations.

Signal Description | Radio Frame Config | Ant Port Mapping Advanced Settings | Generator Control

CC1

Antenna Port to Physical Antenna Mapping

State PSS, SSS, PBCH

1000, 1001, 1002, 1003,

Config 1 1010, 1011

Config 2

The remote commands required to configure the antenna ports are described in Chap-
ter 6.10.17, "Antenna port configuration", on page 401.

= (YR RRP PRSP 131
S S T IS T = T SRR 131
19 T 4 SRR 131
L0 ] ] =T SR ERPRR 132
(OS] S TSR 132
State

Turns the corresponding antenna port configuration on and off and applies it to the
measurement.

Note that you can currently measure only one of the two configurations (physical
antenna). If you turn on one configuration, the other is automatically turned off.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : PAMapping<cf>:STATe on page 402

PSS, SSS, PBCH
Shows the antenna ports that transmit the synchronization signals.

The synchronization signals are assumed to be transmitted on antenna port 4000.

Remote command:
not supported

PDSCH
Selects the antenna ports that transmit the PDSCH. You can assign the PDSCH to
multiple antenna ports (1000 to 1011).

When you select the table cell, the R&S FSV/A opens another dialog box in which you
can turn the transmission of the PDSCH on certain antenna ports on and off.

By default, the PDSCH is transmitted on antenna port 1000 (for physical antenna 1)
and antenna port 1001 (for physical antenna 2).
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Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :PAMapping<cf>:PDSCh:AP<ap>
on page 402

CORESET
Shows the antenna ports that transmit the CORESET.

The CORESET is assumed to be transmitted on antenna port 2000.

Remote command:
not supported

CSI-RS
Selects the antenna ports that transmit the CSI-RS. You can assign the CSI-RS to one
or more of several antenna ports (3000 to 3031).

When you select the table cell, the R&S FSV/A opens another dialog box in which you
can turn the transmission of the CSI-RS on a certain antenna port on and off.

By default, the CSI-RS is transmitted on antenna port 3000 (for both physical anten-
nas).

Remote command:
CONFigure [ :NR5G] : DL [ :CC<cc>] : PAMapping<cf>:CSIRs:AP<ap>
on page 401

Advanced settings

Access: "Overview" > "Signal Description" > "Advanced Settings"

Advanced settings contain settings that are independent of the radio frame configura-
tion.

Configuring component carriers

When you are doing measurements on aggregated carriers, you can configure each
carrier separately.

When available, each carrier in the dialog boxes is represented by an additional tab
labeled "CC<x>", with <x> indicating the number of the component carrier.

Note that the additional tabs are only added to the user interface after you have
selected more than "1" component carrier.

0 Global SELHNGS. ..o e e e e e e e e 132
® ReferenCe POINL A ... e e e e e e e e e e e e e e e eeeees 135
® LTE-CRS COBXISIENCE. ..eiiiiiiiieiie ettt e e e e e e e 136

Global settings

Access: "Overview" > "Signal Description" > "Advanced Settings" > "Global Settings"

The global settings contain various settings that have an effect on how the R&S FSV/A
analyzes the signal.
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Signal Description Radio Frame Config = Ant Port Mapping Advanced Settings Generator Control

CC1 cc2

Handling of Carrier Leakage None -

Reference RF Upconversion
Point A

Global Settings

Phase Compensation On Off

LTE-CRS
Coexistence f_0= CF

850.0 MHz

Exclude PDSCH Allocations From 3GPP EVM Evaluation

Exdude User IDs
(e.g. 1,3,5-19)

Frequency Error Limit Check

State On

Category Category A

Shared

Spectrum Channel Access e

The remote commands required to configure the global settings are described in Chap-
ter 6.10.18, "Advanced settings: global", on page 403.

Handling of Carrier LEaKage......ccccoeieiiiiii e s e e e e e e e e e e e e e e e e e aeanenees 133
Frame NUMDEr N f. .. e 134
[T oot 1V =T ] o] o SRR 134
o (8o (=T 0 Y | I PO 134
Frequency Error Limit ChecCK... ... 134
(071 (Yo (o) Y75 SRR 134
Shared Spectrum ChannNel ACCESS.......uuuiiiiiieie it e e e e e e 135
O-RAN TESE CaASE....eeeiiiiiiiiieie ittt e e e e e e e e e e e e e e e e e e e s e annseneeeas 135

Handling of Carrier Leakage
Controls the way the DC carrier is handled during signal analysis.

You can either leave the DC carrier as it is, remove it from the analysis or compensate
for carrier leakage effects.

Removing the DC carrier or compensating leakage effects is useful if the DC carrier is
located on a subcarrier, which would have a negative effect on the EVM.

® |f you leave the DC carrier as it is, the R&S FSV/A includes the DC carrier in all
results.

® |f you ignore the DC carrier, the R&S FSV/A removes the DC carrier from all results
by ignoring the corresponding subcarriers. The DC carrier is assumed to be in the
center of the channel bandwidth.

® |f you compensate for carrier leakage, the R&S FSV/A includes the subcarriers
used by the DC carrier in the result analysis, but compensates them mathemati-
cally.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>]:IDC on page 404
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Frame Number n_f
Defines the system frame number n; in the capture buffer. For multiple frame analysis it

defines the system frame number of the first frame you are analyzing.

You can find out the system frame number in the channel decoder results. The system
frame number is useful for evaluation of periodic CSI-RS, for example.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : FNNF on page 403

RF Upconversion

It is necessary to upconvert the baseband signal to the radio frequency. The upconver-
sion requires a frequency related phase compensation after each symbol according to
3GPP 38.211: 5.4 "Modulation and Upconversion".

When you turn off "Phase Compensation”, the R&S FSV/A assumes that the applied
signal is not phase-compensated and analyzes the signal accordingly.

When you turn on "Phase Compensation”, the R&S FSV/A assumes that the applied
signal is already phase-compensated for a specific frequency. This frequency is either
the current center frequency ("CF") or an arbitrary frequency ("Manual)". You can
define the frequency in the corresponding input field.

Remote command:

State: CONFigure[:NR5G] :DL[:CC<cc>] :RFUC: STATe on page 405

Mode: CONFigure [ :NR5G] : DL [ :CC<cc>] :RFUC: FZERo : MODE on page 404
Frequency: CONFigure[:NR5G] :DL[:CC<cc>] :RFUC:FZERo:FREQuency
on page 404

Exclude User IDs
Defines certain user IDs that are excluded from the calculation of modulation-specific
EVM results in the result summary.

You can define the numbers as a comma-separated list (1,2,6,7), a certain range with a
dash (1-3), or a combination of both (1-3,5,6).

This is required by some test models defined in 38.141.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :EUIDs on page 403

Frequency Error Limit Check
Turns the frequency error limit check on and off.

When you turn on the frequency error limit check, the R&S FSV/A evaluates the limits
of the frequency error and shows the results of the limit check in the result summary.

Remote command:
CONFigure[:NR5G] : FELC:STATe on page 406

Category
Selects the base station category of the equipment you are testing (base station or
user equipment).

The base station category has an effect on the limits of the frequency error and the
SEM measurement.
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You can select one of the following base station categories:
® \Vide area base stations (category A and B)

® | ocal area base stations

® Medium range base stations

I/Q measurements: The base station category is relevant for the evaluation of the fre-
quency error.

SEM measurements only: For category B base stations, you can select the limit
tables from the "Category B Options" dropdown menu.

Remote command:
Category: [SENSe: | POWer : CATegory on page 406
Category B options: [SENSe: ] POWler: CATegory: B on page 447

Shared Spectrum Channel Access
Turns an increased number of available SS/PBCH blocks on and off.

The setting has an effect for FR1 deployments and block patterns A and C.
Available with 3GPP release 16.
Unavailable for FR2-2 deployments.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : SSCA on page 405

O-RAN Test Case
Selects the O-RAN test case that the DSP uses for signal analysis.

Select "None" when you do not measure O-RAN signals.

See Chapter 4.9, "O-RAN measurement guide", on page 184 for more information
about O-RAN measurements.

Remote command:
CONFigure[:NR5G] : ORAN: TCASe on page 406

4.1.12.2 Reference point A

Access: "Overview" > "Signal Description" > "Advanced Settings" > "Reference Point
All

Point A, as defined in 3GPP 38.211: 4.4.4.2 "Point A", is a reference point with a fixed
frequency. The resource block grid for each subcarrier spacing is defined relative to the
reference point A. It is aligned with the center of subcarrier 0 of common resource
block 0, independent of the numerology.

Signal Description = Radio Frame Config  Advanced Settings

cC1
k_0 configured numerologies
Global Settings
SCS 15kHz ~ SCS 30kHz -6 ~ SCS 60kHz 0

Reference Reference Point A

Point A
PERGER e -49.32 MHz Absolute Frequency 1.87968 GHz
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The remote commands required to configure the reference point A are described in
Chapter 6.10.18, "Advanced settings: global", on page 403.

G O T 136
RETEIENCE POINT A ...ttt e et e et e e e e e e e e e e e e e saaeeenaaas 136
k_0

The k_0 defines an additional (subcarrier) offset of the resource grid with a specific
subcarrier spacing relative to the reference point A.

You can select the offset you require from the "SCS <x> kHz" dropdown menus. Note
that the dropdown menus are only available if you are using a bandwidth part with the
corresponding subcarrier spacing.

Remote command:

SCS 15 kHz: CONFigure [ :NR5G] : DL [ :CC<cc>] :RPA:KZERo: SCET on page 407
SCS 30 kHz: cCONFigure [ :NR5G] :DL[:CC<cc>] :RPA:KZERo: SCTT on page 409
SCS 60 kHz: cCONFigure [ :NR5G] :DL[:CC<cc>] :RPA:KZERo:SCST on page 409

SCS 120 kHz: CONFigure [ :NR5G] : DL [ :CC<cc>] :RPA:KZERo: SCOT on page 408
SCS 480 kHz: CONFigure [ :NR5G] :DL[:CC<cc>] :RPA:KZERo: SCFE on page 407
SCS 960 kHz: CONFigure [ :NR5G] :DL[:CC<cc>] :RPA:KZERo: SCNS on page 408

Reference Point A
You can define the location of the reference point relative to the center frequency of the
carrier with the "Relative to CF" parameter.

The value range is limited, depending on various parameters like channel bandwidth or
used subcarrier spacing. You can change it in steps of 12 times the largest subcarrier
spacing.

The R&S FSV/A also displays absolute frequency location of the reference point A and
its offset to the first subcarrier of the channel ("TxBW").

Remote command:

Center frequency: CONFigure [ :NR5G] : DI, [ : CC<cc>] : RPA:RTCF on page 409
Absolute frequency: CONFigure [ :NR5G] : DL [ :CC<cc>] :RPA:AFRequency?
on page 407

TxBW: CONFigure[:NR5G] :DL[:CC<cc>] :RPA: TBOFfset? on page 410

LTE-CRS coexistence

Access: "Overview" > "Signal Description" > "Advanced Settings" > "LTE-CRS Coexis-
tence"

5G NR deployments that are compatible to LTE can share their resources with LTE
transmissions, aka dynamic spectrum sharing.

If you deploy such a scenario, the 5G NR are rate matched around the LTE cell spe-
cific reference signal (CRS). The reason is that in LTE, the location of the CRS
resource elements in the resource grid is fixed, and must not be allocated to the 5G
NR allocations. To make sure that this is the case, 5G NR uses rate matching.

Dynamic spectrum sharing is meant for bandwidth parts with 15 kHz subcarrier spac-
ings (the LTE subcarrier spacing). However, you can also measure signals whose 5G
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resources have different subcarrier spacings than LTE. If you do so, make sure to
always turn on spectrum sharing in the 5G application, even if LTE and 5G resources
do not overlap. Doing so increases the stability of the synchronization against interfer-
ences from the multi-numerology signal configuration.

Note that LTE CRS resources can overlap with the resources used by 5G DMRS sym-
bols. In that case, the 5G DMRS symbols are shifted to a different position according to
38.211.

Signal Description = Radio Frame Config = Ant Port Mapping = Advanced Settings

CcC1

LTE-CRS Coexistence

Global Settings
State On off MBSFN Subframes Configure

Reference Offset to Point A / .
Point A 15 kHz SC Spacing LTE Bandwidth / RBs 6
LTE-CRS

Coexistence

The remote commands required to configure the LTE coexistence are described in
Chapter 6.10.18, "Advanced settings: global", on page 403.

] =1 (= TSR 137
MBSFN SUDFIAMES......ccoeeeiieee et e e e e e e e e e e e e aeaeees 137
(@ 57 B (T o 1| A N 137
[ I S 7= o 177/ [ | { o 138
125 211 U SEORURPTPN 138
LTE ANTENNA POIS. oottt et e et e e e e e e eab e e e e ee b ns 138
State

Turns the LTE-CRS coexistence on and off.
The setting is only available for certain 5G NR signal characteristics.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :LTE:STATe on page 412

MBSFN Subframes
Opens a dialog box to define subframes that contain MBSFN resource elements. In
MBSFN subframe, no LTE CRS are expected.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :LTE:MBSFn:SUBFrame<sf>:STATe
on page 410

Offset to Point A
Defines an offset of the LTE carrier in resource blocks relative to reference point A.

The logic here is that an offset of 0 means that the center of the LTE carrier is exactly
on the reference point A. This in turn means that one half of the LTE carrier is below
the reference point A and parts below this point are not considered by the R&S FSV/A.
Therefore you have to define an offset to reference point A that is at least half the
bandwidth of the LTE carrier to align the LTE and 5G NR carriers.
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Example:

The LTE carrier has a bandwidth of 5 MHz (or 25 resource blocks). 2.5 MHz of the car-
rier are above the reference point A (within the 5G NR resource grid), the other
2.5 MHz are below the reference point.

To analyze the complete LTE carrier, you have to define an offset of at least 13
resource blocks to analyze the complete LTE carrier.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :LTE:POINta on page 411

LTE Bandwidth
Selects the bandwidth of the LTE carrier in number of resource blocks.

Channel bandwidth [MHz] 1.4 3 5 10 15 20

Number of resource blocks 6 15 25 50 75 100

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] : LTE:CBW on page 410

vShift
Defines the allocation of resource elements to the CRS.

"vShift" is a function of the cell ID and shifts the CRS patterns in LTE neighbor cells in
the range of 0 to 5 subcarriers. The parameter thus prevents CRS pattern overlapping.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :LTE:VSHift on page 412

LTE Antenna Ports
Selects the number of antenna ports in the LTE configuration. This affects the location
of the LTE CRS within the frame.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :LTE:NAP on page 411

4.1.13 Generator control

Access: "Overview" > "Signal Description" > "Generator Control"

Generator control settings provide an easy way to synchronize settings of the analyzer
and a connected signal generator that is also equipped with the 5G NR application.

The generator settings become available after a successful connection to the genera-
tor.
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Signal Description | Radio Frame Config = Ant Port Mapping Advanced Settings = Generator Control

Generator IP Address @ Configure...

Generator Control
State
RF Output
Level
Level (RMS)
Limit DUT Peak Input Power

DUT Gain

Sync 5G NR Settings From Generator Polling Interval

The remote commands required to configure the generator control are described in
Chapter 6.10.21, "Generator control", on page 412.

GeNErator IP AdArESS. ... .o ittt e e e e e e e e e e e e e e 139
Generator CoNtrol StAte........uuiiiiiiiii e a e e 139
L O UL o101 S = (=S 140
107Y o1 (Y g ol (=T [ V1Y o Lo R 140
Level Control STate.. ... e 140

L LEVEI (RIMS).. ettt ettt ee s ee e e e e e eeee s 140

L Limit DUT Peak INPUL POWET........cviueeeeeeeeeeeeeeeeee e eeeeeeeeeeee e ee e e en e 141

L DUT BNttt 141
Upload RF Settings 10 GeNerator..........ccuo i iiiiiiiiiieie e 141
Query Settings from GeNEIatOr.......icuueiiii it 141
Periodic synchronization of 5G NR Settings.........cuuvevieieiiiiiiiiiiiiiieeee e, 141

Generator IP Address

Opens a dialog box to configure the network properties of the signal generator.

You can connect to the generator either by entering its IP address ("123" button), or its
computer name ("ABC" button).

If you are not sure about the IP address or computer name of your generator, check its
user interface or kindly ask your IT administrator to provide them.

After you have entered IP address or computer name, use "Connect" to establish the
connection. The R&S FSV/A shows if the connection state, and, if the connection was
successful, the connected generator type.

Remote command:

Define IP address: CONFigure:GENerator: IPConnection:ADDRess on page 413
Query connection state: CONFigure:GENerator: IPConnection:LEDState?

on page 414

Generator Control State
Activates or disables control of the signal generator by the R&S FSV/A.
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If a connection was defined in another measurement channel, the connection is main-
tained when you switch to the 5G NR measurement application. However, generator
control is disabled to protect the DUT from possibly erroneous or damaging settings.
Check the settings, then enable the control state.

Note: While generator control is active, you cannot change the connection information.
Only one channel can control a generator at any time. If you switch on generator con-
trol while it is still active in another channel, for example for parameter coupling with a
generator, the control is disabled in the other channel.

Exception: The SCPI Recorder maintains control of the generator even if you switch
channels.

Remote command:
CONFigure:GENerator:CONTrol[:STATe] on page 418

RF Output State

To protect the instrument from possibly erroneous or damaging settings, you must
manually activate the RF output on the signal generator to start providing a signal.
Check all settings on the signal generator, in particular the level settings, before acti-
vating the RF output.

A red LED on the "Generator Control" tab indicates a setting error on the generator.

Remote command:
CONFigure:GENerator:RFOutput[:STATe] on page 417

Center Frequency
Turns frequency synchronization on and off.

If you change the frequency on the analyzer, the generator automatically adjusts its
frequency.

Remote command:

Synchronization state: CONFigure:GENerator : FREQuency: CENTer: SYNC| :
STATe] on page 413

Center frequency: [SENSe: ] FREQuency:CENTer [ :CC<cc>] on page 422

Level Control State

If enabled, the R&S FSV/A automatically controls the signal level provided by the sig-
nal generator as input to the R&S FSV/A. Initially, the Level (RMS)value is applied.
Note that the reference level on the R&S FSV/A is also affected by the signal level:

Ref_levelanay.= <Peak envelope power DUT> + DUT Gain

Where the current peak envelope power (PEP) value of the DUT is determined from
the generator.

To protect the signal generator from possibly excess power levels, the level setting
control is disabled by default.

Remote command:
CONFigure:GENerator:POWer:LEVel:STATe on page 414

Level (RMS) «— Level Control State

(Default:) The specified power level is used for the output power by the connected sig-
nal generator.
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Remote command:
CONFigure:GENerator:POWer:LEVel on page 416

Limit DUT Peak Input Power < Level Control State

If enabled, the generator does not exceed the maximum input power (peak envelope
power, "PEP") that is currently allowed by the DUT and that is specified on the genera-
tor. The defined "PEP" value is indicated.

Remote command:
State: CONFigure:GENerator:LEVel : DUTLimit:STATe on page 415
Limit: CONFigure:GENerator:LEVel :DUTLimit on page 415

DUT Gain < Level Control State
The R&S FSV/A considers a gain due to the DUT when determining the reference
level.

During the reference calibration measurement, in which the DUT is removed from the
signal path, the generator level is also adjusted according to the DUT gain value.

Remote command:
CONFigure:GENerator:LEVel:DUTGain on page 414

Upload RF Settings to Generator
Uploads the RF settings available in this dialog to the generator.

Useful when you change the level or frequency on the generator itself. In that case,
those settings remain the same on the R&S FSV/A. To restore the original settings
defined within the R&S FSV/A, use that button to restore the generator settings.

Remote command:
CONFigure:GENerator:SETTings:UPDate:RF on page 418

Query Settings from Generator
Downloads the generator settings to the R&S FSV/A. You can synchronize both, basic
RF settings and 5G NR settings.

RF settings include the frequency and the level settings.
5G NR settings include the complete signal description.

Remote command:
RF settings: CONFigure:SETTings :RF on page 417
NR settings: CONFigure: SETTings:NR5G on page 416

Periodic synchronization of 5G NR settings

Instead of downloading the 5G NR settings from the generator once, you can syn-
chronize the settings on a periodic basis. This synchronization makes sure that the
analyzer always has the same signal description as the generator.

"Sync 5G NR Settings from Generator" turns the periodic synchronization of the set-
tings on and off. The "Polling Interval" defines how often the synchronization takes
place (in seconds).

Polling automatically stops when you change a parameter in the signal description on
the analyzer.

Note that this only applies to the 5G NR settings, not the RF settings.
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Remote command:
State: CONFigure:SETTings:NR5G: SYNC on page 417
Interval: CONFigure:SETTings:NR5G: PINTerval on page 416

Input source configuration

The R&S FSV/A supports several input sources and outputs.

For a comprehensive description of the supported inputs and outputs, refer to the
R&S FSV/A user manual.

L I o oo 10 S S 142
o Analog baseband....... ..o 142
o  External fronteNdS..........eeiiiieie e 143
L I 1 SRR 143
RF input

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

Functions to configure the RF input described elsewhere:
® "Input Coupling" on page 148
® ‘"Impedance" on page 148

N A LC T = (T TCT [T o (o | 142

YIG-Preselector
Enables or disables the YIG-preselector.

