R&S®FSW-K106

LTE NB-loT Measurement Application
ownlink
ser Manual

Stbirap

SPoye,
e Shectry,
—~n

1178593702
Version 17

ROHDE&SCHWARZ
Make ideas real




This manual applies to the following FSW models with firmware version 6.00 and later:
® R&S®PFSW8 (1331.5003K08 / 1312.8000K08)

® R&S®PFSW13 (1331.5003K13 / 1312.8000K13)

®* R&S®FSW26 (1331.5003K26 / 1312.8000K26)

® R&S®FSW43 (1331.5003K43 / 1312.8000K43)

® R&S®FSW50 (1331.5003K50 / 1312.8000K50)

® R&S®FSW67 (1331.5003K67 / 1312.8000K67)

® R&S®FSW85 (1331.5003K85 / 1312.8000K85)

The following firmware options are described:
® R&S®FSW-K106 LTE NB-loT Downlink Measurement Application (1331.6351.02)

© 2024 Rohde & Schwarz

Muehldorfstr. 15, 81671 Muenchen, Germany

Phone: +49 89 4129 -0

Email: info@rohde-schwarz.com

Internet: www.rohde-schwarz.com

Subject to change — data without tolerance limits is not binding.

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co. KG.
Trade names are trademarks of the owners.

1178.5937.02 | Version 17 | R&S®FSW-K106

Throughout this manual, products from Rohde & Schwarz are indicated without the ® symbol , e.g. R&S®FSW is indicated as
R&S FSW.


mailto:info@rohde-schwarz.com
http://www.rohde-schwarz.com

R&S®FSW-K106 Contents

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

21
2.2
23

3.1
3.2
3.3
3.4
3.5
3.6
3.7

4.1

4.2
4.21
422
423
424
425

Contents

Documentation OVerview..........ccceeeiiinnnssssssssssees e 7
Getting started Manual.........oooooiiiiccccccrr e ———————— 7
User manuals and help.......ccciiiiiiiiiiinisscecscessssssssssss s s ss e s s s s s s s sssses 7
ServiCe MANUAL.....occiiiiiiiire e ———— 7
Instrument security ProCeduUres..........ccceirirririnireeememsenssssss s s s s e s e e s s e s s s e ssssnsnnnnes 8
Printed safety inStructions..........ccccviiiiii i 8
Specifications and BroChUIes..........ccccccmiiiiiiii s s 8
Release notes and open-source acknowledgment (OSA).........ccccceemmrrmrrerrrnnicsscsnnns 8
Application notes, application cards, white papers, etc.........ccccceeivriiiiiiirirrirnnnneennnes 9
Yo 1= o 9
Welcome to the LTE NB-loT measurement application.................... 10
INStAllatioN.... ... ——————————————————— 10
Starting the LTE NB-loT measurement application...........ccccooeiiiiiiiinnniiniccceees 10
Understanding the display information...........cccccoiiimin e 1"
Measurements and result displays..........ccccccmmmmmmmmimini. 13
Selecting MeasSUremMENLS.........occcccierirrerrreers e e e ssssrr e e e snr e e s e s ssne e e s s nn e e e esssnnneeennnnn 13
Selecting result diSPlays.......cccccevrrerrrrirrrrrre e snr e e 14
Performing measurements.........cccccvvieeemierresssrrersssser e s s sssse e s ss e e e s s sne e se s snnnenennas 15
Selecting the operating Mode...........ccociiiicccciri e 15
I/Q MEASUIEMENES. ... eeeeeecreieeeeeeesme e e res e e e e s e s e e e e s e e e e s eme e e e e s eneeeneneneeennnan 16
Time aligNMmeENt €rrOr....... e 30
Frequency sweep mMeasuUremMeNts.........ccoccceerrrrriiininnnississmmesrs s s smmsne s 31
Configuration.........cccccceerrerrrr e 35
Configuration OVEIrVIEW.........ccccieerriiire s ssc s srr e e e e s ss s ssnms s e e e e e e e s s e mnnnnnnes 35
/Q MeAaSUremMENtS........ccciiiieir it 37
Defining signal characteristiCs...........ccooiiiiiiiiiiiiie e 37
TSt SCONATIOS. ...ttt 42
Configuring MIMO SEIUPS.....uvviiiiieee ittt a e e e e e e e e e e e e aaeeaee s 42
NPDSCH SEHINGS...iiiiiiiiiiee et e e e e e e e e e e e e s e e s e e e eaaaaeeas 43
Configuring the control ChanNel............cccuiiiiiiii e 44

User Manual 1178.5937.02 — 17 3



R&S®FSW-K106 Contents

4.2.6
427
428
4.2.9
4.2.10
4.2.11
4.2.12
4.2.13
4.3
4.4
441
442

5.1
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5

5.2
5.2.1
5.2.2
5.2.3

5.3

6.1

6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6

INput source CoNfIGUIALION..........oiiiiiiiiei e 44
Frequency CONfIQUIAtioN............oiiiiiiiie e 50
Amplitude coNfIGUIrAtioN..........ociiii e 51
Configuring the data Capture............oooiiiii e 55
Trigger CONfIGUIALION.........ueiiii e 57
Parameter estimation and tracking...........ccoooiiiiiiiiiic e 58
Configuring demodulation parameters............ooouuiiiiiiiiiic e 60
Automatic CoNfIGUIratioN..........oooiiiii 61
Time alignment error MeasuremMeNts........ccccceerriinr i ———— 62
Frequency Sweep MeasuUremMeNts.........ccococerrrrriiiiiiiiaesismmnnee e e e e s e s se s s smmnne e e e s eeseas 62
ACLR Signal deSCrIPHION. .....coiiiiiiie it 62
SEM Signal deSCHIPLION. .....ciiiiiiiiii e 63
ANAlYSIS...ccoiiiiiii e ————— 65
General analysis tOOIS........cccceiireicrierrrcere e e nne e s 65
[ F= = =) d oo | SRR PPPPPPPRIN 65
Y oT o ToT=Y Vi ot Y = d o To ] SRR 66
D E=To | =10 g Tor= L= PP PP 66
W4 1o 1 1 PP PP P PP PPPPP PP 67
IVBIEKEIS ...ttt e et e e e bt e e et e e s 67
Analysis tools for I/Q measurements..........ccccovimmnnrrninn i ———— 68
Layout of NUMENICAl FESUILS.........oooiiiiiiiii it 68
EValUGLioN FANGE.......ooiiiiiieee e 69
RESUIE SEEHINGS. ..ttt e e e e e e e e e e as 71
Analysis tools for frequency sweep measurements...........cccccvrervererrrssseeerssssnees 72
Remote control.........oooooiiiiiiiiie i —————— 73
ComMMON SUFFIXES....ccceiiiiieri et 73
INtrOdUCHION.......eeiie e —————— 74
Conventions used iN dEeSCIPHIONS. ......cciiiuiiiii e 74
o) g lo Ir=T aTo IE=] g o] a 0 (o] 1 o PO PRSPPI 75
NUMETIC SUFTIXES. ..ottt e e e e e e e e e e 75
OPLIONAI KEYWOITS. ..ottt e e et e e e st e e e e nnaeeens 76
AREINAtIVE KEYWOITS. ... i e e 76
1O o I o= =10 1T (=T £ PSR 76

User Manual 1178.5937.02 — 17 4



R&S®FSW-K106 Contents

6.3
6.4
6.5
6.5.1
6.5.2
6.6
6.6.1
6.6.2
6.7
6.7.1
6.7.2
6.8
6.8.1
6.8.2
6.8.3
6.8.4
6.9
6.9.1
6.9.2
6.9.3
6.9.4
6.10
6.10.1
6.10.2
6.10.3
6.10.4
6.10.5
6.11

Status register.. ... —————————— 79
NB-loT application selection............ooo e 80
Screen layout.......cccuiiiiiii e ———————— 84
GENETAl [AYOUL.....coiiiiiiie e 84
Layout of @ SiNgle ChanNel..........c..ooiiiiiiii e 85
Measurement CONtrol..........ociiiiiiic e ————————— 93
I RN =T 0 g T=T o] € PSSO PPPP P 93
MeasuremMeENt SEQUENCES. ...t e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e nnenneeeeeeas 95
Trace data readout..........cccceiiiiiiii e ————————— 97
The TRACE[:DATA] COMMANG.......oeiiiiiiaeaiiiiie e e e e e e e e e e e e e e enneeneeeeeeeas 97
RESUIE FEAAOUL. ... 108
Numeric result readout.........cccciiiiiiini i ——— 109
RESUIL fOr SEIECHION. ... 109
TIME @lIGNMENT EITO . ...t 114
MAIKEE taDIE. ... 115
(OO i v=1 o] [T 119
Configuration.......cccc i —————— 120
General CoONfIGUIAtION..........uiiiii e 120
[/Q MEASUMEMENTS. ... .eeiiiiiiiee ettt e e e sbb e e e st eeeeaae 122
Time alignment error MEeasUrEMENTES. ........oouiiiiiiiiiie e 157
Frequency Sweep MeasUremMENTS. .........uuuiiiiiiiia e e e e e e e e e e e e e 157
ANALYSIS. .ot —————————————— 160
LI =T =3 o o PSSR 160
MICIOSEIVICE EXPOIT..... .. ettt e ettt e e e e e e e e e e e e eeeeeaaeeaaaaannas 161
EVAlUALION FANGE. ... 162
Y-8XIS SCAIE.....cei ittt 164
RESUIL SEEINGS. ...t 166
Reading out status register..........ccccoiiimini e —— 167
0 = 169
Performing time alignment measurements..........cccceeeeeemeecccccennnn. 169
List of commands (NB-IoT downlink)........ccccccccceiiiiiiiiiiiiinesnneecnnnnnnns 170
INA@X..eeeeiiiiiiie e ————————— 174

User Manual 1178.5937.02 — 17 5



R&S®FSW-K106 Contents

User Manual 1178.5937.02 — 17 6



R&S®FSW-K106 Documentation overview

Service manual

1 Documentation overview

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

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

www.rohde-schwarz.com/product/FSW

1.1 Getting started manual

Introduces the FSW and describes how to set up and start working with the product.
Includes basic operations, typical measurement examples, and general information,
e.g. safety instructions, etc.

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

1.2 User manuals and help

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

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

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

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

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

1.3 Service manual

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

User Manual 1178.5937.02 — 17 7


http://www.rohde-schwarz.com/manual/FSW
http://www.rohde-schwarz.com/product/FSW

R&S®FSW-K106 Documentation overview

Release notes and open-source acknowledgment (OSA)

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

https://gloris.rohde-schwarz.com

1.4 Instrument security procedures

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

1.5 Printed safety instructions

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

1.6 Specifications and brochures

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

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

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

1.7 Release notes and open-source acknowledgment
(OSA)

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

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

See www.rohde-schwarz.com/firmware/FSW
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Videos

1.8 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/FSW

1.9 Videos

Find various videos on Rohde & Schwarz products and test and measurement topics
on YouTube: https://www.youtube.com/@RohdeundSchwarz
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R&S®PFSW-K106 Welcome to the LTE NB-loT measurement application

Starting the LTE NB-loT measurement application

2 Welcome to the LTE NB-loT measurement
application

The LTE NB-loT measurement application is a firmware application that adds function-
ality to measure on NB-loT signals according to the 3GPP standard to the FSW.

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 FSW user
manual. The latest versions of the manuals are available for download at the product
homepage.

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

L I [ 0TS =1 1= 11T o TSR 10
e Starting the LTE NB-loT measurement application..........ccccooiereieeiiei e 10
e Understanding the display information...........ccccciiiiiiii e, 11

2.1 Installation

Find detailed installing instructions in the getting started or the release notes of the
FSW.

2.2 Starting the LTE NB-loT measurement application

The LTE NB-loT measurement application adds a new application to the FSW.

Starting the NB-loT application
1. Press the [MODE] key on the front panel of the FSW.

A dialog box opens that contains all operating modes and applications currently
available on your FSW.

2. Select the "NB-loT" item.

The FSW opens a new measurement channel for the NB-loT measurement appli-
cation.

The application is started with the default settings. It can be configured in the "Over-
view" dialog box, which is displayed when you select the "Overview" softkey from the
"Meas Setup" menu.

For more information, see Chapter 4, "Configuration”, on page 35.
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Understanding the display information

2.3 Understanding the display information

The following figure shows a measurement diagram during NB-loT operation. All differ-
ent information areas are labeled. They are explained in more detail in the following
sections.

[ 2 El El B
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Multiview 32 Spectrum ! x NB-Iof ! % x Alito
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1 Capture Buffer e 1 Clr'w | 3 Power vs Symbol X Carrier 5 Power Spectrum ® 1 Clrw evel

Auto Scale
Window
Auto Scal
2.01 ms] 20.1ms I 38325 MHz 768.0kHz/ 38475 MHz | anc

2 Result Summary 4 Constella

Restore Scald]
Window

Frequency Error (Hz)

Sampling Error (ppm)

RSTP (dBm)

0STP (dBm)

RSSI (dBm)

Power (dBm)

Crest Factor (dB) Auto Level
Config

-
Cm—
Overview

[TTITTITT] ) e

=t jasze

1 = Toolbar

2 = Channel bar

3 = Diagram header
4 = Result display

5 = Status bar

6 = Softkeys

Channel bar information

In the LTE NB-loT measurement application, the FSW shows the following settings:

Table 2-1: Information displayed in the channel bar in the NB-loT measurement application

Ref Level Reference level

Att Mechanical and electronic RF attenuation

Offset Reference level offset

Freq Frequency

E-UTRA Freq Center frequency of the LTE channel (in-band deployment only)
Mode NB-loT standard

MIMO Number of Tx and Rx antennas in the measurement setup
Capture Time Length of the signal that has been captured

User Manual 1178.5937.02 — 17 1



R&S®FSW-K106

Welcome to the LTE NB-loT measurement application

Understanding the display information

Frame Count Number of frames that have been captured

Subframe Subframe considered in the signal analysis

In addition, the channel bar displays information on instrument settings that affect the
measurement results even though this is not immediately apparent from the display of
the measured values (for example trigger settings). This information is displayed only
when applicable for the current measurement. For details, see the FSW getting started
manual.

Window title bar information
The information in the window title bar depends on the result display.

The "Constellation Diagram", for example, shows the number of points that have been
measured.

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.
There can be three different synchronization errors.

"Sync Failed (Cyclic Prefix)": The cyclic prefix correlation failed.
"Sync Failed (NPSS)": The NPSS correlation failed.
"Sync Failed (NSSS)": The NSSS correlation failed.
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Selecting measurements

3 Measurements and result displays

The LTE NB-loT measurement application measures and analyzes various aspects of
an NB-loT signal.

It features several measurements and result displays. Measurements represent differ-
ent ways of processing the captured data during the digital signal processing. Result
displays are different representations of the measurement results. They can be dia-
grams that show the results as a graph or tables that show the results as numbers.

Remote command:
Measurement selection: CONFigure [ :LTE] : MEASurement on page 120

Result display selection: LAYout :ADD[ :WINDow] ? on page 86

®  SeleCting MEASUMEMENTS. ... .uuiiiiiiiiiee e e e e e e e e e e e e e e e e e senrnraeaeees 13
o Selecting result diSplays........ccoiveiiiiii i ———— 14
o Performing MEasUrEMENES.......ccuuuiiiiiiiiiicciiieeie e e e e e e e 15
o Selecting the operating MOde. ... 15
®  1/Q MEASUIEMENTS. . cii it e e e e e e e e e e s e e e e e e e e e e e aeaannnnaneeeeas 16
L I 10 e T=T= 1o [0 ' 1= 0 =Y 4 o] USSR 30
e Frequency SWEep MEASUrEMENES........ccuuiriiriiiereeeeieeiccnrirrerereeeee e e s s s sssnsrerrreeraaeees 31

3.1 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 14.

Depending on the measurement, the FSW changes the way it captures and processes
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 NB-1oT signal
quality.

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

For more information on the result displays, see Chapter 3.5, "I/Q measurements",
on page 16.

Remote command:
CONFigure[:LTE] :MEASurement on page 120
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Selecting result displays

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 30.

Remote command:
CONFigure[:LTE] :MEASurement on page 120

Channel power ACLR
ACLR measurements sweep the frequency spectrum instead of processing 1/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 3.7, "Frequency sweep mea-
surements”, on page 31.

Remote command:
CONFigure[:LTE] :MEASurement on page 120

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

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 3.7, "Frequency sweep mea-
surements”, on page 31.

Remote command:
CONFigure[:LTE] :MEASurement on page 120

3.2 Selecting result displays

Access: I=(

The FSW opens a menu (the SmartGrid) to select result displays. For more information
on the SmartGrid functionality, see the FSW Getting Started.

In the default state of the application, it shows several conventional result displays.

e (Capture Buffer

® Power vs Symbol X Carrier

® Constellation Diagram

® Power Spectrum

® Result Summary
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Selecting the operating mode

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

Remote command: LAYout : ADD [ :WINDow] ? on page 86

3.3 Performing measurements

By default, the application measures the signal continuously. In "Continuous Sweep"
mode, the FSW 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 FSW 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 FSW.

3.4 Selecting the operating mode

Access: [MODE] > "Multi-Standard Radio Analyzer Tab"
The NB-loT application is supported by the Multi Standard Radio Analyzer (MSRA).

The MSRA mode supports all I/Q measurements and result displays available with the
NB-loT application, except the frequency sweep measurements (SEM and ACLR).

In MSRA operating mode, only the MSRA primary actually captures data. The applica-
tion receives an extract of the captured data for analysis, referred to as the application
data. The application data range is defined by the same settings used to define the
signal capture in "Signal and Spectrum Analyzer" mode. In addition, a capture offset
can be defined, i.e. an offset from the start of the captured data to the start of the
analysis interval.

If a signal contains multiple data channels for multiple standards, separate applications
are used to analyze each data channel. Thus, it is of interest to know which application
is analyzing which data channel. The MSRA primary display indicates the data covered
by each application by vertical blue lines labeled with the application name. The blue
lines correspond to the channel bandwidth.

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

The analysis interval is automatically determined according to the Capture Time you
have defined. The analysis interval cannot be edited directly in the NB-loT application,
but is changed automatically when you change the evaluation range. The currently
used analysis interval (in seconds, related to capture buffer start) is indicated in the
window header for each result display.

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

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

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

For details on the MSRA operating mode, see the FSW MSRA documentation.

3.5 1/Q measurements

Access: "Overview" > "Select Measurement" > "EVM/Frequency Err/Power"

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[:LTE] :MEASurement on page 120

Result display selection: LAYout : ADD[ :WINDow] ? on page 86

CaPIUIE BUFTEI. ..t e e e e e e e e nreeas 17
Y Y Y 0=y =Y SR 18
EVM VS SYMDOL....cieiiiiciei s e e e e e e e e e e e e e e ——————— 19
EVM VS SUDIramME...coi et 20
Frequency Error VS SYMDOL........oouiiiiiii e 20
POWET SPECIIUM. ...ttt et et e ettt e e e eeseeeeeeeaaaaaaaeseeeeees 21
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I/Q measurements
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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.

1 Capture Buffer

4.01 ms/

Figure 3-1: Capture buffer without zoom

A colored bar at the bottom of the diagram represents the frame that is currently ana-
lyzed. Different colors indicate the OFDM symbol type.

o [
Indicates the data stream.
e [
Indicates the reference signal and data.
o [
Indicates the NPSS and data.
e [

Indicates the NSSS and data.

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

When you zoom into the diagram, you will see that the bar is interrupted at certain
positions. Each small bar indicates the useful parts of the OFDM symbol.
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1 Capture Buffer

15.176736111 ms 758.84 psf 22.765104167 ms

Figure 3-2: Capture buffer after a zoom has been applied

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ :DATA] : X? on page 107

Subframe start offset: FETCh [ :CC<cc>] : SUMMary: TFRame? on page 114

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 subframe in the capture buffer.

If you analyze all subframes, the result display contains three traces.

® Average EVM
This trace shows the subcarrier EVM, averaged over all subframes.

®  Minimum EVM
This trace shows the lowest (average) subcarrier EVM that has been found over
the analyzed subframes.

® Maximum EVM
This trace shows the highest (average) subcarrier EVM that has been found over
the analyzed subframes.

If you select and analyze one subframe only, the result display contains one trace that
shows the subcarrier EVM for that subframe only. Average, minimum and maximum
values in that case are the same. For more information, see "Subframe Selection”

on page 69.

The x-axis represents the center frequencies of the subcarriers. The y-axis shows the
EVM in % or in dB, depending on the EVM Unit.
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2 EVM vs Carrier ® ] Ayg® 2 Min ® 3 Max

-960.0 kHz 192.0 kHz/ 960.0 kHz

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107

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 all subcarriers that
are part of a certain OFDM symbol. This average OFDM symbol EVM is determined for
all OFDM symbols in each analyzed subframe.

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 FSW could
not determine the EVM for that symbol.

The number of displayed symbols depends on the subframe selection.
On the y-axis, the EVM is plotted either in % or in dB, depending on the EVM Unit.

3 EVM vs Symbol

139 Symb

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107
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EVM vs Subframe

The "EVM vs Subframe" result display shows the Error Vector Magnitude (EVM) for
each subframe. You can use it as a debugging technique to identify a subframe whose
EVM is too high.

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

The x-axis represents the subframes, with the number of displayed subframes being
10.

On the y-axis, the EVM is plotted either in % or in dB, depending on the EVM Unit.

5 EVM vs Subframe e 1 Clrw

25
0 1 2 3 4 7

0 Subframe 1 Subframe/ 9 Subframe

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107

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.

The result is an average over all subcarriers in the 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 NPDSCH and control channel configuration. The potential difference
is caused by the number of available resource elements for the measurement on sym-
bol level.

6 Freq Error vs Symbol

10 Symb/ 139 Symb
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Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107

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

The displayed bandwidth is always 7.68 MHz.
The x-axis represents the frequency. On the y-axis, the power level is plotted.

4 Power Specitrum

g e b g Al ety A o A e e i s e |

-3.8325 MHz 768.0 kHz/ 3.8475 MHz

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ :DATA] :X? on page 107

Channel Flatness
The "Channel Flatness" shows the relative power offset caused by the transmit chan-
nel.

The currently selected subframe depends on your selection.
The x-axis represents the frequency. On the y-axis, the channel flatness is plotted in
dB.

1 Channel Flatness ® ] Avge® 2 Min ® 3 Max

-960.0 kHz 192.0 kHz/

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107
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Group Delay
This "Group Delay" shows the group delay of each subcarrier.

The measurement is evaluated over the currently selected slot in the currently selected
subframe.

The currently selected subframe depends on your selection.

The x-axis represents the frequency. On the y-axis, the group delay is plotted in ns.

2 Group Delay

-960.0 kHz 192.0 kHz/

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[:DATA] :X? on page 107

Channel Flatness Difference
The "Channel Flatness Difference" shows the level difference in the spectrum flatness
result between two adjacent physical subcarriers.

The currently selected subframe depends on your selection.
The x-axis represents the frequency. On the y-axis, the power is plotted in dB.

3 Flatness Difference ® ] Avge® 2 Min = 3 Max

-960.0 kHz 192.0 kHz/ 960.0 kHz

Remote command:

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

Query (y-axis): TRACe:DATA?

Query (x-axis): TRACe<n>[ :DATA] :X? on page 107

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

Each color represents a modulation type.

e N: BPSK

e [N: RBPSK

e IN: MIXTURE
J : QPSK

[ ]

IN: PSK (CAZAC)
You can filter the results by changing the evaluation range.

5 Constellation Diagram

Points Measured : 1680

The constellation diagram also contains information about the current evaluation
range, including the number of points that are displayed in the diagram.

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

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 %.

-20 dB

Mean Peak
-33.86 dBm -24.60 dBm

In addition to the diagram, the results for the CCDF measurement are summarized in
the CCDF table.
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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: CALCulate<n>:STATistics:CCDF:X<t>? on page 119
Numerical results: CALCulate<n>:STATistics:RESult<res>? on page 119

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 subframe. A horizontal line indicates the beginning of a new subframe.

Special allocations summarize the characteristics of all allocations in a subframe
("ALL") and the complete frame (allocation "ALL" at the end of the table).

3 Allocation Summary

Sub- Allocation Rel
frame 1D nailie Power [dB]
] MNRS-Antl 0.000
NPBCH -0.000
ALL

Modulation

NRS5-Ant1 0.000
NPDSCH/NPD... -0.005
ALL

The columns of the table show the following properties for each allocation.

The location of the allocation (subframe 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

® The EVM over all codewords in a layer. The layer EVM is calculated for all data
allocations, and not for the DMRS or other physical signals.
The unit depends on the EVM unit

User Manual 1178.5937.02 — 17 24



R&S®FSW-K106 Measurements and result displays

I/Q measurements

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

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

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 NPDSCH allocations that contribute to the bit-
stream. If the crc fails for one of the allocations, the FSW returns NAN for the total
numbers.

The bitstream summary is displayed under the following conditions.

® Select NPDSCH reference data = "All 0".

® Turn off automatic demodulation of the NPDSCH to define the location of the
NPDSCH (subframes and N_RNTI).

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.

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

Table
Allocation Code- . Symbol
1D word Modulation Index
NPBCH 1/1 0
MPBCH 1/1 16
NPBCH 1/1 32

NPBCH 1/1 48
NPBCH 1/1 64
NPBCH 1/1 80
NPBCH 1/1 96

The table contains the following information:

® Subframe
Number of the subframe the bits belong to.
® Allocation ID
Channel the bits belong to.
e Codeword
Code word of the allocation.
® Modulation
Modulation type of the channels.
® Symbol Index or Bit Index
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Indicates the position of the table row's first bit or symbol within the complete
stream.

e Bit Stream
The actual bit stream.

Remote command:
Selection: LAY:ADD 2 '1',LEFT,BSTR

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.

4 EVM vs Symbol X Carrier
6% 8% 10% 12% 14%

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.

1 Power vs Symbol X Carrier
] -70dBm__ -60dBm

i

=|
d
i
bl
r
]

||
d
]

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

2 Alloc ID vs Symbol X Carrier
MRS-Antl 1555
MPBCH Mot Used

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

Result Summary
The Result Summary shows all relevant measurement results in numerical form, com-
bined in one table.

Remote command:
LAY:ADD ? 'l',LEFT,RSUM

Contents of the result summary

6 Result Summary
SF All, Selection Ant 1
EVM All (%)
EVM Phys Channel (%)
EVM Phys Signal {%)
Frequency Error (Hz)

Sampling Error {ppm)
RSTP (dBm)

OSTP (dBm)

RSSI (dBm)

Power (dBm)

Crest Factor (dB)

The table shows results that refer to the complete frame. For each result, the minimum,
mean and maximum values are displayed. It also indicates limit values as defined in
the NB-loT standard and limit check results where available. The font of 'Pass' results
is green and that of 'Fail’ results is red.
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In addition to the red font, the application also puts a red star (ElllEEEE) in front of

failed results.

By default, all EVM results are in %. To view the EVM results in dB, change the EVIM

Unit.

The second part of the table shows results that refer to a specific selection of the

frame.

The statistic is always evaluated over the subframes.

The header row of the table contains information about the selection you have made

(like the subframe).

EVM All

EVM Phys Channel

EVM Phys Signal

Frequency Error

Sampling Error

RSTP

OSTP

RSSI

Power
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Shows the EVM for all resource elements in the analyzed frame.
FETCh[:CC<cc>] :SUMMary:EVM[ :ALL] [ :AVERage] ? on page 110
Shows the EVM for all physical channel resource elements in the analyzed
frame.

A physical channel corresponds to a set of resource elements carrying infor-
mation from higher layers. NPDSCH, NPBCH or NPDCCH, for example, are
physical channels. For more information, see 3GPP 36.211.

FETCh[:CC<cc>] :SUMMary:EVM: PCHannel [ : AVERage] ? on page 111
Shows the EVM for all physical signal resource elements in the analyzed
frame.

The reference signal, for example, is a physical signal. For more information,
see 3GPP 36.211.

FETCh[:CC<cc>] :SUMMary:EVM: PSIGnal [ : AVERage] ? on page 111
Shows the difference in the measured center frequency and the reference
center frequency.

FETCh[:CC<cc>] :SUMMary:FERRor [ : AVERage] ? on page 111

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

FETCh[:CC<cc>] : SUMMary:SERRor [ : AVERage] ? on page 114

Shows the reference signal transmit power as defined in 3GPP TS 36.141. It
is required for the "DL RS Power" test.

It is an average power and accumulates the powers of the reference symbols
within a subframe divided by the number of reference symbols within a sub-
frame.

FETCh[:CC<cc>] : SUMMary:RSTP [ :AVERage] ? on page 113

Shows the OFDM symbol transmit power as defined in 3GPP TS 36.141.

It accumulates all subcarrier powers of the 4th OFDM symbol. The 4th (out of
14 OFDM symbols within a subframe (for frame type 1, normal CP length))
contains exclusively NPDSCH.

FETCh[:CC<cc>] :SUMMary:0STP[:AVERage] ? on page 112
Shows the Received Signal Strength Indicator. The RSSI is the complete sig-

nal power of the channel that has been measured, regardless of the origin of
the signal.

FETCh[:CC<cc>] :SUMMary:RSSI[:AVERage]? on page 113

Shows the average time domain power of the analyzed signal.

FETCh[:CC<cc>] :SUMMary:POWer [ : AVERage] ? on page 112
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NB-loT Power Shows the power of all resource elements used by NB-IoT.

FETCh[:CC<cc>] : SUMMary:NBPower [ : AVERage] ? on page 113

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

FETCh[:CC<cc>] :SUMMary:CRESt [ : AVERage] ? on page 110

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.

