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SiglQPro Overview

The SiglQPro is a PC software for 1Q waveform generation produced by SIGLENT, which can create

rich 1Q protocol signals with optimized performance . It supports Bluetooth, 10T, Custom OFDM,

Custom 1Q, 5G NR, LTE, WLANind DFS Radar meeting the requirements of the Internet of Things,

short- range communications, wireless cellular communications, satellite communications and radar.

Supported protocols:

m m m m m m m m m m m m m m

Bluetooth BR/EDR (version: 5.0);

Bluetooth Low Energy (version: 5.2);

IEEE 802.15.4 GQPSK BPSKzZigBee) (version: IEEE Std 802.15.4- 2020);
IEEE 802.15.4 SUN FSKrersion: IEEE Std 802.15.4- 2020);
IEEE 802.15.4 SUN OFDMversion: IEEE Std 802.15.4- 2020);
ITU-T G.9959(Z- WAVE (version: IEEE Std 802.15.4- 2020);
IEEE 802.15.4 HRP UWHRversion: IEEE Std 802.15.4- 2024);
Custom OFDM,;

Custom 1Q;

5G NR(version: 3GPP TS38 V17.3.0;

LTE TDD/FDD (version: 3GPP TS36 V17.3.0;
WLAN_802_11a/b/g/n/ac (version: IEEE Std 802.112020);
WLAN_802_11ax (version: IEEE Std 802.11ax2021);
WLAN_802_11be (version: IEEE P802.11be/D7.0 2024);
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1 Installation

To install the SiglQPro software, please do the following:
1. System Requirements;

2. Download and Install SiglQPro Software;

3. Equipment Setup and Connection;
4

Testing Connections.

1.1 System Requirements

To generate signals using SiglQPro software, you must have a properly configured PC and a properly

configured instrument, as described below .

1.1.1 PC Requirements

200 GB HDD with 1 GB free disk space at runtime (2 GB or higher recommended)

1280 x 768 screen resolution

Windows 7 or Windows 10

1 GHz or faster 64 bit processor

2 GB of memory minimum

This software requires the installation of NI-VISA, which can be downloaded from

http://www.ni.com/visa .

1.1.2  Hardware Requirements

You can download and play 1Q waveforms generated by SiglQPro software through the following
SIGLENT instruments.

U SSG5000%V

U SDG7000A

Proper firmware and option s will be required on above instruments.

Gl qrpskcl Pcosgpckclrqg

QE3. #T. V Dgpku_pc Tcpggml 2,T/0,mp, 0j,_rcp

Pcosgpch 1QgeGe@Bms n@nmpcr mmr f
QgeGCadNgRy s n GMPB r
Qge GONNPBri&k g s n Ampgr vRB K"
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QB . 6 6r? Dgpku_pc T, ., .,5,0

Pcosgpchbh 1QgeGae@Bms n@mpcr mmr f

QgeGCaNERy s n GMPB r

Qge GONNPBri&k g s n Ampgr vRB K"

Qge GNP L P

Qg e GE&NRGn DB B

Qge GA&NRGn RBB

Qge GENQAEC, 6.0, //, _v

Qge G@ENQAC, 6.0, //, ¢
Qg e GENQAT, 6.-0,-/e/-,1 - _a

QBES5. .. ? |Dgpku_pc T , [, /1, 11P/

Pcosgpchb 1QgeGoe@Boms n@mpcr mmr f

QgeGCadNgRy s n GMPB r

Qge GONNPBri&k g s n Ampgr vRB K"

Qge Ged\® L P

Qg e G&NRGn DB B

Qg e GE&NRGn RBB

QB&E . . ? Dgpku_pc T , 1,/ ,5P7

Pcosgpchbh n1QgeGe@ms n@mpcr mmr f

Qge GadINgRy s N GMB r

Qge GONNpBrk g s n Ampgr vhRB K"

Qge GEP L P

Qg e G&NRGn DB B

Qge GA&NRGn RBB

Qge GE&INPAC, 6.0, //, _v

Qg e GENQAC, 6.c0, / / ,

Qge Gea®paeC, 6.-0,-/e/-,1 - _a

1.2  Download and Install SiglQPro Software

Please visithttps://www.siglent.com/download/software/  to download and install.
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1.3

Equipment Setup and Connection

To connect to a Signal Generator, you should do the following:

1.
2.

1.4

Ensure the signal generator is turned on.
Connect the signal generator to the computer using one of the following methods for
instrument control:
LAN Network -- connect both the signal generator and the computer to an external LAN
network using standard LAN cables.
Crossover LAN-- connect the signal generator directly to the computer using a crossover
LAN cable (You will need to configure your PC).
GPIB-- connect the signal generator directly to the computer using a GPIB cable.

USB-- connect the signal generator directly to the computer using a USB cable.

Testing Connections

Please follow below steps to test connections between the signal generator and the SiglQPro

software.

1. Turn on the signal generator and the computer.

2. Start the SiglQProsoftware.

3. Establish communications between the software and the instrument .

1) Firstly, click the download button of the SiglQPro software , and then a download dialog will

pop up.
U} SIGLENT SigIQPro
File Tools Help

Bluetooth BR*EDR = (_} Home

. Preset IE] Save l' Recall

2) Ifthe signal generator is connected to the PC through LAN, clickt ? b b LNand &hter the

IP address of the signal generator to add new resource.

int.siglent.com 11
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@ Devices

Bh Add New Resource *

< Data Source

® Current Setting O From File

Download

3) Ifthe signal generator is connected to the PC through USB or GPIB, the resource name will
be in the device list when the download dialog is opened. You can double- click the resource

name to connect to the device.

Download X
@
© Devices

GPIBO::

< Data Source

# Current Setting O From File

Download

4. Download a waveform to the signal generator. When the download is successful, it will prompt

"Download OK".
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m Download X

+ Data Source

O Fro

Download
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2 Application Examples

2.1 Use Toolkit to Convert the File Format to ARB

The Toolkit can convert waveform files in specific formats, such as MAT files, TXT files, DAT files and
CSV files, into ARB files that can be played by SIGLENSignal generators.
Click Toolkit on the homepage, or select Tools -> Toolkit in the menu bar, to enter the

Toolkit setting interface.

' SIGLENT SiglQPro - o x

Toolkit Custom OFDM Custom IQ

Bluetooth

2.1.1 Convert MAT Files

Stepl. Selecting a waveform

1. Inthe Waveform Import area, select the file type as Mat- File 5 in the Source File Type field.
2. Inthe Source File field, click and select the original MAT file.

3. Selectthecorrect |Data and Q Data.

4. Check if the number of waveform points is correct in the ~ Number of Points  field.

5

Setthe Sample Rate of the waveform.

Step2. Set the parameters of the target file
1. Inthe Waveform Download area, set the name of the target file inthe ~ Waveform Name field.
2. Setthe Mirror Spectrum state.

3. Setthe Oversampling Ratio

14 int.siglent.com
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Step3. Update and download the target file

1.
2.

Click Update in the toolbar to generate the target file.

Click Download in the toolbar to download the target file to SIGLENT signal generator.