This setting requires an additional option R&S FSV3-B11 on the R&S FSV/A.

Note: Note that the YIG-preselector is active only on frequencies greater than

7.5 GHz. Therefore, switching the YIG-preselector on or off has no effect if the fre-
quency is below that value.

For frequencies above 50 GHz (requires option R&S FSV3-B54G, for R&S FSVA3050
only), the YIG-preselector is automatically switched off (internally, not indicated in the
display). In this case, image frequencies can occur, as specified in the specifications
document.

Remote command:
INPut:FILTer:YIG[:STATe] on page 420

Analog baseband

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

Capturing 1/Q data with the analog baseband is available with the optional analog
baseband input. The functionality is the same as in the 1/Q analyzer application.

For more information about using the analog baseband input, refer to the R&S FSV/A
I/Q analyzer user manual.
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External frontends

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

Controlling external frontends is available with the optional external frontend control.
The functionality is the same as in the I/Q analyzer application.

For more information about using external frontends, refer to the R&S FSV/A I/Q ana-
lyzer user manual.

1/Q file

Access: "Overview" > "Input / Frontend" > "Input Source" > "I/Q File"

As an alternative to capturing the measurement (I/Q) data live, you can also load previ-
ously recorded I/Q data stored in an iqg. tar file. The file is then used as the input
source for the application.

Available for I/Q based measurements.

For details, see the user manual of the I/Q analyzer.

T I LT o 10 SN = (= TSR 143
Select [/Q data file.........ooveeeeeeeeeeeccer e e 143
1 L= =T 1= 11T g 143
SeleCted ChANNEL.........iiiieee ettt e e e ee s 144

1/Q Input File State
Enables input from the selected 1/Q input file.

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 420

Select 1/Q data file
Opens a file selection dialog box to select an input file that contains 1/Q data.

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

Remote command:
INPut:FILE:PATH on page 419

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.
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Remote command:
TRACe:IQ:FILE:REPetition:COUNt on page 421

Selected 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.

In "Auto" mode (default), the first data stream in the file is used as input for the chan-
nel. 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.

Remote command:

MMEMory: LOAD: TQ: STReam on page 420
MMEMory:LOAD:IQ:STReam:AUTO on page 421
MMEMory :LOAD:IQ:STReam:LIST? on page 421

Frequency configuration

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

Frequency settings define the frequency characteristics of the signal at the RF input.
They are part of the "Frequency" tab of the "Signal Characteristics" dialog box.

Frequency
Center

Center Frequel

Stepsize Manual ~ Value 1.0 MHz

Frequency Offset

The remote commands required to configure the frequency are described in Chap-
ter 6.10.23, "Frequency configuration", on page 421.

ST (o =L I =Y |8 L= o o3 Y 144
L CeNtEr FIEQUENCY. ...ttt ee e ee e 144
L FreqUENCY SEEPSIZE. .....c.eeeeeeeceeeeeeeeee ettt 145

Signal Frequency
For measurements with an RF input source, you have to match the center frequency
of the analyzer to the frequency of the signal.

Center Frequency — Signal Frequency
Defines the center frequency of the signal and thus the frequency the R&S FSV/A
tunes to.

The frequency range depends on the hardware configuration of the analyzer you are
using.

Remote command:
Center frequency: [SENSe: ] FREQuency:CENTer [ :CC<cc>] on page 422
Frequency offset: [SENSe: ] FREQuency:CENTer [ :CC<cc>] :OFFSet on page 422
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Frequency Stepsize < Signal Frequency

In addition to the frequency itself, you can also define a frequency stepsize. The fre-
quency stepsize defines the extent of a frequency change if you change it, for example
with the rotary knob.

You can define the stepsize in two ways.
® =Center

One frequency step corresponds to the current center frequency.
® Manual

Define any stepsize you need.

Remote command:
Frequency stepsize: [SENSe: ] FREQuency:CENTer: STEP on page 423

Amplitude configuration

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

Amplitude settings define the expected level characteristics of the signal at the RF
input.

Amplitude Scale

Reference Level Input Settings

Value 0.0 dBm Preamplifier On
Offset 0.0 dB Input Coupling AC

Unit dBm " Impedance 500

Auto Level Electronic Attenuation

Attenuation State

Mode Auto Manual Mode

Value 10.0 dB Value

The remote commands required to configure the amplitude are described in Chap-
ter 6.10.24, "Amplitude configuration", on page 423.

RETEIENCE LEVEL... .ot e e et e e e e s e e e s e e eaaaa s 145
L AULO LEVEL. ..ttt ettt asaeaee 146
L REFEIENCE LEVEI OffSEL...c.veeeeeeeeeeeeeeeeeee et eeeee et et eeseeeteeeeeeeereeneeeneneens 146
Attenuating the Signal..........ooo e ————— 146
L RF AHENUAHON......vveeeeeee ettt en s e e ananaen 147
L EIECHrONIC AtENUATION. ...« e ettt ettt eeeeeee e e eeenes 147
== Y0 T o] 1T USRS 147
10T 018 87 010 o] 11 T PSP 148
[ g oT=Yo =1 a7 =TS 148

Reference Level

The reference level is the power level the analyzer expects at the RF input. Keep in
mind that the power level at the RF input is the peak envelope power for signals with a
high crest factor like 5G NR.

To get the best dynamic range, you have to set the reference level as low as possible.
At the same time, make sure that the maximum signal level does not exceed the refer-
ence level. If it does, it will overload the A/D converter, regardless of the signal power.
Measurement results can deteriorate (e.g. EVM), especially for measurements with
more than one active channel near the one you are trying to measure (x 6 MHz).
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Note that the signal level at the A/D converter can be stronger than the level the appli-
cation displays, depending on the current resolution bandwidth. This is because the
resolution bandwidths are implemented digitally after the A/D converter.

The reference level is a value in dBm.
Remote command:

Reference level: DISPlay [ :WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:Y[:
SCALe] :RLEVel on page 424

Auto Level — Reference Level
Automatically determines the ideal reference level. The automatic leveling process
measures the signal and defines the ideal reference signal for the measured signal.

Automatic level detection also optimizes RF attenuation.

Auto leveling slightly increases the measurement time, because of the extra leveling
measurement prior to each sweep. By default, the R&S FSV/A automatically defines
the time for auto leveling, but you can also define it manually ([Auto Set] > "Auto Level
Config" > "Meas Time").

Auto leveling also considers the 1/Q noise canceling configuration, if you are using it.

The application shows the current reference level (including RF and external attenua-
tion) in the channel bar.

MultivView 32 LTE ! %

Ref Level 0.00 dBm | Freq 1.01485 GHz Mode DLFDD, 10/10MHz CaptureTime  20.1ms Subframe AVAI
m.rel.Att_10+0 dB MIMO  (1/1) T/ 1Rx_Frame Count 1/1 of 1(1/1)

Remote command:

Automatic: [SENSe: ]ADJust:LEVel on page 310

Auto level mode: [SENSe: ]ADJust:CONFigure:LEVel : DURation:MODE

on page 309

Auto level time: [SENSe: ]ADJust:CONFigure:LEVel:DURation on page 309

Reference Level Offset — Reference Level

The reference level offset is an arithmetic level offset. A level offset is useful if the sig-
nal is attenuated or amplified before it is fed into the analyzer. All displayed power level
results are shifted by this value. Note however, that the reference value ignores the
level offset. Thus, it is still mandatory to define the actual power level that the analyzer
has to handle as the reference level.

Remote command:
DISPlay [ :WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:Y[:SCALe] :RLEVel:
OFFSet on page 424

Attenuating the Signal

Attenuation of the signal becomes necessary if you have to reduce the power of the
signal that you have applied. Power reduction is necessary, for example, to prevent an
overload of the input mixer.

For a comprehensive information about signal attenuation, refer to the user manual of
the R&S FSV/A.

The 5G NR measurement application provides several attenuation modes.
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RF Attenuation — Attenuating the Signal
Controls the RF (or mechanical) attenuator at the RF input.

If you select automatic signal attenuation, the attenuation level is coupled to the refer-
ence level.

If you select manual signal attenuation, you can define an arbitrary attenuation (within
the supported value range).

Positive values correspond to signal attenuation and negative values correspond to
signal gain.

Note that when you are using an external frontend, you can define attenuation for the
analyzer and the external frontend separately. For more information about external
frontends, refer to the user manual of the 1/Q analyzer.

The application shows the attenuation level (mechanical and electronic) in the channel
bar.

MultiView 32 LTE U3

RefLevel 0.00 dBm Freq 1.01485 Giz Mode DLFDD, 10/10MHz CaptureTime  20.ims Subframe AVAI
m.+el.Att_10+0 dB MIMO  (1/1) T/ 1Rx_Frame Count 1/1 of 1(1/1)

Remote command:
State: INPut:ATTenuation<ant>:AUTO on page 425
Level: INPut : ATTenuation<ant> on page 424

Electronic Attenuation — Attenuating the Signal
Controls the optional electronic attenuator.

If you select automatic signal attenuation, the attenuation level is coupled to the refer-
ence level.

If you select manual signal attenuation, you can define an arbitrary attenuation (within
the supported value range).

Positive values correspond to signal attenuation and negative values correspond to
signal gain.

Note that the frequency range must not exceed the specification of the electronic
attenuator for it to work.

The application shows the attenuation level (mechanical and electronic) in the channel
bar.

MultivView 32 LTE ! %

RefLevel 0.00 dBm  Freq 1.01485 Giz Mode DLFDD, 10/10MHz CaptureTime  20.ims Subframe AVAI
m.+el.Att_10+0 dB MIMO  (1/1) Tx/ 1Rx Frame Count 1/1 of 1(1/1)

Remote command:

Electronic attenuation: INPut : EATT<ant>:STATe on page 427
Electronic attenuation: ITNPut : EATT<ant>:AUTO on page 427
Electronic attenuation: INPut : EATT<ant> on page 427

Preamplifier
If the (optional) internal preamplifier hardware is installed on the R&S FSV/A, a pream-
plifier can be activated for the RF input signal.

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

For an active external frontend, a preamplifier is not available.
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For R&S FSV/A, 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.

"On" Using the preamplifier with the option number 1330.3465.02: the

input signal is amplified by 30 dB if the preamplifier is activated.

For R&S FSV/A3044 models, the preamplifier is only available under the following con-
ditions:
® |n zero span, the maximum center frequency is 43.5 GHz
® For frequency spans, the maximum stop frequency is 43.5 GHz
® For I/Q measurements, the maximum center frequency depends on the analysis
bandwidth:
foenter < 43.5 GHz - (<Analysis_bw>/2)

If any of the conditions no longer apply after you change a setting, the preamplifier is
automatically deactivated.

Remote command:
INPut:GAIN:STATe on page 425
INPut:GAIN[:VALue] on page 426

Input Coupling
The RF input of the R&S FSV/A can be coupled by alternating current (AC) or direct
current (DC).

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

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 425

Impedance
For some measurements, the reference impedance for the measured levels of the
R&S FSV/A can be set to 50 Q or 75 Q.

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

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

Remote command:
INPut: IMPedance on page 426
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4.1.17 Trigger configuration

Access: "Overview" > "Trig / Sig Capture" > "Trigger"

A trigger allows you to capture those parts of the signal that you are really interested
in.

While the application runs freely and analyzes all signal data in its default state, no
matter if the signal contains information or not, a trigger initiates a measurement only
under certain circumstances (the trigger event).

Except for the available trigger sources, the functionality is the same as that of the
R&S FSV/A base system.

For a comprehensive description of the available trigger settings not described here,
refer to the documentation of the R&S FSV/A.

@ Gated measurements
In addition to the general trigger functions, the frequency sweep measurements (for
example ACLR) also support gated measurements.

Signal Capture  Trigger
Trigger Source Trigger In/Out

Source Ext Trigger 1

TTIGGET SOUICE....etiiiiitiiiee e ittt ee ettt e e e et e e e s sttt e e e s et e e e e s saabe e e e e s sbteeeeesanbeeeeessnreeeeesns 149

Trigger Source

The application supports several trigger modes or sources.

® Free Run
Starts the measurement immediately and measures continuously.

® External <x>
The trigger event is the level of an external trigger signal. The measurement starts
when this signal meets or exceeds a specified trigger level at the trigger input.
Some measurement devices have several trigger ports. When you use one of
these, several external trigger sources are available.

* 1/QPower
The trigger event is the magnitude of the sampled I/Q data. The measurement
starts when the magnitude of the I/Q data meets or exceeds the trigger level.

®* |IF Power
The trigger event is the level of the intermediate frequency (IF). The measurement
starts when the level of the IF meets or exceeds the trigger level.

® RF Power
The trigger event is the level measured at the RF input. The measurement starts
when the level of the signal meets or exceeds the trigger level.

® Time
The trigger event is a certain time interval (every <x> seconds).
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For all trigger sources, except "Free Run", you can define several trigger characteris-
tics.

® The trigger "Level" defines the signal level that initiates the measurement.

® The trigger "Repetition Interval" defines the time interval that initiates a measure-
ment for the time trigger.

® The trigger "Offset" is the time that must pass between the trigger event and the
start of the measurement. This can be a negative value (a pretrigger).

® The trigger "Drop-out Time" defines the time the input signal must stay below the
trigger level before triggering again.

® The trigger "Slope" defines whether triggering occurs when the signal rises to the
trigger level or falls down to it.

® The trigger "Holdoff" defines a time period that must at least pass between one trig-
ger event and the next.

® The trigger "Hysteresis" is available for the IF power trigger. It defines a distance to
the trigger level that the input signal must stay below to fulfill the trigger condition.

For a detailed description of the trigger parameters, see the user manual of the 1/Q
analyzer.

Remote command:

Source: TRIGger [ : SEQuence] : SOURce<ant> on page 435

Level (external): TRIGger [ : SEQuence] : LEVel<ant>[:EXTernal<tp>]

on page 433

Level (I/Q power): TRIGger [ : SEQuence] : LEVel<ant>:IQPower on page 433
Level (IF power): TRIGger [ : SEQuence] : LEVel<ant>:IFPower on page 433
Level (RF power): TRIGger [ : SEQuence] : LEVel<ant>:RFPower on page 434
Offset: TRIGger [ : SEQuence] :HOLDoff<ant>[:TIME] on page 432
Hysteresis: TRIGger [ : SEQuence] : IFPower:HYSTeresis on page 432
Drop-out time: TRIGger [ : SEQuence] : DTIMe on page 431

Slope: TRIGger [ : SEQuence] : SLOPe on page 435

Holdoff: TRTIGger [ : SEQuence] : TFPower : HOLDof £ on page 432

Data capture

Access: "Overview" > "Trigger / Signal Capture" > "Signal Capture"

The data capture settings contain settings that control various aspects of the data cap-
ture.
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Signal Capture Trigger

Common Settings

Sample Rate 122.88 MHz

Long Capture On Ooff

Swap I/Q On off
Frame / Subframe Count

Overall Frame Count
Set Number of Frames to Analyze

Number of Frames to Analyze

Max Number of Slots 1 -
per Frame to Analyze

Signal Repeats
Max No of Slots to Analyze e off

The "Maximum Number of Subframes per Frame to Analyze" setting available in older
firmware versions is no longer supported.

The remote commands required to configure the data capture are described in Chap-
ter 6.10.25, "Data capture”, on page 428.

(07T o] (1 (TN I = TP SEPRRR 151
(o] g I OF=1 o) U= Y UPUPURR 152
SWAP 1/Q et e e e e e e e e e e e e e e e e e as 152
Overall Frame COUNT.....cooi ittt e e e e s snr e e e e s s srreeeeeaans 152
Auto According to STaNdard...........ocueeiiiiiiii s 152
Number of Frames t0 ANAIYZE......ccoooiiiiiiii e 153
Maximum Number of Slots per Frame to Analyze...........occoceiiiiiiiiiiiiiieee e 153
Signal Repeats Max No of SIots t0 ANAlyZe.......coocueviiiiiiiiiiie e 153

Capture Time
The "Capture Time" corresponds to the time of one measurement. Therefore, it defines
the amount of data the application captures during a single measurement (or sweep).

By default, the application captures 20.1 ms of data to make sure that at least one
complete 5G NR frame is captured in the measurement.

The maximum capture time is limited when you are only measuring slots repeatedly.

For measurements in FR2-2, you can let the R&S FSV/A determine the capture time
automatically or enter the capture time manually. For an automatic capture time, the
R&S FSV/A makes the capture as small as possible but also makes sure that the first
80 slots are captured in one piece according to 3GPP specifications. If you are mea-
suring a signals with different subcarrier spacings, the capture time is based on the
smallest subcarrier spacing.

The application shows the current capture time in the channel bar.

Remote command:
[SENSe: ] SWEep: TIME on page 431
Capture mode (FR2-2): [SENSe: ] SWEep:CTMode on page 430
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Long Capture
Turns a limitation of the capture time on and off.

When you turn off the long capture, the capture time is limited to 50.1 ms (maximum of
5 frames).

To capture more frames, turn on the long capture. The long capture allows you to cap-

ture data up to 1 s. However, the long capture has the following limitations.

® The long capture captures several frames, but analyzes only one. The analyzed
frame is indicated by a horizontal green bar in the capture buffer. The analyzed
frame depends on your selection.

® Multiple frame configurations are not possible, because every frame must have the
same configuration.

® The frame count settings (overall frame count etc.) are unavailable.

® Averaging results over several frames is not supported.
Therefore, the R&S FSV/A does not evaluate EVM limits for long captures.
Component carrier measurements are not supported.
Measurements in FR2-2 are not supported.

Remote command:
[SENSe: ] SWEep:LCAPture on page 430

Swap 1/Q
Swaps the real (I branch) and the imaginary (Q branch) parts of the signal.

Remote command:
[SENSe: ] SWAPig on page 429

Overall Frame Count
The "Overall Frame Count" turns the manual selection of the number of frames to cap-
ture (and analyze) on and off.

When you turn on the overall frame count, you can define the number of frames to cap-
ture and analyze. The measurement runs until all frames have been analyzed, even if it
takes more than one capture.

When you turn off the overall frame count, the application analyzes all 5G NR frames
found in one capture buffer.

For more information about the effects on the results of capturing more frames than fit
in the capture buffer, see Chapter 4.1.6, "Radio frame configuration", on page 83.

The application shows the current frame count in the channel bar.

Remote command:
[SENSe: ]NR5G: FRAMe : COUNt : STATe on page 429

Auto According to Standard
Turns automatic selection of the number of frames to capture and analyze on and off.

When you turn on this feature, the R&S FSV/A captures and evaluates a number of
frames the 3GPP standard specifies for EVM tests.

If you want to analyze an arbitrary number of frames, turn off the feature.
This parameter is not available when the overall frame count is inactive.

Remote command:
[SENSe: ] NR5G: FRAMe : COUNt : AUTO on page 428

User Manual 1178.9249.02 — 12 152



R&S®FSV3-K144 Configuration

I/Q Measurement

Number of Frames to Analyze
Defines the number of frames you want to capture and analyze.

If the number of frames you have set last longer than a single measurement, the appli-
cation continues the measurement until all frames have been captured.

The parameter is read only in the following cases:
® |f you turn off the overall frame count.
® |f you capture the data according to the standard.

Remote command:

[SENSe: ] NR5G: FRAMe : COUNt on page 428

On / off power measurements: CONFigure [ :NR5G] : OOPower : NFRames
on page 445

Maximum Number of Slots per Frame to Analyze
Selects the number of slots that the application analyzes.

You can select to analyze "All" slots, or a certain number of slots - select the number
from the dropdown menu and enter the number of slots to analyze. The maximum
number of slots you can analyze depends on the subcarrier spacing.

If you select a certain number of slots, the R&S FSV/A analyzes the first <x> slots in a
frame. By default, the R&S FSV/A analyzes 80 slots to comply with 3GPP specifica-
tions.

Reducing the number of slots to analyze improves measurement speed.

Remote command:
[SENSe: ]NR5G: FRAMe : SLOT on page 429

Signal Repeats Max No of Slots to Analyze
Turns analysis of custom signals with repeating slots on and off.

You can use this setting to measure custom (shortened) signals that only contain a few
slots per frame. This setting is useful to achieve a high measurement and analysis
speed without trigger availability. Multiple frame analysis tailored to the custom signal
is also possible.

Example:

Slot 0 | Slot 0 | Slot 0 etc.

Slot 0| Slot 1 | Slot 0 | Slot 1 etc.

Note that the slot sequence must start with slot number 0.

Measuring such signals is not possible with the standard signal capture settings with-
out a trigger.

Instead, configure the R&S FSV/A like this.

® Reduce the capture time based on the number of slots in the repeated signal and
the subcarrier spacing. Make sure that the slot sequence is contained at least once
in the capture buffer.
For example to measure 3 slots with a subcarrier spacing of 30 kHz (length of one
slot = 500 ps), reduce the capture time to 3.1 ms.
Capturing repeating slots limits the maximum allowed capture time based on the
maximum number of slots you are capturing.
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® Select a maximum number of slots to analyze that matches the number of slots in
your signal.
For example: if you have a sequence of three slots being repeated in your signal,
select 3 slots to analyze.

® Turn on the "Signal Repeats Max No of Slots to Analyze" setting.

Remote command:
[SENSe: ]NR5G: FRAMe : SRSLot on page 429

Data capture optimization

Access: "Overview" > "Trigger / Signal Capture" > "Optimization"

The optimization settings contain settings that control tools to optimize the data capture
and processing.