Ref Shows the reference marker that a delta marker
refers to.

X-/Y-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

Symbol x Carrier").

5 Marker Table

2-M1

Trace 1
X-value Symbol 84
Y-value Carrier 14
Z-EVM 772.99 9%

Z-Power -47.12 dBm
Z-Alloc ID PHICH
4-M1

Trace 1
X-value -495.000 kHz
Y-value 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 86
Results:

CALCulate<n>:MARKer<m>:X on page 116
CALCulate<n>:MARKer<m>:Y on page 117
CALCulate<n>:MARKer<m>:Z? on page 118
CALCulate<n>:MARKer<m>:7:ALL? on page 118
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3.6 Time alignment error

Access: "Overview" > "Select Measurement" > "Time Alignment"

The time alignment error measurement captures and analyzes new I/Q data when you
select it.
The time alignment error measurement only works under the following conditions:

® |tis only available in a MIMO setup (2 antennas).
Therefore, you have to mix the signal of the antennas into one cable that you can
connect to the FSW. For more information on configuring and performing a time
alignment measurement, see Chapter A, "Performing time alignment measure-
ments", on page 169.

® |tis only available for the stand alone deployment.

In addition to the result displays mentioned in this section, the time alignment measure-
ment also supports the following result displays described elsewhere.

e "Capture Buffer" on page 17
® "Power Spectrum" on page 21
® "Marker Table" on page 29

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[:LTE] : MEASurement on page 120
Result display selection: LAYout : ADD[ :WINDow] ? on page 86

TIME AlIGNMENT ETTON ...ttt s e e e e e 30

Time Alignment Error

The time alignment is an indicator of how well the transmission antennas in a MIMO
system are synchronized. The time alignment error is the time delay between a refer-
ence antenna (for example antenna 1) and another antenna.

The application shows the results in a table.
Each row in the table represents one antenna. The reference antenna is not shown.

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 subframe.

In any case, results are only displayed if the transmission power of both antennas 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).

For more information on configuring this measurement, see Chapter 4.3, "Time align-
ment error measurements", on page 62.

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).
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2 Time Alignment Error
Reference Antenna : Antenna 1 - Limit : 90 ns

Time Alignment Error to Antenna 1
Antenna Min Mean
Antenna 2 -1.54 ps -1.54 ps

You can select the reference antenna from the dropdown menu in the result display.
You can also select the reference antenna in the MIMO Setup - if you change them in
one place, they are also changed in the other.

In the default layout, the application also shows the "Capture Buffer" and "Power Spec-
trum" result displays for each component carrier.

Remote command:

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

Query: FETCh: TAERror [ :CC<cc>] :ANTenna<ant> [ :AVERage] ? on page 115
Reference antenna: CONFigure[:LTE] :DL[:CC<cc>] :MIMO:ASELection

on page 129

3.7 Frequency sweep measurements

Access (ACLR): "Meas Setup" > "Select Measurement" > "Channel Power ACLR"
Access (SEM): "Meas Setup" > "Select Measurement" > "Spectrum Emission Mask"

The NB-loT 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:

® Frequency sweep measurements are only available for the stand alone deploy-
ment.

In addition to the specific diagrams and table (see description below), frequency sweep

measurements support the following result displays.

® "Marker Table" on page 29

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

User Manual 1178.5937.02 — 17 31



R&S®PFSW-K106 Measurements and result displays

Frequency sweep measurements

Remote command:
Measurement selection: CONFigure[:LTE] : MEASurement on page 120

Result display selection: LAYout : ADD [ :WINDow] ? on page 86

Adjacent Channel Leakage Ratio (ACLR)......cciiiiiiiiiiii i 32
L RESUIE IAGIAM. ...ttt ettt ee e e e ee s s enseeee e seeeas 32
L RESUIt SUMMAIY......vveeeeeeeeeeeceeeete ettt en e en s s ananeen 32
Spectrum Emission Mask (SEM)......ccouiiiiiiiiie et 33
L RESUIt AIAGIAM......vcvvveeeceeeeeceeecee et tee et e ee s see ettt ee s e e s ennansseneneaeanns 33
L RESUIE SUMMATY......ovieieieeceeeeeeeeeee ettt ettt e eeeees 33
MarKer PEaK LiSt.......couiii ittt e 34

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 NB-loT application, the FSW 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 FSW.

Remote command:
Selection: CONF:MEAS ACLR

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 FSW highlights the channels (blue: Tx channel, green: adjacent chan-
nels).

The x-axis represents the frequency with a frequency span that relates to the specified
NB-loT 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 FSW tests the ACLR measurement results against the limits defined by
3GPP.

Remote command:
Result query: TRACe:DATA?

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

Shows the power of the Tx channel.

® |ower/ Upper
Shows the relative power of the lower and upper adjacent and alternate channels.
The values turn red if the power violates the limits.

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

Spectrum Emission Mask (SEM)

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 FSW.

Remote command:
Selection (SEM): CONF:MEAS ESP

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
NB-loT 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
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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.

® 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.

3 Marker Peak List
Whd Mo x-Value

ms
ms
ms I m
ms 7 dBm

ms
ms
ms
ms

ms

o O T T AN

—

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 86
Results:

CALCulate<n>:MARKer<m>:X on page 116
CALCulate<n>:MARKer<m>:Y on page 117
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4 Configuration

LTE NB-loT measurements require a special application on the FSW, which you can
select by adding a new measurement channel or replacing an existing one.

When you start the LTE NB-IoT application, the FSW starts to measure the input signal
with the default configuration or the configuration of the last measurement (if you
haven't performed a preset since then).

O Automatic refresh of preview and visualization in dialog boxes after configura-
= tion changes
The FSW supports you in finding the correct measurement settings quickly and easily -
after each change in settings in dialog boxes, the preview and visualization areas are
updated immediately and automatically to reflect the changes. Thus, you can see if the
setting is appropriate or not before accepting the changes.

CD Unavailable hardkeys
Note that the [SPAN], [BW], [TRACE], [LINES] and [MKR FUNC] keys have no con-
tents and no function in the NB-loT application.

o Configuration OVEIVIEW. .........uuiiiiiiiieie e e e e e e e e e e e eeeeas 35
®  1/Q MEASUIEMENTS...cei i ittt e e e e e e s e e e e e e e e e e e s e s s e e e e e e eeeeeeaeaaansnneneeeees 37
e Time alignment error MeasUreMENTS. ........uuiiiiiiiiiiiiiie e 62
e Frequency SWeep MEeaSUrEMENTS........cccviiiiiiieieieiiiieieieesesese e e e e e e eeaeeeeaeeereeeeeneennes 62

4.1 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

Input RF Channel Est EVM 3GPP
Mode FDD Downlink Frequency 1.0 GHz Capture Time 40.1ms Phase Tracking off
E-UTRA BW 10MHz/50RB Ref Level 0.0 dBm Source Free Run Time Tracking off
Cell ID 118 Mech + ElAtt  10.0+0.0 dB Offset 0.0s Time Tracking off

) Signal F Trigger/ Estimation/
A E Description E Input/Frontend - Signal Capture @ Tracking

‘—1

VNV Demodulation — m ::?‘I;:tlon — | [|{&Y]} Analysis ‘ Display Config
Multi Carr Filter off Subframe All Marker 1 off Capture Buffer
EVM Calc EVM 3GPP Symbol All Y Axis -90.0 ~ 30.0 dBm

EVM Unit %

Preset Channel Select Measurement Specifics for 1: Capture Buffer
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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 4.2.1, "Defining signal characteristics", on page 37.

2. Input/ Frontend
See Chapter 4.2.6, "Input source configuration", on page 44.

3. Trigger / Signal Capture
See Chapter 4.2.10, "Trigger configuration", on page 57.
See Chapter 4.2.9, "Configuring the data capture", on page 55

4. Estimation / Tracking
See Chapter 4.2.11, "Parameter estimation and tracking", on page 58.

5. Demodulation
See Chapter 4.2.12, "Configuring demodulation parameters", on page 60.

6. Evaluation Range
See Chapter 5.2.2, "Evaluation range", on page 69.

7. Analysis
See Chapter 5, "Analysis", on page 65.

8. Display Configuration

See Chapter 3, "Measurements and result displays", on page 13.

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

To configure settings

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

R T R O aF= Va1 = T 36
SelECE MEBASUIEIMENT. ... ceeeieie ettt et e e e e e e e e e e e e e e e e e anannas 37
SPECIfIC SEHNGS TON ... i et e e 37

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.
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4.2

4.2.1

I/Q measurements

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

Remote command:
SYSTem:PRESet :CHANnel [ :EXEC] on page 121

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 13.

Remote command:
CONFigure[:LTE] :MEASurement on page 120

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.

I/Q measurements

o Defining signal characteristiCs. ..o 37
L 1= o= o =Ty o TP 42
o  Configuring MIMO SELUPS......ccciiiiiiiiiiiee et e e e e e e e e e e e 42
@  NPDSCH SEHINGS..uuuuiiiiii e e e e e e e e e e e 43
e Configuring the control channel..............ooo e 44
e Input source ConfiguIratioN...........eeiiiiiiiii e 44
e  Frequency coNfIQUIratioN...........ooiiiiiiiii i 50
o  Amplitude CONfIGUIAtION........iiiiiiiiiii e e 51
e Configuring the data Capture.........ccueeeeeiiei e 55
® Trigger CONfIQUIAtION.........uuiiiiiiiie et e e e e e e e e e e 57
e Parameter estimation and tracking............coooooiriiiii e 58
e Configuring demodulation parameters............oooovviiiiiiiciciiieieie e, 60
o Automatic configuration............cociiiiiiii i 61

Defining signal characteristics

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

The general signal characteristics contain settings to describe the general physical
attributes of the signal. They are part of the "Signal Description" tab of the "Signal
Description" dialog box.
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The contents of the "Signal Description" dialog box depend on the deployment you
have selected.

Signal Description MIMO Setup = Advanced Settings

Mode FDD Downlink

Deployment Inband

Physical Settings

E-UTRA Center Frequency [pHiIXe;r3 NB-IoT Channel Bandwidth 200 kHz

E-UTRA Channel
Bandwidth

E-UTRA CRS
Sequence Info

10MHz(50 RB) ~ NB-IoT Center Frequency 996.3025 MHz
19 ~ Sample Rate 7.68 MHz Occupied BW  180.0 kHz

E-UTRA PRB Index 4 ~ FFT Size 128 Occ Carriers 12

Auto Detection On off

NCell Identity Group _ NCell ID Identity

The remote commands required to configure the physical signal characteristics are
described in "Physical settings" on page 122.

Selecting the NB-10T MOdE......ccoooiiiiiie et 38
[D2=T o] [0}V 00T=T o | TP PPT PR PPP 38
L0714 41T S Y/ o1 T PP PP OPRPRPRN 39
Defining physical settings for NB-loT stand alone deployment.........cccccceeviiiicinninnneen. 39
Defining physical settings for NB-loT inband deployment...........ccoovicciiiiieeeieeee i, 39
Defining physical settings for NB-loT guardband deployment.............cccoeccivivivennnnnn.n. 40
Configuring the Physical Layer Cell [dentity.......ccccccceiieieiiiiiiiieee 41

Selecting the NB-loT mode
The "Mode" selects the NB-IoT link direction you are testing.

Note that the FSW only supports measurements on FDD downlink (DL) signals.

FDD and TDD are duplexing methods.

® DD mode uses different frequencies for the uplink and the downlink.

e TDD mode uses the same frequency for the uplink and the downlink.
Note that the NB-loT standard only supports FDD mode.

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 NB-loT mode (including the bandwidth) in
the channel bar.

Remote command:
not supported

Deployment
The 3GPP standard specifies several operating modes, or deployment. The deploy-
ment specifies where the NB-IoT signal is located in the frequency spectrum.

You can select the deployment of the signal you are testing from the "Deployment”
dropdown menu.
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The application supports the following deployments.

e "Stand Alone"
The NB-loT signal uses a dedicated spectrum outside of an LTE band, for example
a frequency band currently used by GSM. With a carrier bandwidth of 200 kHz in
GSM, there is enough room for an NB-loT carrier (180 kHz), including a guard
interval of 10 kHz on both sides of the carrier.

® "In Band"
The NB-loT signal uses resource blocks within an LTE carrier.

® "Guard Band"
The NB-loT signal uses the resource blocks of the guard band of an LTE carrier.

Remote command:
CONFigure[:LTE] : DEPLoyment on page 123

Carrier Type

Selects the NB-IoT carrier type. 3GPP defines different carrier types for NB-loT sig-
nals.

"Anchor" The UE assumes a carrier that transmits NPSS, NSSS, NPBCH and

SIB-NB.

"Non-Anchor"  The UE assumes a carrier that does not transmit NPSS, NSSS,
NPBCH and SIB-NB.

Remote command:
CONFigure[:LTE] : TYPE on page 127

Defining physical settings for NB-loT stand alone deployment
The physical properties of the NB-loT signal depend on the channel bandwidth.

Currently, the 3GPP standard specifies a 200 kHz bandwidth for an NB-loT carrier.
This bandwidth corresponds to one LTE resource block (RB).

The application derives various other physical properties of the measured signal from
the bandwidth.

"Number of Resource Blocks" (NB_1RB)
"FFT Size"

"Sample Rate"

"Occupied Bandwidth"

"Occupied Carriers"

All values are read only.

Remote command:
not supported

Defining physical settings for NB-loT inband deployment
When you use the in band deployment, you have to specify the characteristics of the
LTE (E-UTRA) channel that the NB-loT channel is located in.

Define the following E-UTRA properties:

e "E-UTRA Center Frequency"
Center frequency of the LTE channel.

e "E-UTRA Channel Bandwidth"
Channel bandwidth of the LTE channel (3 MHz, 5 MHz, 10 MHz, 15 MHz or
20 MHz).
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Note that the 1.4 MHz bandwidth is not supported for in band transmission of NB-
loT signals.

e "E-UTRA CRS Sequence Info"
Cell-specific reference signal sequence. The sequence defines the assignment of
resources between LTE and NB-IoT. These sequences are defined in 3GPP
36.213, chapter 16.8.

e "E-UTRA PRB Index"
For inband deployment, the physical resource block (PRB) index is derived from
the E-UTRA CRS sequence info. It defines the location of the NB-loT carriers in the
E-UTRA signal.

In addition, the application shows various physical properties of the NB-loT signal.

® "NB-loT Channel Bandwidth", which is currently always 200 kHz.

® "NB-loT Center Frequency", which is calculated from the E-UTRA channel charac-
teristics.

"FFT Size"

"Sample Rate"

"Occupied Bandwidth"

"Occupied Carriers"

Remote command:

E-UTRA center frequency: CONFigure [ :LTE] : EUTRa : FREQuency on page 123
E-UTRA channel bandwidth: CONFigure [:LTE] :DL[:CC<cc>] : Bl on page 125
E-UTRA CRS sequence: CONFigure|[:LTE] : DL:SINFo on page 125

E-UTRA PRB index: CONFigure[:LTE] : DL:PINDex on page 124

Query NB-IoT center frequency: [SENSe: ] FREQuency:CENTer [ :CC<cc>]

on page 140

Defining physical settings for NB-loT guardband deployment
When you use the guard band deployment, you have to specify the characteristics of
the LTE (E-UTRA) channel that the NB-IoT channel is located in.

Define the following E-UTRA properties:

e "E-UTRA Center Frequency"
Center frequency of the LTE channel.

e "E-UTRA Channel Bandwidth"
Channel bandwidth of the LTE channel (3 MHz, 5 MHz, 10 MHz, 15 MHz or
20 MHz).
Note that the 1.4 MHz bandwidth is not supported for guard band transmission of
NB-IoT signals.

e "Afto DC"
Location of the center frequency of the NB-IoT carrier relative to center frequency
of the E-UTRA carrier (DC).
The location of the NB-loT carrier in the guard band must fulfill several require-
ments, so possible frequencies are predefined. Available values depend on the "E-
UTRA Channel Bandwidth".
If you select the "User Defined" menu item, you can also define locations that do
not fulfill the requirements specified by 3GPP in the "User Value" field.
Positive values correspond to a location in the upper guard band, negative values
to a location in the lower guard band.
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In addition, the application shows various physical properties of the NB-loT signal.

® "NB-loT Channel Bandwidth", which is currently always 200 kHz.

® "NB-loT Center Frequency", which is calculated from the E-UTRA channel charac-
teristics.

"FFT Size"

"Sample Rate"

"Occupied Bandwidth"

"Occupied Carriers"

Remote command:

E-UTRA center frequency: CONFigure [ : LTE] : EUTRa : FREQuency on page 123
E-UTRA channel bandwidth: CONFigure [:LTE] : DL [ :CC<cc>] : Bii on page 125
Location: CONFigure[:LTE] : DL: FREQuency: GINDex on page 123

Custom location: CONFigure [ :LTE] : DL: FREQuency:OFFSet on page 124
Query NB-IoT center frequency: [SENSe: ] FREQuency:CENTer [ :CC<cc>]

on page 140

Configuring the Physical Layer Cell Identity

The "NCell ID", "NCell Identity Group" and physical layer "Identity" are interdependent
parameters. In combination, they are responsible for synchronization between network
and user equipment.

The physical layer cell ID identifies a particular radio cell in the NB-loT network. The
cell identities are divided into 168 unique cell identity groups. Each group consists of 3
physical layer identities. According to:

Nip' =3-Njp +Njp)

N = cell identity group, {0...167}
N@ = physical layer identity, {0...2}

there is a total of 504 different cell IDs.

If you change one of these three parameters, the application automatically updates the
other two.

For automatic detection of the cell ID, turn on the "Auto" function.

Before it can establish a connection, the user equipment must synchronize to the radio
cell it is in. For this purpose, two synchronization signals are transmitted on the down-
link. These two signals are reference signals whose content is defined by the "Physical
Layer Identity" and the "Cell Identity Group".

Remote command:

Cell ID: CONFigure[:LTE] :DL[:CC<cc>] :PLC:CID on page 126

Cell Identity Group (setting): CONFigure[:LTE] : DL[:CC<cc>] : PLC:CIDGroup

on page 126

Cell Identity Group (query): FETCh [ :CC<cc>] : PLC:CIDGroup? on page 127
Identity (setting): CONFigure[:LTE] :DL[:CC<cc>] : PLC:PLID on page 127
Identity (query): FETCh [ :CC<cc>] : PLC:PLID? on page 128
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4.2.2 Test scenarios

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

Test scenarios are descriptions of specific NB-loT 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 N-TM. These N-TM are defined in 3GPP 36.141.

There are three main test model groups, one for guardband operation, one for inband
operation and one for standalone operation. Each of these main groups in turn contain
signal descriptions for specific signal configurations (different transmission type, differ-
ent bandwidth etc.).

Remote command:
MMEMory : LOAD[ : CC<cc>] : TMOD: DL, on page 128

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 FSW
stores custom scenarios in .allocation files.

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

Remote command:
Save: MMEMory: STORe<n>[ :CC<cc>] : DEModsetting on page 129
Restore: MMEMory : LOAD [ : CC<cc>] : DEModsetting on page 128

4.2.3 Configuring MIMO setups

Access: "Overview" > "Signal Description" > "MIMO Setup”

MIMO measurements need a special setup that you can configure with the settings
available in the MIMO configuration dialog box.

Signal Description = MIMO Setup Advanced Settings

DUT MIMO Configuration 2 Tx Antennas

Tx Antenna Selection Antenna 2

DUT MIMO ConfigUuration........uuuuueeiiiciiieie e eeeeee et e e e e e e e e e e e e e e e 42
TX ANTENNA SEIECHON. ...t e e e e e e et e e e st e e e aaeeenaaas 43

DUT MIMO Configuration
The "DUT MIMO Configuration" selects the number of antennas in the system you are
analyzing.

The FSW supports measurements on one and two antennas.
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Remote command:
CONFigure[:LTE] :DL[:CC<cc>] :MIMO:CONFig on page 130

Tx Antenna Selection
The "Tx Antenna Selection" selects the antenna(s) you want to analyze. The number of
menu items depends on the number of antennas in the system.

Each antenna corresponds to a cell-specific reference signal.

Antenna 1 Tests antenna 1 only.
Antenna 2 Tests antenna 2 only.
Auto Automatically selects the antenna to test.

The antenna you have selected is also the reference antenna for time alignment mea-
surements.

Remote command:
CONFigure[:LTE] :DL[:CC<cc>] :MIMO:ASELection on page 129

NPDSCH settings

Access: "Overview" > "Signal Description" > "NPDSCH Settings"

The NPDSCH settings contain settings to configure the parts of the NPDSCH that are
evaluated.

The Narrowband Physical Downlink Shared Channel (NPDSCH) is the traffic channel
and carries SIBs, upper layer data, and RAR messages. The application allows you to
automatically demodulate the channel of the signal you are testing.

Signal Description | MIMO Setup NPDSCH Settings Advanced Settings

Demodulation Auto Predefined

NPDSCH Subframe List
(e.g. 1,3,5-19) 1-5,10-15
ID / N_RNTI 1

The remote commands required to configure the NPDSCH are described in "NPDSCH
settings" on page 130.

[N| =D IS0] = I D 1= oo Yo (8] =11 Te] o 1 43

NPDSCH Demodulation
Turns automatic demodulation of the NPDSCH on and off.

When you turn on this feature, the application automatically detects and demodulates
both NPDSCH and NPDCCH subframes (NPDSCH and NPDCCH subframes are not
distinguished by the application).

When you turn off automatic demodulation, you can specify in which subframes and in
which N_RNTI (user equipment) the NPDSCH information is located in the signal. You
can specify subframe 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). The N_RNTI is a value between 0
and 65535.
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This information about the NPDSCH is required to distinguish between NPDSCH and
NPDCCH information, which in turn is required to calculate bit error information in the
bitstream result display.

Remote command:

State: CONFigure[:LTE] : DL:NPDSch:DMODulation on page 130
Subframes: CONFigure[:LTE] : DL:NPDSch:SFList on page 130
ID: CONFigure[:LTE] :DL:NPDSch:UEID on page 131

4.2.5 Configuring the control channel

Access: "Overview" > "Signal Description" > "Advanced Settings" > "Control Channel"

The NPDSCH resource block symbol offset is part of the "Advanced Settings" tab of
the "Signal Description" dialog box.

Signal Description = MIMO Setup  Advanced Settings

PRB Symbol Offset
EETT EEE (Control Region for 3
NPDCCH)

PRB SymDbBOl OffSEL..... .ttt e e e e e e e 44

PRB Symbol Offset
PRB Symbol Offset specifies the symbol offset of the NPDSCH allocations relative to
the subframe start. This setting applies to all subframes in a frame.

Only available for the in band deployment.

Remote command:
CONFigure[:LTE] :DL[:CC<cc>]:PSOFfset on page 131
4.2.6 Input source configuration

The FSW supports several input sources and outputs.

For a comprehensive description of the supported inputs and outputs, refer to the FSW

user manual.

L I oo 10 | S 44
O EXEErNal MIXEI ... it 46
®  Digital 1/Q INPUL...ceeiieeee e e e e e e 46
o Analog baseband....... ..o 48
o Baseband 0SCIllOSCOPE.......uuuuuecceeeie e e e e e e e e e e eeeees 49
L I V(@ I 11U 49

4.2.6.1 RF input

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

Functions to configure the RF input described elsewhere:
® "Input Coupling" on page 54
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® "Impedance" on page 55

[ =Yor = | 1 o RSOSSN 45
High Pass Filter 110 3 GHz......euuiiiicccieie e e 45
N LR o oYTCT LY ox (o] 45
T 01U 07 o] o 1Yo (o] SR 46
Direct Path

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

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

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

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

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

Remote command:
INPut:DPATh on page 135

High Pass Filter 1 to 3 GHz

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

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

This function requires an additional hardware option.

Note: For RF input signals outside the specified range, the high-pass filter has no
effect. For signals with a frequency of approximately 4 GHz upwards, the harmonics
are suppressed sufficiently by the YIG-preselector, if available.)

Remote command:
INPut:FILTer:HPASs[:STATe] on page 136

YIG-Preselector
Enables or disables the YIG-preselector.

This setting requires an additional option on the FSW.

An internal YIG-preselector at the input of the FSW ensures that image frequencies are
rejected. However, image rejection is only possible for a restricted bandwidth. To use
the maximum bandwidth for signal analysis you can disable the YIG-preselector at the
input of the FSW, which can lead to image-frequency display.
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Note: Note that the YIG-preselector is active only on frequencies greater than 8 GHz.
Therefore, switching the Y1G-preselector on or off has no effect if the frequency is
below that value.

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

The YIG-"Preselector" is off by default.

Remote command:
INPut:FILTer:YIG[:STATe] on page 137

Input Connector
Determines which connector the input data for the measurement is taken from.

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

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

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

"Baseband The optional "Baseband Input I" connector

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

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

Remote command:
INPut:CONNector on page 133

External mixer

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

Controlling external generators is available with the optional external generator control.
The functionality is the same as in the spectrum application.

For more information about using external generators, refer to the FSW user manual.

Digital I/Q input

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

Digital I/Q INPUL STALE.....ueeieeiieeee e e e e e e e e e e eennnes 46
INPUL SAMPIE RALE.....ueeiiiiiieie e e e e e e e s e eanr e eeees 47
FUIL SCAIE LEVEL.....eeeeeeeeeeee ettt e e e e e e 47
Adjust Reference Level to Full Scale LeVel......ccooiaiiiiiiiiiiiiice e 47
Connected INSITUMENT ... e e e e e e e 47

Digital I/Q Input State
Enables or disable the use of the "Digital I/Q" input source for measurements.
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"Digital 1/Q" is only available if the optional "Digital Baseband" is installed.

Remote command:
INPut:SELect on page 138

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

If "Auto" is selected, the sample rate is adjusted automatically by the connected
device.

The allowed range is from 100 Hz to 20 GHz.

Remote command:
INPut:DIQ:SRATe on page 134
INPut:DIQ:SRATe:AUTO on page 135

Full Scale Level
The "Full Scale Level" defines the level and unit that corresponds to an 1/Q sample with
the magnitude "1".

If "Auto" is selected, the level is automatically set to the value provided by the connec-
ted device.

Remote command:

INPut:DIQ:RANGe [ :UPPer] on page 134
INPut:DIQ:RANGe[:UPPer] :UNIT on page 134
INPut:DIQ:RANGe [ :UPPer] :AUTO on page 134

Adjust Reference Level to Full Scale Level
If enabled, the reference level is adjusted to the full scale level automatically if any
change occurs.

Remote command:
INPut:DIQ:RANGe:COUPling on page 133

Connected Instrument
Displays the status of the "Digital Baseband" interface connection.

If an instrument is connected, the following information is displayed:

® Name and serial number of the instrument connected to the "Digital Baseband"
interface
Used port
Sample rate of the data currently being transferred via the "Digital Baseband" inter-
face

® |evel and unit that corresponds to an I/Q sample with the magnitude "1" (Full Scale
Level), if provided by connected instrument

Remote command:
INPut:DIQ:CDEVice on page 133
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4.2.6.4 Analog baseband

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

Analog Baseband INpuUt State..........uueeiiiiieiiii i 48
7@ /o o 1R 48
[a o]0 1A @] o} ile U] =1 1 o] o TS 48
High Accuracy Timing Trigger - Baseband - RF ..., 49

Analog Baseband Input State
Enables or disable the use of the "Analog Baseband" input source for measurements.
"Analog Baseband" is only available if the optional "Analog Baseband" is installed.

Remote command:
INPut:SELect on page 138

I/Q Mode

Defines the format of the input signal.

"I +jQ" The input signal is filtered and resampled to the sample rate of the
application.

Two inputs are required for a complex signal, one for the in-phase
component, and one for the quadrature component.

"I Only / Low IF I"
The input signal at the "Baseband Input I" connector is filtered and
resampled to the sample rate of the application.
If the center frequency is set to 0 Hz, the real baseband signal is dis-
played without down-conversion (Real Baseband I).
If a center frequency greater than 0 Hz is set, the input signal is
down-converted with the center frequency (Low IF I).

"Q Only / Low IF Q"
The input signal at the "Baseband Input Q" connector is filtered and
resampled to the sample rate of the application.
If the center frequency is set to 0 Hz, the real baseband signal is dis-
played without down-conversion (Real Baseband Q).
If a center frequency greater than 0 Hz is set, the input signal is
down-converted with the center frequency (Low IF Q).

Remote command:
INPut:IQ:TYPE on page 137

Input Configuration
Defines whether the input is provided as a differential signal via all four Analog Base-
band connectors or as a plain I/Q signal via two single-ended lines.

Note: Both single-ended and differential probes are supported as input; however, since
only one connector is occupied by a probe, the "Single-ended" setting must be used for
all probes.

"Single-ended" |, Q data only

"Differential" I, Q and inverse |,Q data
(Not available for FSW85)
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Remote command:
INPut:IQ:BALanced|[:STATe] on page 137

High Accuracy Timing Trigger - Baseband - RF
Activates a mode with enhanced timing accuracy between analog baseband, RF and
external trigger signals.

Note: Prerequisites for previous models of FSW.

For FSW models with a serial number lower than 103000, special prerequisites and

restrictions apply for high accuracy timing:

® To obtain this high timing precision, trigger port 1 and port 2 must be connected via
the Cable for High Accuracy Timing (order number 1325.3777.00).

® As trigger port 1 and port 2 are connected via the cable, only trigger port 3 can be
used to trigger a measurement.