2.1.2 Convert ASCII Files

Stepl. Selecting a waveform

1.

In the Waveform Import area, select the file type as ASCII/CSV/DAT in the Source File Type
field.

Inthe Source File field, click and select the original file. You can select TXT, CSV or DAT files.

If you want to use a separate file for Q data, you should set Use Separate QFile _ q t Wc q N*

then click and select the Q source file you want to import inthe ~ Q Source File field.

Inthe Data Type field, select the data type of the source file.

If the data type of the source file is Hexadecimal, you should select big or little endian for HEX
data in the Big/ Little Endian filed.

If the data type of the source file is Hexadecimal, you select signed or unsigned type for HEX
data in the Signed / Unsigned Number field.

Set swap 1Q flag in the Swap IQ field.

Check if the number of waveform points is correct inthe  Number of Points  field.

Setthe Sample Rate of the waveform.

Step2. Set the parameters of the target file

1.
2.
3.

In the Waveform Download area, set the name of the target file in the ~ Waveform Name field.
Setthe Mirror Spectrum  state.

Setthe Oversampling Ratio .

Step3. Update and download the target file

1.
2.

Click Update in the toolbar to generate the target file.

Click Download in the toolbar to download the target file to SIGLENT signal generator.
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2.2  Creating and Playing IEEE 802.15.4 O- QPSKBPSK Waveform Files

The following example demonstrates how to create and play IEEE 802.15.4 O- QPSKBPSK band
waveforms. First, configure the waveform parameters in SiglQPro, then download the waveform to

the SSG5000X% V, and finally play the waveform on the SSG5000x V.

2.2.1  Configure waveform parameters

1. Click loT -> 802.15.4 O-QPSK BPSK on the homepage to enter the 802.15.4 O-QPSK

BPSKsetting interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

Toolkit Custom OFDM Custom IQ

Bluetooth

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWB
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2. Click the Packet node in the tree view on the left side of the window to enter parameter
settings.
1) Set PHY Scheme g -ONQI N,
2) Set Frequency Band _ 868 MHzN ,
3) Keep other parameters at their default settings.
3. Click the Parameters Setup node in the tree view on the left side of the window to enter
parameter settings.
1) Set WaveformName _q t xge cc] 646N,
2) Set OverSamplingRatio _q t 6N,

3) Keep other parameters at their default settings.

2.2.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveform to SSG5000X - V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.
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> Download *

¥ Data Source

# Current Setting O From File

Download

2.2.3  Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingzigbee_868.

2. Setthe RF carrierto 1 GHz,-5 dBm.

3. Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the ‘ MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

224 Demodulation Result

View the demodulation results in the spectrum analyzer:

18 int.siglent.com



SiglQPro User Manual

11Q Meas Time (1Q)

3 Spectrum A
Scale/Div 10.00 dB Ref Value 0.00 dBm

Ctr: 1.000000000 GHz
Res BW: 1.276 kHz

2 Raw Main Time
Scale/Div 10.00 dB

2.431 |Start: -219.60 ps
4 Metrics

Offset EVM
EVM

Mag Error
Phase Error
Freq Error
Clock Error
1/Q Offset
Quad Error

Gain Imb.
Width: 2 MHz| ppo

3.1ms

A

TX Power

0.26 %rms
1.39 %rms
0.18 %rms

1.11 %pk

Stop: 10.23 ms
-5.05 dBm

0.54 %pk
3.43 %pk
-0.53 %pk
-2.77 °pk
0.00 ppm
-1.12 ppm
-77.31dB
-0.01°
0.00dB
0.99962

int.siglent.com

19



SiglQPro User Manual

2.3  Creating and Playing IEEE 802.15.4 SUN FSK Waveform Files

The following example demonstrates how to create and play IEEE 802.15.4 SUN FSK waveforms.
First, configure the waveform parameters in SiglQPro, then download the waveform to the

SSG5000x% V, and finally play the waveform on the SSG5000X% V.

2.3.1  Configuring Waveform Parameters

1. On the home page, click 1oT @ 802.15.4 SUN FSK to enter the IEEE 802.15.4 SUN FSK

configuration interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

Toolkit Custom OFDM Custom IQ

Bluetooth

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWB
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2. Keep the other parameters at their default settings .

2.3.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

> Download x>

© Devices

® Current Setting O From File

Download

2.3.3  Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingzighee 868.

2. Setthe RF carrier to1 GHz,-5 dBm.

3. Turn on modulation and RF output.
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1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the ‘ MOD ON/OFF ‘ front panel button to turn on the 1Q Mod modulation main

switch.

2.34 Demodulation Result

View the demodulation results in the spectrum analyzer:

SR Comms & loT 1 SCPI
Modulation Analysis \ + ﬁ Meas Setup

KEYSIGHT [nput RF Input Z: 50 Q Atten: 10dB (e0) Format 2-FSK Center Freq: 1.000000000 GHz Modulation Format
Coupling: AC Corr RCal Preamp: Off Sym Rate: 100 kHz Trig: Free Run
Align: Off Freq Ref: Int (S)  |pW Path: Standard |Meas Intvl: 80 symbols

Info BW: 600 kHz

Symbol Rate
11Q Meas Time (1Q) 2 Raw Main Time A\ 1000000000 kHz Standard

Scale/Div 10.00 dB
—_ . |Points/Symbol oS
104 ms
4
Filters.
Ref Filter
Gaussian \
BT
0.50
Stop: 10.19 ms

. 2.433 |Start: -166.67 ps
3 Spectrum v 4 Metrics v | TX Power _20.60 dBm <Advanced Setup

Scale/Div 10.00 dB Ref Value 0.00 dBm FSK Error 0.79 %rms -1.96 %pk
Mag Error (Carr) 0.08 %rms -0.22 %pk

. Carr Freq Offset -0.04 ppm

I Deviation 50500.36

. ‘JI /] Deviation Accuracy —
‘,“m f”\ Glock Error -100.61 ppm

i
w”"rr '
M
Ctr: 1.000000000 GHz Width: 600 kHz
Res BW: 3.327 kHz

Jul 21, 2025 !
== q F - ? ?L:l23:33PM ’:: L.‘il
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2.4  Creating and Playing IEEE 802.15.4 SUN OFDM Waveform Files

The following example demonstrates how to create and play IEEE 802.15.4 SUN OFDM waveforms.
First, configure the waveform parameters in SiglQPro, then download the waveform to the

SSG5000x% V, and finally play the waveform on the SSG5000X% V.

2.4.1  Configuring Waveform Parameters

1. On the home page, click 1oT @G 802.15.4 SUN OFDM to enter the IEEE 802.15.4 SUN

OFDM configuration interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

Toolkit Custom OFDM Custom IQ

Bluetooth

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWB
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2. Keep the other parameters at their default settings .

2.4.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveformto SSG5000XV.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

> Download =

¥ Data Source

® Current Setting QO From File

Download

2.4.3  Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingzigbee 868.

2. Setthe RF carrier to1 GHz,-5 dBm.

3. Turn on modulation and RF output.
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1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the | MOD ON/OFF ‘ front panel button to turn on the 1Q Mod modulation main

switch.