Signal Capture Trigger Optimization

I/Q Noise Cancellation
Reduce Noise on 1/Q Data

Number of Averages

The remote commands required to configure the data capture are described in Chap-
ter 6.10.25, "Data capture”, on page 428.

Reduce NOISE ON 1/Q Data......c...iieeeeeieeee ettt e et e e e e e e et e e enanaeaes 154

Reduce Noise on I/Q Data
This function requires the R&S FSV3-K575 option and a repetitive input signal.

If enabled, initial measurement steps are performed to remove the receiver noise of the
spectrum analyzer. The steps include capturing and sychronizing data, averaging the
data to estimate the total noise, and measuring the internal noise. Based on these
measurements, the 1/Q data is corrected so that it only includes the external noise con-
tributions. The number of captures used for averaging is defined by the "Number of
Averages".

Using this function, the residual EVM of the signal analyzer can be improved, even for
very low signal levels.

If synchronization fails during the initial measurements, the noise cancellation process
is not started, and an error message is displayed in the status bar.

If noise cancellation is enabled, "IQNC" is indicated in the channel bar.

For statistical evaluation, the entire noise cancellation process is counted as one mea-
surement.

For details on the concept of I/Q noise cancellation and for troubleshooting tips, see
the R&S FSV/A 1/Q Analyzer and I/Q Input User Manual.

Remote command:
[SENSe:]ADJust:NCANcel :AVERage [ : STATe] on page 436
[SENSe:]ADJust :NCANcel : AVERage [ : COUNt ] on page 436
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4.1.20 Tracking

Access: "Overview" > "Tracking"
Tracking settings contain settings that compensate various errors.

Parameter Estimation
Channel Estimation EVM 3GPP Definition

Channel Estimation

" " EVM 3GPP Definition
Time Averaging

Tracking
Phase Tracking EVM 3GPP Definition

Time Tracking On off

Level Tracking On off

1/Q Parameter

Gain Imbalance /
Quadrature Error

The remote commands required to configure error tracking are described in Chap-
ter 6.10.28, "Tracking", on page 437.

Channel EStimation..... ..o 155
Channel Estimation Time AVEraging........occuueiee it 156
=TT 156
TIME TrACKING. ettt e ettt ettt e e e e e e s e e et e e e e e e e e e e saaannnnenee 157
(=YY I I = Tl (] Vo PPN 157
Gain Imbalance / QUAadrature ErrOr........ccoi i 157
Throughput Measurement State............ooo e 157

Channel Estimation
Selects the channel estimation method.

"EVM 3GPP Estimates the channel according to 3GPP (38.141-1 /-2, annex H.6).

definition" Recommended for standard conform measurements.

"Pilot Only Calculates the equalizer coefficients on all available reference signal
(Linear Inter- subcarriers. All missing subcarriers are interpolated (linear interpola-
polation)" tion).

Uses the selected time averaging.

This estimation method is more prone to noise, because it does not
apply a frequency domain moving average. However, the estimation
can adapt to the individual subcarrier.
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"Pilot And Pay- Calculates equalizer coefficients on all available resource elements of
load" the reference signal and the payload.
This implies that payload symbols could have been demodulated
without wrong symbol decisions. If this is not the case, the reference
signal generated from the payload is wrong and the calculated equal-
izer is not ideal.
Uses the selected time averaging.
This estimation method improves the equalizer estimate, because
more subcarriers and symbols are used. This is beneficial for noisy
signals (low SNR). Further subcarriers without pilots are taken into
account

"Off" Turns off channel estimation.
Turning off channel estimation is useful if you want to see the impact
of the channel frequency response on the signal quality (EVM).

Remote command:
[SENSe: ]NR5G:DEMod:CESTimation on page 437

Channel Estimation Time Averaging
Select the averaging time interval for channel estimation.

"EVM 3GPP Averages equalizer coefficients of DMRS across all symbols accord-
Definition" ing to 38.141-1 /-2, annex H.6.
Recommended for standard conform measurements.

"Per Alloca- Averages equalizer coefficients across one allocation only. Equalizer
tion" coefficients between allocations are independent. An allocation is for
example a single PDSCH.
Because this method does no time averaging, this option is more
prone to noise. However, the estimation can adapt better to the indi-
vidual allocation.

Remote command:
[SENSe: ]NR5G:DEMod: CETaverage on page 437

Phase
Turns phase tracking on and off.

Phase tracking aims to remove random phase fluctuations between OFDM symbols.
The phases of all pilot subcarriers are estimated and averaged per symbol.

When you turn on phase tracking, the application removes the phase difference
between consecutive symbols.

"Off" Phase tracking is not applied.
Allows you to evaluate the impact of phase noise and phase drifts on
the signal quality.

"Pilot Only" Uses the reference signal (PTRS) for phase tracking. Symbols with-
out PTRS are interpolated (linear interpolation).

"Pilot and Pay- Uses available reference signals (PTRS) and the payload resource
load" elements for phase tracking.
Allows you to improve tracking results (a better immunity to noise),
because of the analysis of the payload. This method does not interpo-
late symbols without reference signals.
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"EVM 3GPP Estimation according to the 3GPP definition in 38.141-2, L.6.
Definition" FR2 uses the PTRS for phase tracking. FR1 does not use phase
tracking.
Recommended for standard conform measurements.

Remote command:
[SENSe: ]NR5G: TRACking: PHASe on page 438

Time Tracking
Turns time tracking on and off.

Clock deviations (slower or faster sampling time) lead to a drift of the ideal sampling
instant over time, causing a rotating constellation diagram.

When you turn on time tracking, the application compensates measurement results for
timing errors on a slot level.

Remote command:
[SENSe: ]NR5G: TRACking: TIME on page 439

Level Tracking
Turns level tracking on and off.

Gain variations over time, caused for example by temperature drifts in power amplifi-
ers, impact signal quality.

When you turn on level tracking, the R&S FSV/A corrects a gain value that is constant
across frequency on symbol level.

Remote command:
[SENSe: ]NR5G: TRACking:LEVel on page 438

Gain Imbalance / Quadrature Error
Turns the calculation of the I/Q gain imbalance and the quadrature error (result sum-
mary) on and off.

Remote command:
[SENSe: ]NR5G:I0Q:GIQE on page 438

Throughput Measurement State
Turns the throughput and block error rate measurement on and off.

The results of these measurements are displayed in the result summary.

If you turn on the throughput measurement, selecting a number of frames to analyze
according to standard is not supported. If that setting was active when you turn on the
throughput measurement, it is automatically set to manual number of frames to ana-
lyze.

Remote command:
[SENSe: ]NR5G: TRACking: TPUT: STATe on page 439

4.1.21 Demodulation

Access: "Overview" > "Demodulation”
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Demodulation settings contain settings that describe signal processing and the way the
signal is measured.

Multicarrier Filter

Use Multicarrier Filter

Demodulation Data Before Descrambling
CORESET Analysis Mode Auto Manual

Calculation Method Custom -

Symbol Time Adjustment 50.0 %

CORESET Reference Data Auto Detect <

PDSCH Reference Data Auto Detect <

Extended Frequency Lock Range On

The remote commands required to configure the demodulation are described in Chap-
ter 6.10.29, "Demodulation”, on page 439.

1 (= U 158
Demodulation Data.........ccueeiii i 158
CORESET ANalYSiS MOUE.....uuuuuiiiieie e i i e e ee e eee ettt ss s e e e e e e e e e e e e e e e e e eeeeeneeeens 159
EVM Calculation Method..........cooiiiiiiie et 159
Symbol Time AdjUSTMENT......o.eeiiie e 159
PDSCH Reference Data........cooo ittt e e 160
CORESET Reference Data.......cccuueiiiiiieieeii it seeeee e e e e e e e e e s 160
Extended Frequency LOCK RANGE......cccvviiiiiiiiciieeeee et 160
Filter

Selects the filter to suppress interference of neighboring carriers.

"None" No suppression of neighboring channels.

"Multicarrier Suppresses interference for tests on multiradio base stations (LTE,
Filter" WCDMA, GSM etc.).

The R&S FSV/A automatically selects the multicarrier filter when you
analyze more than 1 component carrier.

"Per BWP" Suppresses interference for tests on multi BWP signals.

Remote command:
[SENSe: ]NR5G:DEMod: FILTer on page 442

Demodulation Data
For the bitstream results, you can get the data at various points in the signal process-

ing chain.
Scrambled bits descrambled bits .
layers (before d bling)  (afterd bling) Decoded bits
Vi \ efore elcram ing after eslram ing l /codewords
MOdL.II?tlon Descrambler Decoder [..]
decision
MOdlflz.’t'on Descrambler Decoder [...]
decision
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"Before Demodulates the scrambled data.
Descrambling”

"After Demodulates the descrambled data.
Descrambling"

"Decoded Pay- Demodulates the descrmabled and decoded PDSCH data.
load Data"

Remote command:
[SENSe: | NR5G: DEMod:DDATa on page 441

CORESET Analysis Mode
Selects the way the R&S FSV/A demodulates the PDCCH.

"Auto" The R&S FSV/A automatically demodulates the PDCCH by detecting
the payload of the CORESET DMRS.
"Manual" The R&S FSV/A demodulates the PDCCH based on the PDCCH

parameters you have defined.

Remote command:
[SENSe: ] NR5G:DEMod: CAMode on page 440

EVM Calculation Method
Selects the way the EVM is calculated.

"EVM 3GPP Calculates the EVM according to 3GPP TS 38.141-1 / -2. Evaluates

Definition" the EVM at two trial timing positions and then uses the higher EVM of
the two.

"At Optimal Calculates the EVM using the optimal timing position.

Timing Posi-

tion"

"EVM High Calculates the EVM at the high trial position defined by 3GPP.

Timing Posi-

tion"

"EVM Low Calculates the EVM at the low trial position defined by 3GPP.

Timing Posi-

tion"

Remote command:
[SENSe: ] NR5G:DEMod: CMEThod on page 440

Symbol Time Adjustment
Defines the position of the FFT window within a symbol. The FFT window defines the
time over which the FFT is calculated.

The value is a percentage relative to the beginning of the cyclic prefix.
® 0 %: FFT window starts at the beginning of the cyclic prefix.
® 100 %: FFT window starts at the end of the cyclic prefix.

Remote command:
[SENSe: ] NR5G:DEMod: STADjust on page 442
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PDSCH Reference Data
Selects the type of reference data to calculate the EVM for the PDSCH.

By default, the R&S FSV/A automatically detects the PDSCH reference values and
maps the measured values to the nearest reference point.

If you expect noisy signals with a high EVM, however, the automatic detection is no
longer reliable and can yield EVM values that are too good for the analyzed signal -
measured values could be mapped to the wrong reference values by mistake, if they
are too far from their original position.

Instead, you can set the PDSCH reference values to a fixed value of 0. This setting
calculates the correct EVM, regardless of the signal quality. However, you have to
make sure that the DUT transmits an all-zero data vector for the PDSCH.

Another option is to base the PDSCH reference values on the pseudo random
sequence 23 (PN23) as defined by 3GPP. This method also yield correct EVM values.
Again, the signal must use the NR-TM PN23 for this to work.

"Auto Detect”  Automatically detects the PDSCH reference values.
"All Q" Assumes the PDSCH to be all 0's, according to test model definitions.

"NR-TM PN23" Assumes the PDSCH to be based on the pseudo random sequence
23, as defined by 3GPP. Each PDSCH / PDCCH has an individual

sequence.

"NR-TM PN23 Assumes the PDSCH to be based on the pseudo random sequence

All Slots" 23, as defined by 3GPP. All PDSCH / PDCCH have the same
sequence.

"ORAN PN23" Assumes the PDSCH to be based on the pseudo random sequence
23, as defined by the ORAN alliance. Note that this type of reference
data is automatically selected when you select an ORAN test case.
The R&S FSV/A assumes that the measured signal actually contains
the corresponding ORAN PN23 sequence.

For this option, each PDSCH has an individual sequence.

"ORAN PN23  Assumes the PDSCH to be based on the pseudo random sequence
All Slots" 23, as defined by the ORAN alliance. Note that this type of reference
data is automatically selected when you select an ORAN test case.
The R&S FSV/A assumes that the measured signal actually contains
the corresponding ORAN PN23 sequence.
For this option, all PDSCH / PDCCH have the same sequence.

Remote command:
[SENSe: ]NR5G:DEMod: PRData on page 442

CORESET Reference Data
Selects the type of reference data to calculate the EVM for the CORESET.

The logic and type of reference data is the same as that for the PDSCH.

Remote command:
[SENSe: ] NR5G:DEMod: CRData on page 440

Extended Frequency Lock Range
Selects the frequency error tolerance for successful signal synchronization.
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Turn the setting off to have a small tolerance (0.5*subcarrier spacing).
Turn the setting on to have a large tolerance (10*subcarrier spacing).

For a large tolerance, we recommend to configure the synchronization signal manually,
because the auto demodulation might not work properly depending on the actual fre-
quency error.

Remote command:
[SENSe: ]NR5G:DEMod: EFLRange on page 441

4.2 Time Alignment Error Configuration

Access: [MEAS CONFIG]

The settings for time alignment error measurements are similar to the settings of the
I/Q measurements. For a comprehensive description of those, refer to the following
chapters.

® Chapter 4.1.3, "Physical signal description", on page 74

® Chapter 4.1.5, "Component carrier configuration", on page 78
(intra-band component carriers only - contiguous and non-contiguous)

® Chapter 4.1.7, "Synchronization signal configuration", on page 87
(note that the time alignment error measurement does not support all synchroniza-
tion signal settings)

® Chapter 4.1.9, "Slot configuration", on page 98
(configuring individual slots allows measurements according to TDD NR-TM's)

® (Chapter 4.1.10, "PDSCH and PDCCH configuration", on page 110
(note that the enhanced PDSCH settings are the same for all PDSCH allocations in
the entire frame and are available centrally in the "Slot" configuration tab - trying to
open the enhanced PDSCH settings from the allocation table shows a correspond-
ing message)

® Chapter 4.1.14, "Input source configuration", on page 142

® Chapter 4.1.15, "Frequency configuration”, on page 144

® Chapter 4.1.16, "Amplitude configuration", on page 145

® (Chapter 4.1.18, "Data capture", on page 150

® Chapter 4.1.17, "Trigger configuration", on page 149

® Chapter 4.1.21, "Demodulation”, on page 157

4.3 Transmit On / Off Power Configuration

Access: [MEAS CONFIG]

The settings for transmit on / off power measurement are similar to the settings of the
I/Q measurements.
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Settings for the transmit on / off power measurement described elsewhere (not all set-
tings decribed in the following chapters are available in the transmit on / off power

measurement):
® 5G NR Mode
® Test Model

® Deployment

® Channel Bandwidth

® Synchronization signal

® Bandwidth part configuration
® Slot configuration

® PDSCH configuration

® Antenna port configuration
® Advanced settings

® Signal capture

® Trigger configuration

® Demodulation settings

® Amplitude settings
Note: Available only when you unlock the amplitude settings.

Base station output power
For transmit on / off power measurements on 2-O type base stations in FR2-1, you can
define the output power of the base station.

You can define the following rated power values that have an effect on the limits:
® Pt C EIRP
¢ F)rateda C, TRP

Remote command:
EIRP: CONFigure [ :NR5G] : DL[:CC<cc>] : PLC:EIRP on page 444
TRP: CONFigure [ :NR5G] : DL [ : CC<cc>] : PLC: TRP on page 445

Unlock Amplitude Settings
Turns the availability of the amplitude settings for the on / off power measurement on

and off.
On You can define the amplitude settings manually.
Off The R&S FSV/A determines the amplitude settings automatically.

Remote command:
[SENSe: ]NR5G:00Power : UAMSettings on page 446

4.4 Frequency Sweep Measurement Configuration

Access: [MEAS CONFIG] > "Signal Description"

The signal description for ACLR and SEM measurements contains settings to describe
general physical characteristics of the signal you are measuring.
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O Settings for frequency sweep measurements

When you start the frequency sweep measurement from within the 5G NR application,
the R&S FSV/A automatically configures the measurement and limits according to the
specification defined by 3GPP.

Therefore, it is sufficient for you to configure the details of the 5G NR signal descrip-
tion.

@ Filter type in SEM measurements

The 5G NR application uses a channel filter for SEM measurements by default. The
spectrum application on the other hand uses a Gauss filter. If you need a Gauss filter
for the SEM measurement in the 5G NR application, change it manually in the sweep
list for the corresponding frequency ranges.

Note that ACLR and SEM measurements are currently unavailable for FR2-2 fre-
quency deployment.

Functions in the "Signal Description" dialog box described elsewhere:

® 5G NR Mode

® Test Model

® Deployment

® Channel Bandwidth

® Subcarrier spacing
(for FR2 deployments)

® For SEM measurements: Base station category

® For MC ACLR, Cumulative ACLR and Multi SEM measurements: Component carri-
ers

— ACLR measurements support a maximum of 16 component carriers.
— SEM measurements support a maximum of 8 component carriers.

All other settings available for the ACLR and SEM measurements are the same as in
the spectrum application. For more information, refer to the user manual of the

R&S FSV/A.

Base Station TYPe.. .ot e e e e e e e e e e e eeaeaeaaes 163
AdJacent ChanNEIS........coooiiiiii et e s e e e 164
B 0T 164
Position of SEM and ACLR lIMItS.....ccoiieeuueiiiiiiieeee e eev e 165
Total Limit Pass MOGE.........cccoiiiiiiieeieeeeeeeeeeeeetr et e e e e e e e e e e e e e e e e e e e eeeeeseaeseabaaannnas 165

Base Station Type
3GPP defines several types of base station for the different deployment frequency
ranges.

Each base station class sets different requirements for

e SEM measurements (the SEM limits)

e ACLR measurements (the power of the adjacent channels)
® fransmit on / off power measurements (the transient limits)
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See 3GPP 38.141-1/ -2 for details.

The type you should use for the measurement depends on the base station you are
testing.
e "1-C": Base station for conducted transmission requirements in FR1.
(Only supported for ACLR and SEM measurements.)
e "1-H": Base station for hybrid transmission requirements (conducted and over-the-
air) in FR1.
(Only supported for ACLR and SEM measurements.)
e "1-O": Base station for over-the-air transmission requirements in FR1.
(Only supported for ACLR and SEM measurements.)
e "2-O": Base station for over-the-air transmission requirements in FR2.

output power.

For SEM measurements on 2-O type base stations, you can also define the output
power.

For transmit on / off power measurements on 2-O type base stations, you can also
define the output power.

The output power in both cases has an effect on the limits.

Remote command:
Base station type: CONFigure [ :NR5G] : BSTation on page 450

Adjacent Channels
ACLR measurement only

Selects the assumed adjacent channel carrier for the ACLR measurement.

® "NR of Same BW": the neighboring channel is a 5G NR channel with the same
bandwidth.

e "5 MHz E-UTRA": the neighboring channel is a LTE channel with 5 MHz bandwidth.

Remote command:

[SENSe: ] POWer:ACHannel : AACHannel on page 447

Tx Power
SEM measurement only

For SEM tests on medium range base station and 2-O type base stations, you can
measure or manually enter the "Tx Power" of the carrier.

If you select "Manual”, you can define the power in the corresponding input field. Oth-
erwise, the R&S FSV/A measures the power of the Tx channel automatically.

The exact label of the rated power value depends on the selected base station type as
defined in 3GPP 38.141-1/-2.

® "1-0" Pteq, C, TRP

® "1-C" Pateq, C, AC

® "1-H": P gea; C, cell

® "2-0": Pgieas &, TRP

The value range depends on the selected base station type.

For 1-H medium range base station, the supported output power value range also
depends on the "N_TXU, countedpercell" and "N_TABconnectors" parameters.
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Remote command:
BS power mode: [SENSe: ] POWer : SEM: AMPower : AUTO on page 448
BS power value: [SENSe: ] POlWler : SEM: AMPower on page 448

Position of SEM and ACLR limits
For tests on 1-H type base stations, you can also define two parameters "N_TXU,
countedpercell" and "# Tab connectors (n)".

For the spectrum emission mask, these two parameters shift the limits according to
3GPP 38.141-1, chapter 6.6.4.5.8. The parameters also select which SEM power class
(SEM limits) applies to a given base station output power (P, aieq)-

For the adjacent channel leakage error, these two parameters define the limits accord-
ing to 3GPP 38.141-1, chapter 6.6.3.5.4.

Remote command:
NtaBconnectors: [ SENSe: ] POWer : SEM: NTAB on page 449
Nixy: [SENSe: ] POWer : SEM:NTXU on page 449

Total Limit Pass Mode
Supported only by the LTE and 5G application.

Access (ACLR measurement): "Meas Config" > "CP / ACLR Config" > "Channel Set-
tings" > "Limits"

Access (multi-carrier ACLR measurement): "Meas Config" > "CP / ACLR Config" >
"MSR General Settings"

The "Total Limit Pass Mode" selects the logic the ACLR limits are evaluated with if you
define both absolute limits and relative limits.