® Trigger port 2 is configured as output if the high accuracy timing option is active.
Make sure not to activate this option if you use trigger port 2 in your measurement
setup.

® When you first enable this setting, you are prompted to connect the cable for high
accuracy timing to trigger ports 1 and 2. If you cancel this prompt, the setting
remains disabled. As soon as you confirm this prompt, the cable must be in place -
the firmware does not check the connection. (In remote operation, the setting is
activated without a prompt.)

Remote command:
CALibration:ATIQ:HATiming[:STATe] on page 132

4.2.6.5 Baseband oscilloscope

Access: "Overview" > "Input / Frontend" > "Input Source" > "Baseband Oscilloscope”

Capturing 1/Q data with an oscilloscope is available with the optional baseband oscillo-
scope inputs. The functionality is the same as in the spectrum application.

For details, see the user manual of the I/Q analyzer.

4.2.6.6 1/Qfile

Access: "Overview" > "Input / Frontend" > "Input Source" > "I/Q File"

As an alternative to capturing the measurement (1/Q) data live, you can also load previ-
ously recorded I/Q data stored in an iq. 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.

/Q INPUL File State. .o it e e 50
ST (=T A O 0 b= = T ] 50
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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 138

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

The 1/Q data must have a specific format (. ig. tar) as described in FSW I/Q Analyzer
and 1/Q Input user manual.

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

Remote command:
INPut:FILE:PATH on page 135

File Repetitions

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

Remote command:
TRACe:IQ:FILE:REPetition:COUNt on page 140

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: IQ: STReam on page 139
MMEMory:LOAD:IQ:STReam:AUTO on page 139
MMEMory:LOAD: TQ:STReam:LIST? on page 139

4.2.7 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.
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Frequency

Center 851.25 MHz|

Center Frequency Stepsize

Stepsize Manual ~ Value 1.0 MHz

Frequency Offset

The remote commands required to configure the frequency are described in Chap-
ter 6.9.2.3, "Frequency configuration”, on page 140.

5] (o g b= LI Yo U L= o o3 YA 51
L CONtEr FIEQUENCY......eeeeeeeceeececeeeete et eee e e ettt es e s s en st tese s sennas 51
L FreqUENCY SEEPSIZE. ..ot 51

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 FSW tunes to.

The frequency range depends on the hardware configuration of the analyzer you are
using.

Note that the center frequency for the in-band deployment is the center frequency of
the used LTE channel (E-UTRA frequency).

Remote command:
Center frequency: [SENSe: ] FREQuency:CENTer [ :CC<cc>] on page 140
Frequency offset: [SENSe: ] FREQuency:CENTer [ :CC<cc>] :OFFSet on page 140

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.

e =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 141
4.2.8 Amplitude configuration

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

Amplitude settings define the expected level characteristics of the signal at the RF
input.
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Amplitude Scale

Reference Level Input Settings

Value 0.0 dBm Preamplifier on
Offset 0.0 dB Input Coupling AC
Unit dBm

7 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 6.9.2.4, "Amplitude configuration", on page 141.
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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 NB-loT.

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 (+ 6 MHz).

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 141

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 FSW automatically defines the time
for auto leveling, but you can also define it manually ([Auto Set] > "Auto Level Config"
> "Meas Time").
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The application shows the current reference level (including RF and external attenua-
tion) in the channel bar.

MultiView 32 LTE ! %

Ref Level 0.00 dBm | Freq 1.01485 GHz Mode DL FDD, 10/10 MHz Capture Time 201 ms Subframe Al/Al
m.telAw_10+0 dB MIMO  (1/1) Tx/ 1 Rx Frame Count 1/1 of 1(1/1)

Remote command:

Automatic: [SENSe:]ADJust:LEVel<ant> on page 157

Auto level mode: [SENSe: ]ADJust :CONFigure:LEVel : DURation:MODE

on page 156

Auto level time: [SENSe: ]ADJust:CONFigure:LEVel:DURation on page 156

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 142

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 FSW.

The NB-loT measurement application provides several attenuation modes.

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 == LTE ! %

RefLevel 0.00 dBm  Freq 1.01485 GHz Mode DLFDD, 10/0MHz CaptureTime  20.1ms Subframe AVAI
m.+el.Att_10+0 dB MIMO  (1/1) Tx/ 1 Rx Frame Count 1/1 of 1(1/1)
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Remote command:
State: TNPut:ATTenuation<ant>:AUTO on page 143
Level: INPut:ATTenuation<ant> on page 142

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.

MultiView 32 LTE ! %

Ref Level 0.00 dBm Freq 1.01485 GHz Mode DL FDD, 10/10 MHz Capture Time 201 ms Subframe Al/Al
m.t+el.Att_10+0 dB MIMO  (1/1) Tx/ 1 Rx Frame Count 1/1 of 1(1/1)

Remote command:

Electronic attenuation: INPut : EATT<ant>:STATe on page 145
Electronic attenuation: TNPut : EATT<ant>:AUTO on page 145
Electronic attenuation: INPut : EATT<ant> on page 144

Preamplifier
If the (optional) internal preamplifier hardware is installed on the FSW, a preamplifier
can be activated for the RF input signal.

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

Note: If an optional external preamplifier is activated, the internal preamplifier is auto-
matically disabled, and vice versa.

For an active external frontend, a preamplifier is not available.
This function is not available for input from the (optional) "Digital Baseband" interface.

For all FSW models except for FSW85, the following settings are available:

"Off" Deactivates the preamplifier.

"15 dB" The RF input signal is amplified by about 15 dB.

"30 dB" The RF input signal is amplified by about 30 dB.

For FSW85 models, the input signal is amplified by 30 dB if the preamplifier is activa-
ted.

Remote command:
INPut:GAIN:STATe on page 143
INPut:GAIN[:VALue] on page 144

Input Coupling

The RF input of the FSW can be coupled by alternating current (AC) or direct current
(DC).
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For an active external frontend, input coupling is always AC.
Not available for input from the optional "Analog Baseband" interface.
Not available for input from the optional "Digital Baseband" interface.

AC coupling blocks any DC voltage from the input signal. AC coupling is activated by
default to prevent damage to the instrument. Very low frequencies in the input signal
can be distorted.

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

Remote command:
INPut:COUPling on page 143

Impedance
For some measurements, the reference impedance for the measured levels of the
FSW 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).

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

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

Remote command:
INPut:IMPedance on page 144

Configuring the data capture

Access: "Overview" > "Trig / Sig Capture" > "Signal Capture"

Signal Capture Trigger

Common Settings

Sample Rate 7.68 MHz
Capture Time

Swap I/Q

Frame Count

Overall Frame Count On off

According to Standard
Set Number of Frames to Analyze
Manually

Number of Frames to Analyze _

(07T o] (1 =00 o = S 56
RV o T 1 SRR 56
OVerall Frame COUNL........u it e e e e e e e e e s s s s rrereeeeeaeeeesanannns 56
Auto According to StanNdard...........ooeei i 56
Number of Frames t0 ANAIYZE.........uuuiiiiiiiiiii e 56
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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 NB-IoT frame is captured in the measurement.

The application shows the current capture time in the channel bar.

Note that if you are using the multi-standard radio analyzer, only the MSRA primary
channel actually captures the data. The capture time only defines the NB-loT analysis
interval.

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

Swap 1/Q
Swaps the real (I branch) and the imaginary (Q branch) parts of the signal.

Remote command:
[SENSe: ] SWAPig on page 147

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.

The results are an average of the captured frames.

When you turn off the overall frame count, the application analyzes all NB-loT frames
found in one capture buffer.

The application shows the current frame count in the channel bar.

Remote command:
[SENSe:] [LTE: ] FRAMe : COUNt: STATe on page 147

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 FSW 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:] [LTE:]FRAMe : COUNt : AUTO on page 146

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.
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® |f you capture the data according to the standard.

Remote command:
[SENSe:] [LTE: ] FRAMe : COUNt on page 146

4.2.10 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
FSW base system.

For a comprehensive description of the available trigger settings not described here,
refer to the documentation of the FSW.

@ Gated measurements
In addition to the general trigger functions, the frequency sweep measurements (for
example ACLR) also support gated measurements.
The functionality is basically the same as in the spectrum application. However, the
NB-loT application automatically selects the correct gate settings (delay and length)
according to the current signal description.

Signal Capture  Trigger
Trigger Source Trigger In/Out
Source Ext Trigger 1

Level

Offset _ Slope Rising Falling

LI [ S T 10 o= SRR 57

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/Q Power
The trigger event is the magnitude of the sampled I/Q data. The measurement
starts when the magnitude of the 1/Q data meets or exceeds the trigger level.

User Manual 1178.5937.02 — 17 57



R&S®PFSW-K106 Configuration

4.2.11

I/Q measurements

* |F 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.

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 "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 151

Level (external): TRIGger [ :SEQuence] :LEVel<ant>[:EXTernal<tp>]

on page 149

Level (I/Q power): TRIGger [ : SEQuence] : LEVel<ant>:TIQPower on page 150
Level (IF power): TRIGger [ : SEQuence] : LEVel<ant>:IFPower on page 149
Level (RF power): TRIGger [ : SEQuence] : LEVel<ant>:RFPower on page 150
Offset: TRIGger [ : SEQuence] :HOLDoff<ant>[:TIME] on page 148
Hysteresis: TRIGger [ : SEQuence] : IFPower:HYSTeresis on page 149
Drop-out time: TRIGger [ : SEQuence] : DTIMe on page 148

Slope: TRIGger [ : SEQuence] : SLOPe on page 151

Holdoff: TRIGger [ : SEQuence] : TFPower : HOLDof £ on page 148

Parameter estimation and tracking

Access: "Overview" > "Estimation / Tracking"

Parameter estimation and tracking provides functionality to estimate various settings
based on the measured signal and functionality to compensate for errors in the signal.

Parameter Estimation
Boosting Estimation on
Channel Estimation ~ EVM 3GPP Definition

Tracking

Phase Tracking off

Time Tracking
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Boosting Estimation
Turns boosting estimation on and off.

Boosting estimation, when you turn it on, automatically sets the relative power settings
of all physical channels, the NPSS and NSSS by analyzing the signal.

Boosting estimation is always active.

Remote command:
[SENSe:] [LTE:]DL:DEMod:BESTimation on page 154

Channel Estimation
Selects the method of channel estimation.

e EVM 3GPP Definition
Channel estimation according to 3GPP TS 36.141. This method is based on aver-
aging in frequency direction and linear interpolation. Examines the reference signal
only.

® Optimal, Pilot only
Optimal channel estimation method. Examines the reference signal only.

e Optimal, Pilot and Payload
Optimal channel estimation method. Examines both the reference signal and the
payload resource elements.

Remote command:
[SENSe:] [LTE:]DL:DEMod:CESTimation on page 155

Phase
Turns phase tracking on and off.

When you turn on phase tracking, the application compensates the measurement
results for the phase error on a symbol level.

"Off" Phase tracking is not applied.
"Pilot Only" Only the reference signal is used for the estimation of the phase
error.

"Pilot and Pay- Both reference signal and payload resource elements are used for
load" the estimation of the phase error.

Remote command:
[SENSe:] [LTE:]DL:TRACking:PHASe on page 155

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 the measurement results
for timing errors on a symbol level.
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Remote command:
[SENSe:] [LTE:]DL:TRACking:TIME on page 156

Configuring demodulation parameters

Access: "Overview" > "Demodulation”

Demodulation settings contain settings that describe signal processing and the way the
signal is measured.

MIMO Multicarrier Filter

Use Multicarrier Filter
Compensate Crosstalk On

Descramble Coded Bits On

EVM

Calculation Method EVM 3GPP Definition

NPDSCH

Reference Data CiDUEE?

The remote commands required to configure the demodulation are described in Chap-
ter 6.9.2.7, "Demodulation”, on page 153.

VIO or=T =T ol 1 (= 60
Scrambling Of COed BilS....c..oiuuiiiiiiiiiiiie e e 60
EVM Calculation MEthOG...........uiuiiiiiceieeee et e e e e e e e e e eeeeeeeees 60
NPDSCH Reference Data.........cccoooiiiiiiiieeeeeeeeeee e 61
Compensate CroSStalK.........oeiviiiiiiiiicccriir e e e e e 61

Multicarrier Filter
Turns the suppression of interference of neighboring carriers for tests on multiradio
base stations on and off (e.g. LTE, WCDMA, GSM etc.).

The FSW automatically selects the multicarrier filter when you analyze more than 1
component carrier.

Remote command:
[SENSe:] [LTE:]DL:DEMod:MCFilter on page 153

Scrambling of Coded Bits
Turns the scrambling of coded bits for all physical channels like NPDSCH on and off.

The scrambling of coded bits affects the bitstream results.

Remote command:
[SENSe:] [LTE: ] DL:DEMod:CBSCrambling on page 153

EVM Calculation Method
Selects the way the EVM is calculated.

"EVM 3GPP Calculates the EVM according to 3GPP TS 36.141. Evaluates the
Definition" EVM at two trial timing positions and then uses the higher EVM of the
two.
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"At Optimal Calculates the EVM using the optimal timing position.
Timing Posi-

tion"

Remote command:

[SENSe:] [LTE:]DL:DEMod:EVMCalc on page 154

NPDSCH Reference Data
Selects the type of reference data to calculate the EVM for the NPDSCH.

By default, the FSW automatically detects the NPDSCH reference values and maps
the measured values to the nearest reference point.

"Auto Detect”  Automatically detects the NPDSCH reference values.

"All Q" Assumes the NPDSCH to be all 0's, according to test model defini-
tions.

Remote command:
[SENSe:] [LTE:]DL:DEMod: PRData on page 154

Compensate Crosstalk
Turns compensation of crosstalk produced by one of the components in the test setup
on and off.

Turn on this feature, if you expect crosstalk from the DUT or another component in the
test setup. This can become necessary, for example, for over-the-air measurements.

If you connect the DUT to the analyzer by cable, turn off crosstalk compensation. In
that case, the only crosstalk results from the DUT itself and contributes as distortion to
the measurement results.

Crosstalk compensation must be activated for Time Alignment Error measurements.
For more information, see Chapter A, "Performing time alignment measurements”,
on page 169.

Remote command:
CONFigure[:LTE] :DL[:CC<cc>] :MIMO:CROSstalk on page 153

4.2.13 Automatic configuration

Access: [AUTO SET]

The FSW features several automatic configuration routines. When you use one of
those, the FSW configures different parameters based on the signal that you are mea-
suring.

Auto leveling
You can use the auto leveling routine for a quick determination of preliminary amplitude
settings for the current NB-IoT input signal.

Remote command:
[SENSe: ]ADJust:LEVel<ant> on page 157
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Auto Scaling
Scales the y-axis for best viewing results. Also see "Automatic scaling of the y-axis"
on page 67.

Remote command:
DISPlay[:WINDow<n>] [ :SUBWindow<w>] :TRACe<t>:Y[:SCALe] :AUTO
on page 164

4.3 Time alignment error measurements

Several settings supported by time alignment error measurements are the same as
those for I/Q measurements. For a comprehensive description, refer to the following
chapters.

® Chapter 4.2.1, "Defining signal characteristics", on page 37

® Chapter 4.2.5, "Configuring the control channel", on page 44

® Chapter 4.2.6, "Input source configuration", on page 44

® Chapter 4.2.7, "Frequency configuration", on page 50

® Chapter 4.2.8, "Amplitude configuration", on page 51

® Chapter 4.2.9, "Configuring the data capture", on page 55

® Chapter 4.2.10, "Trigger configuration", on page 57

® Chapter 4.2.12, "Configuring demodulation parameters", on page 60

4.4 Frequency sweep measurements

After starting one of the frequency sweep measurements, the application automatically
loads the configuration required by measurements according to the 3GPP standard.

® The channel configuration defined in the standard for the ACLR measurement.
® The spectral mask as defined in the 3GPP standard for SEM measurements.

If you need a different measurement configuration, you can change all parameters as
required. Except for the dialog box described below, the measurement configuration
menus for the frequency sweep measurements are the same as in the Spectrum appli-
cation.

Refer to the User Manual of the FSW for a detailed description on how to configure
ACLR and SEM measurements.

o ACLR signal desCription......ooi e 62
o  SEM signal desCription..........eeeeiiiiiieiie e 63

441 ACLR signal description

Access: "Overview"

Access: "Meas Config" > "CP / ACLR Config"
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The SEM measurement and its settings are basically the same as in the spectrum
application of the FSW. For a comprehensive description, see the FSW user manual.

In addition, the ACLR measurement in the NB-loT application has several exclusive
settings not available in the spectrum application.

The signal description for ACLR measurements contains settings to describe general
physical characteristics of the signal you are measuring.

Access: "Meas Setup" > "Signal Description"

® NB-loT "Mode": The NB-loT mode is always "FDD Downlink".

e "Deployment": The SEM measurement only supports measurements on stand-
alone deployment.

® "Channel Bandwidth": The channel bandwidth for the stand-alone deployment is a
fix value of 200 kHz.

® "Adjacent Channels": Selects the adjacent channel configuration for the "Stand
Alone" deployment as specified by 3GPP 36.104 chapter 6.6.2.

4.4.2 SEM signal description

Access: "Overview"

The SEM measurement and its settings are basically the same as in the spectrum
application of the FSW. For a comprehensive description, see the FSW user manual.

In addition, the SEM measurement in the NB-loT application has several exclusive set-
tings not available in the spectrum application.

The signal description for SEM measurements contains settings to describe general
physical characteristics of the signal you are measuring.

Access: "Meas Setup" > "Signal Description"

® NB-loT "Mode": The NB-loT mode is always "FDD Downlink".

® "Deployment": The SEM measurement only supports measurements on stand-
alone deployment.

® "Channel Bandwidth": The channel bandwidth for the stand-alone deployment is a
fix value of 200 kHz.

L0221 =T o YN 63
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Category

Selects the baste station category to test. The base station category defines the shape
of the SEM limit line.

You can select one of the following categories.
® \Vide areas base stations

® | ocal area base stations

® Home base stations

® Medium range base stations
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In addition to the base station category, the shape of the limit line depends on the
power of the NB-IoT carrier.

For medium range base stations, the shape of the limit line also depends on the power
of the transmission channel.

Remote command:
[SENSe: ] POWer:SEM:CATegory on page 158

Tx Power
Defines the Tx channel power for medium range base stations. The selected channel
power has an effect on the shape of the SEM limit line.

You can define the channel power either manually or automatically. For automatic
detection, the FSW measures the power of the transmission channel.

Remote command:
State: [SENSe: ] POWer:SEM:CHBS: AMPower : AUTO on page 158
Power: [SENSe: ] POWer:SEM:CHBS : AMPower on page 158

Power NB-loT Carrier
Defines the power of the NB-IoT carrier. The selected power has an effect on the
shape of the SEM limit line.

You can define the channel power either manually or automatically.

For automatic detection, the FSW measures the power of the NB-loT carrier. The limit
values are relative values based on the power of the NB-loT carrier measured in the
reference range.

For manual definition of the power, the limit values are absolute values based on the
power of the NB-IoT carrier.

Remote command:
Mode: [SENSe: ] POWer: SEM: PTOM on page 159
Power: [SENSe: ] POWer:SEM: PTOV on page 159
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5 Analysis

5.1

511

The FSW provides various tools to analyze the measurement results.

o General @analysis T00IS....ccciiiuiiiiii i 65
e Analysis tools for I/Q MeasuremMeNtS.........cuiuviiiiiiiiee e e e 68
e Analysis tools for frequency sweep measuremMents. ..........evveeiriniiiiiiiiieeeeeeeeeeenn 72

General analysis tools

The general analysis tools are tools available for all measurements.

@ DAta EXPOI ettt e e e e e e e e e e e e e e e e e ar————————————— 65
®  MICIOSEIVICE EXPOI..cueiiitiieiiiiieieiei et e e e e e e et eeeee ettt eeeet et eaeseeeeeeeaeaaaaesseeseeeeeeernres 66
L I I = To =0 o IR [T SO 66
L 4 o o o FO PP PPPPP 67
L V= T = < T PSP R 67
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

Exporting trace data

1. Select [TRACE] > "Trace Export Config".

2. Select the data you would like to export.

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.
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2. Select "Export" > "I/Q Export".

3. Define a file name and location for the I/Q data.
The default file type is ig. tar.

4. Later on, you can import the I/Q data using the 1/Q file input source.

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 FSW user
manual.

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 106

I/Q data format: FORMat : DEXPort : FORMat on page 121
1/Q export: MMEMory : STORe<n>:1Q:STATe on page 121
I/Q import; TNPut:FILE:PATH on page 135

5.1.2 Microservice export

Access: E1/Fl > "Export" > "Microservice Export"

You can export the signal configuration in a file format compatible to the cloud-based
microservice (.m5g file extension).

For a comprehensive description of the microservice, refer to the microservice user
manual.

Remote command:

MMEMory : STORe<n>:MSERvice on page 161

5.1.3 Diagram scale

Access: "Overview" > "Analysis" > "Scale"

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 6.10.4, "Y-axis scale", on page 164.

Manual scaling Of the Y-aXiS.......ccccciiiiiiiiiic e e 67
Automatic scaling of the Y-aXiS.........uuuiiiiiiiiiiiicii e 67
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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 165
DISPlay[:WINDow<n>] [ : SUBWindow<w>] :TRACe<t>:Y[:SCALe] :MINimum
on page 165

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 164

51.4 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 K& Magnifies the selected diagram area.

e B Magnifies the selected diagram area, but keeps the original diagram in a sepa-
rate window.

e K Restores the original diagram.

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 FSW user manual.

5.1.5 Markers

Access: "Overview" > "Analysis" > "Marker"
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5.2

5.2.1

Analysis tools for I/Q measurements

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 FSW 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 FSW 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 FSW 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 FSW provides an extended marker functionality.

You can position the marker on a specific resource element, whose position is defined
by the following coordinates:

® 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.

Analysis tools for I/Q measurements

o Layout of nuMeErical reSUIS........cooiiiiieeecccre e 68
®  EValuation FANQE....ccooo it ——————— 69
®  RESUIt SEtNGS. .eeiiiiiiiie et 71

Layout of numerical results

You can customize the displayed information of some numerical result displays or
tables, for example the allocation summary.

User Manual 1178.5937.02 — 17 68



R&S®FSW-K106 Analysis

Analysis tools for I/Q measurements

» Select some point in the header row of the table.

3 Allocation Summary

1 cc2
3.1 CC1:Tx 1(AP O, 5, 7)
Allocation
1D

Rel .
Power [dB] Modulation

The application opens a dialog box to add or remove columns.

Displayed Columns

Subframe Modulation
Allocation ID Power per RE [dBm]
No of RBs EVM [%]
Rel Power [dB]

Add and remove columns as required.

5.2.2 Evaluation range

Access: "Overview" > "Evaluation Range"

The evaluation range defines the signal parts that are considered during signal analy-
sis.

Global
Subframe Selection
Constellation Diagram

Modulation

Allocation

Symbol (OFDM)

Carrier

SUDFrameE SEIECHON. .....coii i 69
Evaluation range for the constellation diagram.............ccccoorrrirricccccccce e, 70

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 FSW shows the results for all subframes that have been ana-
lyzed.

The FSW 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
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If you filter by a single subframe, the FSW shows one trace that represents the values
measured for that subframe only.

You can apply the filter to the following result displays.

Result Summary

EVM vs Carrier / EVM vs Symbol / EVM vs Symbol X Carrier
Group Delay

Power vs Symbol X Carrier

Constellation Diagram

Allocation Summary

Time Alignment Error

Remote command:
[SENSe:] [LTE:] [CC<cc>:]SUBFrame:SELect on page 163

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.
® [ ocation

Selects the point in the signal processing at which the constellation diagram is cre-
ated, before or after the MIMO encoding.

For spatial multiplexing, symbols of different encoding schemes are merged in the
MIMO encoder. Thus you get a mix of different modulation alphabets. When you
filter these symbols to show a modulation "MIXTURE", you get the mixed symbols
only if you have selected the "Before MIMO/CDMA Decoder" option.

Note that the PHICH is CDMA encoded. Thus, the constellation points for the
PHICH are either created before or after CDMA encoding.

If you have selected "After MIMO/CDMA Decoder", filtering by "Symbol" and "Car-
rier" is not available. Instead, you can filter by "Symbol" and "Codeword".

Remote command:

Modulation: [SENSe:] [LTE: ] [CC<cc>:]MODulation:SELect on page 163
Allocation: [SENSe:] [LTE: ] [CC<cc>:]ALLocation:SELect on page 162
Symbol: [SENSe:] [LTE:] [CC<cc>:]SYMBol:SELect on page 164
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Carrier: [SENSe:] [LTE:] [CC<cc>:]CARRier:SELect on page 162
Location: [SENSe: ] [LTE: ] [CC<cc>:]LOCation:SELect on page 163

5.2.3 Result settings

Access: "Overview" > "Analysis" > "Result Settings"

Result settings define the way certain measurement results are displayed.

EVM Unit

Carrier Axes

Marker Coupling

Y41V, oY T 71
Bit Stream FOrMaAt.......ooeiiice et et e e e e et e e e e e e e eaneaeen 71
(O T TR AN G TR 72
=T (= o @010 o)1 T S 72
EVM Unit

The "EVM Unit" selects the unit for the EVM measurement results in diagrams and
numerical result displays.

Possible units are dB and %.

Remote command:
UNIT:EVM on page 167

Bit Stream Format
Selects the way the bit stream is displayed.

The bit stream is either a stream of raw bits or of symbols. In case of the symbol for-
mat, the bits that belong to a symbol are shown as hexadecimal numbers with two dig-
its.

Example:

Figure 5-2: Bit stream display in downlink application if the bit stream format is set to "bits"

Remote command:
UNIT:BSTR on page 166
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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 166

Marker Coupling
Couples or decouples markers that are active in multiple result displays.

When you turn on this feature, the application moves the marker to its new position in
all active result displays.

When you turn it off, you can move the markers in different result displays independent
from each other.

Remote command:
CALCulate<n>:MARKer<m>:COUPling on page 166

5.3 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 FSW user manual.

User Manual 1178.5937.02 — 17 72



R&S®FSW-K106 Remote control

Common suffixes

6 Remote control

The following remote control commands are required to configure and perform LTE
NB-loT measurements in a remote environment. The FSW 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 FSW user manual. In particu-
lar, 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 (specific status registers for Pulse measure-
ments are not used).

O SCPI Recorder - automating tasks with remote command scripts

The LTE NB-loT measurement application also supports the SCPI Recorder functional-
ity.

Using the SCPI Recorder functions, you can create a SCPI script directly on the instru-
ment and then export the script for use on the controller. You can also edit or write a
script manually, using a suitable editor on the controller. For manual creation, the
instrument supports you by showing the corresponding command syntax for the cur-
rent setting value.

For details see the "Network and Remote Operation" chapter in the FSW User Manual.

@  COMMON SUFIXES....coi ettt e e e e e 73
L I 1 o T VT3 1T o SR 74
LI =Y (DS (=T | ) (= RSP PRRRR 79
o NB-IoT application SEIECHON........cci e e e e 80
L IS o =T o I = Yo T | 84
o  Measurement CONTIOL........uuuiiiiceccie e e e e e e e e e e e e e eeeeeees 93
o Trace data readOUL.... ... —————— 97
®  NUMETIC resuUlt readOUL...........oooiiiiiceeee e 109
L I O] 1 1o U] r=111o] o PO PRTPURPRN 120
L I N T Y SRR 160
e Reading out status register.........oooviviiiiiiiiiiicccccrr e —————- 167

6.1 Common suffixes

In the LTE NB-loT measurement application, the following common suffixes are used in
remote commands:
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6.2

6.2.1

Introduction

Table 6-1: Common suffixes used in remote commands in the LTE NB-loT measurement application

Suffix Value range Description
<m> 1.4 Marker
<n> 1..16 Window (in the currently selected channel)
<t> 1..6 Trace
<li> 1t08 Limit line
<ant> 1.2 Selects an antenna for MIMO measurements.
<cc> 1.5 Selects a component carrier.
Irrelevant for the NB-loT application.
<k> --- Selects a limit line.
Irrelevant for the NB-loT application.
<np> 0...20 Selects a NPUSCH (NB-IoT uplink only)
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 FSW.

Remote command examples

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

Conventions used in descriptions

The following conventions are used in the remote command descriptions:
® Command usage
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If not specified otherwise, commands can be used both for setting and for querying
parameters.

If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

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

® Conformity
Commands that are taken from the SCPI standard are indicated as "SCPI con-
firmed". All commands used by the FSW follow the SCPI syntax rules.

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

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RsST
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.

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

Example:

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

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

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.

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

Optional keywords are emphasized with square brackets.

Example:

Without a numeric suffix in the optional keyword:

[SENSe: ] FREQuency:CENTer is the same as FREQuency: CENTer
With a numeric suffix in the optional keyword:
DISPlay[:WINDow<1l...4>]:Z00M:STATe
DISPlay:Z0OM: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.

6.2.6 SCPI parameters

Many commands feature one or more parameters.

If a command supports more than one parameter, they are separated by a comma.
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Example:
LAYout :ADD:WINDow Spectrum, LEFT,MTABle
Parameters can have different forms of values.
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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.

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

Sometimes, numeric values are returned as text.
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® [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

"OFE" 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 ("OFF").

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 75.

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 (" ).

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.
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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 LTE NB-loT measurement application uses the standard status registers of the
FSW (depending on the measurement type). However, some registers are used differ-
ently. Only those differences are described in the following sections.

For details on the common FSW status registers refer to the description of remote con-
trol basics in the FSW user manual.

@ *RST does not influence the status registers.