24.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

+ = ﬁ Meas Setup v

KEYSIGHT |Input RF Input Z: 50 O Atten: 10 dB (e0)  Trig: Free Run Carrier Ref Freq: 1.000000000 GHz
Coupling: AC Corr CCorrRCal  |Preamp: Off #IF Gain: Low
@ Align: Off Freq Ref: Int (S) uW Path: Standard
#PNO: Best Wide
1¢Co . 2CCo { PresetTostd Settings
1Q Meas Time Raw Main Time
Scale/Div 10.00 dB

Component
Carriers

Meas Time

Demod

-3.890 3.890 |Start: 0.00 ns Stop: 40.00 ms

= — Advanced
3CCo o 4CC0

Spectrum Error Summary
Scale/Div 10.00 dB Ref Value 0.00 dBm EVM 0.57 % | [1Q Offset 60.68 dB

EVM/Peak 1.92 % '1Q Qual Err -0.05deg
Pilot Evm 0.41% 1Q Gain Imb 0.0010 dB
0.63 %

Data Evm

Pmbl Evm 0.31%

SNR/MER 44.83dB

Freq Error -7T93Hz TxPwr(CCO) -12.24dBm

Sym Clk Err -0.02 ppm | Tx Pwr (Total) -12.24 dBm

Ctr: 1.000000000 GHz Width: 621.1 kHz| CPE 0.38 %
Res BW: 208.3 Hz Sync Corr 0.8837

™ Jul 21, 202 %
=I - ? 8:17:35 PM wia L‘ﬂ

v
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2.5 Create and Play ITU-T G.9959 Waveforms

An example of how to create and play a ITU-T G.9959waveform with data rate R2 is given below.
First configure the waveform parameters on SiglQPro, then download the waveform to SSG5000X -

V, and finally play the waveform on SSG5000XV.

2.5.1 Configure waveform parameters

1. Click loT -> ITU-T G.9959 on the homepage to enterthe ITU-T G.9959setting interface.

U} SIGLENT SiglQPro - 0 x

Bluetooth Custom OFDM Custom IQ

Toolkit

{7 SIGLENT SiglQPro - 0O x
File Tools Help

{7} Home  x +

802.105.4 O-QPSK BPSK
Bluetooth Custom OFDM Custom |Q

802.15.4 SUN FSK

802.15.4 SUN OFDM

ITU-T G.9959

2. Click the Packet node in the tree view on the left side of the window to enter parameter
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settings.
1) Set DataRateas t P-@. i " nqgN,
2) Keep other parameters at their default settings.
3. Click the Waveform Setup node in the tree view on the left side of the window to enter
parameter settings.
1) Set WaveformName _q + xu_tc] pON,

2) Keep other parameters at their default settings.

2.5.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveform to SSG5000X - V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub-window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

> Download X

© Devices

O From File

Download
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2.5.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingzwave_r2.

2. Setthe RF carrier to 1 GHz,-5 dBm.

3. Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

254 Demodulation Result

View the demodulation results in the spectrum analyzer:

11Q Meas Time (IQ) A\ 2 Raw Main Time
|- Scale/Div 10.00 dB

10.7 ms

2.431 |Start: -741.33 ps Stop: 30.79 ms
3 Spectrum v 4 Metrics Y | TX Power -5.11 dBm

Scale/Div 10.00 dB Ref Value 0.00 dBm ESK Error 0.42 %rms -0.98 %pk
Mag Error (Carr) 0.61 %rms 1.13 %pk
Carr Freq Offset 0.01 ppm
Deviation 19897.59
Deviation Accuracy -
Clock Error 0.16 ppm

ccEVM
ccEVM Valid Points

Ctr: 1.000000000 GHz Width: 600 kHz| ScEVM Total Points

Res BW: 419.4 Hz
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2.6 Creating and Playing IEEE 802.15.4 HRP UWB Waveform Files

The following example demonstrates how to create and play IEEE 802.15.4 HRP UWB waveforms in
802 _15 4A mode. First, configure the waveform parameters in SiglQPro, then download the

waveform to the SSG5000X%-V, and finally play the waveform on the SSG5000% V.

2.6.1  Configuring Waveform Parameters

1. Onthe home page, click loT @ 802.15.4 HRP UWB to enter the IEEE 802.15.4 HRP UWB

configuration interface.

' SIGLENT SiglQPro - o x

File Tools Help

{i} Home  x +

Toolkit Custom OFDM Custom IQ

Bluetooth

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWB
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2. Clickonthe Packet node in the left-side tree view to access parameter settings:
1) Set General-> Mode to 802_15 4A;

2) Keep all other parameters at their default values.

2.6.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub -window.
4) After the download is successful, a"Download OK" prompt will appear after the name of the

downloaded instrument.

> Download =

® Devices

¥ Data Source

® Current Setting QO From File

Download

2.6.3  Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:

You can see that ARB mode is playingzwave_r2.
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2. Setthe RF carrierto1 GHz,-5 dBm.

3. Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

2.6.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

v
Channel Power Meas Setup

KEYSIGHT Irl|pnl _le ) prulZ 50 Q Atten: 10 dB Trig nge Run Center Fleﬂ 5.000000000 GHz Seatch Length
Coupling: DC Com CCorr RCal Preamp: Off IF Gain: Low PHY Mode: Non-ERDEV
Align: Off Freq Ref: Intemal BW Path: Bypass 400 ps
#PNO: Best Wide

Spectrum Analyzer 4 + SCPI Q

Setlings

Search Offset Radio

1 RRC Correlated 2 Transmit Mask 0.00s

Scale/Div 0.10 Ref Value 1.00 Scale/Div 10.00 dB Ref Value 0.00 dBm
q Capture Length
400 ps.

—1 e — ™ Auto
Man
Ao Bl anand’ Limits

Demod

- ” - Ctr: 5.000000000 GHz VBW: 7.803 kHz Width: 900 MHz Advanced
Left -30.000 ns Right 30.000 ns|Res BW: 1 MHz

8 Baseband Pulse Mask v 7 Frame Info v

Scale/Div 0.20
PHY Mode Non-ERDEV ' PHR Status
SYNG Status SS  SECDED

SFD Status < SECDED Err Loc

STS Status — Data Rate 27.24 Mbps

Payload Status Frame Length 33
Left -3.375 ns Right 4.630 ns| yac Eos

5 Metrics

Ranaina 0

Main Lobe Width 1.3894 ns Main Lobe Pk 0.9620 DataAvg Power -14.596 dBm Pulse Shape Monoto
Side Lobe Peak 0.1629 Side Lobe Pk Loc 3.0387 ns  Data Peak Power

-1.705 dBm SHR Avg Pulse Ampl

SHR NRMSE 2.4511 %rms RMARKER 156.4658 us  STS Avg Power PHR Avg Pulse Am

PHR NRMSE 5.3331 % NRMSE 36864 %ms  STS Peak Power PSDU Avg Pulse Am

PSDU NRMSE 857 % Pulse Jitter -0.2817 ns STS Avg Pulse Ampli

rate Windows
—-—1 Settings to activate Win¢
9 Jul 10, 2025

o | 921:44 AM
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2.7 Create and Play WLAN Custom OFDM Waveforms

An example of how to create and play a WLAN Custom OFDM waveform is given below. First
configure the waveform parameters on SiglQPro, then download the waveform to SSG5000X -V, and

finally play the waveform on SSG5000% V.