Bandwidths @ Spacing Limits Weighting Filters Names

Limit Checking On Off Total Limit Pass Mode Abs and Rel Abs or Rel

Relative Limit Absclute Limit

-43.8 dBc

-43.8 dBc

Figure 4-9: Evaluate both absolute and relative limits

If you define only relative or absolute limits, the R&S FSV/A only evaluates the corre-
sponding limits.
Bandwidths Spacing Limits Weighting Filters = Names

Limit Checking On off Total Limit Pass Mode

Relative Limit Absolute Limit

-43.8 dBc

-43.8 dBc

Figure 4-10: Evaluate only relative limits

If you change the limit evaluation method after the measurement, you have to refresh
the measurement.
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The selected method adjusts the contents of the following result displays.
® ACLR result summary

® MC ACLR result summary

® Cumulative ACLR result summary

The default value is according to 3GPP 38.141-1/2.

"Absolute" Checks the absolute limits defined for the ACLR. The limit check
passes when the signal level is within the absolute limits.
"Relative" Checks the relative limits defined for the ACLR. The limit check

passes when the signal level is within the relative limits.

"Absolute and  The limit check for both, the absolute and the relative limits, must
Relative" pass to get an overall pass.

"Absolute or The limit check for either the absolute or the relative limits must pass
Relative" to get an overall pass.

Remote command:
CALCulate<n>:LIMit<li>:ACPower:PMODe on page 449

4.5 Combined measurement configuration

Access: "Overview"

The configuration for combined measurements is a combination of the configuration for
I/Q measurements, ACLR measurements and SEM measurements with several spe-
cial settings.

For an introduction on combined measurements and their application, see Chapter 4.6,
"Combined measurement guide", on page 172.

Channel bar

In combined measurement mode, the channel bar contains additional information.

Table 4-3: Information displayed in the channel bar in the combined measurement mode

Ref Level Reference level.

Att Mechanical and electronic RF attenuation.

Freq Frequency for other input sources (RF etc.).

Mode* 5G NR mode (link direction and channel bandwidth).

Event Count The first number represents the number of events that have already been
captured.
The second number represents the total number of events that will be
captured.

Filtered Events Number of events that have been filtered when you have applies an event
filter.

Capture Time Signal length that has been captured.

Selected Meas ID Selected measurement.
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BWP/SS* Shows the signal part for which results are displayed (evaluation range).
SS = synchronization signal
BWP = bandwidth part

I[e} Shows the type of memory used for I/Q data capture (RAM only).

Functions for combined measurements described elsewhere:
® |nput source settings

® Frequency settings

® | evel settings

® Signal tracking

® Signal demodulation

L JS o o F=1 o [=T o o] (o] o TS 167
ST o= I e=1 o] (U] (=T SR PRR 168
Trigger CONfIGUIALION. .......uiiiii i 169

Signal description

Access: "Overview" > "Signal Description"

The signal description for combined measurements combines the signal description for
I/Q, ACLR and SEM measurements.

Functions in the "Signal Description" dialog box described elsewhere:

® Auto configuration

® Signal description

® Radio frame configuration, incl. synchronization signal configuration, bandwidth
part configuration, slot configuration and allocation configuration.

® Antenna port configuration
® Advanced signal settings
® Frequency sweep measurement configuration (ACLR and SEM only)

EVIM /T ACLR / SEM ...ttt ettt e e e s sbre e e e e e 167
Manage User Standards..........c.ueeeiiiiiiie e 167
RESTOre SetliNGS...cii i 168
EVM/ACLR/ SEM

Turns the corresponding measurement on and off (blue = on, otherwise = off).
All selected measurements are part of the combined measurement sequence.

Remote command:

EVM state: CONFigure [ :NR5G] : EVM on page 454
ACLR state: CONFigure[:NR5G] : ACLR on page 453
SEM state: CONFigure [ :NR5G] : SEM on page 454

Manage User Standards
Available for ACLR and SEM measurements.
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Opens a dialog that allows you to import custom ACLR or SEM settings from an xml
file. The R&S FSV/A applies the ACLR and SEM settings stored in the selected file.

When you load custom ACLR or SEM settings, exporting I/Q data of an ACLR or SEM
measurement also exports the custom settings that the corresponding measurement
was done with. The settings are stored in a dedicated settings.xml file.

Select "Clear" to remove the file-based settings.
Remote command:

ACLR: CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 453
SEM: [SENSe: ]ESPectrum<sb>:PRESet [:STANdard] on page 451

Restore Settings

Restores the settings that were active during the last sequence of measurements. This
can be a useful feature if you have changed the signal description since the last mea-
surement sequence and want to restore the measurement settings. You can restore
settings as long as you do not start a new measurement sequence.

Remote command:
MMEMory: LOAD: SETTings on page 454

Signal capture

Access: "Overview" > "Trigger / Signal Capture" > "Signal Capture"

The data capture settings contain settings that control various aspects of the data cap-
ture.

Signal Capture Trigger

Sample Rate 122.88 MHz
Optimization Dynamic Speed
#Events

Capture Length Sequence Auto Level

Capture Mode Auto Tx only .
Signal Repeats

Max Number of Slots Max No of Slots to Analyze
per Frame to Analyze i T

Functions in the "Signal Capture" dialog box described elsewhere:

® Capture length
® Max number of slots to analyze
® Signal repeats max no of slots to analyze

2 Y 1Y | (RS 168
1071 o] (1] 381/ 0o [T 169
ST o= G- o) U = T ST 169
SeqUENCE AUTO LEVEL ..o e e e 169
# Events

Defines the number of measurements in the measurement sequence. Each event cor-
responds to one combined measurement. A combined measurement consists of one
EVM, ACLR and / or SEM measurement.
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Remote command:
[SENSe: ] SWEep:EVENt on page 452

Capture Mode

Selects the capture mode for combined measurements. You can define the capture
mode if the measurement sequence consists of a series of EVM measurements only
(ACLR and SEM measurements must be inactive).

In "Auto" mode, the R&S FSV/A captures and analyzes the complete signal, including
adjacent and alternate channels. For EVM measurements, these channels can be
uninteresting, but their data capture slows down the measurement. To increase the
measurement speed for EVM measurements, select "Tx Only". Using this mode, the
R&S FSV/A captures and analyzes only the Tx channel.

Remote command:
[SENSe: ] SWEep:MODE on page 452

Signal Capture
Selects the way the R&S FSV/A the signal data for combined measurements.

"Single" Captures each carrier individually in an individual capture buffer.

"Auto” The R&S FSV/A determines how many carriers it can capture in a
single measurement. How many carriers it can capture in a single
measurement depends on the bandwidth of the carriers and the avail-
able bandwidth on the R&S FSV/A. Only if the carriers cannot be cap-
tured in a single measurement, the R&S FSV/A uses several cap-
tures to analyze the complete signal.

Remote command:
[SENSe: ] NR5G: FRAMe : SCAPture on page 451

Sequence Auto Level
Turns auto leveling prior to each event in the measurement sequence on and off.

Remote command:
[SENSe: ]NR5G: FRAMe: SALevel on page 452

4.5.3 Trigger configuration

Access: "Overview" > "Trigger / Signal Capture" > "Trigger"

Combined measurement mode provides an assistant that helps you to find a suitable
trigger configuration for your test setup. The resulting trigger configuration depends on
the combination of a trigger sequence and the availability of a frame trigger.
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Signal Capture = Trigger
Trigger Setup Helper

Sequence Manual <

Frame Trigger

Advanced >>

Trigger Source Trigger In/Out Gate Settings Source

Source Ext Trigger 1 = Auto Gating On off

Offset

Slope Rising Falling

For a comprehensive description of all predefined trigger configurations, refer to the
combined measurement guide. This guide also contains a list of the trigger settings
associated with each scenario.

If the assistant does not provide a suitable trigger configuration, you can still set up a
custom trigger configuration in the "Advanced" trigger settings. These advanced set-
tings are the same as for all other measurements.

You can change advanced trigger settings like trigger level, slope or drop-out time,
even if the assistant already provides a scenario that fits your needs. However, if you
select a different trigger source, gate source or trigger connector usage, the

R&S FSV/A discards the selected trigger sequence and changes back to the "Manual”

sequence.
RS T= 0 [0 T=Y o Tt 170
=g TSR e o= PP PPPPTPPPPTP 171
EVENE DEIAY ... ..t e e e e a e e e e e e e e 171
Recalibration INTerval..........o e 171
7= oo I I T T =Y e T 172
F 0 (oI C 7= 1] T USSP 172
Sequence

Selects the general sequence of the measurement, including the type of triggers avail-
able in the test setup and the number of trigger signals.

For a comprehensive description of the sequences, see Chapter 4.6, "Combined mea-
surement guide", on page 172.

"Manual" Custom trigger configuration.
"Periodic" Measurement sequence defined by an event delay.
"Open-loop" Measurement sequence that includes a trigger to indicate that the

DUT is ready for testing. Trigger is connected to trigger input 2.

"Closed-loop"  Measurement sequence that includes a trigger to indicate that the
DUT is ready for testing and a trigger output that indicates that the 1/Q
data capture is done. Triggers are connected to trigger input 2 and
trigger output 3.
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Remote command:
TRIGger:TSHelper:SEQuence on page 456

Frame Trigger
Selects the availability of a frame trigger. The availability of a frame trigger basically
selects the trigger source.

For a comprehensive description on the effects of this setting, see Chapter 4.6, "Com-
bined measurement guide", on page 172.

"Available" Frame trigger is available as an external trigger.

"n/a - Time Periodic measurement using a time trigger synchronized to the frame

Trigger" as the trigger source. Includes automatic calibration.

"n/a - Repeat-  Free run measurement that captures a certain amount of data. The

ing Slots" amount of data corresponds to a number of slots that are repeated in
the signal.

Remote command:
TRIGger:TSHelper:FTRigger on page 455

Event Delay
Available for periodic and manual measurement sequences.

The "Event Delay" defines a time period between two events (or combined measure-
ments). Therefore, the event delay is the time period spanning the time when an event
occurs and the point in time when a new event can occur.

For a manual sequence, the event delay is available for all trigger sources, except the
time trigger.

Remote command:
TRIGger:TSHelper:EDELay on page 455

Recalibration Interval
Available for open- and closed-loop scenarios using a time trigger.

Using a time trigger requires a synchronization to the frame start offset. Because the
frame start offset drifts over time, you have to recalibrate the time trigger regularly. In
combined measurement mode, this is an automatic process, controlled by the "Recali-
bration Interval" - on each recalibration, the R&S FSV/A synchronizes the time trigger
to the frame start offset.

The recalibration interval is in terms of events (single measurements).

For example, an interval of "5" recalibrates the time trigger after 5 events in the mea-
surement sequence. To find out an appropriate interval, run several measurements,
and check after how many measurements synchronization fails. Define an interval that
recalibrates a few measurements before synchronization fails.

Increasing the recalibration interval increases the measurement speed for all events in
which no recalibration is performed.

For a manual sequence, the recalibration interval is available for the time trigger
source.

Remote command:
TRIGger:TSHelper :RINTerval on page 455
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Send Trigger 3
Access: "Trigger" > "Send Trigger 3" (softkey only)

Available for closed-loop sequences.

Sends an initial trigger to start the measurement sequence for setups that use a trigger
output to inform the test setup that the R&S FSV/A is ready for the measurement.

Remote command:
OUTPut<up>:TRIGger<tp>:PULSe:IMMediate on page 454

Auto Gating
Turns automated gating on and off.

Turning on the auto gating makes sure that the R&S FSV/A only measures the ACLR
and SEM when the Tx channel is transmitted ("On" state). The gate is open during the
on periods of the Tx channels that occur in the analysis range. The analysis range
begins with a frame start. When the frame start is known, the R&S FSV/A can detect
the on and off periods.

Note that auto gating is not possible for free run measurements on TDD signals and
when the signal capture consists of several captures (for example for single captures
or if the available analysis bandwidth is smaller than the signal bandwidth). The

R&S FSV/A shows a corresponding error message in that case.

Remote command:
[SENSe: ] SWEep:EGATe : AGATing on page 452

4.6 Combined measurement guide

The combined measurement mode provides functionality to combine several, subse-
quent EVM, ACLR and (or) SEM measurements in a single sequence of measurement.
If you combine the measurements into a sequence, the R&S FSV/A analyzes the cap-
tured data for EVM, ACLR and SEM in parallel (multi-processing) - the data capture
itself is processed independent from the analysis. This in turn increases the speed of
the measurement evaluation.

These measurements can occur on a single DUT, for example one that changes its
position in space. Or they can occur on multiple DUTs, for example as an end test in a
production line.

Combined measurements allow you to automate such measurement sequences and to
increase the speed of such sequences. The measurement mode also provides tools to
evaluate the results. However, combined measurements only work on a DUT whose
signal description and center frequency remain the same over the sequence of mea-
surements.

Each single measurement is also called an event. Several events make up the mea-
surement sequence. The number of events you can define depends on the capture
length, bandwidth (or sampling rate) and the available memory (RAM). Events are also
processed in parallel, which increases the measurement speed even more.
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An event can be, for example, a new position of the DUT, or the next DUT in a produc-
tion line. When the DUT is ready, some kind of trigger initiates the next measurement.

o General configUration...........ooeiiiiiiiiiicccceee e ———————— 173
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General configuration

There are some basic settings that you should define for all measurements, regardless
of your test setup.

Before you start configuring the application, set up the measurement physically.

Setting up the measurement

1. Enter the combined measurement mode.
("Meas" > "Combined EVM/ACLR/SEM")

2. Select the measurements you want to run.
("Meas Config" > "Signal Description" > "EVM", "ACLR" and / or "SEM")

3. Define the signal characteristics, select a test model or load an allocation file.
Note that handling allocation files for combined measurements is slightly different
compared to other measurements.

("Meas Config" > "Signal Description")

4. Adjust the amplitude settings to achieve an ideal EVM.
("Auto" > "Auto EVM" softkey).
As an alternative, you can optimize the amplitude settings for each event.
("Meas Config" > "Trigger / Signal Capture" > "Signal Capture" > "Sequence Auto
Level")

5. Define the number of events.
("Meas Config" > "Signal Capture" > "Events")

6. Define the capture length (slightly more than the amount of data you want to ana-
lyze).
("Meas Config" > "Signal Capture" > "Capture Time")

7. Select the capture mode.
("Meas Config" > "Signal Description" > "Signal Capture")

8. Define the trigger configuration. The trigger configuration that you apply depends
on your setup. For details, see Chapter 4.6.2, "Trigger configuration", on page 174.

9. Run the measurement.

The R&S FSV/A initiates the sequence of measurement.

When an event that triggers a combined measurement occurs, the R&S FSV/A
adds a line to the combined EVM / ACLR / SEM result table.

The time until all events have happened varies, depending on your setup.

If you want to reevaluate the measurement sequence or a certain event after the
sequence has finished, you can do so by refreshing the results.
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("Sweep" > "Refresh" / "Refresh Current")

10. Evaluate the measurement, for example by:

Filtering the results to view only certain events.

Selecting an event to view the details of that event in graphical result displays.
Exporting the results for the whole sequence, selected events or a single event.
Exporting the 1/Q data for later reevaluation.

You can export the I/Q data for a single event, or the I/Q data for the complete
measurement sequence.

Using allocation files in combined measurement mode

Allocation files are basically the same in combined measurement mode. In combined
mode, the allocation files combine the signal description for all selected measurements
(EVM, ACLR and SEM). In addition, the allocation file also contains the measurement
results for a measurement sequence (only the results, not the 1/Q data).

1. Select a file name and location for the allocation file you want to save or load.

2. Select the measurements you want to include.
"General" settings are always included. Otherwise, you can select if you want to
include the settings for EVM, ACLR and (or) SEM measurements.

3. Select if you want to include the measurement results ("Combined Result Table").

4.6.2 Trigger configuration

The trigger configuration is a vital part of the combined measurements. The trigger is
what makes the automated combined measurements possible in the first place: Wait
for the first event to initiate a measurement - run the measurement - wait for the next
event - run the measurement and so on.

The R&S FSV/A provides several trigger presets for typical combined measurement
scenarios. Other than those, you can, of course, use a custom trigger configuration (or
even no trigger at all).

The main criteria for the trigger selection are:

® |s a frame trigger available or not?

® Which possibilities do you have to trigger the measurement sequence?

@ Advanced trigger settings
If you select one of the trigger presets ("Sequence" or "Frame Trigger" menus), and
change something in the advanced trigger settings, the preset becomes obsolete
("Sequence" = "Manual").

Using the trigger setup helper

The trigger setup helper allows you to select certain trigger configuration presets.
These presets are typical trigger setups for certain test scenarios.
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Of course it is also possible to apply a custom trigger configuration.

1. Select the trigger "Sequence".

"Manual" = custom trigger configuration

"Periodic" = measurements in certain interval

"Open-Loop" = an external trigger indicates that the DUT is ready
"Closed-Loop" = an external trigger indicates that the DUT is ready, plus the
analyzer indicates that the data capture is finished

2. Select the frame trigger availability.
3. For periodic trigger, define the event delay.

4. For time trigger instead of dedicated frame trigger, define the recalibration interval.

Table 4-4: Trigger presets and their trigger configuration*

Trigger setup helper Advanced trigger settings
Sequence | Frame trigger Trigger Source Trigger 2 Trigger 3

source
Periodic n/a >> Free run n/a n/a n/a
Periodic available >> Ext. trigger | n/a n/a n/a

1
Open-loop | n/a >> Free run Ext. trigger | Input n/a

2
Open-loop | n/a >> Time Ext. trigger | Input n/a
2

Open-loop | available >> Ext. trigger | Ext. trigger | Input n/a

1 2
Closed- n/a >> Free run Ext. trigger | Input Output
loop 2
Closed- n/a >> Time Ext. trigger | Input Output
loop 2
Closed- available >> Ext. trigger | Ext. trigger | Input Output
loop 1 2
*Changing one of these settings always returns to trigger sequence = manual; you can still change other
trigger settings like level, drop-out time etc.

@ DUT reconfiguration
The following procedures use the term "DUT reconfiguration".
The DUT reconfiguration is a process that depends on your test scenario. For exam-

ple, the term can refer to the DUT moving into another position or the DUT being
replaced by another DUT in a production line.

Using a periodic sequence: no frame trigger

In this scenario, measurements take place periodically, every <x> seconds. A trigger is
not available.
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This scenario requires a capture time that is at least double the time of the data you
want to capture - for example, if you want to capture a single slot with 30 kHz subcar-
rier spacing (slot length = 0.5 ms), the capture time must be greater than 1 ms.

Note that the number of slots that the signal repeats have to start with slot 0.

Figure 4-11: Workflow for a periodic measurement without frame trigger

1 = Start of measurement

2 =1/Q data capture

3 = DUT reconfiguration

4 = Subsequent I/Q data capture

The time a single measurement event lasts in the sequence is the sum of:
I/Q capture + DUT reconfiguration

Optional auto leveling for each measurement extends the measurement time a little.
The sequence of measurements runs like this:

1. Start of the measurement sequence.

2. The R&S FSV/A captures the 1/Q data.

3. The DUT reconfigures itself.
Note that the event delay starts with the I/Q capture. Thus, make sure to define an
event delay that is long enough to include the data capture and the DUT reconfigu-
ration.

4. The I/Q data capture starts again after the event delay is over.
Steps 2 through 4 repeat until all events are captured.
Using a periodic sequence: frame trigger available
In this scenario, measurements take place periodically, every <x> seconds.

The scenario requires an external trigger, connected to trigger input 1. The external
trigger is a frame trigger that initiates the 1/Q data capture. The trigger event is the
frame start.

7 > 7 > |— 7 ..
3 3 3
2 2 2

Figure 4-12: Workflow for a periodic measurement with frame trigger
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1 = Wait for frame start
2 = Start of measurement
3 = 1/Q data capture
4 = DUT reconfiguration
The time a single measurement event lasts in the sequence is the sum of:
I/Q capture + DUT reconfiguration + waiting on frame start
Optional auto leveling for each measurement extends the measurement time a little.
The sequence of measurements runs like this:
1. The R&S FSV/A waits for a frame start.
A frame trigger initiates the measurement.

2
3. The R&S FSV/A captures the 1/Q data.
4

The DUT reconfigures itself.

Note that the event delay starts with the 1/Q capture. Thus, make sure to define an
event delay that is long enough to include the data capture and the DUT reconfigu-
ration.

The end of the event delay also rearms the frame trigger.

Steps 1 through 4 repeat until all events are captured.

Using an open-loop sequence: frame trigger available
This scenario needs two trigger sources.

The first is an external frame trigger, connected to trigger input 1, that initiates the 1/Q
data capture. The trigger event is the frame start.

The second is an external trigger, connected to trigger input 2, that indicates that the
DUT is ready for the measurement. This trigger is sent, for example, when the DUT
has reached its measurement position.

L{T—H > L#z; > Lk“ >
13 13 13

Figure 4-13: Workflow for a open loop measurement with frame trigger

1 = DUT ready for measurement

2 = Wait for frame start

3 = Frame trigger starts measurement
4 = 1/Q data capture

5 = DUT reconfiguration

The time a single measurement event lasts in the sequence is the sum of:

I/Q capture + DUT reconfiguration + waiting on frame start + waiting for DUT ready trig-
ger

Optional auto leveling for each measurement extends the measurement time a little.
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The sequence of measurements runs like this:

1. The DUT sends a trigger signal to indicate that it is ready for the measurement.
2. The R&S FSV/A waits for a frame start.