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 Configured frame not found

1 Sync not found

2to5 Unused

6 Auto level no signal
7 Setting mismatch
8 Signal analysis error
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Bit No. | Meaning

9to 14 Unused

15 This bit is always 0

6.4 NB-loT application selection

INSTrument:CREAtE:DUPLICALE. .......ccvuieieeeeiiiieeeeeeeete e eeeeeetee e e e e e e e e e e e eaaaeeeeeeentaaeeaeees 80
INSTrument:CREGE[INEW].....cceiiiei et e e e e e e e e e e e s e e e e eab s e e e e e eannan s 80
INSTrument:CREAtEIREPLACE. ......ccuu it eaanas 81
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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 81.

<ChannelName> String containing the name of the channel.
Note that you cannot assign an existing channel name to a new
channel. If you do, an error occurs.

Example: INST:CRE SAN, 'Spectrum 2'

Adds a spectrum display named "Spectrum 2".
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INSTrument:CREate:REPLace <ChannelName1>, <ChannelType>,
<ChannelName2>

Replaces a channel with another one.

Setting parameters:
<ChannelName1>  String containing the name of the channel you want to replace.

<ChannelType> Channel type of the new channel.
For a list of available channel types, see TNSTrument :LIST?
on page 81.

<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 81).
Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters
such as ":", ™", "?".

Example: INST:CRE:REPL 'IQAnalyzer2',6IQ, 'IQAnalyzer'
Replaces the channel named "IQAnalyzer2" by a new channel of
type "IQ Analyzer" named "IQAnalyzer".

Usage: Setting only

INSTrument:DELete <ChannelName>
Deletes a channel.
If you delete the last channel, the default "Spectrum" channel is activated.

Setting parameters:
<ChannelName> String containing the name of the channel you want to delete.
A channel must exist to delete it.

Example: INST:DEL 'IQAnalyzer4'
Deletes the channel with the name 'IQAnalyzer4'.

Usage: Setting only

INSTrument:LIST?

Queries all active channels. The query is useful to obtain the names of the existing
channels, which are required to replace or delete the channels.

Return values:
<ChannelType>, For each channel, the command returns the channel type and
<ChannelName> channel name (see tables below).
Tip: to change the channel name, use the TNSTrument :
REName command.
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Example: INST:LIST?
Result for 3 channels:
'"ADEM', "Analog Demod', 'IQ', 'IQ
Analyzer', 'IQ','IQ Analyzer2'
Usage: Query only

Table 6-3: Available channel types and default channel names in Signal and Spectrum Analyzer mode

Application <ChannelType> Default Channel name*)
parameter

Spectrum SANALYZER Spectrum

1XEV-DO BTS (R&S FSW-K84) BDO 1XEV-DO BTS

1XEV-DO MS (R&S FSW-K85) MDO 1XEV-DO MS

3GPP FDD BTS (R&S FSW-K72) BWCD 3G FDD BTS

3GPP FDD UE (R&S FSW-K73) MWCD 3G FDD UE

802.11ad (R&S FSW-K95) WIGIG 802.11ad

802.11ay (R&S FSW-K97) EDMG 802.11ay EDMG

Amplifier Measurements (R&S FSW-K18) AMPLifier Amplifier

AM/FM/PM Modulation Analysis (R&S FSW-K7) ADEM Analog Demod

Avionics (R&S FSW-K15) AVlonics Avionics

Bluetooth (R&S FSW-K8) BTO Bluetooth

c¢dma2000 BTS (R&S FSW-K82) BC2K CDMA2000 BTS

cdma2000 MS (R&S FSW-K83) MC2K CDMA2000 MS

DOCSIS 3.1 (R&S FSW-K192/193) DOCSis DOCSIS 3.1

Fast Spur Search (R&S FSW-K50) SPUR Spurious

GSM (R&S FSW-K10) GSM GSM

HRP UWB (R&S FSW-K149) uwB HRP UWB

1/Q Analyzer 1Q 1Q Analyzer

LTE (R&S FSW-K10x) LTE LTE

Multi-Carrier "Group Delay" (R&S FSW-K17) MCGD MC "Group Delay"

NB-loT (R&S FSW-K106) NIOT NB-loT

Noise (R&S FSW-K30) NOISE Noise

5G NR (R&S FSW-K144) NR5G 5G NR

OFDM VSA (R&S FSW-K96) OFDMVSA OFDM VSA

OneWeb (R&S FSW-K201) OWEB OneWeb

Phase Noise (R&S FSW-K40) PNOISE Phase Noise

*) If the specified name for a new channel already exists, the default name, extended by a sequential num-

ber, is used for the new channel.
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Application <ChannelType> Default Channel name*)
parameter

Pulse (R&S FSW-K6) PULSE Pulse

"Real-Time Spectrum" RTIM "Real-Time Spectrum"

TD-SCDMA BTS (R&S FSW-K76) BTDS TD-SCDMA BTS

TD-SCDMA UE (R&S FSW-K77) MTDS TD-SCDMA UE

Transient Analysis (R&S FSW-K60) TA Transient Analysis

Verizon 5GTF Measurement Application (V5GTF, V5GT V5GT

R&S FSW-K118)

VSA (R&S FSW-K70) DDEM VSA

WLAN (R&S FSW-K91) WLAN WLAN

*) If the specified name for a new channel already exists, the default name, extended by a sequential num-
ber, is used for the new channel.

INSTrument:REName <ChannelName1>, <ChannelName2>
Renames a channel.

Setting parameters:
<ChannelName1> String containing the name of the channel you want to rename.

<ChannelName2> String containing the new channel name.
Note that you cannot assign an existing channel name to a new
channel. If you do, an error occurs.
Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters

SuCh as ll:ll, ll*ll, ll?ll.

Example: INST:REN 'IQAnalyzer2', 'IQAnalyzer3'
Renames the channel with the name 'IQAnalyzer2' to 'lQAna-
lyzer3'.

Usage: Setting only

INSTrument[:SELect] <ChannelType>

Selects a new measurement channel with the defined channel type.

Parameters:
<ChannelType> NIOT

LTE NB-loT measurement channel
Example: /[Select LTE NB-loT application

INST NIOT
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6.5 Screen layout

6.5.1
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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:FORMEL..........ceeeeeeieiereririiti i iiaaaaeieseeeeeeaeeeeseteereeeerersrrararasan i iaseseesasassesseserereees 84
DISPIay[:WINDOWSNS]:SIZE.....uuiieeiiiiiieeeeeeettee e e e ettt ieeeeeetataeseessestaaeeeeessnnnseaesentannaaaaens 84
DISPlay[:WINDow<n>][:SUBWINAOWSW>]:SELEC.......cccevriieeeeiieiiieieeeeeeree et e e eeenaaees 85
DISPlay[:WINDow<n>]:TAB<tab>:SELECL.........cieuiiiiiiieee e e 85

DISPlay:FORMat <Format>

Determines which tab is displayed.

Parameters:

<Format> SPLit
Displays the MultiView tab with an overview of all active chan-
nels
SINGle
Displays the measurement channel that was previously focused.
*RST: SING

Example: DISP:FORM SPL

DISPlay[:WINDow<n>]:SIZE <Size>

Maximizes the size of the selected result display window temporarily. To change the
size of several windows on the screen permanently, use the LAY : SPL command (see
LAYout:SPLitter on page 89).

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
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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:WINDI:SEL

Example: /[Put the focus on subwindow 2 in window 1

DISP:WIND1:SUBW2: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
<tab> 1..n

Tab
Example: /[Select a tab

DISP:WINDZ2:TAB2:SEL

6.5.2 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. ettt eeeeettiteeeeeeeetieeeeeeetstaeeesseetannaeeessassannaesenssanesaesessnnnseeeeessnnnnss 86
LAYOUL: CATAIOG:WINDOW] 2. .. ettt ettt ettt e et et et e e e e et e et e et e e e e e e e eneeeaaenan 88
LAYOUL: IDENY[:WINDOW] ... ettt ettt ettt et e e e e e e e e e e e e e e ea e eaaans 88
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LAYOUt:REMOVE[:WINDOW]...ettuuuieeieeeiiieeeeeeintaeseeeseetuaeeesesennaseeeseesnansessenesnnnaseeseensnnseneenns 89
LAYOUt:REPLACE[:WINDOWY]. .. euiiiieieiiieie e e et et e e e e et et e e e et et e e s e e e ean e e e e s eneeaneenen 89
[N o TUY RS d 14 =Y N 89
LAYOUL:WINDOWSNZIADD?....cuiieeeeee et ee et e e et e e e eee e e e e e eea e e seaeeeeaa e e eaaeesanneeeeaneeennneerean 91
LAYOUt:WINDOWSNZIDENLIfY 2. ... ieiieeiiieeeeeeeetie e e e e e etttee e e e e eetee e e e e e eete e e e e eeesaaeeeeseesnnneeaaes 91
LAYOUt:WINDOWSN>REMOVE.......cevuuieieeiiitiiiieeeeettitaeeeeeeettaeeeseeaataeeeesestanaaeeeessstaneaeseesnnns 92
LAYOUt:WINDOWSN>REPLACE. .......ccvtuuieeeeeieiteeeeeeeeeetaeeeeeeeetaaeeeeeeestaaeeesereanaeeeesenssnnaeaaees 92
LAYOULWINDOWSNZITY PE. ..o ittt ettt ettt ettt e e e e e e e e e eneenenenns 93

LAYout:ADD[:WINDow]? <WindowName>, <Direction>, <WindowType>
Adds a window to the display in the active channel.

Is always used as a query so that you immediately obtain the name of the new window
as a result.

To replace an existing window, use the LAYout :REPLace [ : WINDow] command.

Query parameters:

<WindowName> String containing the name of the existing window the new win-
dow is inserted next to.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows, use the
LAYout:CATalog[:WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow
Direction the new window is added relative to the existing win-
dow.

<WindowType> text value

Type of result display (evaluation method) you want to add.
See the table below for available parameter values.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY:ADD? 'l',LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only
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Manual operation: See "Capture Buffer" on page 17
See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 19
See "EVM vs Subframe" on page 20
See "Frequency Error vs Symbol" on page 20
See "Power Spectrum" on page 21
See "Channel Flatness" on page 21
See "Group Delay" on page 22
See "Channel Flatness Difference" on page 22
See "Constellation Diagram" on page 22
See "CCDF" on page 23
See "Allocation Summary" on page 24
See "Bitstream" on page 25
See "EVM vs Symbol x Carrier" on page 26
See "Power vs Symbol x Carrier" on page 26
See "Allocation ID vs Symbol x Carrier" on page 27
See "Marker Table" on page 29
See "Time Alignment Error" on page 30
See "Marker Peak List" on page 34

Table 6-4: <WindowType> parameter values for NB-loT downlink measurement application

Parameter value Window type

1/Q measurements

AISC "Allocation ID vs. Symbol X Carrier"
ASUM "Allocation Summary"

BSTR "Bitstream"

CBUF "Capture Buffer"

CCDF "CCDF"

FLAT "Channel Flatness"

CONS "Constellation Diagram"
EVCA "EVM vs. Carrier"

EVSC "EVM vs. Symbol X Carrier"
EVSU "EVM vs. Subframe"

EVSY "EVM vs. Symbol"

FEVS "Frequency Error vs. Symbol"
GDEL "Group Delay"

MTAB "Marker Table"

PSPE "Power Spectrum"

PVSC "Power vs. Symbol X Carrier"
RSUM "Result Summary"

Time alignment error
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Parameter value Window type

CBUF "Capture Buffer"
MTAB "Marker Table"

PSPE "Power Spectrum"
TAL "Time Alignment Error"

ACLR and SEM measurements

DIAG "Diagram"”

PEAK "Peak List"

MTAB "Marker Table"
RSUM "Result Summary"

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>,<Windowlndex_1>..<WindowName_n>,<WindowIndex_n>

Return values:
<WindowName> string
Name of the window.
In the default state, the name of the window is its index.

<WindowlIndex> numeric value
Index of the window.

Example: LAY :CAT?
Result:
'2',2,'1',1
Two windows are displayed, named '2' (at the top or left), and "1’
(at the bottom or right).

Usage: Query only

LAYout:IDENtify[:WINDow]? <WindowName>
Queries the index of a particular display window in the active channel.

Note: to query the name of a particular window, use the LAYout : WINDow<n>:
IDENtify? query.

Query parameters:
<WindowName> String containing the name of a window.

Return values:
<WindowlIndex> Index number of the window.
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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"

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 86 for a list of available
window types.

Example: LAY:REPL:WIND '1',MTAB
Replaces the result display in window 1 with a marker table.

Usage: Setting only

LAYout:SPLitter <Index1>, <Index2>, <Position>

Changes the position of a splitter and thus controls the size of the windows on each
side of the splitter.

Compared to the DIsPlay [ :WINDow<n>] : SIZE on page 84 command, the
LAYout:SPLitter changes the size of all windows to either side of the splitter per-
manently, it does not just maximize a single window temporarily.
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Note that windows must have a certain minimum size. If the position you define con-
flicts with the minimum size of any of the affected windows, the command does not
work, but does not return an error.

x=100 x=100, y=100

1 Frequency Sweep P 7 'mﬁtr[r » P Clr z ‘|-

CF 185 Gl 1M1 s F0% G Span M5 e | OF 1R 25 GHz 1001 pteSpan 265 GHel rome & 0

A Presaloctos

x=0, y=0 y=100
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 86 for a list of available

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 L.AYout:ADD[ :WINDow] ? on page 86 for a list of available
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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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 86.

Note that this command is not available in all applications and measurements.

Suffix:
<n> 1..n
Window
Parameters:
<WindowType>
Example: LAY :WIND2:TYPE?

6.6 Measurement control

6.6.1 Measurements

= 1 ] PP 93
INITIAte<N>ICONTINUOUS . c.evtrttetettunnaaeaaeieseeeeeaeaeseteeeeeeeeesessntnsnsanannnnsasasseaasasaasssseeeeeensnnns 94
N IE=Y (SRS g b LY 1Y/ 1=Y 1= = 94
[SENSE: ISYNC :C RS 1S TATE] 2. et eeee e et e et e et e et e e e e e e e e e e e e e e een e e eenneeeen 95
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 FSW is blocked for further commands. In this case, you must interrupt
processing on the remote channel first in order to abort the measurement.

To do so, send a "Device Clear" command from the control instrument to the FSW on a
parallel channel to clear all currently active remote channels. Depending on the used
interface and protocol, send the following commands:

® \Visa:viClear ()
® GPIB: ibclr ()
® RSIB: RSDLLibclr ()
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Now you can send the ABORt command on the remote channel performing the mea-

surement.

Example: ABOR; : INIT:IMM
Aborts the current measurement and immediately starts a new
one.

Example: ABOR; *WAT
INIT:IMM
Aborts the current measurement and starts a new one once
abortion has been completed.

Usage: Event

INITiate<n>: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?
Would return, e.g. "1' for successful synchronization.

Usage: Query only

Measurement sequences

INITiate:SEQUENCEIABORI......... ettt e et e e e et e e e et e e e e e e eeneeeeaeaeennnnns 95
INITiate:SEQUENCErIMMEIALE. .........ieeeeeeeeee et e e e e e e e e e e e e e e eanneaes 95
INITiate:SEQUENCEIMODE............cceeeieeeeeeeeeterett et eeeeeeeseeeeeeeaeaeeaeeeeeeeeeeesessrssrararannnnnnnns 96
SY STEM:ISEQUENCET ... .ceeeitiieeeeeetiteee e e ettt e e e e e e ettt aeeees ettt eeeeeastaseeesratanasaeeesnnansaaesenranns 96

INITiate:SEQuencer:ABORt
Stops the currently active sequence of measurements.

You can start a new sequence any time using INITiate:SEQuencer: IMMediate
on page 95.

Usage: Event

INITiate:SEQuencer:IMMediate
Starts a new sequence of measurements by the Sequencer.

Its effect is similar to the TNTTiate<n>[:IMMediate] command used for a single
measurement.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 96).

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.
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INITiate:SEQuencer:MODE <Mode>

Defines the capture mode for the entire measurement sequence and all measurement
groups and channels it contains.

Note: To synchronize to the end of a measurement sequence using *OPC, *OPC? or
*WAT, use SINGle Sequencer mode.

Parameters:

<Mode> SINGle
Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence is finished.

CONTinuous

Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence restarts with the first one and
continues until it is stopped explicitly.

*RST: CONTinuous

SYSTem:SEQuencer <State>

Turns the Sequencer on and off. The Sequencer must be active before any other
Sequencer commands (INIT:SEQ. . .) are executed, otherwise an error occurs.

Parameters:

<State> 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 Trace data readout

e The TRACE[:DATA] COMMANG.....cciiiiiiiiiiiiieie e e e e e e e e e e e e e e eeesreeeeeeeeeaee s 97
L I TN A Y=o (01U | SO 108

6.7.1 The TRACe[:DATA] command

This chapter contains information on the TRACe : DATA command and a detailed
description of the characteristics of that command.

The TRACe: DATA command queries the trace data or results of the currently active
measurement or result display. The type, number and structure of the return values are
specific for each result display. In case of results that have any kind of unit, the com-
mand returns the results in the unit you have currently set for that result display.

Note also that return values for results that are available for both downlink and uplink
may be different.

For several result displays, the command also supports various SCPI parameters in
combination with the query. If available, each SCPI parameter returns a different
aspect of the results. If SCPI parameters are supported, you have to quote one in the

query.

Example:
TRAC2:DATA? TRACE1L

The format of the return values is either in ASCII or binary characters and depends on
the format you have set with FORMat [ : DATA].

Following this detailed description, you will find a short summary of the most important
functions of the command (TRACe<n> [ : DATA] ?).

O Selecting a measurement window

Before querying results, you have to select the measurement window with the suffix
<n> at TRACe. The range of <n> depends on the number of active measurement win-

dows.

e Adjacent channel leakage ratio...........cccoviiiiiiiieiiiccccre e, 98
o Allocation ID VS SYMDOI X CaITIEr..... .. a e e 98
L JI N[ ToToz=1 1 o TE=TU T o g2 =T Y28 SRR 98
@ Bt ST AM. . 100
L I O7= o) (0= o101 =Y S 100
L J O O I L USRS 101
e Channel and spectrum flatness..........oooveeiiiiicccccc e 101
e Channel and spectrum flatness difference........ccccceeeeeeeiiiiiiiiiii, 101
L I € 1U ] o X o =1 = SR 102
o Constellation diagram......c..oii oo 102
L I A o= 4 Y 103
® EVM VS SUDTAMIE....c i 103
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O EVM VS SYMDOL.....cceeeeee et 103
®  EVM VS SYMDOI X CAITIOF.ccciiiiiei et a e e e 103
®  Frequency error VS SYMDOL.......ccuiii it 104
®  POWET SPECIIUML..ceiiiiiieie ettt e e e e e e e e e e st eer e e e aaaeeeseesannnnes 104
®  POWEr VS SYMDOI X CaITIOF....uuiiiei e e e e e e e e e e e e e e e e e e eeeneees 104
®  SpPEeCtrum emiSSION MASK......cciiiieie i e e e e e e e e e e e e e e e e eeeeeaeee 105
®  Return Value COUES......oiiiiiiee e e e e e 105

6.7.1.1 Adjacent channel leakage ratio

For the ACLR result display, the number and type of returns values depend on the
parameter.

® TRAC:DATA TRACEL
Returns one value for each trace point.

6.7.1.2 Allocation ID vs symbol x carrier

For the allocation ID vs symbol x carrier, the command returns one value for each
resource element.

<ID[Symbol (0),Carrier(l)]>, ..., <ID[Symbol(0),Carrier(n)]>,
<ID[Symbol (1),Carrier(l)]>, ..., <ID[Symbol(l),Carrier(n)]>,
<ID[Symbol (n),Carrier(1l)]>, ..., <ID[Symbol (n),Carrier(n)]>,

The <allocation ID> is encoded.
For the code assignment, see Chapter 6.7.1.19, "Return value codes", on page 105.

The following parameters are supported.
e TRAC:DATA TRACE1l

6.7.1.3 Allocation summary

For the allocation summary, the command returns several values for each line of the
table.

® <J<subframe>

® <allocation ID>
® <number of RB>

® <Jrelative power>
® <modulation>

® <Jabsolute power>
o <JEVM>

® <LayerEVM>

The data format of the return values is always ASCII.
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The return values have the following characteristics.

® The <allocation IDisencoded.
For the code assignment, see Chapter 6.7.1.19, "Return value codes",
on page 105.

® The unitfor <relative power> is always dB.

® The <modulation> is encoded.
For the code assignment, see Chapter 6.7.1.19, "Return value codes",
on page 105.

® The unit for <absolute power> is always dBm.
® The unit for <EvM> depends on UNIT:EVM.
® The unit for <LayerEVM> depends on UNTIT: EVM.

Example:

Allocation Summary Selection  Antenna: 1

Sub- Humber Rel. . Power per
frame Allec. ID of RB Power/dB Modulation RE/dBm

TRAC:DATA? TRACEI would return:

0, -5, 0, 0.0000000000000, 2, -45.5463829153428, 7.33728660354122E-05, 8.2587600145187E-05
0, -3, 0, 0.0073997452251, 6, -42.5581007463452, 2.54197349219455E-05, 2.9270188222955E-05
0, -4, 0, 0.0052647197362, 1, -42.5464220485716, 2.51485275782241E-05, 2.5002471912438E-05

Additional information "ALL"

The allocation summary contains additional lines "ALL" that summarize the number of
RB analyzed in each subframe and the average EVM measured in that subframe. This
information is added to the return values after all allocations of the subframe have
been returned. The "ALL" information has the allocation ID code "-2".

In addition, there is a line at the end of the allocation summary that shows the average
EVM over all analyzed subframes. This information is also added as the last return val-
ues. The "ALL" information has the subframe ID and allocation ID code "-2".

A query result would thus look like this, for example:

//For subframe 0:

0, -40, 10, 2, 2, -84.7431947342849, 2.68723483754626E-06,
0, -41, 0, O, 6, -84.7431432845264, 2.37549449584568E-06,

(...)

//ALL for subframe 0:

0,-2,20,,,,2.45581475911678E-06

//For subframe 1:

1, -40, 10, 2, 2, -84.7431947342849, 2.68723483754626E-06,
1, -41, 0, O, 6, -84.7431432845264, 2.37549449584568E-06,

(...)

//ALL for subframe 1:

1,-2,20,,,,2.45581475911678E-06
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(o.2)
//ALL for all subframes
=2,=2,,,,,2.13196434228374E-06

6.7.1.4 Bit stream

For the bitstream result display, the number of return values depends on the parame-
ter.

e TRACE:DATA TRACE1
Returns several values and the bitstream for each line of the table.
<subframe>, <allocation ID>, <codeword>, <modulation>, <# of
symbols/bits>, <hexadecimal/binary numbers>, ...

e TRACE:DATA TRACE2
Returns all informative values of an allocation, including the totals over all
NPDSCH allocations that contribute to the bitstream, but not the bitstream itself.
<subframe>, <allocation ID>, <codeword>, <modulation>, <# of
symbols/bits>, <hexadecimal/binary numbers>,...,<total #
bits>, <total # bit errors>, <total # decoded bits>, <total
bit error rate>

e TRACE:DATA TRACE3
Returns all informative values of an allocation, including the totals over all
NPDSCH allocations that contribute to the bitstream, but not the bitstream itself.
The difference to TRACE? is that this query also includes the Bit/s result.
<subframe>, <allocation ID>, <codeword>, <modulation>, <# of
symbols/bits>, <hexadecimal/binary numbers>,...,<total #
bits>, <total # bit errors>, <total # decoded bits>, <total
bit error rate>, <bits/second>

All values have no unit. The format of the bit stream depends on Bit Stream Format.

For symbols or bits that are not transmitted, the command returns
e "FFF"if the bit stream format is "Symbols"
® "9"if the bit stream format is "Bits".

For symboils or bits that could not be decoded because the number of layer exceeds
the number of receive antennas, the command returns

e "FFE" if the bit stream format is "Symbols"
e "8"if the bit stream format is "Bits".

Note that the data format of the return values is always ASCII.

6.7.1.5 Capture buffer

For the capture buffer result display, the command returns one value for each 1/Q sam-
ple in the capture buffer.

<absolute power>,

The unit is always dBm.
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The following parameters are supported.
e TRAC:DATA TRACE1l

Note that the command returns positive peak values only.

CCDF

For the CCDF result display, the type of return values depends on the parameter.

e TRAC:DATA TRACEL

Returns the probability values (y-axis).
<# of values>, <probability>,

The unit is always %.
The first value that is returned is the number of the following values.

e TRAC:DATA TRACE2
Returns the corresponding power levels (x-axis).
<# of values>, <relative power>,

The unit is always dB.
The first value that is returned is the number of the following values.

Channel and spectrum flatness

For the channel flatness result display, the command returns one value for each trace
point.

<relative power>,
The unit is always dB.

The following parameters are supported.
e TRAC:DATA TRACE1l
Returns the average power over all subframes.

® TRAC:DATA TRACE2
Returns the minimum power found over all subframes. If you are analyzing a partic-
ular subframe, it returns nothing.

® TRAC:DATA TRACE3
Returns the maximum power found over all subframes. If you are analyzing a par-
ticular subframe, it returns nothing.

Channel and spectrum flatness difference

For the channel flatness difference result display, the command returns one value for
each trace point.

<relative power>,

The unit is always dB. The number of values depends on the selected NB-loT band-
width.

The following parameters are supported.
e TRAC:DATA TRACE1l
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Returns the average power over all subframes.

® TRAC:DATA TRACE2
Returns the minimum power found over all subframes. If you are analyzing a partic-
ular subframe, it returns nothing.

e TRAC:DATA TRACE3
Returns the maximum power found over all subframes. If you are analyzing a par-
ticular subframe, it returns nothing.

Group delay

For the group delay result display, the command returns one value for each trace point.
<group delay>,

The unit is always ns. The number of values depends on the selected NB-loT band-
width.

The following parameters are supported.

e TRAC:DATA TRACE1l
Returns the group delay.

Constellation diagram

For the constellation diagram, the command returns two values for each constellation
point.

<I[SFO][SymO][Carrier1]>, <Q[SFO][SymOQ][Carrier1]>, ..., <I[SFO][SymO][Carrier(n)]>, <Q[SFO0][Sym0][Car-
rier(n)]>,

<I[SFO][Sym1][Carrier1]>, <Q[SFO][Sym1][Carrier1]>, ..., <I[SFO][Sym1][Carrier(n)]>, <Q[SFO0][Sym1][Car-
rier(n)]>,

<I[SFO][Sym(n)][Carrier1]>, <Q[SFO][Sym(n)][Carrier1]>, ..., <I[[SFO][Sym(n)][Carrier(n)]>, <Q[SFO][Sym(n)]
[Carrier(n)]>,

<I[SF1][SymO][Carrier1]>, <Q[SF1][SymOQ][Carrier1]>, ..., <I[SF1][SymO][Carrier(n)]>, <Q[SF1][Sym0][Car-
rier(n)]>,

<I[SF1][Sym1][Carrier1]>, <Q[SF1][Sym1][Carrier1]>, ..., <I[SF1][Sym1][Carrier(n)]>, <Q[SF1][Sym1][Car-
rier(n)]>,

<I[SF(n)][Sym(n)][Carrier1]>, <Q[SF(n)][Sym(n)][Carrier1]>, ..., <I[SF(n)][Sym(n)][Carrier(n)]>, <Q[SF(n)]
[Sym(n)][Carrier(n)]>

With SF = subframe and Sym = symbol of that subframe.

The | and Q values have no unit.

The number of return values depends on the constellation selection. By default, it
returns all resource elements including the DC carrier.

The following parameters are supported.

e TRAC:DATA TRACE1
Returns all constellation points included in the selection.
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EVM vs carrier

For the EVM vs carrier result display, the command returns one value for each subcar-
rier that has been analyzed.

<EVM>,
The unit depends on UNTIT: EVM.

The following parameters are supported.

e TRAC:DATA TRACEL
Returns the average EVM over all subframes

® TRAC:DATA TRACE2
Returns the minimum EVM found over all subframes. If you are analyzing a particu-
lar subframe, it returns nothing.

e TRAC:DATA TRACE3
Returns the maximum EVM found over all subframes. If you are analyzing a partic-
ular subframe, it returns nothing.

EVM vs subframe

For the EVM vs subframe result display, the command returns one value for each sub-
frame that has been analyzed.

<EVM>,
The unit depends on UNIT : EVM.

The following parameters are supported.
e TRAC:DATA TRACE1

EVM vs symbol

For the EVM vs symbol result display, the command returns one value for each OFDM
symbol that has been analyzed.

<EVM>,

For measurements on a single subframe, the command returns the symbols of that
subframe only.

The unit depends on UNIT : EVM.

The following parameters are supported.
® TRAC:DATA TRACE1

EVM vs symbol x carrier

For the EVM vs symbol x carrier, the command returns one value for each resource
element.

<EVM[Symbol (0) ,Carrier(l)]>, ..., <EVM[Symbol (0),Carrier(n)]>,
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<EVM[Symbol (1),Carrier(1l)]>, ..., <EVM[Symbol (1l),Carrier(n)]>,

<EVM[Symbol (n) ,Carrier(l)]1>, ..., <EVM[Symbol (n),Carrier(n)]>,
The unit depends on UNIT: EVM.
Resource elements that are unused return NAN.

The following parameters are supported.
e TRAC:DATA TRACE1

6.7.1.15 Frequency error vs symbol
For the frequency error vs symbol result display, the command returns one value for
each OFDM symbol that has been analyzed.
<frequency error>, ...
The unit is always Hz.