2.7.1  Configure waveform parameters

1. Click Custom OFDM on the homepage to enter the Custom OFDM setting interface.

;' SIGLENT SiglQPro - jm} x

Toolkit Custom OFDM Custom IQ

Bluetooth

2. Click Quick Setups on the toolbar and select WLAN: IEEE 802.11a

3. Click the Waveform Setup node in the tree view on the left side of the window to enter
parameter settings.
1) Set Waveform Name _ qWLAN_Custom OFDMN ,
2) Set OverSamplingRatio _q + 6N,

3) Keep other parameters at their default settings.

2.7.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the I/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -

up Download sub-window.
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2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.

3) Then click the Download button in the Download sub - window.

4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

> Download *

® Devices

< [Data Source

® Current Setting O From File

Download

2.7.3  Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingWLAN_Custom_OFDM.

2. Setthe RF carrierto 1 GHz,-5 dBm.

3.  Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the ‘ MOD ON/OFF ‘ front panel button to turn on the 1Q Mod modulation main

switch.

2.7.4 Demodulation Result

View the demodulation results in the spectrum analyzer:
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1 CCO0 IQ Meas Time

]—*}!

3 CCO0 Spectrum

Scale/Div 10.00 dB Ref Value 0.00 dBm

Ctr: 1.000000000 GHz
Res BW: 3.906 kHz

v

2 CCO Raw Main Time
Scale/Div 10.00 dB

3.890 |Start: 0.00 ns
4 CCO Error Summary

v

v

EVM 0.38 %
EVM/Peak 1.10 %
Pilot Evm 0.31 %
Data Evm 0.39 %
Pmbl Evm 0.22 %

SNR/MER

Freq Error
Sym Clk Err

Width: 18.63 MHz CPE

Sync Corr

48.49 dB

9.03 Hz

-0.04 ppm

0.48 %
1.0000

Stop: 419.98 ps

1Q Offset -67.02 dB
1Q Qual Err -0.03 deg
1Q Gain Imb 0.0040 dB

Tx Pwr (CCO)
Tx Pwr (Total)
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2.8 Create and Play Custom IQ Waveforms

An example of how to create and play a Custom 1Q 16QAM waveform is given below. First configure
the waveform parameters on SiglQPro, then download the waveform to SSG5000X-V, and finally

play the waveform on SSG5000% V.

2.8.1 Configure waveform parameters

1. Click CustomIQ on the homepage to enter the Custom IQ setting interface.

U} SIGLENT SiglQPro - ] x

Custom OFDM Custom IQ

Bluetooth

2. Keep the parameters at their default settings .

2.8.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.
2. Click the Download button on the toolbar to download the waveform to SSG5000X - V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.
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> Download *

¥ Data Source

# Current Setting O From File

Download

2.8.3  Play the Waveform in Signal Source

After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:

You can see that ARB mode is playing UserlQ_1 (When Waveform Name is not set, SSG5000%
V automatically names the waveform).

Set the RF carrier to 1 GHz,-5 dBm.

Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

2.8.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

36
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1 Seg1_IQ Meas Time (IQy 2 Raw Main Time
I-Q Scale/Div 10.00 dB

2.431 |Start: -40.96 ps

3 Spectrum 4 Seg1_Metrics

Scale/Div 10.00 dB Ref Value 0.00 dBm EVM
Mag Error

Phase Error
Freq Error
1/Q Offset

SNR (MER)

Quad Error
Gain Imb.
o g 5"
Ctr: 1.000000000 GHz Width: 5 MHz . :
Res BW: 6.47 kHz CCEVM \_’a."‘? EO]nlls

A

TX Power

0.45 %rms
0.11 %rms
0.34 %pk

Stop: 652.80 ps
-5.16 dBm

1.71 %pk
0.31 %pk
-1.14 °pk
-217.60 mHz
-75.78 dB
44.46 dB
0.01°
0.00dB
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2.9 Create and Play Bluetooth EDR Waveform s

An example of how to create and play Bluetooth EDR waveform s with package type DM1 is given

below. First configure the waveform parameters on SiglQPro, then download the waveform to

SSG5000x% V, and finally play the waveform on SSG5000XV.

2.9.1 Configure waveform parameters

1. Click Bluetooth -> Bluetooth BR+tEDR on the homepage to enter the Bluetooth BR/EDR

setting interface.

' SIGLENT SiglQPro
File Tools Help

{i} Home  x +

Toolkit

Bluetooth

' SIGLENT SiglQPro
File Tools Help

{i} Home  x +

Toolkit

Bluetooth BR+EDR

Eluetooth Low Energy

Custom OFDM Custom IQ

Custom OFDM Custom IQ

38
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2. Click the Packet node in the tree view on the left side of the window to enter parameter
settings.
1) Set BluetoothMode _q t+ Clf _lacbh B_r_ P_rcN
2) Set Transport Mode _ gACLN
3) Set Packet Type _ qDMIN,
4) Keep other parameters at their default settings.
3. Click the Parameters Setup node in the tree view on the left side of the window to enter
parameter settings.
1) Set Waveform Name _ gEBIP] BK/ N,

2) Keep other parameters at their default settings.

2.9.2  Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software UlI.
2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.
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> Download *

® Devices

GP

¥ Data Source

# Current Setting O From File

Download

2.9.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:

You can see that ARB mode is playing EDR_DM1
2. Setthe RF carrier to 2.402 GHz,-4 dBm.

3. Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

Freq  2.402 000000000 GHz ‘evel 500 dBm

Arb State Select Waveform oz
1 WFM:EDR_DM1

Waveform Segment mm  Waveform Sequence

Arb Setup mum  Multi Carrier

Marker Utilities mm  Waveform Utilities

@ Custom ARB I/Q Control Stream loT
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2.9.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

1 RF Envelope v 2 Demod Waveform v

Scale/Div 10.0 dB Ref Value 0.00 dBm Scale/Div 50.0000000 kHz
T

4

0.000s 3.000 ms|0.000 s 366.000 us
Digital IF BW 4.0000 MHz Digital IF BW 4.0000 MHz

3 RF Spectrum 4 Quad Metrics L

Scale/Div 10.00 dB Packet Type DM1
Payload Length 136 bits | Payload PRBS9

Max Min
Average Power 0.90 dBm 0.90 dBm
"‘“‘“’“ﬂw\ WM Peak Power 0.94 dBm 0.94 dBm
====1 Af1 Avg 157.2 kHz 157.2 kHz
Af2 Avg = —

Af1 Max 158.1 kHz 156.5 kHz

Af2 Max
Center 2.402000 GHz Span 4 MHz| A2 > 115kHz

Res BW 10.000 kHz  AcquisitionTime 3.000 ms (547 pts)  Af2 / Af1
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2.10 Create and Play Bluetooth LE Waveform s

An example of how to create and play Bluetooth Low Energy LE 1M test packet waveform sis given

below. First configure the waveform parameters on SiglQPro, then download the waveform to

SSG5000x% V, andfinally play the waveform on SSG5000x V.