3. A frame trigger initiates the measurement.

4. The R&S FSV/A captures the I/Q data.
5

The DUT reconfigures itself.
Steps 1 through 5 repeat until all events are captured.

Using an open-loop sequence: using time trigger
This scenario needs two trigger sources.

The first is a time trigger that initiates a periodic I/Q data capture. Because the frame
start and time trigger drift from each other over time, using the time trigger requires
regular recalibration - in combined measurement mode, this is an automated process,
defined by the recalibration interval. The initial synchronization of the time trigger to the
frame start is also an automated process.

The second is an external trigger, connected to trigger input 2, that indicates that the
DUT is ready for the measurement. This trigger is sent, for example, when the DUT
has reached its measurement position.

M I N I N b
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Figure 4-14: Workflow for a open loop measurement with time trigger

1 = Initial calibration of time trigger

2 = DUT ready for measurement

3 = Wait for frame start

4 = Start of measurement

5 = 1/Q data capture

6 = DUT reconfiguration

The time a single measurement event lasts in the sequence is the sum of:

I/Q capture + DUT reconfiguration + time trigger recalibration + waiting on frame start +
waiting for DUT ready trigger

Optional auto leveling for each measurement extends the measurement time a little.

Before you start the measurement sequence, define an appropriate recalibration inter-
val.

The sequence of measurements runs like this:

1. The R&S FSV/A calibrates the time trigger by defining a trigger offset = frame start
offset.

2. The DUT sends a trigger signal to indicate that it is ready for the measurement.

User Manual 1178.9249.02 — 12 178



R&S®FSV3-K144 Configuration

Combined measurement guide

The R&S FSV/A waits for a frame start.
A frame synchronized time trigger initiates the measurement.

The R&S FSV/A captures the 1/Q data.

o o b~ w

The DUT reconfigures itself.
At the same time, the time trigger recalibration occurs.

7. The DUT sends a trigger signal to indicate it is ready for the next measurement.
Steps 2 through 6 repeat themselves until all events are captured.
Using an open-loop sequence: no trigger available (repeating slots)

In this scenario, the DUT uses an external trigger signal to indicate it is ready for a
measurement. The trigger signal initiates a (free run) measurement.

This scenario requires a capture time that is at least double the time of the data you
want to capture - for example, if you want to capture a single slot with 30 kHz subcar-
rier spacing (slot length = 0.5 ms), the capture time must be greater than 1 ms.

Note that the number of slots that the signal repeats have to start with slot 0.

Figure 4-15: Workflow for an open-loop measurement without trigger

1 = DUT ready for measurement

2 = 1/Q data capture

3 = DUT reconfiguration

The time a single measurement event lasts in the sequence is the sum of:

I/Q capture + DUT reconfiguration + waiting for DUT ready trigger

Optional auto leveling for each measurement extends the measurement time a little.

The sequence of measurements runs like this:

1. The DUT sends a trigger signal to indicate that it is ready for the measurement.

2. The R&S FSV/A captures the 1/Q data.

3. The DUT reconfigures itself.

4. The DUT sends a trigger signal to indicate it is ready for the next measurement.
Steps 1 through 3 repeat themselves until all events are captured.

Using an closed-loop sequence: frame trigger available

This scenario needs two trigger sources and one trigger output.

The first trigger source is an external frame trigger, connected to trigger input 1, that
initiates the 1/Q data capture. The trigger event is the frame start.
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The second trigger source is an external trigger, connected to trigger input 2, that indi-
cates that the DUT is ready for the measurement. This trigger is sent, for example,
when the DUT has reached its measurement position.

The trigger output initiates the DUT reconfiguration after the R&S FSV/A is done cap-
turing the 1/Q data. The DUT must have a corresponding trigger interface. This signal is
output on trigger 3, which is defined as a user-defined output.

13 5 73 5 73 5 7

Figure 4-16: Workflow for a closed loop measurement with frame trigger

1 = Send initial trigger signal

2 = Wait for frame start

3 = Frame trigger starts measurement

4 = 1/Q data capture

5 = 1/Q data capture done - waiting for DUT reconfiguration
6 = DUT reconfiguration

7 = DUT ready for measurement

The time a single measurement event lasts in the sequence is the sum of:

I/Q capture + DUT reconfiguration + waiting on frame start + waiting for DUT ready trig-
ger

Optional auto leveling for each measurement extends the measurement time a little.
The sequence of measurements runs like this:
1. Send an initial trigger with "Send Trigger 3" (optional).

The R&S FSV/A waits for a frame start.

2

3. A frame trigger initiates the measurement.
4. The R&S FSV/A captures the 1/Q data.

5

The R&S FSV/A sends a trigger signal to the DUT to indicate the I/Q data capture
is done.

o

The DUT reconfigures itself.

7. The DUT sends a trigger signal to indicate that it is ready for the measurement.
Steps 2 through 7 repeat until all events are captured.

Using an closed-loop sequence: using time trigger
This scenario needs two trigger sources and one trigger output.

The first is a time trigger that initiates a periodic 1/Q data capture. Because the frame
start and time trigger drift from each other over time, using the time trigger requires
regular recalibration - in combined measurement mode, this is an automated process,
defined by the recalibration interval. The initial synchronization of the time trigger to the
frame start is also an automated process.
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The second is an external trigger, connected to trigger input 2, that indicates that the
DUT is ready for the measurement. This trigger is sent, for example, when the DUT
has reached its measurement position.

The trigger output initiates the DUT reconfiguration after the R&S FSV/A is done cap-
turing the 1/Q data. The DUT must have a corresponding trigger interface. This signal is
output on trigger 3, which is defined as a user-defined output.

24 6 84 6 84 6 8

Figure 4-17: Workflow for a closed loop measurement with time trigger

1 = Initial calibration of time trigger

2 = Send initial trigger signal

3 = Wait for frame start

4 = Start of measurement

5 = 1/Q data capture

6 = 1/Q data capture done - waiting for DUT reconfiguration

7 = DUT reconfiguration

8 = DUT ready for measurement

The time a single measurement event lasts in the sequence is the sum of:

I/Q capture + DUT reconfiguration + time trigger recalibration + waiting on frame start +
waiting for DUT ready trigger

Optional auto leveling for each measurement extends the measurement time a little.

Before you start the measurement sequence, define an appropriate recalibration inter-
val.

The sequence of measurements runs like this:

1. The R&S FSV/A calibrates the time trigger by defining a trigger offset = frame start
offset.

Send an initial trigger with "Send Trigger 3" (optional).
The R&S FSV/A waits for a frame start.
A frame synchronized time trigger initiates the measurement

The R&S FSV/A captures the 1/Q data.

o o M w0 N

The R&S FSV/A sends a trigger signal to the DUT to indicate the I/Q data capture
is done.

7. The DUT reconfigures itself.
At the same time, the time trigger recalibration occurs.

8. The DUT sends a trigger signal to indicate it is ready for the next measurement.
Steps 3 through 8 repeat themselves until all events are captured.
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Using an closed-loop sequence: no trigger available (repeating slots)

In this scenario, the DUT uses an external trigger signal to indicate it is ready for a
measurement. The trigger signal initiates a (free run) measurement.

In addition, the R&S FSV/A sends a trigger to the DUT to indicate that the 1/Q capture
is done.

This scenario requires a capture time that is at least double the time of the data you
want to capture - for example, if you want to capture a single slot with 30 kHz subcar-
rier spacing (slot length = 0.5 ms), the capture time must be greater than 1 ms.

Note that the number of slots that the signal repeats have to start with slot 0.

Figure 4-18: Workflow for an closed-loop measurement without trigger

1 = Send initial trigger signal

2 =1/Q data capture

3 = 1/Q data capture done - waiting for DUT reconfiguration

4 = DUT reconfiguration

5 = DUT ready for measurement

The time a single measurement event lasts in the sequence is the sum of:
I/Q capture + DUT reconfiguration + waiting for DUT ready trigger
Optional auto leveling for each measurement extends the measurement time a little.
The sequence of measurements runs like this:

1. Send an initial trigger with "Send Trigger 3" (optional).

2. The R&S FSV/A captures the 1/Q data.

3. The R&S FSV/A sends a trigger signal to the DUT to indicate the 1/Q data capture
is done.

4. The DUT reconfigures itself.

5. The DUT sends a trigger signal to indicate it is ready for the next measurement.
Steps 2 through 5 repeat themselves until all events are captured.

4.7 Time trigger measurement guide

The time trigger initiates a measurement in certain intervals (every <x> seconds). For
the 5G NR application this means that you can use the time trigger to initiate a mea-
surement at the start of each frame (every 10 ms). Therefore, the time trigger is a use-
ful tool when you do not have access to a frame trigger (external trigger source), for
example when you test a base station on-site.
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Configured correctly, the time trigger also allows you to focus on the analysis of a sin-
gle slot, which in turn speeds up the measurement. In that case, the idea is to capture
only the I/Q data of a single slot (plus a certain tolerance) which increases the mea-
surement speed accordingly.

Since the frequency references of the DUT and the R&S FSV/A are not necessarily
coupled in such a scenario, the frame start and the time trigger may deviate over time.
In this case, you can increase the capture time tolerance or readjust the time trigger
offset periodically.

Analyzing signals with a time trigger

1.
2.

Connect the R&S FSV/A to the DUT.

Select the time trigger as the trigger source.
("Overview" > "Trigger / Signal Capture" > "Trigger" > "Trigger Source" = "Time")

Define a repetition interval of 10 ms (capture every frame).
("Overview" > "Trigger / Signal Capture" > "Trigger" > "Repetition Interval" = "10
mS")

Run a measurement to get the frame start offset readout in the capture buffer result
display.

Define a trigger offset with a length that equals the frame start offset to synchronize
the start of the measurement with the first slot in the frame.
("Overview" > "Trigger / Signal Capture" > "Trigger" > "Offset" = frame start offset)

Select one slot to analyze.

("Overview" > "Trigger / Signal Capture" > "Signal Capture" > "Set Number of
Frames to Analyze" = "Manually")

("Overview" > "Trigger / Signal Capture" > "Signal Capture" > "Number of Frames
to Analyze" = "1")

Define a capture length that corresponds to one slot (plus tolerance). The slot
length depends on the subcarrier spacing.

("Overview" > "Trigger / Signal Capture" > "Signal Capture" > "Capture Time" = slot
length)

Run the measurement.
If synchronization to the signal fails (see message in the status bar), you have to
increase the trigger offset slightly (a few us).
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4.8 Microservice export

Access: E1/ Bl > "Export" > "Microservice Export"

In addition to exporting the signal configuration locally, you can export the signal con-
figuration in a file format compatible to the cloud-based microservice (.m5g file exten-
sion).
Exporting signal configurations with multiple component carriers writes the configura-
tion of each component carrier into a separate file. The number of files depends on the
analysis mode:
® |f you analyze the viewed CCs only, the R&S FSV/A exports those two CCs (two
files - config CCl.m5g, config CC2.m5g).
® |[f you analyze all CCs, the R&S FSV/A exports all CCs. The number of files
depends on the number of component carriers (config CC1.m5g,
config CC2.m5g etc.).

When you change the CC analysis mode (all to viewed or vice versa), you have to
either refresh the 1/Q data or re-run the sweep to reflect this change in the microservice
export.

For a comprehensive description of the microservice, refer to the microservice user
manual.

Remote command:

MMEMory : STORe<n>:MSERvice on page 308

4.9 O-RAN measurement guide

The O-RAN alliance specifies specific signal configurations (test cases) for standar-
dized testing of O-RAN equipment. The R&S FSV/A provides these O-RAN test cases.
When you apply one of them, the measurement configuration automatically adjusts to
the values of the selected test case.
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Basically, you can verify O-RAN based signals by certain bit sequences in the PDSCH
and the positions of those sequences. The position of the bit sequence in the PDSCH
is unique for each test case.

The type of bit sequence depends on the test case.
® Some test cases use a bit sequence of all 0's.
® Some test cases use an O-RAN specific PN23 bit sequence.

In addition, the data demodulation depends on the test case (before or after descram-
bling).

As pointed out, these settings are automatically selected, depending on the selected
test case.

For valid measurement results, it is essential that the measured signal complies with
the selected test case and uses the correct bit sequences in the correct locations. If
you get unexpected measurement results, check if the signal is configured correctly.
You can do a quick check to validate the signal as follows.

® Check if the selected test case in the "Advanced Settings" is the same as the test
case in the "Test Models" dialog.

® Use the Allocation ID vs Symbol x Carrier result display to verify if the correct
PDSCH allocations are analyzed. If the signal contains the correct bit sequence,
the EVM should be good.

® Use the Bitstream result display to verify if the bits match the O-RAN specifications.
Each test case has a typical bit sequence. Make sure to select the bit sequence as
the bitstream format.

4.10 Reference: structure of .allocation files

.allocation (and .ccallocation) files are basically xml files that follow a certain
structure. The structure of the file is based on the structure of the dialogs in the user
interface.

Basically, the structure is as follows:

® [Each setting is stored in a dedicated element.
Example: <ChannelBandwidth>, <CellID>

® The settings are grouped as in the user interface.
Example: <ChannelBandwidth> and <Cel1ID> belong to the
<Physical Settings> element.

® Some xml elements can occur multiple times.
Examples: Frame Config>, <BWP_Config>, <Slot Config>. The number of
occurences depends on the number of frames, BWPs and slots in the signal.

® The values for all elements are the SCPI parameters of the corresponding setting.
Example: <ChannelBandwidth>BW100</ChannelBandwidth>, <CellID>0</
CellID>
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O Probably the most comfortable way to describe a signal in an xml file is to save
= an .allocation file after a preset and then change the values within that file.

Root structure

For structure of child elements, see:

® ‘"<Information> element" on page 186

e "<PRACH=> element" on page 186

® "<Signal Description> element" on page 187

® '"<Signal_Capture> element" on page 187

® "<Parameter_ Estimation> element" on page 187
® '"<CCSettings> element" on page 188

® "<RF_Parameter> element" on page 189

e "<MultiCarrier> element" on page 189

<NR5G>

<Information/>

<!-- PRACH settings are relevant in uplink only -->
<PRACH/>

<Signal Description/>

<Signal Capture/>

<Parameter Estimation/>

<!-- CCSettings can occur several times -->
<CCSettings/>

<RF_Parameter/>

<!-- MultiCarrier only for multiple carriers -->
<MultiCarrier/>

</NR5G>

<Information> element

The <Information> elementis a child element of the <NR5G> element.

<Information>
<FWVersion/>
<Device/>
<Type/>
<IQFrequency/>
<Mode/>
<ExportIssues/>

</Information>

<PRACH> element

The <PRACH> element is a child element of the <NR5G> element.

<PRACH>
<PRACHFormat/>
<PRACHSCS/>
<L RA/>
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<Restricted/>
<LogicalRootSequenceIndex/>
<ZeroCorrelationZone/>
<PreambleIndex/>
<RelPower/>
<RBOffset/>

</PRACH>

<Signal_Description> element
The <Signal Description> elementis a child element of the <NR5G> element.

<Signal_ Description>
<Mode/>
<DeployFrequencyRange/>
<NumberOfCC/>
<NumberofInputSource/>
<ORANTestCase/>
<FregErrLimitState/>
<TestModelName/>

</Signal Description>

<Signal_Capture> element
The <Signal Capture> elementis a child element of the <NR5G> element.

<Signal Capture>

<SwapIQ/>

<LongCaptureMode/>
<CaptureTime/>
<CaptureTimeAuto/>
<OverallFrameCount/>
<SetNumberOfFramesToAnalyze/>
<NumOfFramesToAnalyze/>
<MaxOfSlotsPerFrameToAnalyze/>
<AveragedFrame/>
<SignalRepeatsMaxNoOfSlotsToAnalyze/>
</Signal Capture>

<Parameter_Estimation> element

The <Parameter Estimation> elementis a child element of the <NR5G> element.

<Parameter Estimation>
<ChannelEstimation/>
<ChannelEstimationTimeAveraging/>
<TrackPhase/>

<TrackTiming/>

<TrackLevel/>
<MultiCarrierFilter/>
<DemodulatedData/>

<IQGainImbalance QuadratureError/>

User Manual 1178.9249.02 — 12 187



R&S®FSV3-K144 Configuration

Reference: structure of .allocation files

<TPUTState/>
<CORESETAnalysisMode/>
<EVMCalculationMethod/>
<CORESETReferenceData/>
<PDSCHReferenceData/>
<ExtendedFrequencyLockRange/>
<SymbolTimingPosition/>

</Parameter Estimation>

<CCSettings> element
The <CCSettings> element is a child element of the <NR5G> element.
The <cCsettings> element can occur several times, one for each component carrier.

For structure of child elements, see:
® "<Synchronization> element" on page 190
® '"<Frame_Config> element" on page 190

<CCSettings>
<AutoBWPDetection/>
<CCFrequency/>
<FreqOffsetToCCO/>
<PhysicalSettings>
<ChannelBandwidth/>
<CellIDAuto/>
<CellID/>
<P_rated c_EIRP/>
<P_rated_c_TRP/>
</PhysicalSettings>
<NumofAntPortMapping/>
<!-- Ant Port Mapping occurs several times, once for each AP configuration -->
<Ant_Port Mapping>
<State/>
<SyncSignal AP/>
<PDSCH_APxxxx/>
<PDCCH_AP/>
<CSIRS APx/>
</Ant_Port Mapping>
<Advanced Settings>
<IgnoreDC/>
<RFUpconversion PhaseCompensation/>
<RFUpconversion f 0/>
<RFUpconversion f 0 Freqg/>
<FrameNumber n f/>
<RefPointA SCS15kHz/>
<RefPointA SCS30kHz/>
<RefPointA SCS60kHz/>
<RefPointA SCS120kHz/>
<RefPointA75CS48OkHZ/>
<RefPointA SCS960kHz/>
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<RefPointA RelativeToCF/>
<ExcludeUserIDs/>
<SharedSpectrumChannelAccess/>
</Advanced Settings>
<NumofSynchronization/>
<!-- Contents of synchronization element see below -->
<Synchronization/>
<NumofFrame/>
<!-- Frame Config can occur several times, contents see below -->
<Frame Config/>
<LTE CRS Coexistence/>
<State/>
<OffsToPoints/>
<VShift/>
<LTEBWRBs/>
<LTEAntPorts/>
<!-- The MBSFNSubframeConfiguration occurs once for each MBSFN subframe -->
<MBSFNSubframeConfiguration/>
<IndexofSubframe/>
<Active/>
</MBSFNSubframeConfiguration>
</LTE_CRS Coexistence/>
</CCSetting>

<RF_Parameter> element

The <RF_Parameter> element is a child element of the <NR5G> element.

<RF_Parameter>

<BaseStationType/>

<ACLR>
<AdjacentChannels/>
<LimitCheckMode/>

</ACLR>

<SEM>
<Category/>
<CategoryBOption/>
<TxPowerAuto/>
<TxPowerValue/>
<N_TXUcountedpercell/>
<N_TABconnectors/>
<IFF/>

</SEM>

</RF_Parameter>

<MultiCarrier> element

The <MultiCarrier> elementis a child element of the <NR5G> element.

<MultiCarrier>

<CCSignalCapture/>
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<OperatingBand/>
<CCResult/>
<ViewlComponentCarrierNo/>
<ViewlFrameNo/>
<View2ComponentCarrierNo/>
<View2FrameNo/>
<FixedCCOffset/>
<GlobalMCCenter/>
<OffsetRelto/>
<OffsetMode/>
<CarrierSpacing/>

</MultiCarrier>

<Synchronization> element

The <Synchronization> elementis a child element of the <CCSettings> element.

<Synchronization>

<SSBC Detection/>
<SubcarrierSpacing/>
<Pattern/>

<OffsetOption/>

<RBOffset/>
<AdditionalSubcarrierOffset/>
<BurstSetPeriodicity/>

<!-- One entry for each SSB -->
<SSBStateX/>

<NRPSSRelPower/>
<NRSSSRelPower/>
<NRPBCHRelPower/>
<PBCHDMRSRelPower/>
<LSelection/>
<HalfFrameOffset/>

</Synchronization>

<Frame_Config> element
The <Frame Config> elementis a child element of the <CCSettings> element.
® The <Frame Config> element can occur several times, one for each configura-

ble frame.

® Within the <Frame Config> element, the <BWP Config> element can occur
several times, one for each bandwidth part.

® Within the <BWP Config> element, the <slot Config> element can occur sev-
eral times, one for each slot.

® Within the <Slot Config> element, the <PXCCH> and <PXSCH> elements can
occur several times, one for each PXCCH or PXSCH allocation.

For structure of child elements, see:

o "<pPXCCH=> element" on page 191

o "<PXSCH=> element" on page 192
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® '"<CSI_Settings> element" on page 193

<Frame_ Config>
<NumofBWP/>
<!-- BWP_Config can occur several times -->
<BWP_Config>
<SubcarrierSpacing/>
<NumofRBs/>
<RBOffset/>
<NumberofUserConfigurableSlots/>
<NumofSlot/>
<!-- Slot Config can occur several times -->
<Slot Config>
<SlotAllocation/>
<SlotFormat/>
<CombinePDSCHAllocationsWithSameUserID/>
<NumofPXCCH/>
<!-- PXCCH can occur several times, description see below -->
<PXCCH/>
<NumofPXSCH/>
<!-- PXSCH can occur several times, description see below -->
<PXSCH/>
</Slot_Config>
<CSISettingsState/>
<NumofCSI/>
<!-- Contents of CS-RS element see below -->
<CSI Settings/>
<PRSSettingsState/>
<NumofPRS/>
<!-- Contents of PRS element see below -->
<PRS_Settings/>
</BWP_Config>

</Frame_Config>

<PXCCH> element
The <pXCCH> element is a child element of the <Frame Config> element.
The <pxccH> element can occur several times, one for each PXCCH allocation.