The following parameters are supported.
e TRAC:DATA TRACE1

6.7.1.16 Power spectrum
For the power spectrum result display, the command returns one value for each trace
point.
<power>, ...
The unit is always dBm/Hz.

The following parameters are supported.
® TRAC:DATA TRACE1

6.7.1.17 Power vs symbol x carrier

For the power vs symbol x carrier, the command returns one value for each resource

element.

<P[Symbol (0),Carrier(l)]>, ..., <P[Symbol(0),Carrier(n)]>,
<P[Symbol (1),Carrier(l)]>, ..., <P[Symbol(l),Carrier(n)]>,
<P[Symbol (n),Carrier(l)]>, ..., <P[Symbol(n),Carrier(n)]>,

with P = Power of a resource element.
The unit is always dBm.

Resource elements that are unused return NAN.
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The following parameters are supported.
e TRAC:DATA TRACE1l

6.7.1.18 Spectrum emission mask

For the SEM measurement, the number and type of returns values depend on the
parameter.

e TRAC:DATA TRACEL

Returns one value for each trace point.
<absolute power>,
The unit is always dBm.

® TRAC:DATA LIST
Returns the contents of the SEM table. For every frequency in the spectrum emis-
sion mask, it returns 11 values.
<index>, <start frequency in Hz>, <stop frequency in Hz>,
<RBW in Hz>, <limit fail frequency in Hz>, <absolute power in
dBm>, <relative power in dBc>, <limit distance in dB>, <limit
check result>, <reserved>, <reserved>...
The <limit check result> is either a O (for PASS) or a 1 (for FAIL).

6.7.1.19 Return value codes

<number of symbols or bits>

In hexadecimal mode, this represents the number of symbols to be transmitted. In
binary mode, it represents the number of bits to be transmitted.

<allocation ID>

Represents the allocation ID. The range is as follows.

e 0=NPDSCH

® -1 =Invalid / not used
o 2=All

e -3=NPSS

® .4=NSSS

e .5 = Reference Signal (Antenna 1)
® -6 = Reference Signal (Antenna 2)
e -10 = NPHICH

e -11=NPDCCH

e -12=NPCH

<channel type>

® 0=TXchannel
® 1 = adjacent channel
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® 2 = alternate channel

<codeword>

Represents the codeword of an allocation. The range is {0...6}.

e 0=1/1
e 1=1/2
e 2=2/2
e 3=1/4
o 4=2/4
e 5=3/4
® 6=4/4
<modulation>

Represents the modulation scheme.
® 0 = unrecognized

e 1=RBPSK

e 2=QPSK

® 7 = mixed modulation

e 8=BPSK

FORMELDATA]: ettt et eee e e e e e e e e et e et e e e e et e ee e e e e et e e e e e e e e s eeeeeeeseeeeseeeeeeneeeneeneeaans 106
TRACESNZIDATAL? ettt et e e ettt e et e e e e et e e eeeeeeeeeese e e e e eeneeeaens 106
TRACESNZ[DATALX? ettt et etee et ee et e s et e e st e s et e e saeesetessaeeesteesaenestesseeeeetessnreeanes 107

FORMat[:DATA] <Format>

Selects the data format for the data transmission between the FSW and the remote cli-

ent.
Parameters:
<Format> ASCii | REAL
*RST: ASCii
Example: /[Select data format
FORM REAL

TRACe<n>[:DATA]? <Result>
This command queries the trace data for each measurement point (y-axis values).

In combination with TRACe<n>[ :DATA] : X?, you can thus query the coordinates of
each measurement point.

Suffix:
<n> Window
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Query parameters:
<TraceNumber> TRACE1 | TRACE2 | TRACE3
Queries the trace data of the corresponding trace.

LIST Queries the results for the SEM measurement.

Return values:

<TraceData> For more information about the type of return values in the differ-
ent result displays, see Chapter 6.7.1, "The TRACe[:DATA] com-
mand", on page 97.

Example: //Query results of the second measurement window. The type of
data that is returned by the parameter (TRACE1) depends on the

result display shown in measurement window 2.
TRAC2? TRACE1

Usage: Query only

Manual operation: See "Data import and export" on page 66

TRACe<n>[:DATA]:X? <Result>
Queries the horizontal trace data for each measurement point (x-axis values).

In combination with TRACe<n>[:DATA] ?, you can thus query the coordinates of each
measurement point.

Suffix:
<n> Window

Query parameters:
<TraceNumber> TRACe1 | TRACe2 | TRACe3 | TRACe4 | TRACe5 | TRACe6

Return values:
<TraceData> The type of value depends on the information displayed on the
x-axis of the result display whose contents you query.

Example: /IQuery trace data of trace 1 in window 2
TRAC2? TRACEL
TRAC2:X? TRACEL

Usage: Query only

Manual operation: See "Capture Buffer" on page 17
See "EVM vs Carrier" on page 18
See "EVM vs Symbol" on page 19
See "EVM vs Subframe" on page 20
See "Frequency Error vs Symbol" on page 20
See "Power Spectrum" on page 21
See "Channel Flatness" on page 21
See "Group Delay" on page 22
See "Channel Flatness Difference" on page 22
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6.7.2 Result readout

Trace data readout

CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult[:CURReNt]?.........cccvvvurererennn. 108

CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult[: CURRent]?
[<Measurement>]

Queries the results of the ACLR measurement or the total signal power level of the

SEM measurement.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible

for single sweeps.

Suffix:
<n>

<m>
<sb>

Query parameters:
<Measurement>

Return values:
<Result>
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Window
Marker

irrelevant

CPOW

This parameter queries the channel power of the reference
range.

MCAC

Queries the channel powers of the ACLR measurements as
shown in the ACLR table.

Where available, this parameter also queries the power of the
adjacent channels (for example in the ACLR measurement).

Results for the Spectrum Emission Mask measurement:
Power level in dBm.
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6.8

6.8.1

Numeric result readout

Results for the ACLR measurements:

Relative power levels of the ACLR channels. The number of
return values depends on the number of transmission and adja-
cent channels. The order of return values is:

» <TXChannelPower> is the power of the transmission channel
in dBm

» <LowerAdjChannelPower> is the relative power of the lower
adjacent channel in dB

» <UpperAdjChannelPower> is the relative power of the upper
adjacent channel in dB

» <1stLowerAltChannelPower> is the relative power of the first
lower alternate channel in dB

» <1stUpperAltChannelPower> is the relative power of the first
lower alternate channel in dB

(...)

» <nthLowerAltChannelPower> is the relative power of a subse-
quent lower alternate channel in dB

» <nthUpperAltChannelPower> is the relative power of a subse-
quent lower alternate channel in dB

Example: CALC1:MARK:FUNC:POW:RES? MCAC
Returns the current ACLR measurement results.

Usage: Query only

Manual operation: See "Result summary" on page 32

Numeric result readout

®  RESUIL fOr SEIECHON. .. .ui it e e eera bbb 109
L I (g L= Y= T [T =Y o =T o ) 114
V=14 =T g = o] (= TSP 115
L 0101 B ] o =1 o] [T 119

Result for selection

FETCh[:CC<CC>]:SUMMary: CRESHAVERAGE]?. v vreeeeereseereseseeseeesesseseeeseseesssessesseeseseesens 110
FETCh[:CC<cc>]:SUMMary:EVM[:ALLL:MAXIMUM?....niiiiiieeeee ettt eee e 110
FETCh[:CC<cc>]:SUMMary:EVM[:ALLLEMINIMUM?....coeiiiiiiieieieiiiiieeeeee e e e e e e e e e aeaaeeeeeees 110
FETCh[:CC<cc>]:SUMMary:EVM[:ALL][:AVERAQE]?......cceeeeeeeeeeeeeeeeeeeeeeininieene e e e 110
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MAXIMUM?........cccoverieieieieeininiennesn e e e e e e e e 111
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MINIMUM?.......ciieeiiiiiieieee e eeeeeeeveeeeeeeeenns 111
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel[:AVERAJE]?.....ccceeeeeeeeeeeeeieieeeeeeeeeeeveveevenae 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGnal:MAXIMUM ...t 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGNal:MINIMUM?......ceiieiiieiieiieieeeeeeeeeeeeeeeeeeeeveeeaeees 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGNal[:AVERAGE]?.. .. ceeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeenennnnnnnes 111
FETCh[:CC<cc>]:SUMMary:FERROIMAXIMUM?.....coeeeeeeeieieeeeeeeeeeeeeeveter e e e e e e 111
FETCh[:CC<cc>]:SUMMary:FERROMMINIMUM?.c.vuuieeieiiiiieeeeeeeeieee e e e e e e e e e eeeenae e e e e eeeanan 111
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FETCh[:CC<CC>]:SUMMary:FERROIAVERAGE]?. c..eevreeereesereesessesesseseeseseeseseeseseseseesesenees 11
FETCh[:CC<cc>]:SUMMary:OSTP:MAXIMUM?. ...ttt e e e e e e 112
FETCh[:CC<cc>]:SUMMary:OSTP:MINIMUM?.....ceiiiiieieieieieiieieiieeeeeaeae e e e e e e e e eeaaeeeeeeeeeeenes 112
FETCh[:CC<cc>]:SUMMary:OSTP[:AVERAGE]?....cceeeeeeeeeeeieeeeeeeeeeeeeee s e e e e e 112
FETCh[:CC<cc>]:SUMMary:POWEr:MAXIMUM?....uuuieeeeeiiiieeeeeeetieieeeeeetnneseeeesstnnaeeeeeesnns 112
FETCh[:CC<cc>]:SUMMary:POWEr:MINIMUM?......ccuuieieeeiiiriiieeeeeeeiteeeeeeeerieeeeeerensnneeeeeenes 112
FETCh[:CC<CC>]:SUMMary:POWE:AVERAGE]?. ... e eeeeeeeseeeereseeseeseseseseeseseeseseesesseseseens 12
FETCh[:CC<cc>]:SUMMary:NBP:MAXIMUM?.. ...ttt e e e e 13
FETCh[:CC<cc>]:SUMMary:NBP:MINIMUM?.....couiiieiii et 113
FETCh[:CC<cc>]:SUMMary:NBPOWEIT:AVERAQJE]?.....uuururuunaaaaaaaaeaeeeeeeeeeaeeeeeeeeeeeeeeenannnens 113
FETCh[:CC<cc>]:SUMMary:RSSEMAXIMUM?....vvvrururerniiiieieeeeeeeeeeeeeeeeserereeeeesersssnsanennnnn. 113
FETCh[:CC<cc>]:SUMMary:RSSEMINIMUM?.....cceiiiiiieieeeiieiieeeeeeeetteee e e e e eeveeeeeeseaaaeeeeeeees 113
FETCh[:CC<cC>]:SUMMAry:RSSIEAVERAGE]?. ... eeeereeeereseeeeseseseeeeseseseereseseseeseseseeseseseeseses 113
FETCh[:CC<cc>]:SUMMary:RSTP:MAXIMUM?.....iniieiii it e e 113
FETCh[:CC<cc>]:SUMMary:RSTP:MINIMUM .. .ot 113
FETCh[:CC<cc>]:SUMMary:RSTP[:AVERAQJE]?....ccuuuieeeeeiieiieieeeeeeinieeeeeeenraneeeseninneeeeeennes 113
FETCh[:CC<cc>]:SUMMary:SERROMMAXIMUM?.....uuuaiaieieieeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnaaeaeens 114
FETCh[:CC<cc>]:SUMMary:SERROIMINIMUM?......cevuriiiiiiiiieeeieieeeeeeeeeeeeereeeeeeeeessssnranane 114
FETCh[:CC<cc>]:SUMMary:SERROIT:AVERAQGE]?.....cevvrueieeeeeeiiieeeee et e e eeeeevaanns 114
FETCh[:CC<cC>]:SUMMArY:TFRAME?......cceeeeeeeeieeeeeeeeeeetetinteteesese s e e e e e eeaaaaaaeeeeseeeeenennns 114

FETCh[:CC<cc>]:SUMMary:CRESt[:AVERage]?
Queries the average crest factor as shown in the result summary.

Suffix:
<cc> Component Carrier

Return values:
<CrestFactor> <numeric value>
Crest Factor in dB.

Example: /IQuery crest factor
FETC:SUMM:CRES?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:EVM[:ALL]:MAXimum?
FETCh[:CC<cc>]:SUMMary:EVM[:ALL]:MINimum?
FETCh[:CC<cc>]:SUMMary:EVM[:ALL][:AVERage]?
Queries the EVM of all resource elements.

Suffix:
<cc> Component Carrier

Return values:
<EVM> <numeric value>

Minimum, maximum or average EVM, depending on the last
command syntax element.
The unit is % or dB, depending on your selection.
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Example: //Query EVM
FETC:SUMM:EVM?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MAXimum?
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MINimum?
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel[:AVERage]?

Queries the EVM of all physical channel resource elements.

Suffix:
<cc> Component Carrier

Return values:
<EVM> <numeric value>
EVM in % or dB, depending on the unit you have set.

Example: /IQuery EVM
FETC:SUMM:EVM: PCH?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:EVM:PSIGnal:MAXimum?
FETCh[:CC<cc>]:SUMMary:EVM:PSIGnal:MINimum?
FETCh[:CC<cc>]:SUMMary:EVM:PSIGnal[:AVERage]?

Queries the EVM of all physical signal resource elements.

Suffix:
<cc> Component Carrier

Return values:
<EVM> <numeric value>

Minimum, maximum or average EVM, depending on the last
command syntax element.
The unit is % or dB, depending on your selection.

Example: //Query EVM
FETC:SUMM:EVM: PSIG?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:FERRor:MAXimum?
FETCh[:CC<cc>]:SUMMary:FERRor:MINimum?
FETCh[:CC<cc>]:SUMMary:FERRor[:AVERage]?

Queries the frequency error.

Suffix:
<cc> Component Carrier
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Return values:
<FrequencyError> <numeric value>

Minimum, maximum or average frequency error, depending on
the last command syntax element.

Default unit: Hz

Example: /IQuery average frequency error
FETC:SUMM: FERR?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:0OSTP:MAXimum?
FETCh[:CC<cc>]:SUMMary:OSTP:MINimum?
FETCh[:CC<cc>]:SUMMary:OSTP[:AVERage]?

Queries the OSTP.

Suffix:
<cc> Component Carrier

Return values:
<OSTP> <numeric value>

Minimum, maximum or average OSTP, depending on the last
command syntax element.

Default unit: dBm

Example: /IQuery average OSTP
FETC:SUMM:OSTP?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:POWer:MAXimum?
FETCh[:CC<cc>]:SUMMary:POWer:MINimum?
FETCh[:CC<cc>]:SUMMary:POWer[:AVERage]?

Queries the total power.

Suffix:
<cc> Component Carrier

Return values:
<Power> <numeric value>

Minimum, maximum or average power, depending on the last
command syntax element.

Default unit: dBm

Example: /IQuery average total power
FETC:SUMM: POW?

Usage: Query only
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FETCh[:CC<cc>]:SUMMary:NBP:MAXimum?
FETCh[:CC<cc>]:SUMMary:NBP:MINimum?
FETCh[:CC<cc>]:SUMMary:NBPower[:AVERage]?

Queries the NB-IoT power.

Suffix:
<cc> irrelevant

Return values:
<Power> <numeric value>

Minimum, maximum or average power, depending on the last
command syntax element.

Default unit: dBm

Example: //Query NB-loT power
FETC:SUMM:NBP?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:RSSI:MAXimum?
FETCh[:CC<cc>]:SUMMary:RSSI:MINimum?
FETCh[:CC<cc>]:SUMMary:RSSI[:AVERage]?

Queries the RSSI.

Suffix:
<cc> Component Carrier

Return values:
<RSSI> <numeric value>

Minimum, maximum or average sampling error, depending on
the last command syntax element.

Default unit;: dBm

Example: /IQuery average RSSI
FETC:SUMM:RSSI?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:RSTP:MAXimum?
FETCh[:CC<cc>]:SUMMary:RSTP:MINimum?
FETCh[:CC<cc>]:SUMMary:RSTP[:AVERage]?

Queries the RSTP.

Suffix:
<cc> Component Carrier

Return values:
<RSTP> <numeric value>

Default unit;: dBm
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6.8.2

Numeric result readout

Example: /IQuery RSTP
FETC:SUMM:RSTP?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:SERRor:MAXimum?
FETCh[:CC<cc>]:SUMMary:SERRor:MINimum?
FETCh[:CC<cc>]:SUMMary:SERRor[:AVERage]?

Queries the sampling error.

Suffix:
<cc> Component Carrier

Return values:
<SamplingError> <numeric value>

Minimum, maximum or average sampling error, depending on
the last command syntax element.

Default unit: ppm

Example: //Query average sampling error
FETC:SUMM: SERR?

Usage: Query only

FETCh[:CC<cc>]:SUMMary:TFRame?
Queries the (sub)frame start offset as shown in the capture buffer.

Suffix:
<cc> Component Carrier

Return values:
<Offset> Time difference between the (sub)frame start and capture buffer
start.

Default unit: s

Example: /IQuery subframe start offset
FETC:SUMM: TFR?

Usage: Query only

Manual operation: See "Capture Buffer" on page 17

Time alignment error

FETCh:FERROIM:CCSCCSIAVERAGE]? e veeeeerereesereeseseeseseeseseasessesessesessesessesessessesesesesens 115
FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MAXIMUM.....ccieeerieruiiereeerenies e e e eeiee e e e e eenen s 115
FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MINIMUM..........coeiriiimimiiiiiiireaeaeee e e e e e eeeee 115
FETCh:TAERror[:CC<cc>]:ANTenna<ant>[:AVERAQGE]?.....ccuuurrrrrmrurnnaaaaanieeeeeeeaeaaaeeaeeeneeeens 115
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FETCh:FERRor[:CC<cc>][:AVERage]?
Queries the carrier frequency error.

Suffix:
<cc> Component Carrier

Return values:
<FrequencyError> <numeric value>

Average, minimum or maximum frequency error, depending on
the command syntax.

Default unit: Hz

Example: /IQuery frequency error.
FETC:FERR?
Usage: Query only

FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MAXimum
FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MINimum
FETCh:TAERror[:CC<cc>]:ANTenna<ant>[:AVERage]?

Queries the time alignment error.

Suffix:
<cc> Component Carrier
<ant> Antenna

Return values:
<TAE> Minimum, maximum or average time alignment error, depending
on the last command syntax element.

Default unit: s

Example: //Query average TAE between reference antenna and antenna 2
FETC:TAER:ANT2?

Usage: Query only

Manual operation: See "Time Alignment Error" on page 30

6.8.3 Marker table

CALCuUlate<n>:DELTaMarkEr<m>:X.....ccccceuureieeeeiiriiieeeeereetiaeeeeeessnnaeeeeserssnaeeeesessnaaseneeees 115
CALCUIate<n>:DELTaMArKEr<mM> Y 2. . ccuuu e i e eeeieieieeeeeeteeeeeeeeetee e e e s eetaeeeeeeearaaeeeeersrananss 116
CALCUIate<n>:MARKEISMS X .oun ettt et et e e et e et e e e et e e e e e e et e eeenans 116
CALCUIAte<N>MARKEISIMSIY ... cieetiieee et e e e ettt e e e e e etaee e e e e eeeb e eeseeeasaeeeeeessannseeeerennan 117
CALCUIAtE<N>IMARKEISIMSIZ?. ..o ettt e et e e et e e et e e e e e e e e eeees 118
CALCUIate<n>:MARKEIr<M>:Z:ALL?...uu et e e e et e e e e e e e e eaeeeeen 118

CALCulate<n>:DELTamarker<m>:X <Position>

Moves a delta marker to a particular coordinate on the x-axis.
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If necessary, the command activates the delta marker and positions a reference
marker to the peak power.

Suffix:

<n> Window

<m> Marker

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
Range: The value range and unit depend on the measure-

ment and scale of the x-axis.
Example: CALC:DELT:X?

Outputs the absolute x-value of delta marker 1.

CALCulate<n>:DELTamarker<m>:Y?
Queries the position of a deltamarker on the y-axis.
If necessary, the command activates the deltamarker first.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single measurement mode.

See also INITiate<n>:CONTinuous on page 94.

Note that result displays with a third aspect (for example "EVM vs Symbol x Carrier")
do not support deltamarkers.

Suffix:
<n> Window
<m> Marker

Return values:
<Result> <numeric value>

Result at the deltamarker position. The return value is a value
relative to the position of marker 1.
The type of value and its unit depend on the selected result dis-

play.

Example: /[Query coordinates of deltamarker 2 in window 4
CALC4:DELT2:X?
CALC4:DELT2:Y?

Usage: Query only

CALCulate<n>:MARKer<m>:X <Position>

Moves a marker to a specific coordinate on the x-axis.

If necessary, the command activates the marker.
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If the marker has been used as a delta marker, the command turns it into a normal

marker.

Suffix:

<n> Window

<m> Marker
Note that 3D diagrams only support one marker.

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
The unit depends on the result display.
Range: The range depends on the current x-axis range.
Default unit: Hz

Example: CALC:MARK2:X 1.7MHz

Positions marker 2 to frequency 1.7 MHz.

Manual operation: See "Marker Table" on page 29
See "Marker Peak List" on page 34

CALCulate<n>:MARKer<m>:Y <Result>
Queries the position of a marker on the y-axis.

In result displays with a third aspect (for example "EVM vs Symbol x Carrier"), you can
also use the command to define the position of the marker on the y-axis.

If necessary, the command activates the marker first.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single measurement mode.

See also INITiate<n>:CONTinuous on page 94.

Suffix:
<n> Window
<m> Marker
Note that 3D diagrams only support one marker.
Parameters:
<Result> <numeric value>
Result at the marker position.
The type of value and its unit depend on the selected result dis-
play.
Example: //Query coordinates of marker 2 in window 4
CALC4 :MARK2:X?
CALC4:MARK2:Y?
Example: /[Define position of marker in 3D diagram

CALC:MARK:X 16
CALC:MARK:Y 6
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Manual operation: See "Marker Table" on page 29
See "Marker Peak List" on page 34

CALCulate<n>:MARKer<m>:Z?
Queries the marker position on the z-axis of three-dimensional result displays.

Returns the type of value displayed in the selected result display (EVM, Power or Allo-

cation ID).

Suffix:

<n> Window
<m> Marker

Return values:
<Position> <numeric value>

Default unit: Depends on result display

Example: //Query marker position
CALC:MARK:Z?

Usage: Query only

Manual operation: See "Marker Table" on page 29

CALCulate<n>:MARKer<m>:Z:ALL?
Queries the marker position on the z-axis of three-dimensional result displays.

Instead of returning a certain type of value (EVM, Power or Allocation ID), which is
possible with CAT.Culate<n>:MARKer<m>:Z?, this command returns all types of val-
ues (EVM, Power and Allocation ID), regardless of the result display type.

Suffix:
<n> Window
<m> irrelevant

Return values:
<Position> <numeric value>

EVM
EVM at the marker position.

Power
Power at the marker position.

Allocation ID
Allocation ID at the marker position.

Modulation
Modulation type at the marker position.

Example: /IQuery EVM, Power and Allocation ID at the marker position.
CALC:MARK:Z:ALL?

Usage: Query only
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6.8.4

Numeric result readout

Manual operation: See "Marker Table" on page 29

CCDF table
CALCUIate<n> ST ATIStICS O D Xt 2 ittt et e e e e e e e s e e e eeanns 119
CALCulate<n>:STATIStICSIRESUIKIESS?...u.iei it e e e e e e e e eans 119

CALCulate<n>:STATistics:CCDF:X<t>? <Probability>
Queries the results of the CCDF.

Suffix:
<n> Window
<t> Trace

Query parameters:

<Probability> P0_01
Level value for 0.01 % probability
P0_1
Level value for 0.1 % probability
P1
P1: Level value for 1 % probability

P10
Level value for 10 % probability

Return values:
<CCDF Result>

Example: CALC:STAT:CCDF:X1? P10
Returns the level values that are over 10 % above the mean
value.

Usage: Query only

Manual operation: See "CCDF" on page 23

CALCulate<n>:STATistics:RESult<res>? <ResultType>

Queries the results of a measurement for a specific trace.

Suffix:
<n> Window
<res> Trace

Query parameters:
<ResultType> MEAN
Average (=RMS) power in dBm measured during the measure-
ment time.
PEAK
Peak power in dBm measured during the measurement time.
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6.9

6.9.1

Configuration
CFACtor
Determined crest factor (= ratio of peak power to average
power) in dB.
ALL

Results of all three measurements mentioned before, separated
by commas: <mean power>,<peak power>,<crest factor>

Example: CALC:STAT:RES2? ALL
Reads out the three measurement results of trace 2. Example of
answer string: 5.56,19.25,13.69 i.e. mean power: 5.56 dBm,
peak power 19.25 dBm, crest factor 13.69 dB

Usage: Query only
Manual operation: See "CCDF" on page 23

Configuration

o General configuration..........ocoeiiiiiiiiii e —————— 120
®  1/Q MEASUIEIMENTS. ...ttt e e e e e e e e e e e e s e e e e eeeeas 122
e Time alignment error MeasUremMENtS. .......ccoiiiii i 157
e Frequency SWEEepP MeEaSUrEMENTS. ... ...uuuuiiiiiieiaaee e ieeeieireeee e e e e e e e e eeneeeeeeeeaeaeeeas 157
General configuration

The following remote control command control general configuration of the application.

The remote control commands to select the result displays for I/Q measurements are
described in Chapter 6.5, "Screen layout", on page 84.

CONFIgUre[:LTEL:MEASUIEMENL. ...t ieiieeteieeeeeeieee e e e e e et e e e e ee et e e e e s eeta e e e e e e eeaa e e e e eeeananes 120
FORMat:DEXPOIrt:FORMEL. ... ettt e e et e e e e e enas 121
MMEMOrY:STORESN>IQ:STATE. .. eeeeeieeeieieuentnnaaaaaaeaeeaeeeeaeaaaaaaeeeeeeeeeaeensennnsnnnnnnaananens 121
SYSTem:PRESEt: CHANNEIEXEC].....cciiieiiiieeieieiieinieieeeaeas e e e s e e e e eeaaaaeaeeeeeeeeeaeenennnnnnnnnnn 121

CONFigure[:LTE]:MEASurement <Measurement>
Selects the measurement.

Parameters:
<Measurement> ACLR
Selects the Adjacent Channel Leakage Ratio measurement.

ESPectrum

Selects the Spectrum Emission Mask measurement.
EVM

Selects 1/Q measurements.

TAERor

Selects the Time Alignment Error measurement.

*RST: EVM
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Example: /[Select measurement
CONF:MEAS EVM

Manual operation: See "EVM" on page 13
See "Time alignment error" on page 14
See "Channel power ACLR" on page 14
See "SEM" on page 14
See "Adjacent Channel Leakage Ratio (ACLR)" on page 32
See "Spectrum Emission Mask (SEM)" on page 33
See "Select Measurement" on page 37

FORMat:DEXPort:FORMat <FileFormat>

Determines the format of the ASCII file to be imported or exported. Depending on the
external program that creates the data file or evaluates it, a comma-separated list
(CSV) or a plain data format (DAT) file is required.

Parameters:
<FileFormat> CSV | DAT

*RST: DAT
Example: FORM:DEXP:FORM CSV

Manual operation: See "Data import and export" on page 66

MMEMory:STORe<n>:1Q:STATe <Value>,<FileName>

Saves I/Q data to a file.

Suffix:

<n> irrelevant

Parameters:

<Value> 1

<FileName> String containing the path and name of the target file.
Example: MMEM: STOR:IQ:STAT 'C:

\R_S\Instr\user\data.iq.tar'
Saves 1/Q data to the specified file.

Manual operation: See "Data import and export" on page 66

SYSTem:PRESet:CHANnel[:EXEC]
Restores the default instrument settings in the current channel.
Use INST:SEL to select the channel.