2.10.1 Configure waveform parameters

1. Click Bluetooth -> Bluetooth Low Energy on the homepage to enter the Bluetooth LE

setting interface.

' SIGLENT SiglQPro
File Tools Help

{i} Home  x +

Toolkit

Bluetooth

' SIGLENT SiglQPro
File Tools Help

{i} Home  x +

Toolkit

Bluetooth BR+EDR

EBluetooth Low Energy

Custom OFDM Custom IQ

Custom OFDM Custom IQ
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2. Click the Packet node in the tree view on the left side of the window to enter parameter
settings.
1) Set Channel Type _ qTestN,
2) Set Packet Format _ gqLE#MN,
3) Keep other parameters at their default settings.

3. Click the Parameters Setup node in the tree view on the left side of the window to enter
parameter settings.
1) Set Waveform Name _ gLEttestN,

2) Keep other parameters at their default settings.

2.10.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software UI.
2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.
1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.
2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.
3) Then click the Download button in the Download sub - window.
4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

> Download *

© Devices

¥ Data Source

# Current Setting O From File

Download

int.siglent.com 43



SiglQPro User Manual

2.10.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playingLE_test.

2. Setthe RF carrier to 2.402 GHz,-4 dBm.

3. Turn on modulation and RF output.

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the 1Q Mod modulation main

switch.

2.10.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

1 RF Envelope v 2 Demod Waveform \J
Scale/Div 10.0 dB Ref Value 0.00 dBm Scale/Div 75.0000000 kHz

o

0.000 s 3.000 ms|0.000 s 376.000 us

Digital IF BW 4.0000 MHz Digital IF EW 4.0000 MHz

3 RF Spectrum 4 Quad Metrics v

Scale/Div 10.00 dB Packet Type LE 1M Ref
Payload Length 296 bits | Payload

Max
Average Power -2.27 dBm
Peak Power -2.22 dBm
Af1 Avg —
Af2 Avg
Af1 Max

Af2 Max
Center 2.402000 GHz Span 4 MHz| | Af2 > 185kHz

Res BW 10.000 kHz  AcquisitionTime 3.000 ms (547 pts)|| Af2 / Af1
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2.11  Creating and Playing NR Waveform Files

The following example demonstrates how to create and play NR TM1.1 waveform. First, configure
the waveform parameters in SiglQPro, then download the waveform to the SSG5000X -V, and finally

play the waveform on the SSG5000X V.

2.11.1 Configuring Waveform Parameters

1. Onthe home page, click 5GNR to enter the 5G NR configuration page.

U} SIGLENT SiglQPro - ] X

Custom OFDM Custom IQ

Bluetooth

2. Clickthe Carrier 1(DL) node in the left- side tree view to access parameter settings.

3. Click the DL Test Model node in the left- side tree view to configure parameters:

1) SetTest Model to NR-FR1-TM1.1

2) SetDuplex Type to FDD, then click OK

U} SIGLENT SigIQPro
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2.11.2 Download the Waveform to Signal Source

1.

Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the

bottom of the software Ul.

Click the Download button on the toolbar to download the waveform to SSG5000X -V.

1) After clicking the Download button, select the instrument to play the waveform in the pop -
up Download sub-window.

2) When the instrument is not connected, please double -click the resource name of the
instrument to connect to the instrument as prompted.

3) Then click the Download button in the Download sub - window.

4) After the download is successful, a "Download OK" prompt will appear after the name of the

downloaded instrument.

L Download X

¥ Data Source

® Current Setting O From File

Download

2.11.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playing LE_test.
2. Setthe RF carrier to 1 GHz,-20 dBm.
3. Turn on modulation and RF output.
1) Pressthe front panel button to turn on the RF output.
2) Press the ‘ MOD ON/OFF ‘ front panel button to turn on the IQ Mod modulation main
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switch.

2.11.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

VP 2CC0
1Q Meas Time Raw Main Time
Scale/Div 10,00 dB

Ref Value 10.00 dBm

3.979 |Start: 0.00 ns Stop: 22.00 ms/
Specium 5

Spectnu 4 Ermor Summary
Scale/Div 20.00 dB Ref Value 0.00 dBm

Channel Power (Active / Total)
EVM (RMS / Peak)
Frequency Error (RMS / Worst)
Symbol Clock Error
1Q Offset (SISO)
Time Offset
Sync Correlation
Sync Source PDSCH DMR:
Magnitude Error 1.19%
Phase Error 0.01 rad
Gain Imbalance
Quad Error
Timing Skew
MIMO TAE
Cell ID

Ctr: 1.000000000 GHz

Width: 110.6 MHz|
IRes BW: 100 Hz Info BW: 98.30 MHz
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2.12 Creating and Playing LTE Waveform Files

The following example demonstrates how to create and play LTE -FDD TM1.1 waveforms. First,
configure the waveform parameters in SiglQPro, then download the waveform to the SSG5000X -V,

and finally play the waveform on the SSG5000Xx V.

2.12.1 Configuring Waveform Parameters

1. Onthe home page, click LTE @ LTE-FDD to enter the LTE-FDD configuration interface.

U} SIGLENT SiglQPro - ] X

Custom OFDM Custom IQ

LTE FDD

Bluetooth

LTE TDD

2. Clickthe Carrier 1(DL) node in the left-side tree view to access parameter settings.
3. Clickthe DL TestModel node in the left-side tree view to configure parameters:

1) SetBandwidth to 20M

2) SetTest Model Type to TM1.1, then click OK to confirm

U} SIGLENT SigIQPro
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2.12.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.

> Download *

Q From File

Download

2.12.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V IQ MOD-> ARB:
You can see that ARB mode is playing LE_test.

2. Setthe RF carrier to 1 GHz,- 20 dBm.

3. Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the ‘ MOD ON/OFF ‘ front panel button to turn on the IQ Mod modulation main

switch.

2.12.4 Demodulation Result

View the demodulation results in the spectrum analyzer:
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3 Layer CCO Error Vector
1 Layer CCO 1Q Meas1 v Spectrum1 v

Rel 0

4 Demod CCO Error

2 CCO Spectrum1 Summary1

I S I S— I S ——
Center 1 GHz Span 24575976563 MHz
Res BW 381.936 Hz TimeLen 10.00002 ms
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2.13 Creating and Playing WLAN_802_11b/g Waveform Files

The following example demonstrates how to create and play WLAN_802_11b waveforms at 1Mbps
rate. First, configure the waveform parameters in SiglQPro, then download the waveform to the

SSG5000x% V, and finally play the waveform on the SSG5000X% V.