<PXCCH>
<NumberOfRBs/>
<OffsetRB/>
<NumberofSymbols/>
<OffsetSymbol/>
<RelPower dB/>
<DMRS>
<UseDMRSScrmablingID/>
<ScramblingID/>
<RelPower/>
<ReferencePoint/>

<PrecoderGranulary/>
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<AllowPDSCH/>
<InterleavingState/>
<BundleSize/>
<ShiftIndex/>
<ShiftIndexNID/>
<InterleaverSize/>
<NumofPDCCH/>

<PDCCH/>

<RNTI/>
<AggregationLevel/>
<CCEIndex/>
<PatternLength/>
<DCIFormat/>

<Usage/>

<Scope/>
<NumberofBlocks/>
<NumberofTPCCommands/>
<FrequencyDomainResourceAssignment/>
<!-- DCIBitLength occurs several times, once for each DCI field -->
<DCIBitLength/>
</PDCCH>

</DMRS
</PXCCH>

<PXSCH> element
The <PXSCH> element is a child element of the <Slot Config> element.

The <pPxsCH> element can occur several times, one for each PXSCH allocation.

<PXSCH>
<UserID/>
<VRBtoPRBInterleaver/>
<Modulation/>
<NumberOfRBs/>
<OffsetRB/>
<NumberOfSymbols/>
<OffsetSymbol/>
<RelPower dB/>
<ModulationforCodeword2/>
<DMRS>
<ConfigType/>
<FirstDMRSSymbolRelTo/>
<FirstDMRSSymbol/>
<DMRSAddPositionIndex/>
<DMRSLength/>
<SequenceGeneration/>
<ScramblingID/>
<ScramblingIDl/>
<n SCID/>
<RelPowerToPDSCH/>
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<Layer Codewords/>
<AntennaPort/>
<CDMGroupWOData/>
<ReferencePoint/>
<DMRS_R16/>
</DMRS>
<PTRS>
<State/>
<RelPower/>
<L PTRS/>
<K_PTRS/>
<RE_Offset/>
</PTRS>
<ChannelCoding>
<MCSTable/>
<I _MCS/>
<RedundancyVersionIndex/>
<TBScalingFactorS/>
<TBSizeIncAllocGaps/>
</ChannelCoding>
<Scrambling>
<Type/>
<DataScramblingID/>
</Scrambling>
</PXSCH>

<CSI_Settings> element
The <CSI_sSettings> elementis a child element of the <BWP_Config> element.

<CSI_sSettings>
<SlotConfig>
<SlotConfigMode/>
<Periodicity/>
<Offset/>
<Slots/>
</SlotConfig>
<ZeroPower/>
<Row/>
<Ports/>
<Density/>
<CDMType/>
<Bitmap/>
<10/>
<11/>
<ScramblingID/>
<RelPOwer dB/>
<NumberOfRBs/>
<StartRB/>
</CSI_Settings>
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<PRS_Settings> element
The <PRS_Settings> elementis a child element of the <BWP_Config> element.

<PRS_Settings>
<SlotConfig>
<SlotConfigMode/>
<Slots/>
</SlotConfig>
<NumberofRBs/>
<StartRB/>
<1 _PRS_start/>
<L _PRS/>
<n_PRS ID/>
<K_PRS_comb/>
<k PRS offset/>
<RelPower dB/>
</CSI_Settings>

4.11 Basics on input from 1/Q data files

The 1/Q data to be evaluated in a particular R&S FSV/A application cannot only be cap-
tured by the application itself, it can also be loaded from a file, provided it has the cor-
rect format. The file is then used as the input source for the application.

For example, you can capture I/Q data using the 1/Q Analyzer application, store it to a
file, and then analyze the signal parameters for that data later using the AM/FM/PM
Modulation Analysis application.

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

e _.ig.tar

e _igw
® _.CsVv
® .mat
e . wWv

e _aid

Rohde & Schwarz website:
1EF85: Converting R&S 1/Q data files

O An application note on converting Rohde & Schwarz 1/Q data files is available from the

When importing data from an I/Q data file using the import functions provided by some
R&S FSV/A applications, the data is only stored temporarily in the capture buffer. It
overwrites the current measurement data and is in turn overwritten by a new measure-
ment. If you use an I/Q data file as input, the stored 1/Q data remains available for any
number of subsequent measurements. Furthermore, the (temporary) data import
requires the current measurement settings in the current application to match the set-
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tings that were applied when the measurement results were stored (possibly in a differ-
ent application). When the data is used as an input source, however, the data acquisi-
tion settings in the current application (attenuation, center frequency, measurement
bandwidth, sample rate) can be ignored. As a result, these settings cannot be changed
in the current application. Only the measurement time can be decreased, to perform
measurements on an extract of the available data (from the beginning of the file) only.

@ 5G NR signal description
When you export 1/Q data from the 5G NR application, the iq.tar file also contains the
signal description (.allocation file information). The signal description is included in
the 1/Q parameter XML file.

Therefore, it is no longer necessary to load the signal description separately before
loading the 1/Q data.

For input files that contain multiple data streams from different channels, you can
define which data stream to be used for the currently selected channel in the input set-
tings. You can define whether the data stream is used only once, or repeatedly, to cre-
ate a larger amount of input data.

When using input from an 1/Q data file, the [RUN SINGLE] function starts a single mea-
surement (i.e. analysis) of the stored 1/Q data, while the [RUN CONT] function repeat-
edly analyzes the same data from the file.

Pre-trigger and post-trigger samples

In applications that use pre-triggers or post-triggers, if no pre-trigger or post-trigger
samples are specified in the 1/Q data file, or too few trigger samples are provided to
satisfy the requirements of the application, the missing pre- or post-trigger values are
filled up with zeros. Superfluous samples in the file are dropped, if necessary. For pre-
trigger samples, values are filled up or omitted at the beginning of the capture buffer.
For post-trigger samples, values are filled up or omitted at the end of the capture buf-
fer.
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5 Analysis

The R&S FSV/A provides various tools to analyze the measurement results.

e General analySis t00IS........ccoiii i e e e 196
o Analysis tools for I/Q MeasuremMents. ..ot 200
e Analysis tools for combined measurements..........ccccceeeieieiiiiiiiieiieieceee, 210
e Analysis tools for frequency sweep measurements. ........cccccceeveeiiiiccciiieieeeeeeeeenn. 211

5.1 General analysis tools

The general analysis tools are tools available for all measurements.

@ Event-based actions
The 5G NR measurement application supports event-based actions, as described in
the R&S FSV/A User Manual.

When using event based actions, make sure that all frames are included in a single 1/Q
capture. Event based actions only evaluate the last 1/Q capture.

L I I 7= - = oo o S 196
®  DIAgram SCaAIE....uuu i e e e e e e —————— 197
L 4o oo o RS 198
L I V= T =) USSR 199

5.1.1 Data export

Access: [TRACE] > "Trace Export Config"

You can export the measurement results to an ASCII file, for example to backup the
results or analyze the results with external applications (for example in a Microsoft
Excel spreadsheet).

You can also export the 1/Q data itself, for example if you want to keep it for later
reevaluation.

The data export is available for:

® |/Q measurements

® Time alignment error measurements

® Transmit power on / off measurements
® Combined measurements

Exporting trace data
1. Select [TRACE] > "Trace Export Config".

2. Select the data you would like to export.

User Manual 1178.9249.02 — 12 196



R&S®FSV3-K144 Analysis

General analysis tools

3. Select the results you would like to export from the "Specifics For" dropdown menu.
4. Export the data with the "Export Trace to ASCII File" feature.
5. Select the location where you would like to save the data (as a . dat file).

Note that the measurement data stored in the file depend on the selected result
display ("Specifics For" selection).

Exporting 1/Q data
1. Select the disk icon in the toolbar.
2. Select "Export" > "I/Q Export".

3. Define a file name and location for the 1/Q data.
The default file type is igq. tar.

4. Later on, you can import the I/Q data using the 1/Q file input source.

Combined measurements have additional features for the 1/Q data export and import.
You can either

e export I/Q data for specific measurements ("lI/Q Export" and import using the 1/Q
file input source) or

® export and import the I/Q data of all measurements in the sequence ("I/Q Export
All" /"1/Q Import All").

Data import and export

The basic principle for both trace export and 1/Q data export and import is the same as
in the spectrum application. For a comprehensive description, refer to the R&S FSV/A
user manual.

Exporting and importing "all" measurements is available in combined measurement
mode - it selects all measurements in a sequence.

For the I/Q data export, you can choose between different file formats
(.ig.tar, .aid, .csv, .igw and .mat (v4 and v7.3) for single carrier measure-
ments.

Remote command:

Trace export: TRACe<n>[:DATA] ? on page 303

I/Q data format: FORMat : DEXPort : FORMat on page 306

I/Q export: MMEMory : STORe<n>:IQ:STATe on page 307

I/Q export (all): MMEMory : STORe<n>:T1Q:STATe:ALL on page 307

I/Q import: TNPut : FILE: PATH on page 419

I/Q import (all): MMEMory : LOAD: IQ: STATe : ALL on page 306

I/Q noise cancellation: MMEMory : STORe<n>: IQNC: STATe on page 307

5.1.2 Diagram scale

Access: "Overview" > "Analysis" > "Scale"
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You can change the scale of the y-axis in various diagrams. The y-axis scale deter-
mines the vertical resolution of the measurement results.

The scale of the x-axis in the diagrams is fix. If you want to get a better resolution of
the x-axis, you have to zoom into the diagram.

The remote commands required to configure the y-axis scale are described in Chap-
ter 6.11.1.2, "Diagram scale", on page 458.

Manual scaling Of the Y-aXiS.........oooiiiiiiicccrere e 198
Automatic scaling of the Y-aXiS........eeeii i 198

Manual scaling of the y-axis
The "Y Minimum" and "Y Maximum" properties define a custom scale of the y-axis.

The "Y Minimum" corresponds to the value at the origin. The "Y Maximum" corre-
sponds to the last value on the y-axis. The scale you select applies to the currently
active window.

You can restore the original scale anytime with "Restore Scale".

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] :MAXimum
on page 459
DISPlay[:WINDow<n>] [:SUBWindow<w>] :TRACe<t>:Y[:SCALe] :MINimum
on page 459

Automatic scaling of the y-axis

Usually, the best way to view the results is if they fit ideally in the diagram area and
display the complete trace. The "Auto Scale Once" automatically determines the scale
of the y-axis that fits this criteria in the currently active window.

Tip: You can also scale the windows in the "Auto Set" menu. In addition to scaling the
selected window ("Auto Scale Window"), you can change the scale of all windows at
the same time ("Auto Scale All").

You can restore the original scale anytime with "Restore Scale".

Remote command:
DISPlay[:WINDow<n>] [ :SUBWindow<w>] :TRACe<t>:Y[:SCALe] :AUTO
on page 458

51.3 Zoom

The zoom feature allows you to zoom into any graphical result display. This can be a
useful tool if you want to analyze certain parts of a diagram in more detail.

The zoom functionality is the same as in the spectrum application.

The following zoom functions are supported.
e | Magnifies the selected diagram area.

e B Magnifies the selected diagram area, but keeps the original diagram in a sepa-
rate window.

o K Restores the original diagram.
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Note that the zoom is a graphical feature that magnifies the data in the capture buffer.
Zooming into the diagram does not reevaluate the 1/Q data.

For a comprehensive description of the zoom, refer to the R&S FSV/A user manual.

5.1.4 Markers

Access: "Overview" > "Analysis" > "Marker"

Markers are a tool that help you to identify measurement results at specific trace
points. When you turn on a marker, it gives you the coordinates of its position, for
example the frequency and its level value or the symbol and its EVM value.

In general, the marker functionality of setting and positioning markers is similar to the
spectrum application.

For I/Q measurement, the R&S FSV/A supports up to four markers, for frequency
sweep measurements there are more. Markers give either absolute values (normal
markers) or values relative to the first marker (deltamarkers). If a result display has
more than one trace, for example the "EVM vs Symbol" result display, you can position
the marker on either trace. By default, all markers are positioned on trace 1.

Note that if you analyze more than one bandwidth part, each bandwidth part is repre-
sented by a different trace.

The R&S FSV/A also supports several automatic positioning mechanisms that allow
you to move the marker to the maximum trace value (peak), the minimum trace value
or move it from peak to subsequent peak.

The marker table summarizes the marker characteristics.

For a comprehensive description, refer to the R&S FSV/A user manual.

Markers in result displays with a third quantity

In result displays that show a third quantity, for example the "EVM vs Symbol x Carrier"
result, the R&S FSV/A provides an extended marker functionality.

You can position the marker on a specific resource element, whose position is defined
by the following coordinates:

® The "BWP/SS" dropdown menu selects the bandwidth part.

® The "Symbol" input field selects the symbol.

® The "Carrier" input field selects the carrier.

Alternatively, you can define the marker position in the "Marker Configuration" dialog
box, which is expanded accordingly.

The marker information shows the EVM, the power and the allocation ID of the
resource element you have selected as the marker position.

User Manual 1178.9249.02 — 12 199



R&S®FSV3-K144 Analysis

Analysis tools for I/Q measurements

5.2 Analysis tools for I/Q measurements

The following analysis tools are available exclusively for I/Q measurements.

e Layout of nUMETrICal rESUIS.......ueeiiiiiiie e 200
L I =TT Y=Y 1] o T 200
L I F=1 o1 1= oo ) 1o 18 =1 (o o VPP 203
O RESUIT VIBWS ..ot e e e e e e e e e e e e 204
@  EValuation FaANgE.....cccoee it ————— 206
o Beamforming SElECHON..........cooi i ———— 209

5.2.1 Layout of numerical results
You can customize the displayed information of some numerical result displays or
tables, for example the allocation summary.

You can identify these result display by the "Table Config" button in the result display
header.

5 Allocation Summary

Viewl  View2
2.1 CC1F1 ¥ TableConfig

When you select the "Table Config" button, the R&S FSV/A opens a dialog box that
allows you to add or remove table columns. Note that some columns are mandatory
and cannot be removed.

Alternatively, select some point in the header row of the table to open the dialog box.

5.2.2 Result settings

Access: "Overview" > "Analysis" > "Result Settings"

The result settings control the way various results are displayed.

1Y 1T 200
Bit Stream FOrMaAt.........o oo et e s 201
(OF= 14 1T =T 201
SYMBDOI AXES...eceiiee e e e e e e e e e e e e et e e e ——————————— 201
Carrier AXES REIEIENCE. .. ...t ettt e e e e e e eees 201
Y 1Y F= Dl (o] Lo TR 202
SUDWINAOW COUPIING.cettiiteteieeiietet ettt st s rbbe e e e 202
G0 Y1 202
ACLR Limit PASS IMOUE.......ciiiieeieieei ettt e e et e e e e e et e e e s e et e e e e eeeeen 203
Constellation Diagram Relative POWET...........cc.uuuiiiiiiiiiieee e 203
(070] 0151 (=11 F= 1 To] o [ @70 ] (o] PRSPPI 203
EVM Unit

The "EVM Unit" selects the unit for the EVM measurement results in diagrams and
numerical result displays.
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Possible units are dB and %.

Remote command:
UNIT:EVM on page 474

Bit Stream Format
Selects the way the bit stream is displayed.

The bit stream is either a stream of raw bits or of symboils. In case of the symbol for-
mat, the bits that belong to a symbol are shown as hexadecimal humbers with two dig-
its.

Selecting the bit stream format is possible when data demodulation occurs before or
after descrambling.

Remote command:
UNIT:BSTR on page 473

Carrier Axes
The "Carrier Axes" selects the unit of the x-axis in result displays that show results
over the subcarriers.

® "Hertz"

X-axis shows the results in terms of the subcarrier frequency.
® "Subcarrier Number"

X-axis shows the results in terms of the subcarrier number.

Remote command:
UNIT:CAXes on page 474

Symbol Axes
The "Symbol Axes" selects the unit of the x-axis in result displays that show results
over the OFDM symbols.
® "Time"
X-axis shows the results in terms of time.
® "Symbol Number"
X-axis shows the results in terms of the symbol number.

Remote command:
UNIT:SAXes on page 475

Carrier Axes Reference

Selects the way the frequency is displayed in result displays that plot (carrier) fre-
quency information on the x-axis. In these result displays, the x-axis covers the whole
channel bandwidth.

"Lowest RB" Frequency values relative to the first resource block in the channel.
The origin of the x-axis (0 Hz) corresponds to the first resource block
in the channel.

"Relative to Frequency values relative to the center frequency of the carrier. The
CF" center frequency of the carrier corresponds to 0 Hz, which is dis-
played at the center of the x-axis.

Remote command:
UNIT:CAReference on page 474
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EVM Max Hold
The "EVM Max Hold" turns the display of the highest EVM values in graphical result
displays on and off.

Depending on the result display and the evaluation range, this means that
® either the maximum trace is displayed
® or the highest value in a data bin is displayed instead of the average.

Remote command:
[SENSe: ] NR5G:EMHo1d on page 471

Subwindow Coupling
Couples or decouples result display tabs (subwindows).

If the coupling is on and you select another tab in a result display, the application auto-
matically selects the same tab for all result displays.

Subwindow coupling is available for measurements with multiple data streams (for
example carrier aggregation).

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : COUPling on page 470

3D View
The "3D View" turns the display of a 3D view of the following result displays on and off.

® "Allocation ID vs Symbol x Carrier" on page 40
® "EVM vs Symbol x Carrier" on page 39
® "Power vs Symbol x Carrier" on page 39

5 Power vs Symbol X Carrier
555 PBECH
PBCHDMRS  PDSCH DMRS CSI-RS Not Used

The 3D diagram shows a point cloud of all measurement points in the capture buffer.
The information is the same as in the 2D views. The 3D diagram can help you find
value distributions more easily, for example.

The 3D view supports the following controls:
® (Changing the scale of the axes.
® Turning the diagram in any direction.
The view from the top corresponds to the 2D views.
® Zooming in and out of the diagram to see more details.

Remote command:
[SENSe: ] NR5G: TDView on page 473

User Manual 1178.9249.02 — 12 202



R&S®FSV3-K144 Analysis

Analysis tools for I/Q measurements

ACLR Limit Pass Mode
Available for combined measurements.

The "ACLR Limit Pass Mode" selects the method the ACLR limits are evaluated with.

By default, the R&S FSV/A evaluates the relative and absolute limits according to
3GPP. One of the two must pass for an overall pass.

If you want to evaluate only the absolute or relative limits, select the corresponding
evaluation method. If you want to change the limit evaluation method after the mea-
surement, you have to refresh the measurement.

The selected method adjusts the contents combined result summary and the ACLR
result summary accordingly.

"Absolute" Checks the absolute limits defined for the ACLR. The limit check
passes when the signal level is within the absolute limits.

"Relative" Checks the relative limits defined for the ACLR. The limit check
passes when the signal level is within the relative limits.

"Absolute or The limit check for either the absolute or the relative limits must pass

Relative" to get an overall pass.

Remote command:
[SENSe: ] NR5G:ACPower : ALPMode on page 451

Constellation Diagram Relative Power
Turns the consideration of a boosting factor to calculate the constellation points in the
constellation diagram on and off.

Remote command:
[SENSe: ] NR5G: CDRPower on page 471

Constellation Color
Selects the information that the colors of the constellation points in the constellation
diagram represent.

"Modulation" Colors represent modulation types.
"Allocation" Colors represent allocation types.

Remote command:
[SENSe: ] NR5G:CCOLor on page 471

5.2.3 Table configuration

Access: "Result Settings" > "Table Config"

The result summary and allocation summary contain all sorts of results and informa-
tion. If you only want to see a selected set of results, you can customize the contents
of these result displays by adding or removing individual results.
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O Accessing the "Table Config" tab

Note that the contents of the "Table Config" dialog box are only available after you
have selected the "Specifics for: Result Summary" or "Specifics for: Allocation Sum-
mary" item from the corresponding dropdown menu at the bottom of the dialog box.

Specifics for 2: Result Summary <

CC Result
Selects the way the R&S FSV/A analyzes multiple carriers.

The component carrier analyis method also changes the layout of the result summary.

"All" Analyzes all component carriers and shows information about all of
them in the result summary overview ("All" tab).
Note that measuring all component carriers can take a while, depend-
ing on the number of component carriers.

"Viewed" Analyzes the two component carriers assigned to the two views. The
result summary overview ("All" tab) only shows information about
those two component carriers.

Remote command:
[SENSe: ]NR5G:RSUMmary:CCResult on page 472

Power Mode
Selects the power averaging mode for the results in the result summary.

Available if the signal only contains a single numerology.

"Average Averages the power of all OFDM symbols in the slot.

Active Slots"

"Average Averages the OFDM symbols that are used. If all symbols are occu-
Active Sym- pied, the results are the same as averaging over all symbols.

bols" This setting has an effect on TDD signals that combine both downlink

and uplink symbols in a slot.