Example: INST:SEL 'Spectrum2'
Selects the channel for "Spectrum?2".
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2" channel.
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Usage: Event
Manual operation: See "Preset Channel" on page 36
6.9.2 1/Q measurements
e Signal characCteristiCs.........cooiiiiiiiieeeeeee e ————— 122
o INput CoONfIQUIAatioON. .. ..o e 132
o  Frequency configuIration...........cooiiiii oo 140
o  Amplitude CoONfIGUIatioN.........iiii i 141
L IS o g =1 I o= T o L8] =SSP 146
L I 14 o o 1= 147
O DemOodUIBtioN. ... ... e 153
o Estimation & compensation...........ooii i 154
o Automatic configuration......... ..o 156
6.9.2.1 Signal characteristics
®  PhySiCal SEINGS....ciiieiiiiie e e e e e e e e e 122
L I Y/ 111V (@ 2] g iTe U = 11 o TSR 129
@  NPDSCH SetiNGS...iiii et e e e e e e e eas 130
L J ©7o) o {4o] o] = o T o =Y OSSR 131
Physical settings
Commands to configure physical settings described elsewhere.
® [SENSe:]FREQuency:CENTer[:CC<cc>]
CONFIgUre[:LTE]:DEPLOYMENT . .....eutuueaaaaaaeeeeeeeeeeeaeeeeeeeeeeeaneesanensnaaaaaaeeaeeesaaaaaaaaeeeeeee 123
CONFigure[:LTE[:EUTRA:FREQUENCY........ceeeeeieeeeeeeeeieeinininnnnaaaaaaaeeesseeaaaaaaeseeeeeeennannnnes 123
CONFigure[:.LTE]:DL:FREQUENCY:GINDEX......ccuueeeeeriiriiieeeeeiiniieeeeeeetrnaeeeeeeennneeeeeenrnnanns 123
CONFigure[:LTE]:DL:FREQUENCY:OFFSEt...uuuiiiiiiiiiiiiieiieieeiis s e eeeiiee e e s eerin s s e e eran e e aaees 124
CONFIQUIE[:LTE]:DL:PINDEX. .. cu tteueetueeuaeet e et et et e et e e ee e e e e e e e e e e e ea e eeae e e e eanaenaeaennns 124
CONFIQUIE[:LTE]:DL:SINFO. ...ttt ettt ettt e et e e e e e e e e e e e ea e eaaas 125
CONFIQUIE[:LTE:DLLECCSCCTT:BW... ettt ee e e ee e ee e ee e e e seeeeeen e 125
CONFigure[:LTE]:DL[:CC<CC>]:PLC:CID......ccceeeeeeeeeeeeeeieieineeeeaaaaeae s e e e e e e eaeaaaeeeeeeeeeeneneees 126
CONFigure[:LTE]:DL[:CC<CC>]:PLC:CIDGIOUP.......cevvvrrrerrrrrrnrnnnniaaeieseseseseaaeesesesseseeeseennes 126
CONFigure[:LTE]:DL[:CC<CC>]:PLC:PLID....ctuuie it e eeeetei e e et e ettt e e e eeraee e e e e e eenae e eeeees 127
(00N 1o U =Y I I =) B 2 o =SSR 127
FETCR[:CCSCCS]:PLC:CIDGIOUP?. .. veeeeeeeeeeeeeeeeeeereseeseseueeeeeeeeeeeseeseaeeseeaseseeseeareeseseeeneene 127
FETCh[:CCKCCI]:PLC:IPLID?. .. ettt ettt et e e e e e e e e e e e e e 128
MMEMory:LOAD[:CC<CC>]:DEMOUSEHING. ... . uuaaaaaeieeeeeeeeeeeeeee e 128
MMEMOry:LOAD[:CC<CC>]:TMOD:DL......ceeieeiiiieeenrnnaaaaaeieeeeeeeeeeeaeeeeeeeeeeeeeennennnnnnnaaan s 128
MMEMory:STORe<n>[:CC<CC>]:DEMOASEING......ccevvrrrrrrreririiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeerernne 129
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CONFigure[:LTE]:DEPLoyment <Deployment>
Selects the deployment of the NB-loT carrier.
Parameters:
<Deployment> GBANd
NB-loT uses resource blocks of the guard band of an LTE car-
rier.
INBand
NB-loT uses resource blocks within an LTE carrier.
SALone
NB-loT uses a frequency band outside of an LTE carrier.
*RST: SALone
Example: //Select NB-loT deployment

CONF:DEPL INB

Manual operation: See "Deployment" on page 38

CONFigure[:LTE]:EUTRa:FREQuency <Frequency>
Defines the center frequency of an E-UTRA channel.

Prerequisites for this command
® Select in band deployment of an NB-loT carrier (CONFigure[:LTE] :

DEPLoyment).
Parameters:
<Frequency> <numeric value>
Default unit: Hz
Example: //Define E-UTRA channel center frequency

CONF:DEPL INB
CONF:EUTR:FREQ 1GHZ

Manual operation: See "Defining physical settings for NB-loT inband deployment"
on page 39
See "Defining physical settings for NB-loT guardband deploy-
ment" on page 40

CONFigure[:LTE]:DL:FREQuency:GINDex <Index>
Defines the location of the NB-loT carrier in the E-UTRA guard band.
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Prerequisites for this command

® Select guard band deployment of an NB-IoT carrier (CONFigure[:LTE] :
DEPLoyment).

Parameters:

<Index> <numeric value> (integer only)
Index number that represents the frequency band in the E-UTRA
guard band that the NB-loT carrier uses. The value range
depends on the E-UTRA bandwidth.
For example, for a E-UTRA bandwidth of 10 MHz, the value "+1"
corresponds to the first possible location of the NB-loT carrier in
the upper guard band at an offset of 4.4975 MHz. A value of "-2"
corresponds to a location in the lower guard band at an offset of
-4.7025 MHz.

USER
Custom location of the NB-loT carrier. Define the location with
CONFigure[:LTE] :DL:FREQuency:0OFFSet

Example: /[Define location of NB-loT carrier
CONF:DEPL GBAN
CONF:DL:GIND -4

Manual operation: See "Defining physical settings for NB-loT guardband deploy-
ment" on page 40

CONFigure[:LTE]:DL:FREQuency:OFFSet <Frequency>
Defines the location of the NB-loT carrier in the E-UTRA guard band.

Prerequisites for this command

® Select guard band deployment of an NB-loT carrier (CONFigure[:LTE] :
DEPLoyment).

® Select user defined location (CONFigure[:LTE] : DL: FREQuency : GINDex).

Parameters:

<Frequency> <numeric value>
Frequency relative to the center frequency of the E-UTRA car-
rier.
Default unit: Hz

Example: //Define location of carrier in guard band

CONF:DEPL GBAN
CONF:DL:FREQ:GIND USER
CONF:DL:FREQ:OFFS -2.5MHZ

Manual operation: See "Defining physical settings for NB-loT guardband deploy-
ment" on page 40

CONFigure[:LTE]:DL:PINDex <Index>
Defines the PRB index of the E-UTRA channel.
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Prerequisites for this command
® Select in band deployment of an NB-loT carrier (CONFigure[:LTE] :
DEPLoyment).
Parameters:
<Index> <numeric value> (integer only)
*RST: depends on the E-UTRA channel bandwidth
Example: //Define E-UTRA PRB index

CONF:DEPL INB
CONF:DL:BW BW10 00
CONF:DL:PIND 9

Manual operation: See "Defining physical settings for NB-1oT inband deployment"
on page 39

CONFigure[:LTE]:DL:SINFo <Sequence>
Defines the CRS sequence info of the E-UTRA channel.

Prerequisites for this command
® Select in band deployment of an NB-loT carrier (CONFigure[:LTE] :

DEPLoyment).
Parameters:
<Sequence> <numeric value> (integer only)
*RST: depends on the E-UTRA channel bandwidth
Example: /IDefine E-UTRA CRS sequence

CONF:DEPL INB
CONF:DL:BW BW10 00
CONF:DL:SINFE 20

Manual operation:  See "Defining physical settings for NB-loT inband deployment"
on page 39

CONFigure[:LTE]:DL[:CC<cc>]:BW <Bandwidth>
Selects the E-UTRA channel bandwidth.

Prerequisites for this command
® Select inband or guard band deployment (CONFigure[:LTE] : DEPLoyment).

Suffix:

<cc> Component Carrier

Parameters:

<Bandwidth> BW1_40 | BW3_00 | BW5_00 | BW10_00 | BW15_00 |
BW20_00 | NB_1rb | NB_6rb
*RST: BW10_00
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Example: //Single carrier measurement:
//Define channel bandwidth
CONF:DL:BW BW1 40

Example: //Aggregated carrier measurement:
/[Selects two carriers, one with a bandwidth of 5 MHz, the other
with 10 MHz.
CONF:NOCC 2
CONF:DL:CC1:BW BW10 00
CONF:DL:CC2:BW BW5 00

Manual operation: See "Defining physical settings for NB-loT inband deployment”
on page 39
See "Defining physical settings for NB-loT guardband deploy-
ment" on page 40

CONFigure[:LTE]:DL[:CC<cc>]:PLC:CID <CelllD>

Defines the cell ID.

Suffix:
<cc> Component Carrier
Parameters:
<CelllD> AUTO
Automatically defines the cell ID.
<numeric value> (integer only)
Number of the cell ID.
Range: 0 to 503
Example: /[Select cell ID

CONF:DL:PLC:CID 15

Manual operation: See "Configuring the Physical Layer Cell Identity" on page 41

CONFigure[:LTE]:DL[:CC<cc>]:PLC:CIDGroup <GroupNumber>
Selects the cell ID group.

Suffix:
<cc> Component Carrier

Parameters:
<GroupNumber> AUTO
Automatic selection

0...167 (integer only)
Manual selection

*RST: AUTO
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Example: //Select cell identity group
CONF:DL:PLC:CIDG 134
/[Turn on automatic cell identity group detection
CONF:DL:PLC:CIDG AUTO

Manual operation: See "Configuring the Physical Layer Cell Identity" on page 41

CONFigure[:LTE]:DL[:CC<cc>]:PLC:PLID <Identity>

Defines the physical layer cell identity for downlink signals.

Suffix:
<cc> Component Carrier
Parameters:
<ldentity> AUTO
Automatic selection
0...2 (integer only)
Manual selection
*RST: AUTO
Example: /[Select physical layer cell identity

CONF:DL:PLC:PLID 1

Manual operation: See "Configuring the Physical Layer Cell Identity" on page 41

CONFigure[:LTE]:TYPE <Type>
Selects the NB-loT carrier type.

Parameters:

<Type> ANCHor
NPSS, NSSS, NPBCH and SIB-NB transmission assumed.
NANChor
NPSS, NSSS, NPBCH and SIB-NB transmission not assumed.
*RST: ANCHor

Example: /[Select carrier type

CONF:TYPE ANCH

Manual operation: See "Carrier Type" on page 39

FETCh[:CC<cc>]:PLC:CIDGroup?
Queries the cell identity group that has been detected.

Suffix:
<cc> Component Carrier

Return values:
<CIDGroup> The command returns -1 if no valid result has been detected yet.

Range: 0 to 167
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Example: /[Query the current cell identity group
FETC:PLC:CIDG?

Usage: Query only
Manual operation: See "Configuring the Physical Layer Cell Identity" on page 41

FETCh[:CC<cc>]:PLC:PLID?
Queries the cell identity that has been detected.

Suffix:
<cc> Component Carrier

Return values:
<ldentity> The command returns -1 if no valid result has been detected yet.

Range: 0 to 2

Example: /[Query the current cell identity
FETC:PLC:PLID?

Usage: Query only
Manual operation: See "Configuring the Physical Layer Cell Identity" on page 41

MMEMory:LOAD[:CC<cc>]:DEModsetting <File>
Restores previously saved demodulation settings.

The file must be of type .allocation and depends on the link direction that was cur-
rently selected when the file was saved. You can load only files with correct link direc-

tions.

Suffix:

<cc> Component Carrier

Parameters:

<File> String containing the path and name of the file.
Example: /[Load allocation file

MMEM:LOAD:DEM 'D:\USER\Settingsfile.allocation'

Manual operation: See "User defined test scenarios" on page 42

MMEMory:LOAD[:CC<cc>]:TMOD:DL <TestModel>

Loads an EUTRA test model (N-TM).

The EUTRA test models are in accordance with 3GPP 36.141.
You can also select an O-RAN test case with the command.

Suffix:
<cc> Component Carrier

User Manual 1178.5937.02 — 17 128



R&S®FSW-K106 Remote control

Configuration

Setting parameters:

<TestModel> <string>
String that contains the name of the test model, e.g.
'N-TM_Guardband'.

Example: /[Select test model for guardband operation.
MMEM: LOAD: TMOD:DL 'N-TM Guardband'

Usage: Setting only

Manual operation: See "3GPP test models" on page 42

MMEMory:STORe<n>[:CC<cc>]:DEModsetting <FileName>

Saves the signal description.

Suffix:

<n> irrelevant

<cc> irrelevant

Parameters:

<FileName> String containing the path and name of the file.
The file extension is .allocation.

Example: //[Save signal description

MMEM:STOR:DEM 'c:\TestSignal.allocation'

Manual operation: See "User defined test scenarios" on page 42

MIMO configuration

CONFigure[:LTE]:DL[:CC<cc>]:MIMO:ASELECHON.......ccceereeeeeeeeeeeieinnenneaeaaeae e e e e e e eaaeaeaeens 129
CONFigure[:LTE]:DL[:CC<CC>]:MIMO:CONFIQ.......ccerrrrrrrrrururnnnniieieieseeeeeeeaeeeseeeerereeeeessrsnes 130

CONFigure[:LTE]:DL[:CC<cc>]:MIMO:ASELection <Antenna>
Selects the antenna for measurements with MIMO setups.

For time alignment error measurements, the command selects the reference antenna.

Suffix:
<cc> Component Carrier
Parameters:
<Antenna> ANT1 | ANT2
Select a single antenna to be analyzed
ALL
Select all antennas to be analyzed
AUTO
Automatically selects the antenna(s) to be analyzed.
*RST: ANT1
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Example: /[Select a MIMO setup with two antennas and test antenna num-
ber two
CONF :DL:MIMO:CONF TX2
CONF:DL:MIMO:ASEL ANT2
Manual operation: See "Time Alignment Error" on page 30
See "Tx Antenna Selection" on page 43
CONFigure[:LTE]:DL[:CC<cc>]:MIMO:CONFig <NoOfAntennas>
Sets the number of antennas in the MIMO setup.
Suffix:
<cc> Component Carrier
Parameters:
<NoOfAntennas> X1
Use one Tx-antenna
TX2
Use two Tx-antennas
*RST: 1
Example: /[Select MIMO configuration with two antennas
CONF: DL :MIMO:CONF TX2
Manual operation: See "DUT MIMO Configuration" on page 42
NPDSCH settings
CONFigure[:.LTE]:DL:NPDSCh:DMODUIAtION. .....ieeieietiieeeeeeeeiieeeeeeeeeteeeeeeeenteeeeeseeraneeeaes 130
CONFigure[:LTE]:DL:NPDSCH:SFLIST. .. ccuietieeeie ettt e e e 130
CONFigure[:LTE]:DL:NPDSCH:UEID..... ettt ettt e e e e e e e e e e e e eeas 131

CONFigure[:LTE]:DL:NPDSch:DMODulation <State>
Turns automatic NPDSCH and NPDCCH demodulation on and off.

Parameters:
<State> ON|OFF|1]0
*RST: ON
Example: /[Turn on automatic demodulation

CONF:DL:NPDS:DMOD ON

Manual operation: See "NPDSCH Demodulation" on page 43

CONFigure[:LTE]:DL:NPDSch:SFList <Subframes>
Defines the subframes that contain the NPDSCH.
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Prerequisites for this command
® Turn off automatic NPDSCH demodulation (CONFigure [:LTE] : DL:NPDSch:

DMODulation).
Parameters:
<Subframes> String that contains the subframes as a comma-separated list
(1,2,5,6), a certain range with a dash (1-3) or a combination of
both (1-3,5,6).
*RST:
Example: /I Select NPDSCH subframes

CONF:DL:NPDS:DMOD OFF
CONF:DL:NPDS:SFL "1-3,5,6"

Manual operation: See "NPDSCH Demodulation" on page 43

CONFigure[:LTE]:DL:NPDSch:UEID <ID>
Defines the N_RNTI (user equipment ID) that contain the NPDSCH.

Prerequisites for this command
® Turn off automatic NPDSCH demodulation (CONFigure [ :LTE] : DL:NPDSch:

DMODulation).
Parameters:
<ID> Range: 0 to 65535
*RST: 0
Example: /l Select NPDSCH N_RNTI

CONF:DL:NPDS:DMOD OFF
CONF:DL:NPDS:UEID 16

Manual operation: See "NPDSCH Demodulation" on page 43

Control channel

CONFigUre[:LTE]:DL[:CC<CC>]:PSOFTSEL......cevrueieeeeieriieieeeeeetiee e e e e eeeree e e e eerae e e e e e eeran e ns 131

CONFigure[:LTE]:DL[:CC<cc>]:PSOFfset <Offset>
Defines the symbol offset for NPDSCH allocations relative to the start of the subframe.

The offset applies to all subframes.

Suffix:

<cc> Component Carrier
Parameters:

<Offset> AUTO

Automatically determines the symbol offset.

<numeric value>
Manual selection of the symbol offset.

Range: 0 to 4
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*RST: AUTO
Example: //Define PRB symbol offset

CONF:DL:PSOF 2
Manual operation: See "PRB Symbol Offset" on page 44
Input configuration
Remote commands to configure the input described elsewhere:
® TINPut:COUPling on page 143
® TINPut:IMPedance on page 144
® [SENSe:]SWAPigon page 147
CALibration: AIQ:HATIMING[:STATE]....uuuuaeaaaeieeeeeeeeeeeeeeeeeeeeeeeeeeeecnrennaaaaaaaeeeeeeeaaaaaeeeees 132
1N R o @2 @] N =Yo7 o S 133
INPUEDIQICDEVICE. 1 ttutuuuueieieee et e e eeeeeee e et et eeeeeeeaetaes s e s e s eseaaaaaaaaeaeereseeeessessssnsnnnnnnnnnn 133
INPUt:DIQ:RANGEICOUPIING. ...ttt etee ettt ettt ettt e e et e et e et e e e ee e e e eeneenaeeennaen 133
INPUL:DIQ:RANGE[:UPPEI. . ettt ettt et e e e e e e e e e e e e e eanas 134
INPUt:DIQ:RANGE[:UPPEIT:AUTO. ..ttt ettt et et e e e e e e e e eaaeen 134
INPUt:DIQ:RANGE[IUPPEITUNIT ... e et e et e e et s e e e e e e tee e e e e e en e e e s e e ann e e e e enennas 134
UL B L BT = P 134
INPUt:DIQ:SRATEAUTO. ..cttttteteeeeeee s e e e e e e e eeeeee et eeeeeeeeeeaeetnsaaanaaaasaseeeasaaaaeaeeeeeeeeennennnnes 135
LU B I o F PP 135
IN P UL L PAT H. ettt et e et e et e et e e e e n e e e e e e e ee e enaeeennaean 135
INP UL LT HPAS S - S T AT ettt ettt ettt ettt ettt et e e e et e e e et e e ee e e e e a e eea e eenns 136
LNV o | =T o (] A I = TR 137
INPUt: IQ:BALANCEA[:STATE]. .. eeeeeeeeieeeeiieeeteea e ae e e e e e e e e e e e e e aeeeeeeeeeeaeeeeanensnnnaaaaaaeaeeeeeens 137
INPUL IQETY PE.. . ettt ettt e e e e e e et e et e e e ea e e e s e e e ea s eaa e e e eeaeeeneaeanns 137
I S Y o N 138
INP UL TY P E . .. ettt ettt et e et e et e ea e e e e et e ea e eea e eea e een s aeaaseeaaeenaennaeennaen 138
MMEMOrY:LOAD:IQ:STREM....ccettiiiiiiietnunnnaaaaaae e e e e e e e e aaaeaateeeeeeeteaeessbabasnaaaa e e e e e aeeaaeas 139
MMEMory:LOAD:IQ:STREAMIAUTO.....ceieieiieeiieeieieit e e e e e e e e e e e e e e e e e eeeeeeeeeeeenensnnnnanas 139
MMEMory:LOAD:IQ:STREAM:LIST 2. e e e e e e e e e e e e e e e e e e e e e eeeeeanenenees 139
TRACE:IQ:FILE:REPEtition:COUNL......cciiiiiieeieeeiiice e et e e e e e e e e e e et s e e e e eaa e e e eeeenen 140

CALibration:AlQ:HATiming[:STATe] <State>

Activates a mode with enhanced timing accuracy between analog baseband, RF and
external trigger signals.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: CAL:AIQ:HAT:STAT ON
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Manual operation:  See "High Accuracy Timing Trigger - Baseband - RF"
on page 49

INPut:CONNector <ConnType>
Determines which connector the input for the measurement is taken from.

If an external frontend is active, the connector is automatically set to RF.

Parameters:
<ConnType> RF
RF input connector
RFPRobe
Active RF probe
*RST: RF
Example: INP:CONN RF

Selects input from the RF input connector.

Manual operation: See "Input Connector" on page 46

INPut:DIQ:CDEVice

Queries the current configuration and the status of the digital 1/Q input from the
optional "Digital Baseband" interface.

For details see the section "Interface Status Information" for the optional "Digital Base-
band" interface in the FSW 1/Q Analyzer User Manual.

Return values:
<Value>

Example: INP:DIQ:CDEV?
Result:
1,SMW200A,101190,BBMM 1 OUT,
100000000,200000000, Passed, Passed, 1, 1.#QNAN

Manual operation: See "Connected Instrument" on page 47

INPut:DIQ:RANGe:COUPIling <State>

If enabled, the reference level for digital input is adjusted to the full scale level automat-
ically if the full scale level changes.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]|0

*RST: 0

Manual operation: See "Adjust Reference Level to Full Scale Level" on page 47
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INPut:DIQ:RANGe[:UPPer] <Level>

Defines or queries the "Full Scale Level", i.e. the level that corresponds to an 1/Q sam-
ple with the magnitude "1".

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:

<Level> Range: 1TuV to 7.071V
*RST: 1V
Default unit: DBM

Manual operation: See "Full Scale Level" on page 47

INPut:DIQ:RANGe[:UPPer]:AUTO <State>

If enabled, the digital input full scale level is automatically set to the value provided by
the connected device (if available).

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]|0

*RST: 0

Manual operation: See "Full Scale Level" on page 47

INPut:DIQ:RANGe[:UPPer]:UNIT <Level>

Defines the unit of the full scale level. The availability of units depends on the mea-
surement application you are using.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<Level> DBM | DBPW | WATT | DBUV | DBMV | VOLT | DBUA | AMPere

*RST: Volt

Manual operation: See "Full Scale Level" on page 47

INPut:DIQ:SRATe <SampleRate>

Specifies or queries the sample rate of the input signal from the optional "Digital Base-
band" interface.

Parameters:

<SampleRate> Range: 1Hz to 20 GHz
*RST: 32 MHz
Default unit: HZ

Example: INP:DIQ:SRAT 200 MHz

Manual operation: See "Input Sample Rate" on page 47
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INPut:DIQ:SRATe:AUTO <State>

If enabled, the sample rate of the digital 1/Q input signal is set automatically by the con-
nected device.

Is only available if the optional "Digital Baseband" interface is installed.

Parameters:
<State> ON|OFF|1]0

*RST: 0

Manual operation: See "Input Sample Rate" on page 47

INPut:DPATh <DirectPath>
Enables or disables the use of the direct path for frequencies close to 0 Hz.
If an external frontend is active, the direct path is always used.

Parameters:
<DirectPath> AUTO | OFF

AUTO |1
(Default) the direct path is used automatically for frequencies
close to 0 Hz.

OFF | 0
The analog mixer path is always used.

Example: INP:DPAT OFF

Manual operation: See "Direct Path" on page 45

INPut:FILE:PATH <FileName>[, <AnalysisBW>]
Selects the 1/Q data file to be used as input for further measurements.

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

e _ig.tar

e _igw
® .cCsv
® .mat
® WV

e _.aid

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

For some file formats that do not provide the sample rate and measurement time or
record length, you must define these parameters manually. Otherwise the traces are
not visible in the result displays.
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Parameters:
<FileName> String containing the path and name of the source file.
The file type is determined by the file extension. If no file exten-
sion is provided, the file type is assumed to be .iqg.tar.
For .mat files, Matlab® v4 is assumed.
<AnalysisBW> Optionally: The analysis bandwidth to be used by the measure-
ment. The bandwidth must be smaller than or equal to the band-
width of the data that was stored in the file.
Default unit: HZ
Example: INP:FILE:PATH 'C:\R S\Instr\user\data.iqg.tar'
Uses I/Q data from the specified file as input.
Example: //Load an IQW file

INP:SEL:FIQ

INP:FILE:PATH 'C:\R S\Instr\user\data.iqw'
//Define the sample rate

TRAC:IQ:SRAT 10MHz

//Define the measurement time
SENSe:SWEep:TIME 0.001001

//Start the measurement

INIT:IMM

Manual operation: See "Select I/Q data file" on page 50
See "Data import and export" on page 66

INPut:FILTer:HPASs[:STATe] <State>

Activates an additional internal high-pass filter for RF input signals from 1 GHz to
3 GHz. This filter is used to remove the harmonics of the FSW to measure the harmon-
ics for a DUT, for example.

Requires an additional high-pass filter hardware option.

(Note: for RF input signals outside the specified range, the high-pass filter has no
effect. For signals with a frequency of approximately 4 GHz upwards, the harmonics
are suppressed sufficiently by the YIG-preselector, if available.)

Parameters:
<State> ON|OFF|0]1
OFF |0
Switches the function off
ON |1
Switches the function on
*RST: 0
Example: INP:FILT:HPAS ON

Turns on the filter.

Manual operation: See "High Pass Filter 1 to 3 GHz" on page 45
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INPut:FILTer:YIG[:STATe] <State>
Enables or disables the YIG filter.

Parameters:
<State> ON|OFF |01
Example: INP:FILT:YIG OFF

Deactivates the YIG-preselector.

Manual operation: See "YIG-Preselector" on page 45

INPut:IQ:BALanced[:STATe] <State>

Defines whether the input is provided as a differential signal via all 4 Analog Baseband
connectors or as a plain I/Q signal via 2 single-ended lines.

Parameters:

<State> ON|OFF|1]0
ON |1
Differential
OFF |0
Single ended

*RST: 1
Example: INP:IQ:BAL OFF

Manual operation: See "Input Configuration" on page 48

INPut:IQ:TYPE <DataType>
Defines the format of the input signal.

Parameters:

<DataType> Q|lQ
1Q
The input signal is filtered and resampled to the sample rate of
the application.
Two input channels are required for each input signal, one for
the in-phase component, and one for the quadrature compo-
nent.

I

The in-phase component of the input signal is filtered and
resampled to the sample rate of the application. If the center fre-
quency is not 0, the in-phase component of the input signal is
down-converted first (Low IF I).

Q

The quadrature component of the input signal is filtered and
resampled to the sample rate of the application. If the center fre-
quency is not 0, the quadrature component of the input signal is
down-converted first (Low IF Q).
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*RST: 1Q
Example: INP:IQ:TYPE Q

Manual operation: See "I/Q Mode" on page 48

INPut:SELect <Source>

Selects the signal source for measurements, i.e. it defines which connector is used to
input data to the FSW.

If no additional input options are installed, only RF input or file input is supported.

For FSW85 models with two RF input connectors, you must select the input connector
to configure first using INPut : TYPE.

Parameters:
<Source> RF
Radio Frequency ("RF INPUT" connector)
FlQ
I/Q data file
(selected by TNPut:FILE: PATH on page 135)
Not available for Input2.
DIQ
Digital IQ data (only available with optional "Digital Baseband"
interface)
For details on 1/Q input see the FSW 1/Q Analyzer User Manual.
Not available for Input2.
AlQ
Analog Baseband signal (only available with optional "Analog
Baseband" interface)
Not available for Input2.
*RST: RF
Example: INP:TYPE INP1

For FSW85 models with two RF input connectors: selects the
1.00 mm RF input connector for configuration.
INP:SEL RF

Manual operation:  See "Digital I/Q Input State" on page 46
See "Analog Baseband Input State" on page 48
See "I/Q Input File State" on page 50

INPut:TYPE <Input>
The command selects the input path.

Parameters:
<Input> INPUT1
Selects RF input 1.
1 mm [RF Input] connector
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INPUT2

Selects RF input 2.

For FSW85 models with two RF input connectors:
1.85 mm [RF2 Input] connector

For all other models: not available

*RST: INPUT1

Example: /[Select input path
INP:TYPE INPUTL

MMEMory:LOAD:IQ:STReam <Channel>

Only available for files that contain more than one data stream from multiple channels:
selects the data stream to be used as input for the currently selected channel.

Automatic mode (MMEMory : LOAD: IQ: STReam: AUTO) is set to OFF.

Parameters:
<Channel> String containing the channel name.
Example: MMEM:LOAD:IQ:STR?

//Result: 'Channell', 'Channel?2’
MMEM:LOAD:IQ:STR 'Channel2'

Manual operation: See "Selected Channel" on page 50

MMEMory:LOAD:IQ:STReam:AUTO <State>

Only available for files that contain more than one data stream from multiple channels:
automatically defines which data stream in the file is used as input for the channel.

Parameters:
<State> ON|OFF |01

OFF |0

The data stream specified by MMEMory : LOAD: TQ: STReam is
used as input for the channel.

ON |1

The first data stream in the file is used as input for the channel.
Applications that support multiple data streams use the first data
stream in the file for the first input stream, the second for the
second stream etc.

*RST: 1

Manual operation: See "Selected Channel" on page 50

MMEMory:LOAD:IQ:STReam:LIST?
Returns the available channels in the currently loaded input file.

Example: MMEM:LOAD:IQ:STR?
//Result: 'Channell', 'Channel?2’
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Usage: Query only

Manual operation: See "Selected Channel" on page 50

TRACe:IQ:FILE:REPetition:COUNt <RepetitionCount>

Determines how often the data stream is repeatedly copied in the 1/Q data memory. If
the available memory is not sufficient for the specified number of repetitions, the larg-
est possible number of complete data streams is used.

Parameters:
<RepetitionCount> integer

Example: TRAC:IQ:FILE:REP:COUN 3

Manual operation: See "File Repetitions" on page 50

Frequency configuration

[SENSe:]JFREQUENCY:CENTEI:CCSCC>] . iiiiiuuieieeeieitiiieeeeeetiiee e e e e eetee s e e e eeeaaaesaeeeesaaseaaeens 140
[SENSe:]JFREQuency:CENTer[:CC<CC>:0FFSEt...uiiiiiiiiiiieiiiieeiiiie e eeeeeie e eeeinie e e eeaaaas 140
[SENSe:]FREQUENCY:CENTEISTEP. ...ttt e s 141

[SENSe:]JFREQuency:CENTer[:CC<cc>] <Frequency>
Sets the center frequency for RF measurements.

Note that the [:CC<cc>] part of the syntax is not supported.