2.13.1 Configuring Waveform Parameters

1. On the home page, click WLAN { WLAN_802 11b/g to enter the WLAN_802_11b/g

configuration interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

|EEE 802.11b/g

IEEE 802.11a/g

Toolkit Custom OFDM
|EEE 802.11n

|EEE 802.11ac

IEEE 802.11ax

Bluetooth
|EEE 802.11be

2. Clickthe Waveform node in the left- side tree view to access parameter settings:
1) Set Generation Mode to Framed mode

2) Set Data Rate to 1Mbps (DSSS)
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7 SIGLENT SiglQPro - jm} X
File Tools Help

IEEE 802 1ibjg

Carrier 0

2.13.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000Xx V.

> Download X

€ Devices

¥ Data Source

® Current Setting O From File

Download

2.13.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
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V 1Q MOD-> ARB:

You can see that ARB mode is playing LE_test.
2. Setthe RF carrier t02.412 GHz,-5 dBm.
3. Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the | MOD ON/OFF l front panel button to turn on the IQ Mod modulation main

switch.

2.13.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

+ Scpl ﬁ Meas Setup v

KEYSIGHT |[Input RF Input Z: 50 Q Atten: 10 dB Trig: Free Run Center Freq: 2.412000000 GHz " "
G [Couping AC Corr CCorrRCal |Preamp: Off #F Gain: Low  Avg|Burst>10/10 Radio Std Detection

Align: Off FreqRef: Int(S) W Path: Bypass Radio Info: 802 11big ?AL;'(I_‘:

Settings

3 Mag Error v 4 Phase Error v Radio Std

11bft
Scale/Div 0.75 % Ref Value 0.00 % Scale/Div 0.30 * Ref Value 0.00 * g Time

i/ | Modulation Format

Sync
Auto Detect

Demod

IQ Comp

2815 chips|0 chips 2815 chips RU

Allocation
5EVM vs. Chip v 6 1Q Error Metrics
Scale/Div 0.30 %  RefValue 0.00 % Average TR Limits
RMS EVM 1.12% 1.14 %
Peak EVM 265% 3.32% Advanced
1k Chips EVM 2.50 % 2.95 %
RMS Mag Error 089 % 1.00 % Global
RMS Phase Error 033° 0.35°
Frequency Emror -0.01 ppm -0.01 ppm
1/Q Origin Offset -70.16 dB -66.66 dB
Peak Burst Power  -12.61 dBm -2.56 dBm

Avg Burst Power -15.11 dBm -5.07 dBm . .
ccFVM 999 00 AR 999 N0 AR Activate Windows

ul Jul 21, 2025 a 3] - A Go to Settings to activate W
) " - ? 11:31:54 PM "=" L*ﬂ Y
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2.14 Creating and Playing WLAN_802_11a/g Waveform Files

The following example demonstrates how to create and play WLAN_802_11a waveforms at 6Mbps
(OFDM). First, configure the waveform parameters in SiglQPro, then download the waveform to the

SSG5000x% V, and finally play the waveform on the SSG5000X% V.

2.14.1 Configuring Waveform Parameters

1. On the home page, click WLAN G WLAN 802 1la/g to enter the WLAN_802_11la/g
configuration interface.
2. Clickthe Waveform node in the left- side tree view to access parameter settings:

1) SetGeneration Mode to Framed mode

2) SetData Rate to 6Mbps (OFDM)

' SIGLENT SiglQPro - o x
File Tools Help

2.14.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.

54 int.siglent.com



SiglQPro User Manual

> Download *

¥ Data Source

# Current Setting O From File

Download

2.14.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
V 1Q MOD-> ARB:
You can see that ARB mode is playing LE_test.

2. Setthe RF carrier t0 2.412 GHz,-5 dBm.

3. Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the IQ Mod modulation main

switch.

2.14.4 Demodulation Result

View the demodulation results in the spectrum analyzer:
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+

Input Z: 50 Q

KEYSIGHT IcnpUtrRF e
oupling:
[:] Align: Off

7 EVM vs. Symbol v
Scale/Div 10.00 dB Ref Value 0.00 dB

0 symb

2 |/Q Measured Polar v

l’ Jul 21, 2025
e | 11:33:42PM

Atten: 10 dB
Preamp: Off
pW Path: Bypass

Corr CCorrRCal
Freq Ref: Int (S)

Trig: Free Run
#IF Gain: Low

Center Freq: 5.180000000 GHz
Avg|Bur:
Radio Info: 802.11a/g//p 20M

8 EVM vs. Carrier v
Scale/Div 10.00 dB Ref Value 0.00 dB

15 symb|-26 carr
9 OFDM EVM Metrics v

Max
-43.44 dB
-31.57 dB
-43.43dB
-43.28 dB

-0.01 ppm
-1.98 ppm
-56.44 dB

-0.11°

-0.01dB

-8 19.dRm

Average
-45.42 dB
-35.18 dB
-46.24 dB
-45.36 dB

-0.01 ppm
0.16 ppm
-63.43 dB

-0.05°
0.00 dB
-R 23 ARm

eojLy

RMS EVM

Peak EVM

Pilot EVM

Data EVM
Frequency Error
Symbol Clock Error
1/Q Origin Offset
Quadrature Skew
1Q Gain Imbalance
Peak Rurst Power

SCPI &

Center Frequency
5.180000000 GHz

Frequency

CF Step
5.000000 MHz

Auto
Man

Activate Windows
- A Go to Settings to activate W

LR
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2.15 Creating and Playing WLAN_802_11n Waveform Files

The following example demonstrates how to create and play a WLAN_802_11n waveform with a
bandwidth of 40M. First, configure the waveform parameters on SiglQPro, then download the

waveform to the SSG5000X%-V, and finally play the waveform on the SSG5000% V.

2.15.1 Configuring Waveform Parameters

1. Onthe homepage, click WLAN -> WLAN_802_11n to enterthe WLAN_802_11n settings

interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

|EEE 802.11b/g

IEEE 802.11a/g

Toolkit Custom OFDM
|EEE 802.11n

|EEE 802.11ac

IEEE 802.11ax

Bluetooth
|EEE 802.11be

2. Click the Waveform node in the tree view on the left side of the window to access the
parameter settings:
1) SetGeneration Mode to Framed mode.

2) Set BandWidth to 40M.
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7 SIGLENT SiglQPro - jm} X
File Tools Help

IEEE 8021in  x

B st

~ Waveform

2.15.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.

> Download X

€ Devices

¥ Data Source

® Current Setting O From File

Download

2.15.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000%
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V 1Q MOD-> ARB:

You can see that ARB mode is playing LE_test.
2. Setthe RF carrier t02.412 GHz,-5 dBm.
3. Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the IQ Mod modulation main

switch.

2.15.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

WLAN 1 SCPI
Modulation Analysis | + Q Meas Setup ¥

KEYSIGHT [nput RF Input Z: 50 Q Atten: 10 dB Trig: Free Run Center Freq: 2.412000000 GHz 3 5
G Cowing AC Corr CCorrRCal  |Preamp: Off #F Gain: Low  AvglBurst=10/10 [FE17D S DEidrnn
Al

ign: Off Freq Ref: Int(S)  pW Path: Bypass Radio Info: 802.11n/40M ﬁll-:r?