Remote command:
[SENSe: ]NR5G:RSUMmary: PMODe on page 472

Result state
Turn individual results on and off by selecting or deselecting the corresponding result
labels.

Note that some information is always visible, the corresponding checkboxes are
greyed out.

Remote command:
Result selection: DISPlay [ :WINDow<n>] :TABLe: ITEM on page 470

5.2.4 Result views

When you capture multiple data streams, for example several component carriers, the
R&S FSV/A displays the results for each single data stream in a separate diagram.
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Because this can lead to literally dozens of diagrams in each result display, the
R&S FSV/A only shows two data streams simultaneously.

1 Capture Buffer
Al Viewl | View?2
1.1 CC1H o1 Clrw 1.2 CC2F1

5.01 ms/ 50.1 ms | 0.0 ms 5.01 ms/ 50.1 ms

Result displays are made up out of three tabs in such cases.

® The first tab labeled "All" shows the two data streams next to each other, in two
subwindows.

® The other two tabs labeled "View <x>" show each of the two data streams in a sin-
gle window.

There are always just two views, but you can assign the data streams you would like to
see to those two views. If you measure more than two data streams, you have to select
the data streams you want to display.

If you measure several frames in addition to multiple data streams, you can also select
a specific frame whose information is displayed in the two diagrams.

You can see the currently displayed component carriers in the window title bar and the
channel bar.

56NR ! ¥ x

ode Downlink, 100/100 MHz Capture Time 20.1 ms |Viewl [jdagz!
rame Count 1/1 of 1/1(1/1) BWP/SS AlAI  [View?2 jee)al

CC = Component carrier number
F = Frame number

(07e] gaT 0o ) a1=T 01 @71 ¢4 =T il A\ o TS 205
[ = 10 0 L= o U 205

Component Carrier No
Selects the number of the component carrier that the R&S FSV/A displays in the two
views.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : CCNumber on page 469

Frame No
Selects the frame that the R&S FSV/A displays in the two views.
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Note that the frame selection in the "Result View" dialog box and the "Evaluation
Range" dialog box are coupled.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : FNUMber on page 469

Evaluation range

Access: "Overview" > "Evaluation Range" > "Global / Constellation"
You can filter various result displays by the type of information they display.

The remote commands required to configure the results are described in Chap-
ter 6.11.2.3, "Evaluation range", on page 475.

Frame SEIECHON. .. ...t e e 206
ST (= Tor (= To [ 1Y/ Y= T | U 206
BWP/SS SEIECHON. ....ccuueeiieieeeee et e e e e e et e e e e e e ena e e e s eeeanas 206
SUDTrAME SEIECHON. ...uue et e e e e e e e 207
] (o) AR Y=Y 1Yot o] o 208
Evaluation range for the constellation diagram............ccccoorrrrrrirccccccccr e, 209

Frame Selection
The "Frame" selection filters the results by a specific frame number.

If you apply the filter, only the results for the frame you have selected are displayed.
Otherwise, the R&S FSV/A shows the results for the first frame.

Note that the frame selection in the "Evaluation Range" dialog box and the "Result
Views" dialog box are coupled.

For more information about the effects on results when you capture multiple frames,
see "Effects of capturing multiple frames on results" on page 86.

Remote command:
[SENSe: ] NR5G[:CC<cc>] :FRAMe: SELect on page 477

Selected Meas ID
Available for combined measurements.

Selects one of the events in the measurement sequence.

Remote command:
[SENSe: ]NR5G[:CC<cc>] :SMID on page 480

BWP/SS Selection
The "BWP/SS" selection filters the results by a specific bandwidth part.

If you apply the filter, only the results for the bandwidth part you have selected are dis-
played. Otherwise, the R&S FSV/A shows the results for all bandwidth parts that have
been analyzed.

Selecting "SS/PBCH Block" shows only the results for the synchronization signal and
PBCH block. Selecting one of the numbers only shows the results for the correspond-
ing bandwidth part.
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The R&S FSV/A shows several traces if the filter is not active, one for each bandwidth
part and one for SS/PBCH block.

If you apply the filter, the number of traces depends on the result display. For some
result displays, the minimum, maximum and average result are displayed in three
traces, for others only one trace.

You can apply the filter to the following result displays.
EVM vs Carrier

EVM vs Symbol

Flatness vs Carrier

Constellation Diagram

Allocation Summary

Alloc ID vs Symbol x Carrier

EVM vs Symbol x Carrier

Power vs Symbol x Carrier

Remote command:
[SENSe: ] NR5G[:CC<cc>] :BWPart:SELect on page 476

Subframe Selection
The "Subframe" selection filters the results by a specific subframe number.

If you apply the filter, only the results for the subframe you have selected are dis-
played. Otherwise, the R&S FSV/A shows the results for all subframes that have been
analyzed.

The R&S FSV/A shows three traces if you display the results for all subframes.

® One trace ("Min") shows the minimum values measured over all analyzed sub-
frames.

® One trace ("Max") shows the maximum values measured over all analyzed sub-
frames.

® One trace ("Avg") shows the average values measured over all subframes.

o1 Avge 2 Mine 3 Max~

If you filter by a single subframe, the R&S FSV/A still shows three traces, but with dif-

ferent information.

® One trace ("Min") shows the minimum values measured over all slots in the
selected subframe.

® One trace ("Max") shows the maximum values measured over all slots in the
selected subframe.

® One trace ("Avg") shows the average values measured over all slots in the
selected subframe.
The number of traces is only reduced to one trace if you filter by a single slot.
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You can apply the filter to the following result displays.
EVM vs Carrier

EVM vs Symbol

Flatness vs Carrier

Constellation Diagram

Allocation Summary

Alloc ID vs Symbol x Carrier

EVM vs Symbol x Carrier

Power vs Symbol x Carrier

Remote command:
[SENSe: ] NR5G[:CC<cc>] :SUBFrame:SELect on page 479

Slot Selection
The "Slot" selection filters the results by a specific slot number.

If you apply the filter, only the results for the slot you have selected are displayed. Oth-
erwise, the R&S FSV/A shows the results for all slots.

The R&S FSV/A shows three traces if you display the results for all slots.
® One trace ("Min") shows the minimum values measured over all slots.
® One trace ("Max") shows the maximum values measured over all slots.
® One trace ("Avg") shows the average values measured over all slots.

o1 Avge 2 Mine 3 Max™

If you filter by a single slot, the R&S FSV/A shows one trace that represents the values
measured for that slot only.

You can apply the filter to the following result displays.
EVM vs Carrier

EVM vs Symbol

Flatness vs Carrier

Constellation Diagram

Allocation Summary

Alloc ID vs Symbol x Carrier

EVM vs Symbol x Carrier

Power vs Symbol x Carrier

Remote command:
[SENSe: ] NR5G[:CC<cc>] :SLOT:SELect on page 479
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Evaluation range for the constellation diagram
The "Evaluation Range" for the constellation diagram selects the information displayed
in the constellation diagram.

By default, the constellation diagram contains the constellation points of the complete
data that has been analyzed. However, you can filter the results by several aspects.

® Modulation
Filters the results by the selected type of modulation.
® Allocation
Filters the results by a certain type of allocation.
® Symbol (OFDM)
Filters the results by a certain OFDM symbol.
e Carrier
Filters the results by a certain subcarrier.

Remote command:

Modulation: [SENSe: ]NR5G[:CC<cc>] :MODulation:SELect on page 478
Allocation: [SENSe: ]NR5G[:CC<cc>]:ALLocation:SELect on page 476
Symbol: [SENSe: ]NR5G[:CC<cc>] :SYMBol:SELect on page 479

Carrier: [SENSe: ]NR5G[:CC<cc>] :CARRier:SELect on page 477

Beamforming selection

Access: "Overview" > "Evaluation Range" > "Beamforming"

You can filter various beamforming result displays by the type of information they dis-
play.

The remote commands required to configure the results are described in Chap-
ter 6.11.2.3, "Evaluation range", on page 475.

[ ST YT T o SR 209
RETEIENCE AP... . et e et e e e e e e e e e e e e e e e eeean 209
RS Weights

Filters the displayed results to include only certain antenna port(s).

The availability of antenna ports depends on the number of channels and the number
of beamforming layers you are testing.

Remote command:
CONFigure[:NR5G] :DL[:CC<cc>] :BF:AP[:UERS] on page 475

Reference AP
Selects the reference antenna port for relative beamforming results.

Remote command:
[SENSe: ]NR5G[:CC<cc>] :RAP on page 478
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5.3 Analysis tools for combined measurements

Access: "Overview" > "Analysis"
Access: "Overview" > "Evaluation Range"
Access: [Meas Config] > "Result Settings"

Combined measurements provide several analysis tools. In addition to the tools availa-
ble in other measurement modes, combined measurement also provide specific tools.

O EVENt filler e 210
e General analysis tOOIS.........oooiiiiiiiieiccce e ———————— 211

5.3.1 Event filter

Access: [Meas Config] > "Result Settings" > "Table Config" > "Event Filter"

Access: "Table Config" (header of result summary) > "Event Filter"

Depending on your test setup, you can have a lot of measurement events in your mea-
surement sequence. Thus, the result summary for combined measurements can
become pretty large. To make the list more manageable, and inspect the results of
selected events in detail, you can filter the results by all kinds criteria.

Result Settings = Table Config
Parameter Selection = Event Filter

State On off Reset Filter Settings

Filter Parameters Filter List

St State i d
ACLR PASS/FAIL is failed

Parameter State On Off SEM PASS/FAIL is failed
EVM All = 5.0 %

1. Turn on the event filter.

2. Select a filter parameter.
The filter parameter is usually one of the results from combined measurement
result summary.

3. Select a filter condition.

4. Turn on the filter to add it to the filter list.
You can add as many filter conditions as you like to the filter list.
You can remove a filter with the x in the filter list or remove all filters with "Reset
Filter Settings".

] = (T 211
Reset Filter Settings. .cocii i e 211
IO ParamEtersS. . ... ettt e et e e et e e e e e e e et e e eaa e e eebesenaneaes 211
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State
Turns on the event filter.

Remote command:
[SENSe: |NRSG:EFILter:STATe on page 482

Reset Filter Settings
Clears the filter list.

Remote command:
[SENSe: ]NR5G:EFILter:PRESet on page 481

Filter Parameters
Selects the filter conditions.

The filter condition is a combination of a filter parameter and a condition for that param-
eter, for example "Sync State" = "Passed".

The "Parameter State" adds a filter to the filter list.

Remote command:

Condition: [SENSe: |NR5G:EFILter: FPARameters on page 480

State: [SENSe: [NR5G:EFILter:FPARameters:STATe on page 481

Query number of filtered events: [SENSe: |NR5G: FEVents:COUNt? on page 482

5.3.2 General analysis tools

Analysis tools described elsewhere:
® Data and trace export

® Diagram scale

® Zoom

® Markers
Note that the markers you set remain on their position when you browse through
the measurements in a sequence.

® Table layout
® General result setting
® FEvaluation range

® Beamforming selection

5.4 Analysis tools for frequency sweep measurements

Access: "Overview" > "Analysis"
Access: "Overview" > "Analysis"

The analysis tools available for the frequency sweep measurements are the same as
in the spectrum analyzer.

For more information, refer to the R&S FSV/A user manual.
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6.1

Common suffixes

Remote control

The following remote control commands are required to configure and perform 5G NR
measurements in a remote environment. The R&S FSV/A must already be set up for
remote operation in a network as described in the base unit manual.

Universal functionality

Note that basic tasks that are also performed in the base unit in the same way are not
described here. For a description of such tasks, see the R&S FSV/A User Manual.

In particular, this includes:

® Managing Settings and Results, i.e. storing and loading settings and result data.
® Basic instrument configuration, e.g. checking the system configuration, customizing
the screen layout, or configuring networks and remote operation.

® Using the common status registers.

®  COMMON SUMIXES...uuiiiiiieieeiiie ittt e et e e e e e e e e e s ee e e e e aeaeeeeesnnnnne 212
O  INTrOAUCTION. ...t e e e e e e e 213
®  StAlUS FEQISTEN . a e e e e 218
o 5G NR application SeleCtion...........uuuuiiiiiiiiiieie e 219
@ SCrEEN lAQYOUL......eeeeieiii ettt e e et e e e e e e e e e e e e e nnes 222
o  Measurement CONTIOL.......cooiiii i e e e e e e 232
e Remote commands to retrieve NnuMeric results.........cccoooeeieeeiiieieeeieiecececeeeeee 236
®  Limit ChECK FESUILS....uuueieie i 267
o Retrieve trace data.......ccii i 281
@ CoNfIQUIAtION.... ..o e ———————————— 304
@ ANAIY SIS, cuuuiieie e e e e e e e e e e e e e e e e ———————————————————————— 456
e Reading out status register........ ..o 482

Common suffixes

In the 5G NR measurement application, the following common suffixes are used in
remote commands:

Table 6-1: Common suffixes used in remote commands in the 5G NR measurement application

Suffix Value range Description

<m> 1.4 Marker

<n> 1..16 Window (in the currently selected channel)
<t> 1..6 Trace

<li> 1t0 8 Limit line

<al> 0..99 Selects a subframe allocation.

<bwp> 1..12 Selects a bandwidth part.
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Suffix Value range Description

<cc> 1..16 Selects a component carrier.
(8 CCs for MC ACLR, cum. ACLR and Multi SEM)

<csi> 1..64 Selects a CSI-RS.

<fr> 1.n Selects a frame.

The maximum value depends on the signal configuration.

<k> - Selects a limit line.

Irrelevant for the 5G NR application.

<sf> 0..n Selects a subframe.

The maximum value depends on the signal configuration.

<s|> 0..n Selects a slot.

The maximum value depends on the signal configuration.

<ss> 0..64 Selects a synchronization signal block (SSB).
<ssb> 1.4 irrelevant

<sym> 0..13 Selects an OFDM symbol

<w> 1.2 Selects a subwindow (view)

6.2 Introduction

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

The syntax of a SCPI command consists of a header and, usually, one or more param-
eters. To use a command as a query, you have to append a question mark after the
last header element, even if the command contains a parameter.

A header contains one or more keywords, separated by a colon. Header and parame-
ters are separated by a "white space" (ASCII code 0 to 9, 11 to 32 decimal, e.g. blank).
If there is more than one parameter for a command, they are separated by a comma
from one another.

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

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

The following conventions are used in the remote command descriptions:

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

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

® Conformity

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

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

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

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

® Manual operation
If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.

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

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

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

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

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

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

Example:

DISPlay[:WINDow<l...4>]:Z00M:STATe enables the zoom in a particular mea-
surement window, selected by the suffix at WINDow.

DISPlay:WINDow4:Z0OOM: STATe ON refers to window 4.

6.2.4 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.

include the optional keyword. Otherwise, the suffix of the missing keyword is assumed
to be the value 1.

@ If an optional keyword has a numeric suffix and you need to use the suffix, you have to

Optional keywords are emphasized with square brackets.

Example:
Without a numeric suffix in the optional keyword:
[SENSe: ] FREQuency:CENTer is the same as FREQuency: CENTer

With a numeric suffix in the optional keyword:
DISPlay|[:WINDow<l...4>]:Z0O0M:STATe

DISPlay:Z00M:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.

6.2.5 Alternative keywords

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

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

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

6.2.6.1

Many commands feature one or more parameters.

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

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

Parameters can have different forms of values.

L N U] g =T g R VZ= | LU T 216
L 1o To) (Y= 1 o TR 217
L O o =T = Tox (=T o F= | = TR 217
®  CharacCter StrNGS.....coi it e e e 217
L I = (o Tl Qe =) = TR 218

Numeric values

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

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

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

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

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

*  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.
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Example:
Setting: SENSe : FREQuency:CENTer 1GHZ
Query: SENSe : FREQuency: CENTer? would return 1E9
Sometimes, numeric values are returned as text.
® [INF/NINF
Infinity or negative infinity. Represents the numeric values 9.9E37 or -9.9E37.
* NAN
Not a number. Represents the numeric value 9.91E37. NAN is returned if errors
occur.

6.2.6.2 Boolean

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

Querying Boolean parameters

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

the value O ("OFEF").

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

6.2.6.3 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 6.2.2, "Long and short form",

on page 214.

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

6.2.6.4 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 (" ).
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Example:
INSTRument:DELete 'Spectrum'

6.2.6.5 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.

6.3 Status register

The 5G NR measurement application uses the standard status registers of the
R&S FSV/A (depending on the measurement type). However, some registers are used
differently. Only those differences are described in the following sections.

For details on the common R&S FSV/A status registers refer to the description of
remote control basics in the R&S FSV/A user manual.

@ *RST does not influence the status registers.

STATus:QUEStionable:SYNC register

The STATus:QUEStionable:SYNC register contains application-specific information.
If any errors occur in this register, the status bit #11 in the STATus:QUEStionable
register is set to 1.

Each active channel uses a separate STATus :QUEStionable:SYNC register. Thus, if

@ the status bit #11 in the STATus : QUEStionable register indicates an error, the error
may have occurred in any of the channel-specific STATus :QUEStionable: SYNC reg-
isters. In this case, you must check the register of each channel to determine which
channel caused the error. By default, querying the status of a register always returns
the result for the currently selected channel. However, you can specify any other chan-
nel name as a query parameter.

Table 6-2: Meaning of the bits used in the STATus:QUEStionable:SYNC register

Bit No. | Meaning

0 Synchronization status

1to5 Unused
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Bit No. | Meaning

7 1/Q noise cancellation error

8to 14 Unused

15 This bit is always 0

6.4 5G NR application selection

INSTrument:CREAtE:DUPLICALE. .......ccvvueeieeeieeteeeeeeeeetee e e e eetee e e e e et e e e e e e et e e e e eeaannanes 219
INSTrument:CREAE[INEW].....cceieiei i et e e e e e s e e e e e e e e e e e e e e e e eeensnnns 219
INSTrument:CREAtEIREPLACE. ........u. e e 220
TN SR VT g =T gL ) = =Y (=N 220
NS 0o =T a1 6 S PR 220
INSTrUMENERENGIME. ... cieiiiiiiieee et e et e e e e et e e e e e e et b eeeeeeeaba e eeseeantaaeeesensannaaaanes 221
INSTIUMENEESELECE].. e eieitteieee et e ettt e e et e e e et e e e e e e e eeteeeeseeasa e eaeeeestnneeeeeesnnn 222

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.

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 220.

<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".

User Manual 1178.9249.02 — 12 219



R&S®FSV3-K144 Remote control

5G NR application selection

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 220.

<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 220).
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 ":", ™", "?".

Exanuﬂe: 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.

Setting parameters:
<ChannelName> String containing the name of the channel you want to delete.
A channel must exist to delete it.

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 INSTrument :
REName command.

Example: INST:LIST?
Result for 3 channels:
'ADEM', 'Analog Demod', 'IQ','IQ
Analyzer','IQ','IQ Analyzer2'

Usage: Query only
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Table 6-3: Available channel types and default channel names

Application <ChannelType> Parameter Default Channel Name®)
Spectrum SANALYZER Spectrum
5G NR (R&S FSV3-K144) | NR5G 5G NR
3GPP FDD BTS BWCD 3G FDD BTS
(R&S FSV3-K72)

3GPP FDD UE MWCD 3G FDD UE
(R&S FSV3-K73)

Amplifier Measurements AMPLifier Amplifier
(R&S FSV3-K18)

AM/FM/PM Modulation ADEM Analog Demod
Analysis

Bluetooth (R&S FSV3-K8) | BTO Bluetooth
GSM (R&S FSV3-K10) GSM GSM

1/Q Analyzer 1Q IQ Analyzer
LTE (R&S FSV3-K10x) LTE LTE

NB-IoT (R&S FSV3-K106) | NIOT NB-loT
Noise Figure Measure- NOISE Noise

ments

OFDM VSA (R&S FSV3- OFDMVSA OFDM VSA
K96)

Phase Noise (R&S FSV3- | PNOISE Phase Noise
K40)

Pulse (R&S FSV3-K6) PULSE Pulse

Vector Signal Analysis DDEM VSA

(VSA, R&S FSV3-K70)

WLAN (R&S FSV3-K91) WLAN WLAN

Note: the default channel name is also listed in the table. If the specified name for a new channel already
exists, the default name, extended by a sequential number, 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 ":", "*", "?".
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6.5

6.5.1

Screen layout

Example: INST:REN 'IQAnalyzer2', 'IQAnalyzer3'
Renames the channel with the name 'IQAnalyzer2' to 'lQAna-
lyzer3'.

Usage: Setting only

INSTrument[:SELect] <ChannelType>

Selects a new measurement channel with the defined channel type.

Parameters:
<ChannelType> NR5G

5G NR measurement channel
Example: //Select 5G NR application

INST NR5G

Screen layout

L € 1o g1 = TN = o U S 222
e Layout of asingle Channel..........ocociiiiiiiii e 224

General layout
The following commands are required to configure general window layout, independent
of the application.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel.