Suffix:
<cc> Component Carrier
Parameters:
<Frequency> <numeric value>
Range: fmin to fmax
*RST: 1 GHz
Default unit: Hz
Example: //Define frequency for measurement on one carrier:

FREQ:CENT 1GHZ

Manual operation: See "Defining physical settings for NB-loT inband deployment”
on page 39
See "Defining physical settings for NB-loT guardband deploy-
ment" on page 40
See "Center Frequency" on page 51

[SENSe:]JFREQuency:CENTer[:CC<cc>]:OFFSet <Offset>
Defines the general frequency offset.

Suffix:
<cc> Component Carrier
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Parameters:
<Offset> <numeric value>
» General frequency offset: frequency offset in Hz.
Default unit: Hz
Example: //Add a frequency offset of 50 Hz to the measurement frequency.

FREQ:CENT:OFFS 50HZ

Manual operation: See "Center Frequency" on page 51

[SENSe:]JFREQuency:CENTer:STEP <StepSize>
Defines the center frequency step size.

You can increase or decrease the center frequency quickly in fixed steps using the
SENS:FREQ UP and SENS:FREQ DOWN commands, see [SENSe: | FREQuency:
CENTer [ :CC<cc>] on page 140.

Parameters:

<StepSize> For f, .y refer to the specifications document.
Range: 1 to fTMAX
*RST: 0.1 x span
Default unit: Hz

Example: //Set the center frequency to 110 MHz.

FREQ:CENT 100 MHz
FREQ:CENT:STEP 10 MHz
FREQ:CENT UP

Manual operation: See "Frequency Stepsize" on page 51

Amplitude configuration

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel...........ceevrrrrrcrereres 141
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:RLEVel:OFFSet................ 142
INPUL AT TENUALIONKANT ...t e et e e et e e e e e e et e e e e s eete e e e e eeenbaeeeesenennnnnes 142
INPut:ATTenuation<ant>:AUTO........coueeii ettt et e e e e eea 143
I U O 10 = 15 T TS 143
INP UL GAIN:STATE. cevttteretiitii i eieaeeeieteeeeeeeaeeeteseeeererereestarararsa—————aeieseseeeaaaaeesereeressesnsrsres 143
INP UL GAINLVALUE . .o eeeettiee e e ettt e e et tee e e e ettt e e e e e eetaa e e eeeeeaban e eeeseastaneaesentannaeeeeeenes 144
INPULIMPEAANCE. ...cvuueeeeeeeeiie e ee e eeeteee e e ettt e e e e e ettt ee e e e e eeebaeeeeeeasbaneeeseesnseaaseestannaaaeees 144
1N U o N I IS ) R 144
1N U o = I IR = ) e 8 I S 145
TN o oy = Ta T e s I L= 145

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel
<ReferencelLevel>

Defines the reference level (for all traces in all windows).
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With a reference level offset # 0, the value range of the reference level is modified by

the offset.

Suffix:

<n> irrelevant

<w> subwindow
Not supported by all applications

<t> irrelevant

Parameters:

<ReferencelLevel> The unit is variable.
Range: see specifications document
*RST: 0 dBm

Default unit: DBM

Example: DISP:TRAC:Y:RLEV -60dBm

Manual operation: See "Reference Level" on page 52

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:RLEVel:OFFSet
<Offset>

Defines a reference level offset (for all traces in all windows).

Suffix:
<n> irrelevant
<w> subwindow
Not supported by all applications
<t> irrelevant
Parameters:
<Offset> Range: -200 dB to 200 dB
*RST: 0dB
Default unit: DB
Example: DISP:TRAC:Y:RLEV:OFFS -10dB

Manual operation: See "Reference Level Offset" on page 53

INPut:ATTenuation<ant> <Attenuation>
Defines the RF attenuation level.

Prerequisites for this command
® Decouple attenuation from reference level (INPut : ATTenuation<ant>:AUTO).

Suffix:

<ant> irrelevant
Parameters:

<Attenuation> *RST: 10 dB

Default unit: dB

User Manual 1178.5937.02 — 17 142



R&S®FSW-K106 Remote control

Configuration

Example: //Define RF attenuation

INP:ATT:AUTO OFF

INP:ATT 10
Manual operation: See "RF Attenuation" on page 53
INPut:ATTenuation<ant>:AUTO <State>
Couples and decouples the RF attenuation to the reference level.
Suffix:
<ant> irrelevant
Parameters:
<State> ON|OFF|1]0

*RST: ON
Example: //Couple attenuation to reference level (auto attenuation)

INP:ATT:AUTO ON

Manual operation: See "RF Attenuation" on page 53

INPut:COUPIing <CouplingType>
Selects the coupling type of the RF input.
If an external frontend is active, the coupling is automatically set to AC.

Parameters:
<CouplingType> AC | DC

AC
AC coupling

DC
DC coupling

*RST: AC
Example: INP:COUP DC

Manual operation: See "Input Coupling" on page 54

INPut:GAIN:STATe <State>

Turns the internal preamplifier on and off. It requires the optional preamplifier hard-
ware.

Note that if an optional external preamplifier is activated, the internal preamplifier is
automatically disabled, and vice versa.

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

Parameters:
<State> ON|OFF |01
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Manual operation:

Configuration

OFF | 0

Switches the function off

ON |1

Switches the function on

*RST: 0

INP:GAIN:STAT ON
INP:GAIN:VAL 15

Switches on 15 dB preamplification.

See "Preamplifier" on page 54

INPut:GAIN[:VALue] <Gain>

Selects the "gain" if the preamplifier is activated (INP:GAIN: STAT ON, see INPut :
GAIN:STATe on page 143).

The command requires the additional preamplifier hardware option.

Parameters:
<Gain>

Example:

Manual operation:

For all FSW models except for FSW85, the following settings are
available:

15 dB and 30 dB

All other values are rounded to the nearest of these two.

For FSW85 models:

FSW43 or higher:

30 dB

Default unit: DB

INP:GAIN:STAT ON
INP:GAIN:VAL 30
Switches on 30 dB preamplification.

See "Preamplifier" on page 54

INPut:IMPedance <Impedance>

Selects the nominal input impedance of the RF input. In some applications, only 50 Q

are supported.

Parameters:
<Impedance>

Example:

Manual operation:

50 | 75

*RST: 50 Q
Default unit: OHM

INP:IMP 75

See "Impedance"” on page 55

INPut:EATT<ant> <Attenuation>

Defines the electronic attenuation level.
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If the current reference level is not compatible with an attenuation that has been set
manually, the command also adjusts the reference level.

Is available with the optional electronic attenuator, but not if you are using the optional
digital baseband input.

Suffix:

<ant> Connected instrument

Parameters:

<Attenuation> Attenuation level in dB.
Default unit: dB

Example: //Define signal attenuation

INP:EATT 10

Manual operation: See "Electronic Attenuation” on page 54

INPut:EATT<ant>:AUTO <State>
Turns automatic selection of the electronic attenuation on and off.
If on, electronic attenuation reduces the mechanical attenuation whenever possible.

Is available with the optional electronic attenuator, but not if you are using the optional
digital baseband Input.

Suffix:
<ant> 1..4
Connected instrument
Parameters:
<State> ON|OFF|1]0
*RST: OFF
Example: /[Turn on automatic selection of electronic attenuation

INP:EATT:AUTO ON

Manual operation: See "Electronic Attenuation” on page 54

INPut:EATT<ant>:STATe <State>
Turns the electronic attenuator on and off.

Is available with the optional electronic attenuator, but not if you are using the optional
digital baseband input.

Suffix:
<ant> 1.4
Connected instrument
Parameters:
<State> ON | OFF

*RST: OFF
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Example: /[Turn on electronic attenuation

INP:EATT:STAT ON
Manual operation: See "Electronic Attenuation" on page 54
Signal capture
[SENSE:]ILTE:JFRAMEICOUNL. ... eeeeeeeeeeeeeeeeeeeseeeeeeeeeee et et eeeeeeeeeeeeeeneeseseesseseeseeenesreneeenes 146
[SENSE:][LTE:JFRAME:COUNEAUTO . ...eeeeeeeeeeeeeeee et et eese et eeeeeeeeeeeeseeseseesseeneseeennenesnes 146
[SENSE:ILTE:JFRAME:COUNESTATE. ..t evteeeeeeeteeee et eeeeeeeeeeeeeeeseeeeeareseesee et eneseeeeeneeeeeeens 147
[SEN S SVVAPIG e+t evveeereeeeeeeeesaseeseeesaseeseseesseeseseeaseseeseeaneesaneesseeareesenesareeseneeseesereenrenas 147
[SENSE:ISWEED:TIME.....cuuuuuuuuuuaaaaaaaieeeeeesaeaeaeeeeeeeeeeneeeaeeesnsnnnnnnnnaaaeaeaeeeeeaaaeaeeeeeeeemene 147

[SENSe:][LTE:]JFRAMe:COUNt <Subframes>
Defines the number of frames you want to analyze.

Prerequisites for this command
® Turn on overall frame count ([ SENSe: ] [LTE: ] FRAMe : COUNt : STATe).

® Turn on manual selection of frames to analyze ([SENSe: ] [LTE: ] FRAMe : COUNTt :

AUTO).
Parameters:
<Subframes> <numeric value> (integer only)
*RST: 1
Example: //Define number of frames to analyze manually

FRAM:COUN: STAT ON
FRAM:COUN:AUTO OFF
FRAM:COUN 20

Manual operation: See "Number of Frames to Analyze" on page 56

[SENSe:][LTE:]FRAMe:COUNt:AUTO <State>

Turns automatic selection of the number of frames to analyze on and off.

Parameters:
<State> ON |1
Selects the analyzed number of frames according to the NB-loT
standard.
OFF | 0
Turns on manual selection of the number of frames.
Example: /[Turn on automatic selection of analyzed frames

FRAM:COUN:AUTO ON

Manual operation: See "Auto According to Standard" on page 56
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[SENSe:][LTE:]JFRAMe:COUNt:STATe <State>

Turns manual selection of the number of frames you want to analyze on and off.

Parameters:
<State> ON |1
You can set the number of frames to analyze.
OFF | 0
The FSW analyzes the frames captured in a single sweep.
*RST: ON
Example: /[Turn on manual selection of number of frames

FRAM:COUN:STAT ON

Manual operation: See "Overall Frame Count" on page 56

[SENSe:]SWAPiq <State>

Turns a swap of the | and Q branches on and off.

Parameters:
<State> ON|OFF|1]0
*RST: OFF
Example: //[Swap | and Q branches
SWAP ON

Manual operation: See "Swap 1/Q" on page 56

[SENSe:]SWEep:TIME <CaptureLength>

Defines the capture time.

Parameters:

<CaptureLength> <numeric value>
*RST: 20.1 ms
Default unit: s

Example: /IDefine capture time

SWE:TIME 40ms

Manual operation: See "Capture Time" on page 56

6.9.2.6 Trigger

The trigger functionality of the NB-loT measurement application is the same as that of
the FSW.

For a comprehensive description of the available remote control commands for trigger
configuration, see the documentation of the FSW.
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TRIGQEN: SEQUENCETDTIME...uuuiieiieiiie e e e eeteteee e e ettt e e e e e et ee s e e e e et s e e e e e eaaanseeeeentaaeaaaens 148
TRIGger[:SEQuence]:HOLDOff<ant>[:TIME]........uciiiiieeieiieeeeeeeeiee e e e e eeevee e e e e eeee e e e e ee s 148
TRIGger[:SEQuUence]:IFPOWErHOLDO.........uuuuieiieeaaaaaae e e e e e e e ee e e e e e s 148
TRIGger[:SEQUENCE]: IFPOWEIHY STErESIS. ...uuuuururrerurunaaaaaieieeeeeeeeeaeeeeeereeeeeeeeeeeeenennnnnnnnns 149
TRIGger[:SEQuence]:.LEVel<ant>[:EXTernal<tp>].......ccceerieiiiiiiiiieeeeeiiie e eeane e 149
TRIGger[:SEQUENCE]:LEVEI<aNt> IFPOWEN . ....uuiiiiiiiiiiiie e eeeiiiee e e et e e e e eebe s e e e eera e e 149
TRIGger[:SEQuence]:LEVel<ant>1QPOWET.......c.uuieieeriiiiieieeeeeciiae e e e e e e e eeane e e e eeenaans 150
TRIGger[:SEQuence]:LEVel<ant>RFPOWET.........ccuuuiiiieiieicie e eeeeee e e eee e e e e e e e e e eees 150
TRIGQer:SEQUENCE]:PORT AN ... .cici i i e e et e e e e e e e e e e e e e e e ena e e e e eeennas 151
TRIGE:SEQUENCE]:SLOPE. ... e e e e e ee ettt e e e e e e e e e e e e e e e e eeeeeeeeeneenennnnnnnnnn 151
TRIGQer[:SEQUENCE]:SOURGCESANE>.......cceeeeeeeieieieeeeeeereerarebireaeseseeeeeeeaeaeeaeseeeeeesessnrenes 151

TRIGger[:SEQuence]:DTIMe <DropoutTime>

Defines the time the input signal must stay below the trigger level before a trigger is
detected again.

For input from the "Analog Baseband" interface using the baseband power trigger
(BBP), the default drop out time is set to 100 ns to avoid unintentional trigger events
(as no hysteresis can be configured in this case).

Parameters:

<DropoutTime> Dropout time of the trigger.
Range: 0sto10.0s
*RST: Os

Default unit: S

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:HOLDoff<ant>[:TIME] <Offset>

Defines the trigger offset.

Suffix:

<ant> Instrument

Parameters:

<Offset> <numeric value>
*RST: Os
Default unit: s

Example: /[Define trigger offset

TRIG:HOLD 5MS

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:IFPower:HOLDoff <Period>
Defines the holding time before the next trigger event.

Note that this command can be used for any trigger source, not just IF Power
(despite the legacy keyword).
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Parameters:
<Period> Range: Os to 10s
*RST: Os
Default unit: S
Example: TRIG:SOUR EXT

Sets an external trigger source.
TRIG:IFP:HOLD 200 ns

Sets the holding time to 200 ns.

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:IFPower:HYSTeresis <Hysteresis>

Defines the trigger hysteresis, which is only available for "IF Power" trigger sources.

Parameters:

<Hysteresis> Range: 3 dB to 50 dB
*RST: 3dB
Default unit: DB

Example: TRIG:SOUR IFP

Sets the IF power trigger source.
TRIG:IFP:HYST 10DB

Sets the hysteresis limit value.

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:LEVel<ant>[:EXTernal<tp>] <Level>

Defines the level for an external trigger.

Suffix:

<ant> Instrument

<tp> Trigger port

Parameters:

<Level> Range: 0.5V to 3.5V
*RST: 14V
Default unit: V

Example: //Define trigger level

TRIG:LEV 2V

Manual operation:  See "Trigger Source" on page 57

TRIGger[:SEQuence]:LEVel<ant>:IFPower <Level>

Defines the power level at the third intermediate frequency that must be exceeded to
cause a trigger event.

Note that any RF attenuation or preamplification is considered when the trigger level is
analyzed. If defined, a reference level offset is also considered.
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Suffix:
<ant> Instrument
Parameters:
<Level> <numeric value>
For details on available trigger levels and trigger bandwidths see
the specifications document.
*RST: -10 dBm
Default unit: dBm
Example: /[Define trigger level

TRIG:SOUR IFP
TRIG:LEV:IFP -30dBm

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:LEVel<ant>:IQPower <Level>
Defines the magnitude the 1/Q data must exceed to cause a trigger event.

Note that any RF attenuation or preamplification is considered when the trigger level is
analyzed. If defined, a reference level offset is also considered.

Suffix:

<ant> Instrument

Parameters:

<Level> <numeric value>
Range: -130 dBm to 30 dBm
*RST: -20 dBm
Default unit: dBm

Example: //Define trigger level

TRIG:SOUR IQP
TRIG:LEV:IQP -30dBm

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:LEVel<ant>:RFPower <Level>

Defines the power level the RF input must exceed to cause a trigger event. Note that
any RF attenuation or preamplification is considered when the trigger level is analyzed.
If defined, a reference level offset is also considered.

The input signal must be between 500 MHz and 8 GHz.

Suffix:
<ant> Instrument
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Parameters:
<Level> <numeric value>
For details on available trigger levels and trigger bandwidths see
the specifications document.
*RST: -20 dBm
Default unit: dBm
Example: /[Define trigger level

TRIG:SOUR RFP
TRIG:LEV:RFP -30dBm

Manual operation: See "Trigger Source" on page 57

TRIGger[:SEQuence]:PORT<ant> <port>

Selects the trigger port for measurements with devices that have several trigger ports.

Suffix:
<ant> Analyzer
Parameters:
<port> PORT1
PORT2
PORT3
Example: /[Select trigger port 1

TRIG:PORT PORT1

TRIGger[:SEQuence]:SLOPe <Type>
Selects the trigger slope.

Parameters:
<Type> POSitive | NEGative

POSitive
Triggers when the signal rises to the trigger level (rising edge).

NEGative
Triggers when the signal drops to the trigger level (falling edge).

*RST: POSitive
Example: TRIG:SLOP NEG

Manual operation: See "Trigger Source" on page 57
TRIGger[:SEQuence]:SOURce<ant> <Source>

Selects the trigger source.

Note on external triggers:
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If a measurement is configured to wait for an external trigger signal in a remote control
program, remote control is blocked until the trigger is received and the program can
continue. Make sure this situation is avoided in your remote control programs.

Suffix:
<ant> Analyzer
Parameters:
<Source> IMMediate
Free run (no trigger event to start a measurement).
EXTernal
Measurement starts when the external trigger signal exceeds a
certain level.
Trigger signal from the "Trigger In" connector.
EXT2

Trigger signal from the "Trigger Input / Output" connector.
Note: Connector must be configured for "Input".

EXT3
Trigger signal from the "Trigger 3 Input / Output" connector.
Note: Connector must be configured for "Input”.

RFPower

Measurement starts when the first intermediate frequency
exceeds a certain level.

(Frequency and time domain measurements only.)

Not available for input from the optional Digital Baseband Inter-
face or the optional analog baseband Interface.

IFPower

Measurement starts when the second intermediate frequency
exceeds a certain level.

Not available for input from the optional digital baseband inter-
face. For input from the optional analog baseband interface, this
parameter is interpreted as BBPower for compatibility reasons.

IQPower

Measurement starts when the sampled |/Q data exceeds a cer-
tain magnitude.

For applications that process I/Q data, such as the 1/Q analyzer
or optional applications.

BBPower

Measurement starts when the baseband power exceeds a cer-
tain level.

For digital input via the optional digital baseband interface or the
optional analog baseband interface.

PSEN

External power sensor
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GPO | GP1 | GP2 | GP3 | GP4 | GP5

For applications that process 1/Q data, such as the 1/Q analyzer
or optional applications, and only if the optional digital baseband
interface is available.

Defines triggering of the measurement directly via the LVDS
connector. The parameter specifies which general purpose bit (0
to 5) will provide the trigger data.

*RST: IMMediate

Manual operation: See "Trigger Source" on page 57

6.9.2.7 Demodulation

CONFigure[:LTE]:DL[:CC<cc>]:MIMO:CROSStaIK. .. ..c.cteeiieaeeiaiieei et e 153
[SENSE:][LTE:|DL:DEMOG:CBSCIAMDBING. .- eerveereeereeeesereseesesesesesesesesseseseseeseseseseeseseees 153
[SENSE:][LTE:IDL:DEMO:MCFIIEI . ...cieeeeeeeeeieieieiieeeeeae e e e e e e e e e e e e e e e e eeeeee e s 153
[SENSe:][LTE:]DL:DEMOG:EVMCAIC. ... . iiieeiiiieieeeeeeiie ettt e e eeee e e 154
[SENSE:][LTE:]DL:DEMOA:PRDALA. ......ccvuueeeeeieeiiieeeeeeittieeeeeeeenaaeeeeeeesanaeeesessnnaseeeeessnns 154

CONFigure[:LTE]:DL[:CC<cc>]:MIMO:CROSstalk <State>

Turns MIMO crosstalk compensation on and off.

Suffix:
<cc> Component Carrier
Parameters:
<State> ON|OFF|1]0
*RST: OFF
Example: /[Turn on crosstalk compensation

CONF:DL:MIMO:CROS ON

Manual operation: See "Compensate Crosstalk" on page 61

[SENSe:][LTE:]DL:DEMod:CBSCrambling <State>

Turns scrambling of coded bits on and off.

Parameters:
<State> ON|OFF|1]0

*RST: ON
Example: /IDescramble coded bits

DL:DEM:CBSC ON

Manual operation: See "Scrambling of Coded Bits" on page 60

[SENSe:][LTE:]DL:DEMod:MCFilter <State>

Turns suppression of interfering neighboring carriers on and off (e.g. LTE, WCDMA,
GSM etc).
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Parameters:
<State> ON|OFF|1]|0
*RST: OFF
Example: /[Turn on interference suppression

DL:DEM:MCFEF ON

Manual operation: See "Multicarrier Filter" on page 60

[SENSe:][LTE:]DL:DEMod:EVMCalc <Calculation>

Selects the EVM calculation method.

Parameters:
<Calculation> TGPP
3GPP definition
OTP
Optimal timing position
*RST: TGPP
Example: /[Select EVM calculation method

DL:DEM:EVMC TGPP

Manual operation: See "EVM Calculation Method" on page 60

[SENSe:][LTE:]DL:DEMod:PRData <Reference>
Selects the type of reference data to calculate the EVM for the NPDSCH.

Parameters:
<Reference> AUTO

Automatic identification of reference data.

ALLO

Reference data is 0, according to the test model definition.
Example: //Select reference data for NPDSCH demodulation

DL:DEM: PRD ALLO

Manual operation: See "NPDSCH Reference Data" on page 61

6.9.2.8 Estimation & compensation

Parameter estimation

[SENSe:][LTE:IDL:DEMOd:BESTIMAtION......cceeeeeeeeieieieeeieieiieieiieeeeseae e e e e e e eeeeeeeeeeeeeeeennnees 154
[SENSe:][LTE:]DL:DEMOd:CESTIMAtION. ..uuuuieiiiiiiiiieieeeeeeiieeeeeeetee e e e e s eetaeeeeeeeennaeeeeeeeennns 155

[SENSe:][LTE:]DL:DEMod:BESTimation <State>

Turns boosting estimation on and off.
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Note that boosting estimation is always active.
Parameters:
<State> ON|OFF|1]0

*RST: ON
Example: /[Turn on boosting estimation

DL:DEM:BEST ON
Manual operation: See "Boosting Estimation" on page 59
[SENSe:][LTE:]DL:DEMod:CESTimation <Type>
Selects the channel estimation type.
Parameters:
<Type> PIL

Optimal, pilot only

PILP

Optimal, pilot and payload

TGPP

3GPP EVM definition

*RST: TGPP
Example: /[Select channel estimation type

DL:DEM:CEST TGPP
Manual operation: See "Channel Estimation" on page 59
Error compensation
[SENSE:|ILTE:IDL:TRACKINGIPHASE ... et ee e eeeee e e e ee e ee e e see e e eee e eee e 155
[SENSE:][LTE:IDL: TRACKING:TIME.......ueeteeeeeteeeeeteeteeteeteeaeeseeeessessessessessessessessesssesesseeneens 156

[SENSe:][LTE:]DL:TRACking:PHASe <Type>
Selects the phase tracking type.

Parameters:
<Type> OFF
Deactivate phase tracking
PIL
Pilot only
PILP
Pilot and payload
*RST: OFF
Example: /[Select phase tracking type

DL:TRAC:PHAS PILPAY

Manual operation: See "Phase" on page 59
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[SENSe:][LTE:]DL:TRACKing: TIME <State>

Turns timing tracking on and off.

Parameters:
<State> ON|OFF|1]0

*RST: OFF
Example: /[Turn on timing tracking

DL:TRAC:TIME ON
Manual operation: See "Time Tracking" on page 59
Automatic configuration

Commands to configure the application automatically described elsewhere.
® DISPlay[:WINDow<n>] [:SUBWindow<w>]:TRACe<t>:Y[:SCALe] :AUTO

[SENSe:]JADJust: CONFigure:LEVEl:DURELON. .....uvvvurereieieieieieeeeeeeeeeeeeeeeeeeeerssssrarennnnnnnnns 156
[SENSe:]ADJust:CONFigure:LEVel:DURatioN:MODE..........cccueeieeeiiiiiiieeeeeeeeiieeeeeeeeriee s 156
[SENSE:JADJUSELEVEISANT> ... e e 157

[SENSe:]JADJust:CONFigure:LEVel:DURation <Duration>

To determine the ideal reference level, the FSW performs a measurement on the cur-
rent input data. This command defines the length of the measurement if [SENSe:
JADJust :CONFigure:LEVel :DURation:MODE is set to MANual.

Parameters:

<Duration> Numeric value in seconds
Range: 0.001 to 16000.0
*RST: 0.001
Default unit: s

Example: ADJ:CONF:DUR:MODE MAN

Selects manual definition of the measurement length.
ADJ:CONF:LEV:DUR 5ms

Length of the measurement is 5 ms.

Manual operation: See "Auto Level" on page 52

[SENSe:]JADJust:CONFigure:LEVel:DURation:MODE <Mode>

To determine the ideal reference level, the FSW performs a measurement on the cur-
rent input data. This command selects the way the FSW determines the length of the
measurement .

Parameters:

<Mode> AUTO
The FSW determines the measurement length automatically
according to the current input data.
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MANual
The FSW uses the measurement length defined by [SENSe:
]ADJust :CONFigure:LEVel :DURation on page 156.

*RST: AUTO

Manual operation: See "Auto Level" on page 52

[SENSe:]ADJust:LEVel<ant>

Initiates a single (internal) measurement that evaluates and sets the ideal reference
level for the current input data and measurement settings. This ensures that the set-
tings of the RF attenuation and the reference level are optimally adjusted to the signal
level without overloading the FSW or limiting the dynamic range by an S/N ratio that is

too small.
Suffix:
<ant> 1..4
Connected instrument
Example: /[Auto level on one instrument
ADJ:LEV2
Usage: Event

Manual operation: See "Auto Level" on page 52
See "Auto leveling" on page 61

6.9.3 Time alignment error measurements

All commands specific to the time alignment measurement are listed below.

Commands to configure the time alignment measurement described elsewhere:
® Commands in "Physical settings" on page 122.

® Commands in "Control channel" on page 131.

® Commands in Chapter 6.9.2.7, "Demodulation”, on page 153.

® Commands in Chapter 6.9.2.2, "Input configuration”, on page 132.

® Commands in Chapter 6.9.2.3, "Frequency configuration”, on page 140.

® Commands in Chapter 6.9.2.4, "Amplitude configuration", on page 141.

® Commands in Chapter 6.9.2.5, "Signal capture", on page 146.

6.9.4 Frequency sweep measurements
The remote commands required to configure frequency sweep measurements are the
same as in the spectrum application.

Refer to the documentation of the FSW base unit for a comprehensive list and descrip-
tion of remote commands necessary to configure and perform frequency sweep mea-
surements (ACLR and SEM).
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All commands specific to the NB-loT application are listed below.
[SENSE:IPOWEISEM:CATEUOIY . ..ceutuieeeeeetitaeeeeteetaaaeeeerestaasesseeesnnaasaeserstnaieseeserstanseaeeens 158
[SENSe:]IPOWeEr:SEM:CHBS:AMPOWET......ccuiiuieiaeie ettt e et e e e e e e e e e e e e 158
[SENSe:]IPOWer:SEM:CHBS:AMPOWErAUTO. ... .ottt e e 158
[SENSE:IPOWEISEMPIOM.....iiieeieieeeee et e e e e e eeie e e e e e e te e e e e e eeaa s e e s eeetnaeeeeeeensnnaeaaaens 159
[SENSE:IPOWENSEM:PIOV.....ccciiiieeeiieieieteiieieeeaesese e e e e e e e e aaaaaaaaeeeeeeeeeenenseesnsnnnnnnaaananeas 159

[SENSe:]POWer:SEM:CATegory <Category>

Parameters:
<Category> HOME
Home base station

LARE
Local area base station

MED
Medium range base station

WARE
Wide area base station

*RST: A

Example: /[Select base station category
POW:SEM:CAT MED

Manual operation: See "Category" on page 63

[SENSe:]POWer:SEM:CHBS:AMPower <Power>
Defines the Tx power for medium range base stations.

Prerequisites for this command
® Select medium range base stations ([ SENSe: ] POWer : SEM: CATegory).

® Turn off automatic power determination ([ SENSe: ] POWer : SEM: CHBS : AMPower :

AUTO).
Parameters:
<Power> <numeric value>
Default unit: dBm
Example: //Define base station power

POW:SEM:CAT MED
POW:SEM:CHBS:AMP:AUTO OFF
POW:SEM:CHBS:AMP 0

Manual operation: See "Tx Power" on page 64

[SENSe:]POWer:SEM:CHBS:AMPower:AUTO <State>

Turn automatic detection of the TX channel power on and off.

User Manual 1178.5937.02 — 17 158



R&S®FSW-K106 Remote control

Configuration

Prerequisites for this command
® Select medium range base stations ([SENSe: ] POller : SEM: CATegory).

When you turn off automatic detection, you can define the TX channel power manually
with [SENSe: ] POWer:SEM:CHBS: AMPower.

Parameters:
<State> ON|OFF|1]0
*RST: OFF
Example: /[Turn on automatic detection of the TX channel power

POW:SEM:CAT MED
POW:SEM:CHBS:AMP:AUTO ON

Manual operation: See "Tx Power" on page 64

[SENSe:]POWer:SEM:PIOM <Mode>
Selects the way that the limits of the spectrum emission mask are calculated.