7 EVM vs. Symbol v 8 EVM vs. Carrier v Radio Std
. . 11n/40MHz v
Scale/Div 10.00 dB Ref Value 0.00 dB Scale/Div 10.00 dB Ref Value 0.00 dB

Radio Settings
Modulation Format
SIG Syms v

~| | Subcarrier Spacing
312.500000 kHz

] Guard Interval
58 carr 58 carr| | Selection .
m o Allocation
2 I/Q Measured Polar v 9 OFDM EVM Metrics

Limits

Average Max
RMS EVM -45.54 dB -44.89 dB
Peak EVM -36.48dB -33.61dB Advanced
Pilot EVM -46.29 dB -44.82 dB
Data EVM -45.50 dB 44.81dB Global
Frequency Error -0.01 ppm -0.01 ppm
Symbol Clock Error 0.02 ppm 1.01 ppm
I/Q Origin Offset -66.71 dB -59.68 dB
Quadrature Skew -999.00° -999.00°
IQ Gain Imbalance  -999.00 dB -999.00 dB
Peak Rurst Power -4 27 dBRm -4 25 dRm
Jul 21, 2025
11:35:26 PM
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2.16 Creating and Playing WLAN_802_1l1ac Waveform Files

The following example demonstrates how to create and play a WLAN_802_11ac waveform with a
bandwidth of 160M. First, configure the waveform parameters on SiglQPro, then download the

waveform to the SSG5000X%-V, and finally play the waveform on the SSG5000% V.

2.16.1 Configuring Waveform Parameters

1. On the homepage, click WLAN -> WLAN_802 1lac to enter the WLAN_802_1l1lac

settings interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

|EEE 802.11b/g

IEEE 802.11a/g

Toolkit Custom OFDM
|EEE 802.11n

|EEE 802.11ac

IEEE 802.11ax

Bluetooth
|EEE 802.11be

2. Click the Waveform node in the tree view on the left side of the window to access the
parameter settings:
1) SetGeneration Mode to VHT PPDUFormat mode.
2) Set BandWidth to 160M.
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7 SIGLENT SiglQPro - jm} X
File Tools Help

IEEE 802 Hac = +

Bree: [Wsae

~ Waveform

v Waveform Basic
VHT PPDU Format

d Control

2.16.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.

> Download X

€ Devices

¥ Data Source

® Current Setting O From File

Download

2.16.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
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2.16.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

V I1Q MOD-> ARB:

You can see that ARB mode is playing LE_test.

Set the RF carrier t02.412 GHz,-5 dBm.

Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the | MOD ON/OFF l front panel button to turn on the IQ Mod modulation main

switch.

+
KEYSIGHT Input RF Input Z: 50 Q

Coupling: AC Corr CCorr RCal
[:] Align: Off Freq Ref: Int (S)

7 EVM vs. Symbol A
Scale/Div 10.00 dB Ref Value 0.00 dB

0 symb

2 1/Q Measured Polar v

T Jul 21, 2025
. q - ? 11:36:59 PM

8 EVM vs. Carrier v

Scale/Div 10.00 dB Ref Value 0.00 dB

3 symb|-250 carr
9 OFDM EVM Metrics

RMS EVM

Peak EVM

Pilot EVM

Data EVM

Frequency Error

Symbol Clock Error

1/Q Origin Offset

Quadrature Skew

1Q Gain Imbalance
I

Average

-38.06 dB
-27.51 dB
-38.25dB
-38.05 dB
0.00 ppm
0.81 ppm
-61.89 dB
0.01°
-0.03dB

eHiky

SCPI

Atten: 10 dB Trig: Free Run Center Freq: 5.180000000 GHz
Preamp: Off #IF Gain: Low Avg|Burst:>10/10

UW Path: Bypass Radio Info: 802.11ac/160M

250 carr|

Max
-37.56 dB
-22.66 dB
-36.66 dB
-37.53 dB
-0.03 ppm
2.66 ppm
-54.37 dB
0.08°
-0.04 dB

X
LAY

Q Frequency v

Center Frequency
5.180000000 GHz

CF Step
5.000000 MHz

Auto
Man

Activate Windows

Go to Settings to activate W
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2.17 Creating and Playing WLAN_802_1lax Waveform Files

The following example demonstrates how to create and play a WLAN_802_11ax -HE SU PPDU
160M waveform. First, configure the waveform parameters on SiglQPro, then download the

waveform to the SSG5000X%-V, and finally play the waveform on the SSG5000% V.

2.17.1 Configuring Waveform Parameters

1. On the homepage, click WLAN -> WLAN_802 1lax to enter the WLAN_802_1lax

settings interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

|EEE 802.11b/g

IEEE 802.11a/g

Toolkit Custom OFDM
|EEE 802.11n

|EEE 802.11ac

IEEE 802.11ax

Bluetooth
|EEE 802.11be

2. Click the Waveform node in the tree view on the left side of the window to access the
parameter settings:
1) SetGeneration Mode to HE SUPPDU mode.
2) Set BandWidth to 160M.

int.siglent.com 63



SiglQPro User Manual

7 SIGLENT SiglQPro - jm} X
File Tools Help

IEEE 802 Hax » +

B erest I sae B Reca & Dovnicad [ Upaate

~ Waveform v Waveform Basic

Waveform 1

2.17.2 Download the Waveform to Signal Source

1. Click the Update button on the toolbar to update the 1/Q waveform and spectrum display at the
bottom of the software Ul.

2. Click the Download button on the toolbar to download the waveform to SSG5000X -V.

> Download X

€ Devices

¥ Data Source

® Current Setting O From File

Download

2.17.3 Play the Waveform in Signal Source

1. After successfully downloading the waveform, check whether there is a waveform in SSG5000X-
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V 1Q MOD-> ARB:

You can see that ARB mode is playing LE_test.
2. Setthe RF carrier t02.412 GHz,-5 dBm.
3. Turn on modulation and RF output :

1) Pressthe | RFON/OFF | front panel button to turn on the RF output.

2) Press the l MOD ON/OFF l front panel button to turn on the IQ Mod modulation main

switch.

2.17.4 Demodulation Result

View the demodulation results in the spectrum analyzer:

Sample Rate Fs 32 MHz Standard & Capt Time/Samples
PPDU/MCS/GI+HE-LTF Meas Setup 1 Tx X 1 Rx: Simu Data Symbols

cde Capture Freq 2.412 GHz Att 0 dB

Os 1.0 ms
2 Constellation

B EEN Limit Limit
316

Center Freq Error

Measuring...
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2.18 Creating and Playing WLAN_802_11be Waveform Files

The following example demonstrates how to create and play a WLAN_802_11be - EHT MU PPDU
320M waveform. First, configure the waveform parameters on SiglQPro, then download the

waveform to the SSG5000X%-V, and finally play the waveform on the SSG5000% V.

2.18.1 Configuring Waveform Parameters

1. On the homepage, click WLAN G WLAN_ 802 11be to enter the WLAN_802_11be

settings interface.