DISPIAY:IFORMAL........ccciiiiiiieeeietiitt i creaeee s e e e e eeeeaeeeeeeeeeeeeeeeesesbab e b saaeeeaaaaaaaaseeeeeeees 222
DISPIay[:WINDOWSNZ]:SIZE . .....tuuutuuuaaaaaaieeeeeeeeeaeaeeeeeeeeeeeeeeesensnnnnnnaaaaaaaeeeeeasaaaaeeeeeeennne 223
DISPlay[:WINDow<n>][:SUBWINdOWSW>]:SELECE.....cceieieieeeeeeeeeeeeeeeeeeeeeeeeveverr v 223
DISPlay[:WINDOW<N>]: TAB<tah>:SELECE....cuuciieiiiiiiieeeeeeeiiieeeeeeeetee e e e e e e e e e e eeaae e eeeeees 223

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
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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 228).

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

DISPlay[:WINDow<n>][:SUBWindow<w>]:SELect
Sets the focus on the selected result display window.
This window is then the active window.

For measurements with multiple results in subwindows, the command also selects the
subwindow. Use this command to select the (sub)window before querying trace data.

Suffix:

<n> Window

<w> subwindow
Not supported by all applications

Example: /[Put the focus on window 1
DISP:WIND1:SEL

Example: /[Put the focus on subwindow 2 in window 1

DISP:WINDI1:SUBWZ:SEL

DISPlay[:WINDow<n>]:TAB<tab>:SELect
Selects a tab in diagrams with multiple subwindows (or views).

Note that selecting a tab does not actually select a subwindow. To select a subwindow,
for example to query the results of a subwindow, use DISPlay [ :WINDow<n>] [ :
SUBWindow<w>] : SELect.

Suffix:
<n> Window
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6.5.2

Screen layout

<tab> 1..n
Tab
Example: /[Select a tab

DISP:WINDZ2:TABZ2:SEL

Layout of a single channel

The following commands are required to change the evaluation type and rearrange the
screen layout for a measurement 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 measure-
ment channel.

Note that the suffix <n> always refers to the window in the currently selected measure-
ment channel.

LAYOULADD[:WINDOW] 2. sttt eeeeeeteeeeeeeettteee e e e e eeteeeeeeeestaaeeessesnan e easeesanansaeseesrnneeaseesnnanss 224
LAYOUL:CATAIOGL:WINDOW] 2. cetuteeeeeeeeteeeeeeeettiee e e e e eetaeeeeeeestteeesseasnaaeeeseestan e aeressnnnsnns 227
LAYOUL: IDENLfY[:WINDOW] ... ettt ettt et e e e e e e e e e et e e e e e e e e e e e eenns 227
LAYOUt:REMOVE[:WINDOW]....cevuunieeeeieriieeeeeeeetiaeeeeeeestaeeeeseerasaeeessestaneeeseressnaaseesenrannnnns 227
LAYOUt:REPLACE[:WINDOWY]. .. .euiiieiiii e et ete et et e e e e et e e e e et et e ee e e e e e e e e en e eaneeneens 228
[N o TUT RS md 14 =Y 228
LAYOUL:WINDOWSNZIADD?...ceviieeeee et ee e e e e et e e et e e e e e e e e s e st e e eennseseaneeranneernnnnens 230
LAYOUt:WINDOWSNZIDENLIfY 2.0 i eeieitiieeeeeeiiiiee e eeeeeteee e e e e et e e e e e e esae e e e s ee s e e e e e eanaaneas 230
LAYOUt:WINDOWSNZREMOVE.......cccttuuiieeeeiiiiiieieeieittiiieeeeseettaieeessesnnaseessestanaesaeseestansaaasens 231
LAYOUt:WINDOWSN>REPLACE. ... ...cevtuieeeeeeiiiieeeeeeeetieeeeeeeeetaeeeeseesaaaeeeesessaeaeeeeeesanaaaees 231
LAYOULWINDOWSNS TY PE... et et e e e e e e e e e e e e e eaean 232

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.
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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

Manual operation: See "Capture Buffer" on page 28
See "EVM vs Carrier" on page 29
See "EVM vs Symbol" on page 30
See "EVM vs RB" on page 31
See "Frequency Error vs Symbol" on page 31
See "Frequency Error vs Subframe" on page 32
See "Power Spectrum" on page 33
See "Flatness" on page 33
See "CCDF" on page 34
See "Constellation Diagram" on page 35
See "Allocation Summary" on page 36
See "Channel Decoder Resulis" on page 36
See "Bitstream" on page 37
See "EVM vs Symbol x Carrier" on page 39
See "Power vs Symbol x Carrier" on page 39
See "Allocation ID vs Symbol x Carrier" on page 40
See "RS Magnitude" on page 40
See "RS Phase" on page 41
See "RS Phase Difference" on page 42
See "Beamforming Summary" on page 43
See "Marker Table" on page 43
See "Time Alignment Error" on page 46
See "Marker Peak List" on page 59

Table 6-4: <WindowType> parameter values for 5G NR measurement application

Parameter value Window type

1/Q measurements

AISC "Allocation ID vs. Symbol X Carrier"
ASUM "Allocation Summary"
BSUM "Beamforming Summary"
BSTR "Bitstream"

CBUF "Capture Buffer"

CCDF "CCDF"

CDEC "Channel Decoder"

CONS "Constellation Diagram"
EVCA "EVM vs. Carrier"

EVRB "EVM vs. RB"

EVSC "EVM vs. Symbol X Carrier"
EVSY "EVM vs. Symbol"
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Parameter value Window type

FEVS "Frequency Error vs Symbol"
FLAT "Channel Flatness"

FVSU "Frequency Error vs Subframe"
MTAB "Marker Table"

PSPE "Power Spectrum"

PVSC "Power vs. Symbol X Carrier"
RSUM "Result Summary"

RSMA "RS Magnitude"

RSPD "RS Phase Difference"
RSWP "RS Phase"

Time alignment error

CBUF "Capture Buffer"
MTAB "Marker Table"

PSPE "Power Spectrum"
TAL "Time Alignment Error"

Transmit on / off power

DIAG "Diagram"

FALL "Falling Period"
OOPL "On / Off Power List"
RIS "Rising Period 1"

ACLR and SEM measurements

DIAG "Diagram"

PEAK "Peak List"

MTAB "Marker Table"
RSUM "Result Summary"

Combined measurements: same as I/Q measurements, plus:

ADI "ACLR Diagram"

ARS "ACLR Result Summary"

CMS "Combined EVM / ACLR / SEM Result"
RSUM "Result Summary EVM"

SDI "SEM Diagram"

SRS "SEM Result Summary"
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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>,<WindowlIndex_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.

<Windowlndex> 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

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'.
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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] 2 query.

<WindowType> Type of result display you want to use in the existing window.
See LAYout :ADD[ :WINDow] ? on page 224 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.

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.
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Figure 6-1: 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.

<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 6-1.)

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.
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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 224 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.

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.
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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.

Suffix:
<n> Window

Setting parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout:ADD[ :WINDow] ? on page 224 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
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6.6.1

Measurement control

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 224.

Note that this command is not available in all applications and measurements.

Suffix:
<n> 1..n
Window
Parameters:
<WindowType>
Example: LAY :WIND2:TYPE?

Measurement control

Measurements

Y =T o 232
INITIAtE N> CONTINUOUS. ..u.iettiietiete et e e e et et e et s eaa e s e e eanesaa s esasebaseansasneransetarannsransrans 233
N E=Y SRS g b LY /1= [ =1 (= 233
[SENSE:ISYNC[:CCKCC [:STATE] 2. ceeeeeeturnnnnnnnnaaaaaaaeeeeeeeaaaeaeeeeeeeeeeneeesnsnnnnnnnnnaaaaaaaeaeeeens 234
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 *WAI 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 R&S FSV/A 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
R&S FSV/A on a parallel channel to clear all currently active remote channels.
Depending on the used interface and protocol, send the following commands:

® Visa:viClear ()

Now you can send the ABORt command on the remote channel performing the mea-
surement.
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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>: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.

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
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[SENSe:]SYNC[:CC<cc>][:STATe]?
Queries the current synchronization state.

Suffix:
<cc> irrelevant

Return values:

<State> The string contains the following information:
A zero represents a failure and a one represents a successful
synchronization.

Example: /IQuery synchronization state
SYNC:STAT?
Usage: Query only

Measurement sequences

INITiate:SEQUENCErABORI ... ... e e e e e e eeans 234
INITiate:SEQUENCErIMMEIALE. .........ceeeeee et e e e eeanes 234
INITiate:SEQUENCENMODE.........ciiiiii ettt e e e e e e et e e e e e e s e e e e et eeeeaa e e eaneeeerans 234
SY S TEM IS E QUENCET ... tuueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaebe b b raaeeeseseeeaeaaaasesereeeesssrssrsrarasnnnnnnnnns 235

INITiate:SEQuencer:ABORt
Stops the currently active sequence of measurements.

You can start a new sequence any time using INTTiate:SEQuencer:IMMediate
on page 234.

Usage: Event

INITiate:SEQuencer:IMMediate
Starts a new sequence of measurements by the Sequencer.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 235).

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:MODE <Mode>

Defines the capture mode for the entire measurement sequence and all measurement
groups and channels it contains.
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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> 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 notavailable.

*RST: 0

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
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6.7.1

Remote commands to retrieve numeric results

Remote commands to retrieve numeric results

®  RESUIL SUMMAIY....ciiiiiiiieie ittt e e e e e e s e s e s er e e e e e e e e e eeeasnnnes 236
o  Combined MEASUIEMENTS. ..c..iiiiiiiieeiiiiee ettt e e e e s snneeee s 252
L I T L= Y= T [T =Y o =T o ) 262
O Marker tabIE... . e ————— 262
L I OO L -1 o] SRR 266

Result summary

FETCh[:CC<cc>][:ISRC<ant>]:FRAME<fr>1:SUMMArY:ALL?. .....c.overeeeeeeeereseeeseseeseseseeeenen. 237
FETCh[:CC<cc>][:ISRC<ant>]:SUMMary:CRES:AVERAGE]?. ......cvveereecereeseseeseeresesseneeeen. 238
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER:MAXimum?...........ccceeeurernnnen. 238
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER:MINimum?.............ccevvrrrrernre. 238
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER[:AVERage]?............ccecevvvrereees 238
FETCh:ALL:SUMMAry:EVMIALL? ... .o ittt e e et et e e st e e e e e e e e eanas 239
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL]:MAXimum?........cc..c....... 239
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL]:MINIMUM?......veeeereeen. 239
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL][:AVERage]?................... 239
FETCh:ALL:SUMMary:EVMIDSTK?....ciiiiei e eeeeeeeeeieiee e e e e e e e e e e e e e e e e eeeeeeeeeeneenenennnnnnan 239
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K:MAXimum?................... 239
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K:MINimum?.................... 240
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K[:AVERage]?.................. 240
FETCh:ALL:SUMMary:EVM:DSQIP?.... ettt ettt e e e e 240
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP:MAXimUM?.................. 240
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP:MINimum?.................... 240
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP[:AVERage]?.................. 240
FETCh:ALL:SUMMEIY:EVIMIDSSF?2...eevetiiiiriiiiiieieieieeeeeeeeeeeseeeeeeeeeeesssserssssnnnaaeseseeeens 241
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF:MAXimum?................... 241
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF:MINimum?.................... 241
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF[:AVERAGE]?.......ecvrvmn... 241
FETCh:ALL:SUMMAry: EVM:D S ST 2. . ettt ettt ettt e e e e e e e 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST:-MAXimum?................... 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST-MINImum?.................... 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST[:AVERage]?.................. 242
FETCH:ALL:SUMMEIY:EVM:DSTS?. .. ciitiiieieeeieitieeeeeteetieeeeeeeeetae e e e s eetaaaeeeeseasanseeeeeesnnanns 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS:MAXimum?................... 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS:MINimum?.................... 242
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS[:AVERage]?.................. 242
FETCh:ALL:SUMMary:EVM:PCHENNEI?......cccee et e e e e e e e e e e e e e eeeeeeeeeeneeens 243
FETCh[:CC<cc>][:ISRC<ant>]:FRAMe<fr>]:SUMMary:EVM:PCHannel:MAXimum?............. 243
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PCHannel:MINimum?.............. 243
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PCHannel[:AVERage]~............ 243
FETCh:ALL:SUMMary:EVM:PEAK?. ...ttt ettt e e e e e 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK:MAXimum?................... 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK:MINimum?.................... 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK[:AVERage]?.................. 244
FETCh:ALL:SUMMary:EVM:PSIGNAI?.....cccceiieeeeeeieeeeeeeeeeetett e ae s e e e e e e e e e aeaeeaeeeeeeeeeenens 244
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FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PSIGnal:MAXimum?................ 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PSIGnal:MINimum?................. 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PSIGnal[:AVERage]~............... 244
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:FERRor:MAXimum?........c....cccceev... 245
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:FERRor:-MINimum?.............cccvvuue.... 245
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:FERRor[:AVERage]?...............cc...... 245
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:GIMBalance:MAXimum?.................. 246
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:GIMBalance:MINimum?................... 246
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:GIMBalance[:AVERage]?................. 246
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:IQOFfset:MAXimum?..............c...... 246
FETCh[:CC<cc>][:ISRC<ant>]:FRAMe<fr>]:SUMMary:|IQOFfset:MINimum?.................vvee... 246
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:IQOFfset[:AVERage]?........cccccererreeus 246
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:OSTP:MAXiMUM?.........ceeeeereerernnn. 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:0STP:MINIMUM?.......evrveereereeeeeerenns 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:OSTP[:AVERAGE]?.......rveeveereerereren 247
FETCh:ALL:SUMMAIY:POWET?..... ettt ettt ettt e e e e e e e e e e e ea e enas 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:POWer:MAXimum?..............eeeeeeren.. 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:POWer:MINImum?.........ccccceeererernn.. 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:POWer[:AVERage]?............ccccecer.... 247
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:QUADerror:MAXimum?................... 248
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:QUADerror:MINimum?.................... 248
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:QUADerror[:AVERage]?.....c............. 248
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:CSI:MAXImUM?..........rvve..... 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:CSI:MINimum?..................... 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:CSI[:AVERage]?................... 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:SS:MAXimum?.............ccco.... 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:SS:MINImum?........cc...eec...... 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSRP:SS[:AVERAGE]?........o.cvernnn.. 249
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSTP:MAXimuUM?. ........crvevecuemrenn.. 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSTP:MINimum?.........cccceeerurreeennnns 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:RSTP[:AVERAQE]?......0vurreeeeeeerennnn. 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:SERRor:MAXimum?............ccevvuuen... 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:SERRor:MINimum?...........cccceeeeennnn. 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:SERROI:AVERAGE]?....vrveeverrereerens 250
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary: TPUT-MAXIMUM?........veeeeereeeererene. 251
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary: TPUT:-MINIimum?.........ccceeerrreurrnnnnnn 251
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary: TPUT[:AVERage]?.....c..ccccceveervuereven 251
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:FOFFSet?..........ccceeererrrrrrirrereaannn, 251

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:ALL?

Queries all results in the numerical result summary.

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame
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Return values:

<Result> String containing all results in the following format.
<ResultType>, <AverageResult>, <MaximumResult>,
<MinimumResult>
If a result has not been calculated, the command returns NAN.

Example: /IQuery all numerical results
FETC:SUMM:ALL?

would return, e.g.

EVM PDSCH QPSK,
+2.695721388E-001,+2.695721388E-001,
+2.695721388E-001,

EVM PDSCH 16QAM,NAN, NAN, NAN,

Usage: Query only

Manual operation: See "Remote queries" on page 24

FETCh[:CC<cc>][:ISRC<ant>]:SUMMary:CRESt[:AVERage]?

Queries the average crest factor as shown in the result summary.

Suffix:
<cc> Component Carrier
<ant> irrelevant

Return values:
<CrestFactor> Default unit: dB

Example: /[Query crest factor
FETC:SUMM:CRES?

Usage: Query only

Manual operation: See "Crest Factor" on page 27

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER:MAXimum?
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER:MINimum?
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:BLER[:AVERage]?

Queries the EVM of all resource elements.

Prerequisites for this command

® Turn on throughput measurement ([ SENSe: ] NR5G: TRACking: TPUT : STATe).
® Turn on BLER measurement (DISPlay[:WINDow<n>] :TABLe: ITEM).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame
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Return values:
<BLER> Default unit: PCT

Example: //Query BLER
NR5G: TRAC:TPUT: STAT ON
DISP:TABL:ITEM BLER, ON
FETC:CC2:FRAM3:SUMM: BLER?

Usage: Query only
Manual operation: See "BLER (%)" on page 24

FETCh:ALL:SUMMary:EVM:ALL? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL]:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL]:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM[:ALL][:AVERage]?
[<Result>]

Queries the EVM of all resource elements.

FETCh:ALL:SUMMary:EVM:ALL queries the average result over all carriers. Prereg-
uisites:
® Select to evaluate all carriers ([SENSe: ][ NR5G: RSUMmary: CCResul t).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame

Query parameters:
<Result> ALL

Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: //Query EVM
FETC:CC2:FRAM3: SUMM:EVM?

Usage: Query only
Manual operation: See "EVM All" on page 25

FETCh:ALL:SUMMary:EVM:DS1K? <Result>
FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K:MAXimum?
[<Result>]
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FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DS1K[:AVERage]?
[<Result>]

Queries the EVM of all PDSCH resource elements with a 1024QAM modulation.
FETCh:ALL:SUMMary:EVM: DS1K queries the average result over all carriers. Prereg-
uisites:

® Select to evaluate all carriers ([ SENSe: ]NR5G:RSUMmary: CCResult).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame

Query parameters:
<Result> ALL
Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: /IQuery EVM
FETC:CC2:FRAM3:SUMM: EVM: DS1K?

Usage: Query only

FETCh:ALL:SUMMary:EVM:DSQP? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSQP[:AVERage]?
[<Result>]

Queries the EVM of all PDSCH resource elements with a QPSK modulation.

FETCh:ALL:SUMMary:EVM: DSQP queries the average result over all carriers. Prereg-
uisites:
® Select to evaluate all carriers ([ SENSe : ]NR5G:RSUMmary: CCResult).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame
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Query parameters:
<Result> ALL
Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: /IQuery EVM
FETC:CC2:FRAM3: SUMM: EVM: DSQP?

Usage: Query only
Manual operation: See "EVM PDSCH" on page 24

FETCh:ALL:SUMMary:EVM:DSSF? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSSF[:AVERage]?
[<Result>]

Queries the EVM of all PDSCH resource elements with a 64QAM modulation.

FETCh:ALL:SUMMary:EVM:DSSF queries the average result over all carriers. Prereg-
uisites:
® Select to evaluate all carriers ([ SENSe: ]NR5G:RSUMmary: CCResult).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame

Query parameters:
<Result> ALL

Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: //IQuery EVM
FETC:CC2:FRAM3:SUMM: EVM: DSSF?

Usage: Query only
Manual operation: See "EVM PDSCH" on page 24

User Manual 1178.9249.02 — 12 241



R&S®FSV3-K144 Remote control

Remote commands to retrieve numeric results

FETCh:ALL:SUMMary:EVM:DSST? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSST[:AVERage]?
[<Result>]

Queries the EVM of all PDSCH resource elements with a 16QAM modulation.

FETCh:ALL:SUMMary:EVM: DSST queries the average result over all carriers. Prereg-
uisites:
® Select to evaluate all carriers ([ SENSe: ]NR5G:RSUMmary: CCResult).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame

Query parameters:
<Result> ALL
Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: /IQuery EVM
FETC:CC2:FRAM3:SUMM:EVM:DSST?

Usage: Query only
Manual operation: See "EVM PDSCH" on page 24

FETCh:ALL:SUMMary:EVM:DSTS? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:DSTS[:AVERage]?
[<Result>]

Queries the EVM of all PDSCH resource elements with a 256QAM modulation.

FETCh:ALL:SUMMary:EVM:DSTS queries the average result over all carriers. Prereg-
uisites:
® Select to evaluate all carriers ([ SENSe: ]NR5G:RSUMmary: CCResult).

Suffix:
<cc> Component Carrier
<ant> irrelevant
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<fr> Frame

Query parameters:
<Result> ALL
Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: //IQuery EVM
FETC:CC2:FRAM3:SUMM: EVM: DSTS?

Usage: Query only
Manual operation: See "EVM PDSCH" on page 24

FETCh:ALL:SUMMary:EVM:PCHannel? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PCHannel:
MAXimum? [<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PCHannel:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PCHannell[:
AVERage]? [<Result>]

Queries the EVM of the physical channel.

FETCh:ALL:SUMMary:EVM: PCHannel queries the average result over all carriers.
Prerequisites:

® Select to evaluate all carriers ([ SENSe: ]NR5G:RSUMmary: CCResult).

Suffix:

<cc> Component Carrier
<ant> irrelevant

<fr> Frame

Query parameters:
<Result> ALL

Available for combined measurements.
Queries the EVM of all events (meas IDs).
Omitting this parameter queries the EVM of the selected event.

Return values:
<EVM> EVM in % or dB.

Example: //IQuery EVM
FETC:CC2:FRAM3:SUMM:EVM: PCH?

Usage: Query only
Manual operation: See "EVM Phys Channel" on page 25
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FETCh:ALL:SUMMary:EVM:PEAK? <Result>

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK:MAXimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK:MINimum?
[<Result>]

FETCh[:CC<cc>][:ISRC<ant>][:FRAMe<fr>]:SUMMary:EVM:PEAK[:AVERage]?
[<Result>]

Queries the peak EVM.

FETCh:ALL:SUMM