Parameters:

<Mode> AUTO
Automatically calculates the limits based on the NB-loT power
measured in the reference range.

MANual
Calculates the limits based on the power defined with [SENSe:
] POWer:SEM: PIOV.

*RST: AUTO

Example: /[Select calculation method for SEM limits
POW:SEM:PIOM AUTO

Manual operation: See "Power NB-loT Carrier" on page 64

[SENSe:]POWer:SEM:PIOV <Power>

Defines the power of the NB-IoT carrier on which the calculation of the SEM limits is
based.

Prerequisites for this command
® Select manual SEM limit calculation mode ([SENSe: ] POWer : SEM: PTOM).

Parameters:
<Power> <numeric value>
*RST: 0
Example: //[Define NB-loT power manually

POW:SEM:PIOM MAN
POW:SEM:PIOV -43

Manual operation: See "Power NB-loT Carrier" on page 64
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6.10.1

Analysis

Analysis
®  TTACE BXPOIM . i et et e e e e e e e e e e e e e e e e et e ——————————————— 160
L I V103 {0 1T =T Vi oI o Yo | o PR 161
®  EValuation FaNgE.....cccoi e i —————— 162
®  Y-AXIS SCAIB.....eeeeeeeeee e e e e e e e e e 164
@ RESUIL SEHINGS...uutitieiie e ————— 166
Trace export
FORMat: DEXPOrt:DSEPArator. .. ..cciciiuieeieeeieiie e e e e eeiicee e e e e et s e e e e e e e e e s e e e e e e e e eenn e e s 160
FORMat:DEXPOIMHEADET . ....cctuuieeeeeeeetee e eeeeeiee e e e e e eetee e e s e eeaaaae e e e s eeaa s e e e eeetnneeaeeeeesnneeas 160
FORMat:DEXPOIMTRACES. ...ccttuieeeeitiiiaeieeeeettieeeeeetataseaeseetaaaeeeesastan e eeeeasnasaesensnnnnns 160
MMEMOIY:STORESNZTRACE. ...cetttietuteununaaaaaaaieeeeeeeaaaeaeteeeteeeeeerererntnsnnnnnnaaaaaaeaesasaaeees 161
FORMat:DEXPort:DSEParator <Separator>
Selects the decimal separator for data exported in ASCII format.
Parameters:
<Separator> POINt | COMMa

COMMa

Uses a comma as decimal separator, e.g. 4,05.

POINt

Uses a point as decimal separator, e.g. 4.05.

*RST: *RST has no effect on the decimal separator.

Default is POINt.

Example: FORM:DEXP:DSEP POIN

Sets the decimal point as separator.

FORMat:DEXPort:HEADer <State>

If enabled, additional instrument and measurement settings are included in the header
of the export file for result data. If disabled, only the pure result data from the selected
traces and tables is exported.

Parameters:
<State> ON|OFF |01

*RST: 1

FORMat:DEXPort:TRACes <Selection>

Selects the data to be included in a data export file (see MMEMory : STORe<n>: TRACe
on page 161).

Parameters:
<Selection> SINGle | ALL

User Manual 1178.5937.02 — 17 160



R&S®FSW-K106 Remote control

Analysis

SINGle
Only a single trace is selected for export, namely the one speci-
fied by the MMEMory : STORe<n>: TRACe command.

ALL

Selects all active traces and result tables (e.g. "Result Sum-
mary", marker peak list etc.) in the current application for export
to an ASCII file.

The <trace> parameter for the MMEMory : STORe<n>: TRACe
command is ignored.

*RST: SINGle

MMEMory:STORe<n>:TRACe <Trace>, <FileName>
Exports trace data from the specified window to an ASCII file.
Secure User Mode

In secure user mode, settings that are stored on the instrument are stored to volatile
memory, which is restricted to 256 MB. Thus, a "memory limit reached" error can occur
although the hard disk indicates that storage space is still available.

To store data permanently, select an external storage location such as a USB memory
device.

For details, see "Protecting Data Using the Secure User Mode" in the "Data Manage-
ment" section of the FSW base unit user manual.

Suffix:

<n> Window

Parameters:

<Trace> Number of the trace to be stored

<FileName> String containing the path and name of the target file.
Example: MMEM:STOR1:TRAC 1, 'C:\TEST.ASC'

Stores trace 1 from window 1 in the file TEST . ASC.

6.10.2 Microservice export

MMEMOry:STORESN>MSERVICE. ....uuttiiiiiieeeeeeiiiiiiiieeeeeeiaeaeesssssanreseneeeeesaeeeessnsnnsnsenseees 161

MMEMory:STORe<n>:MSERvice <FileName>

Exports the signal configuration to the microservice.

Suffix:

<n> irrelevant

Parameters:

<FileName> String containing the path and name of the file.

The file extension is .m5g.
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Example: /[Export to microservice
MMEM: STOR:MSER 'signal.xxx'

Evaluation range

[SENSe:][LTE:][CC<cc>:]ALLOCAtION:SELECE. . .cieieeeieieeeee it e e e e e et e e e e e e e e e e e eees 162
[SENSe:][LTE:][CC<CC>:]CARRIEIHSELECE. .....cceeeieieeeeeeeieieeeeieieeseseae e e e e e e e e eaeaeeeeeeeeeenenees 162
[SENSEe:][LTE:][CC<CC>:]LOCAtION:SELECE. . uuuiieieieieieeeeeeeieieeeeeeeeeeeererere e s e e e e e e 163
[SENSe:][LTE:][CC<cc>:IMODUIAtION:SELEC ... .cieiiietiiieeeeeeeiieeeeee et e e eera e 163
[SENSE:][LTE:][CC<CC>:]SUBFrame:SELECE.....cuuueiieiiiiiiieeeeeeeeiee et e e et eeeeeaannes 163
[SENSE:JILTE:J[CCLCC>:ISYMBOLSELECE. . eeteeeeeeeeeeeeeeeeeeeeeeeeeesesereseeeeeeeeeeseseseneneeeeeeeeseees 164

[SENSe:][LTE:][CC<cc>:]ALLocation:SELect <Allocation>

Filters the displayed results in the constellation diagram by a certain type of allocation.

Suffix:
<cc> Component Carrier
Parameters:
<Allocation> ALL
Shows the results for all allocations.
<numeric_value> (integer only)
Shows the results for a single allocation type.
Allocation types are mapped to numeric values. For the code
assignment, see Chapter 6.7.1.19, "Return value codes",
on page 105.
*RST: ALL
Example: /IDisplay results for NPDCCH

ALL:SEL -11

Manual operation: See "Evaluation range for the constellation diagram" on page 70

[SENSe:][LTE:][CC<cc>:]CARRier:SELect <Carrier>

Filters the results in the constellation diagram by a certain subcarrier.

Suffix:

<cc> Component Carrier

Parameters:

<Carrier> ALL
Shows the results for all subcarriers.
<numeric_value> (integer only)
Shows the results for a single subcarrier.
*RST: ALL

Example: /[Display results for subcarrier 1
CARR:SEL 1
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Manual operation: See "Evaluation range for the constellation diagram" on page 70

[SENSe:][LTE:][CC<cc>:]LOCation:SELect <Location>

Selects the data source of the constellation diagram.

Suffix:
<cc> Component Carrier
Parameters:
<Location> AMD
After the MIMO decoder
BMD
Before the MIMO decoder
*RST: BMD
Example: //Use data from after the MIMO decoder

LOC:SEL AMD

Manual operation: See "Evaluation range for the constellation diagram" on page 70

[SENSe:][LTE:][CC<cc>:]MODulation:SELect <Modulation>

Filters the results in the constellation diagram by a certain type of modulation.

Suffix:

<cc> Component Carrier

Parameters:

<Modulation> ALL
Shows the results for all modulation types.
<numeric_value> (integer only)
Shows the results for a single modulation type.
Modulation types are mapped to numeric values. For the code
assignment, see Chapter 6.7.1.19, "Return value codes",
on page 105.
*RST: ALL

Example: /[Display results for all elements with a QPSK modulation
MOD:SEL 2

Manual operation: See "Evaluation range for the constellation diagram" on page 70

[SENSe:][LTE:][CC<cc>:]SUBFrame:SELect <Subframe>

Selects the subframe to be analyzed.

Suffix:

<cc> Component Carrier
Parameters:

<Subframe> ALL | <numeric value>
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ALL
Select all subframes

0...39
Select a single subframe

*RST: ALL

Example: /[Display results for all subframes
SUBF:SEL ALL

Manual operation: See "Subframe Selection" on page 69

[SENSe:][LTE:][CC<cc>:]SYMBol:SELect <Symbol>

Filters the results in the constellation diagram by a certain OFDM symbol.

Suffix:

<cc> Component Carrier

Parameters:

<Symbol> ALL
Shows the results for all subcarriers.
<numeric_value> (integer only)
Shows the results for a single OFDM symbol.
*RST: ALL

Example: /[Display result for OFDM symbol 2
SYMB:SEL 2

Manual operation: See "Evaluation range for the constellation diagram" on page 70

6.10.4 Y-axis scale

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]:AUTO.........ccerrrrrcerrrrrennnnn 164
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:MAXimumM..........ccceuurrrur... 165
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:MINimum...............eeuueunnn. 165

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:AUTO <ONCE>

Automatically scales the y-axis of a diagram based on the displayed results.

Suffix:

<n> Window
<w> Subwindow
<t> irrelevant

Setting parameters:
<ONCE> ALL
Scales the y-axis in all windows for an ideal viewing experience.

DEFault
Restores the default scale of the y-axis.
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ONCE
Scales the y-axis in a specific window for an ideal viewing expe-
rience.

Example: //Automatically scale the y-axis in subwindow 2 of window 2
DISP:WIND2:SUBW2:TRAC:Y:AUTO ONCE

Usage: Setting only

Manual operation: See "Auto Scaling" on page 62
See "Automatic scaling of the y-axis" on page 67

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:MAXimum
<Value>

Defines the maximum value displayed on the y-axis of a diagram.

Suffix:

<n> Window

<w> Subwindow

<t> irrelevant

Parameters:

<Value> Maximum displayed value. The unit and value range depend on
the selected diagram.

Example: //Define maximum value on y-axis in subwindow 2 of window 2

DISP:WINDZ2:SUBW2:TRAC:Y:MAX O

Manual operation: See "Manual scaling of the y-axis" on page 67

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:MINimum
<Value>

Defines the minimum value displayed on the vertical diagram axis.

Suffix:

<n> Window

<w> Subwindow

<t> irrelevant

Parameters:

<Value> Minimum displayed value. The unit and value range depend on
the selected diagram.

Example: //Define minimum value on y-axis in subwindow 2 of window 2

DISP:WINDZ2:SUBW2:TRAC:Y:MIN -50

Manual operation: See "Manual scaling of the y-axis" on page 67
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6.10.5 Result settings
CALCulate<n>:MARKEr<m>:COUPING.......cceuuueeieeeeittiiieeeeeeetiieieeeeeeeateeeeeeertaaeeeeeeerannns 166
L0l S I SO UTP PR 166
UN T A S ettt ettt ettt ettt ettt e et e e e e e e et e ea e e e e et e ea e eaneeeneeannaeenaaens 166
UNITEEV M. e ettt et et e et et e et e e ee et e e e et e eaaeaeaneenas 167

CALCulate<n>:MARKer<m>:COUPIling <State>

Couples or decouples markers in different result displays to each other.

Suffix:
<n> irrelevant
<m> irrelevant
Parameters:
<State> ON|OFF|1]0
*RST: OFF
Example: //[Couple markers to each other.

CALC:MARK:COUP ON

Manual operation: See "Marker Coupling" on page 72

UNIT:BSTR <Unit>

Selects the way the bit stream is displayed.

Parameters:

<Unit> SYMbols
Displays the bit stream using symbols
BITs
Displays the bit stream using bits
*RST: SYMbols

Example: /IDisplay bit stream as bits

UNIT:BSTR BIT

Manual operation: See "Bit Stream Format" on page 71

UNIT:CAXes <Unit>

Selects the scale of the x-axis for result displays that show subcarrier results.

Parameters:
<Unit> CARR
Shows the number of the subcarriers on the x-axis.
HZ
Shows the frequency of the subcarriers on the x-axis.
Example: /[Display frequency on the x-axis

UNIT:CAX HZ
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Reading out status register

Manual operation: See "Carrier Axes" on page 72

UNIT:EVM <Unit>
Selects the EVM unit.

Parameters:
<Unit> DB
EVM results returned in dB
PCT
EVM results returned in %
*RST: PCT
Example: /[Display EVM results in %

UNIT:EVM PCT

Manual operation: See "EVM Unit" on page 71

Reading out status register

The following commands are required to read out the STATus : QUEStionable: SYNC
status register.

For a full list of commands required to read out the status register, refer to the FSW
user manual.

STATuUs:QUEStioNable:SYNCLEVENL] 2. ... e 167
STATUs:QUEStIoNable:SYNC:CONDIION 2. ..ttt e a e e e e e eneeneans 167
STATUS:QUESHIONable:SYNCENABIE. .......ceeeeeeeee et e e e e e e e e 168
STATus:QUEStionable:SYNCINTRANSIHION. .....ccuuiiiiieeeiiieeeeeeee e e e e e e e e eeaneas 168
STATUs:QUEStIoNable:SYNC:PTRANSItION. .. cccceeiiriieieeieeiiiieeeeeeetieeieeeeeeteeeeeeeeeeraaeeeeeeenns 168

STATus:QUEStionable:SYNC[:EVENt]? <ChannelName>
Reads out the EVENTt section of the status register.
The command also deletes the contents of the EVENt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:SYNC:CONDition? <ChannelName>
Reads out the CONDition section of the status register.

The command does not delete the contents of the EVENt section.
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Reading out status register

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:QUEStionable:SYNC:ENABIe <BitDefinition>, <ChannelName>
Controls the ENABIe part of a register.

The ENABIe part allows true conditions in the EVENTt part of the status register to be
reported in the summary bit. If a bit is 1 in the enable register and its associated event
bit transitions to true, a positive transition will occur in the summary bit reported to the
next higher level.

Parameters:
<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:SYNC:NTRansition <BitDefinition>[,<ChannelName>]
Controls the Negative TRansition part of a register.

Setting a bit causes a 1 to 0 transition in the corresponding bit of the associated regis-
ter. The transition also writes a 1 into the associated bit of the corresponding EVENt

register.

Parameters:

<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:QUEStionable:SYNC:PTRansition <BitDefinition>[,<ChannelName>]
These commands control the Positive TRansition part of a register.

Setting a bit causes a 0 to 1 transition in the corresponding bit of the associated regis-
ter. The transition also writes a 1 into the associated bit of the corresponding EVENt

register.

Parameters:

<BitDefinition> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.
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Annex
A Performing time alignment measurements

The measurement application allows you to perform time alignment measurements
between different antennas.

The measurement supports setups of up to two Tx antennas.

The result of the measurement is the time alignment error. The time alignment error is
the time offset between a reference antenna (for example antenna 1) and another

antenna.

The time alignment error results are summarized in the corresponding result display.

A schematic description of the results is provided in Figure A-1.

t Tx Antenna 1 (Reference)

>

Time

>
>

Tx Antenna 2

LTE Frame Start Indicator

Time Alignment Error A 2,1
"

A

>

Time

Figure A-1: Time Alignment Error (2 Tx antennas)

Test setup

Successful Time Alignment measurements require a correct test setup.

A typical test setup is shown in Figure A-2.

Tx Ant 1
DUT

Tx Ant 2

Figure A-2: Hardware setup

For best measurement result accuracy, it is recommended to use cables of the same
length and identical combiners as adders.
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List of commands (NB-loT downlink)

[SENSe:][LTE:][CC<cc>:]JALLOCAtION:SELECL. ... ..o 162
[SENSe:][LTE:][CC<CC>:]CARRIEISELECL.....c.uiiiiiiiiiiitieiee et 162
[SENSe:][LTE:][CC<cc>:]LOCAtiON:SELECL.........viiiiiiee ettt ettt e e 163
[SENSe:][LTE:][CC<cc>:]IMODUIAtION:SELECE. ..ot 163
[SENSe:][LTE:][CC<cC>:]SUBFrameE:SELEC........ccoiiiiiiiiiiiie ittt e 163
[SENSE:][LTE:J[CC<CC>:ISYMBOL:SELECL........eiiiiiiie ettt et e e e s e e e ana e 164
[SENSe:][LTE:IDL:DEMOA:BESTIMAHON. .....eitiiiiiiteeiieeeieste ettt 154
[SENSe:][LTE:]IDL:DEMOd:CBSCrambling........cccuuiiiiiiieiiieie ittt 153
[SENSe:][LTE:]DL:DEMOA:CESTIMALION. .....ccitiieiiiiieeciie et e ee e et e e et e e e esae e e enneeeenanee s 155
[SENSe:][LTE:]DL:DEMod:EVMCalc

[SENSE:][LTE:IDL:DEMOA:MCFIIET. ....ccueeieeieie ettt sne e e sne e ees
[SENSE:][LTE:IDL:DEMOG:PRDALA.........ooiiiiiieeciiie ettt e e et e e e e e e e e e e ebeeeeannes
[SENSE:][LTE:IDL:TRACKINGIPHASE. ...ttt 155
[SENSE:][LTE:IDL:TRACKING:TIME.......cttiiieieiiee ettt ettt et e e s e saeemeeaeaneenneaneenneaneens 156
[SENSE:][LTE:JFRAMEICOUNL. ...ttt ettt b et he e et e bt e e bt e saeeenbeeenteenbeesaeeenne 146
[SENSE:][LTE:JFRAMEICOUNLEAUTO. ...ttt ettt ettt nae s 146
[SENSe:][LTE:]JFRAMe:COUNt:STATe........... ... 147
[SENSe:]JADJust: CONFigure:LEVEI:DURAON. .......cc..iiiiiiiiiiie ittt 156
[SENSe:]JADJust: CONFigure:LEVel:DURGLIONIMODE.............ccooiiiiiiiieiieie e 156
[SENSE:JADJUSTLEVEISANTS ...ttt ettt e naeeaane e 157
[SENSe:JFREQUENCY:CENTEISTEP ...ttt ettt ettt sb et e e s 141
[SENSe:JFREQUENCY:CENTEIT:CCKCCD] ...ttt ettt 140
[SENSe:]FREQuUeNncy:CENTEr[:CC<CCE:OFFSEL.......oiiiiiiiiiieiee e 140
[SENSe:]POWer:SEM:CATegory

[SENSE:JPOWErSEM:CHBS:AMPOWET . .......cotiiiieieiieeit ettt ettt ettt et e ee e eeenes 158
[SENSe:]POWer:SEM:CHBS:AMPOWENAUTO......c..oiiiiiiiiiiie ettt 158
[SENSE:JPOWESEM:PIOM........uiiiiiiiie ettt ettt e et e e e e e et e e e e e e e e e e snbaeeansraeeaaseeeeaneeas 159
[SENSE:JPOWEISEM:PIOV ...ttt ettt b ettt e bt e e ete et e te e neeenes 159
[ SN ST XA o TSSOSO PRSP URTPP 147
[SENSEISWEEP:TIME ... .ottt ettt h et ettt e e bt e e a bt e b e e et e ekt e e b e e sneeanbeeanbeeabeeanneenne 147
(S SSToH S A (O] H 01 O T | S 3 N 1= SO S PR SS 95
ABORL. ...ttt ettt et e e heeeat e ht e e teeeheeent e eateate e st e e beeesae e neeenteeateeenteeaneeenneen 93
CALCuUlate<n>:DELTamMarKEr<m> X ... oottt ettt sh et e et e et e st e e e beesate e beeanbeesbeeaneeenns 115
CALCulate<n>:DELTamarker<m>:Y 2. ... o ittt e e et e e et e e e aaseeeaate e e e eteeaeanneeeeanneeeanes 116
CALCulate<n>:MARKEr<m>:COUPIING. ......ccutiiiiiiiaiie ittt sttt sa et areeaenes 166
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESUlt;CURRENt]?..........cccceeeriririiiiicccie e 108
CALCUIAte<N>IMARKEISIMZIX ettt ettt e e et e e e bt e e e sa e e e eantee e amneeeeenneeeaanneeeaseeaesnseeaeanneeas 116
CALCUIAte<N>IMARKEISIMZIY ... ittt et e et e e e e e et e e e st e e e ssteeesnsseeeasseeeaasaeeeensseeesnneeeennneens 117
CALCUIate<n>MARKEISMZIZIALL? ...ttt ettt e b ettt esbeeanee e 118
CALCUIAte<N>IMARKEISIMZIZ? ...ttt ettt e e et e e et e e e aee e e e bt e e e anbeeeenteeeannseeeanneeeeanneas 118
CALCUIate<n>:STATISHICS:CODF XSS 7. ..ottt e ettt e et e e e sne e e e e e e e teeeeenseeesnnneeeannaeeans 119
CALCulate<n>:STATistics:RESult<res>?...
CALibration: AlQ:HATIMING[:STATE]......ee ettt ettt ettt
CONFIgUre[:LTE]:DEPLOYMENT. ...ttt ettt ettt ettt aeee s
CONFigure[:LTE]:DL:FREQUENCY:GINDEX.......ccutiiiiiiieiieiiete ettt 123
CONFigure[:LTE]:DL:FREQUENCY:OFFSEL........oiuiiiiiieiiieeeee et 124
CONFigure[:LTE]:DL:NPDSCh:DMODUIHON. .......cciuiiiiiiiiiiaiie ittt 130
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CONFigUre[:LTE]:DLINPDSCRISFLIST......ciuiiiiiiiiieitie ettt
CONFigure[:LTE]:DL:NPDSch:UEID...

CONFIQUIE[:LTE]DLIPINDEX. ...ttt ettt ettt ettt b e enes
CONFIQUIELILTE]DLISINFO. ...ttt ettt etk e et e ene e et e e enbeesbeeaneeeas
CONFigUre[:LTE]:DL[ZCCSCCS]:BW... .ottt ettt e eeae e et e e eneeenbeesneaanne
CONFigure[:LTE]:DL[:CC<CC>]:MIMO:ASELECHON. .....cciiiiiiiiiiiiee et 129
CONFigure[:LTE]:DL[:CC<CC>]:MIMO:CONFIG. .....ccutiiiiiiiiiiieitie ettt 130
CONFigure[:LTE]:DL[:CC<cc>]:MIMO:CROSSaIK........cceiiiiiiiieiiiaiee ettt 153
CONFigure[:LTE]:DL[:CC<CCZ]:PLC:CID....c.uiiiiiiiiieiee ettt e 126
CONFigure[:LTE]:DL[:CC<CC>]:PLC:CIDGIOUP. ... .eiiuteeiuitaieeaiiteitee ettt et ettt ettt sbeeaeeeeneeebeeseee e 126
CONFigure[:LTE]:DL[:CC<CC>]:PLCIPLID. ... ..ottt ettt e e e 127
CONFigure[:LTE]:DL[:CC<CC>]:PSOFFSEL.......ccctieiiiiitieiieie ettt 131
CONFigure[:LTE]:EUTRa:FREQuency

CONFIQUrEe[:LTE]LMEASUIEIMENL. ..ottt ettt ettt et e e e et e e ete e e e easeeeeasseeeabeeaeanteeaeanneeeaanneeeannes
CONFIGUIELLTE L TYPE. ...ttt ettt h ettt ettt e et sat e et e e et e nbeeaaneeaee
DISPIAYIFORMEL. ...ttt bttt ettt ekt e et e bt et e s bt e bt e ab e bt et e et e b eneeenneas 84
DISPIay[:WINDOWSNS[ISIZE ... ..ottt ettt ettt et e et e e bt e eaee et eenbeeebeeanseeeneeenneeaneas 84
DISPlay[:WINDOWSN>: TAB<IAD>ISELECL........oiiiiiiiiiiii ettt 85
DISPlay[:WINDow<n>][:SUBWINAOWSW>]:SELECL......c.eiiiiiiiiiieeiiie e 85
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE:AUTO......ccceeiiiiriiiiiieieiie e 164
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]l:MAXIMUM.........cccevrrriririiiniierienieneene 165
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALe]:MINIMUM........ccccceirriiriiiiiiiieiie e 165
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:Y[:SCALE]:RLEVEL.........ccccceeciiiiiiiiiiiiiiie e, 141
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:Y[:SCALe]:RLEVel:OFFSet.........c.ccceevrerriirearrrans 142
FETCh:FERROIT:CC<CCZ][:AVERAGE]? ... ettt ettt 115
FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MAXIMUM........coiiiiie ettt e et e e e e 115
FETCh:TAERror[:CC<cc>]:ANTenna<ant>:MINimum
FETCh:TAERror[:CC<cc>]:ANTenna<ant>[:AVERAGE]?..........oiiiiiiiiiiiiie et 115
FETCH[:CCKCCS:PLCICIDGIOUP ... ettt et ettt ettt ettt et e et e et e e te e e e e e eaeeenseeeneeenbeeaneaanneesnneenseeaneas 127
[ S O O R oo O I | PP 128
FETCh[:CC<cc>]:SUMMary:CRESI[:AVERAGE]?......ccouiiiiieiie ittt 110
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MAXIMUM?..........cooiiiiiiiiieie et 111
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel:MINIMUM?........ooiiiiiiiiiiii e 111
FETCh[:CC<cc>]:SUMMary:EVM:PCHannel[:AVERAGE]?.........ciuiiiiiiiieiiie it 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGNal:MAXIMUM ..ottt 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGNal:MINIMUM?.......coiiiiiiiiieiiieiie e 111
FETCh[:CC<cc>]:SUMMary:EVM:PSIGNal[:AVERAQGE]?.......coiuiiiiiiiieiieeitie et 111
FETCh[:CC<cc>]:SUMMary:EVM[:ALL]::MAXimum?.........
FETCh[:CC<cc>]:SUMMary:EVM[ALLLMINIMUM?....c.oiiiiiiiiiie et
FETCh[:CC<cc>]:SUMMary:EVM[ALL][:AVERGAQJE]?.......oeiiiiiiiiit ettt 110
FETCh[:CC<cc>]:SUMMary:FERROFIMAXIMUM?.......coouiiiiiiiii ettt 111
FETCh[:CC<cc>]:SUMMary:FERROFMINIMUM?.....cuiiiiiiiiie et 111
FETCh[:CC<cc>]:SUMMary:FERROIM:AVERAGE]?........oiiiiiiiiiiieitie ettt 111
FETCh[:CC<cc>]:SUMMary:NBP:IMAXIMUM?.......uiiiiiiiieiiteie ettt ettt ee e e stee e seesneeesseeenseesaeeeneaanns 113
FETCh[:CC<cc>]:SUMMary:NBP:MINimum?.............
FETCh[:CC<cc>]:SUMMary:NBPOWEIT:AVERAGE]?.........ceiiiiiiiiiieiie ettt 113
FETCh[:CC<cc>]:SUMMary:OSTP:MAXIMUM?......coiiiiiiiiiieie ettt et e s e e e eeeeeaneeens 112
FETCh[:CC<cc>]:SUMMary:OSTP:MINIMUM?.......cciiiiiiiitiiieeteeree ettt 112
FETCh[:CC<cc>]:SUMMary:OSTP[IAVERGGE]?.........eeitiiiiieiiie ettt 112
FETCh[:CC<cc>]:SUMMary:POWEr:MAXIMUM?........oiiiiiiieiie ettt ettt tee et st e e eneeeebeaanee e 112
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FETCh[:CC<cc>]:SUMMary:POWEr:MINIMUM?.......coiuiiiiiiiieiit ettt 112
FETCh[:CC<cc>]:SUMMary:POWer[:AVERage]?... 112
FETCh[:CC<cc>]:SUMMary:RSSEMAXIMUM?........oiiiiiiieiiii ettt st 113
FETCh[:CC<cc>]:SUMMary:RSSEMINIMUM?.......oouiiiiiiiiieiie ettt 113
FETCh[:CC<cc>]:SUMMary:RSSI[:AVERGGE]?......ccueieiiiiiieiie ettt ettt e e nne e 113
FETCh[:CC<cc>]:SUMMary:RSTP:IMAXIMUM ..ottt ettt 113
FETCh[:CC<cc>]:SUMMary:RSTP:MINIMUM?.......oiiiiiiiiiit ittt 113
FETCh[:CC<cc>]:SUMMary:RSTP:AVERAQJE]?.... ..ottt ettt e eaeesneeas 113
FETCh[:CC<cc>]:SUMMary:SERROFRMAXIMUM?......uiiiiiiiie ettt 114
FETCh[:CC<cc>]:SUMMary:SERROFMINIMUM?.......iiiiiiiiiiie ittt 114
FETCh[:CC<cc>]:SUMMary:SERROIM:AVERAQJE]?.......ooiieiiiieiie ittt 114
FETCh[:CC<CC>:SUMMAIY:TFREAME?.....cciuiiiiiiiiieeite ettt ettt sttt 114
FORMat:DEXPort:DSEParator
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INPULGAINTIVALUE]. ...ttt ettt ettt et e et e e st e e b e e e st e e s e enseeeseeesseessseenseeesseesseeensaessesnseeasenanns 144
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INSTIUMENEDELELE. ...ttt ettt ettt ettt b ettt e bttt e bt e bt e eab e et e eenbeeabeeanaeean 81
INSTrument:LIST?........ ....81
INSTIUMENTERENGME. ...ttt e et e e et e e et e e sae e e asaeeeannaeeeanseeeansseaeenseeeennseeeennseneannen 83
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