' SIGLENT SiglQPro - o x
File Tools Help

{i} Home  x +

|EEE 802.11b/g

IEEE 802.11a/g

Toolkit Custom OFDM
|EEE 802.11n

|EEE 802.11ac

IEEE 802.11ax

Bluetooth
|EEE 802.11be

2. Click the Waveform node in the tree view on the left side of the window to access the
parameter settings:
1) SetGeneration Mode to EHT MUPPDU mode.
2) SetBandWidth to 320M.
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{3 SIGLENT SiglQPro - ] X
Tools Help

~ Waveform Basic
m Name 0211 enerati

Idle In

Waveform 1
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3 User Interface Overview

This topic describes the common features of the SiglQPro user interface.

3.1 Home Page

7 SIGLENT SigIQPro - [m] X

Bluetooth Custom OFDM Custom IQ

3.1.1 Menu Bar

File

Recall Opens a file management window where you can open a previously saved SiglQPro
configuration file (*.project) to recall settings.

Save As: Opens a file management window where you can save your current SiglQPro
configuration as a file (*.project) for future use.

Exit: Exits the SiglQPro software.

Tools

Toolkit: Launches the Toolkit application.

Help
Content: Shows the help file.
Website: Opens company website .

5

About: Shows software information .
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3.1.2 Tab Bar

Displays the Home page and currently running applications. Supports the following operations:
. Clicks the tab to switch to the settings page of the application;

. Ajgaiqg taN ml rfc r_" rm cvgr rfc _nnjga_rgml?9

. Ajgaiq t )hdmepage. b b

3.1.3 Protocol Menu

Select the protocol you want and click to open the protocol settings , such as Custom OFDM.

7 SIGLENT SiglQPro - A x
File Tools Help

Bluetooth BREDR % {1} Home

Bluetooth Custom OFDM Custom IQ
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3.2 Parameters Setting Page

U} SIGLENT SiglQPro - A x

Eile p

Bluetooth BRYEDR

~ Parameters Setup

3.21 Toolbar

: Resets your current application configuration to default settings.

. Opens a file management window where you can save your current application

configuration as a file (*.state) or generated waveform file (*.ARB) for future use.

: Opens a file management window where you can recall a previously saved application

configuration file (*.state).

: Opens an instrument connection window where you can download a waveform, based

on your application's current configuration or previously saved, to the connected instrument.

: Update the graph view based on your application's current configuration.

3.2.2 Tree View

The left pane of the main window is called the tree view. It is useful for navigating between the

waveform setup nodes and packet setup nodes.
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3.2.3 Parameter View

The right pane of the main window is called the parameter view. This area enables you to set the
waveform parameters. Selecting an item in the tree view enables the related elements in the

parameter view .

3.2.4  Graph View

The graph view displays different representations of the generated waveform. Click the tab at the
top of the graph view to switch to different waveform graphs. Changes to the waveform

configuration will not update the graph until you update the waveform.

3.3  Export or Import Files

SiglQPro supports importing or exporting three types of files.

3.3.1 Project File (*.project)

This file is used to save software configuration, includes the currently launched applications and the

current parameter settings of the applications.

Export: Clickt Dg-pe R _tc _gNN gl rfc kcls ~ _p rm mncl _ dgj
} Q_ tbuttdw to save the project file.

Import: Clickt Dg-ptRca_jjNN gl rfc kcls ~ _p rm mncl _ dgjec
previously saved project file (*.project) to recall settings. The software will update the interface

display based on the saved configurations in the file.

3.3.2  State File (*.state)

This file is used to save the settings for the current application and can only be imported or exported

by current application.

Cvnmpr8 Ajgai +Q_tcN gaml gl rfc rmmj> _p md rfc _n
gcjcar gq_tc rwnc _g t?nn Qr _rc Dgjcqg &(,qr _rc" N _It
Gknmpr8 Ajgai tPca_jjN gaml gl rfc rmmj° > _p md rfc

open a previously saved state file (*.state) to recall settings for current application.
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3.3.3  Waveform File (*.ARB)

This file is used to save an encrypted waveform file (with ARB extension) to your PC. The file contains

waveform information of the current application and can then be downloaded and played in licensed

instruments.
Cvnmpr8 Ajgai +Q_tcN gaml gl rfc rmmj > _p md rfc _n
gcjcar g_tc rwnc _qgq t U_t cdnitpsavelhg\avefofn(file? P@ N | b aj ¢
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4  Waveform Setup

4.1 Toolkit

Toolkit is a file conversion tool, which can convert MAT files generated by MATLAB or ASCII files such
as TXT files, DAT files or CSV files into files that can be played by SIGLENT instruments. To convert
the file format, you need to import the file in "Waveform Import", fi Il in the information about the
exported file in " Waveform Download", and click "Download" in the toolbar to download the target

file.

You can click Toolkit on the homepage to enter the Toolkit setting interface.

' SIGLENT SiglQPro - o x

Toolkit Custom OFDM Custom IQ

Bluetooth

4.1.1  Waveform Import
This function enables you to import a waveform file, with a specific file format, from the PC.

4.1.1.1 Source File Type

Use the drop- down menu to select the source file type.
Properties are displayed. Select one of the file types to navigate to that topic to view the associated

waveform properties. MAT - File 5 and TXT/CSV/DAT are supported.

1. MAT-File5
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This format is currently used by MATLAB versions 5, 6, 6.5 and 7.
Mat- File 5 Details and Code Example
The MAT file can contain an | array of data, a Q array of data. The array variables are named by the
person saving the data.
| and Q are two separate arrays. The arrays must be the same size.
gGB_r _ ; /8] .9 # /. G b_r _ nmgl
oB_r gB_r _9 # . O b_r_ nmgl
qg_tc&%Wkwb_r _ %* # bcd_sjr dmpk_r

I, Q data canbe saved as any numeric type supported by MATLAB:
double precision floating point values -- 8 bytes per sample;
single precision floating point values - - 4 bytes per sample;
int32() - - 4 bytes per sample;

intl6() - - 2 bytes per sample;

and so on.

The application will only recognize numeric types and will discard any variable that is contained
in a structure, cell or object.

For example, if the data is placed in a structure and then stored:

MyData = struct('l', iData, 'Q', gData);

save 'myfile’ MyData

The application will not be able to discover |, Q under this structure.

2. ASCII /CSV/IDAT
The ASCII / CSV / DAT file must contain | and Q data, and may also include marker data. The import

function searches for markers, so it must know how many markers the file contains.

ASCII Code Example

This is an example of ASCII code from a single file.
11 Q1

12 Q2

13 Q3
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4.1.1.2 Source File

To select the source file:

Stepl. Click the Source File box to open a dialog window.

Step2. Navigate to the desired file.

Waveform IQ data will finally be transformed into format of 4 bytes per sample to play on signal

generator. Hence, Int16 format with 32767 scale is recommended for source file.

41.13 | Data

This parameter takes effect only when Source File Type is set to MAT- File 5.

The drop- down list enables you to select an | data array from the imported waveform file.

4.1.1.4 Q data

This parameter takes effect only when Source File Type is set to MAT- File 5.

The drop- down list enables you to select a Q data array from the imported waveform file.

4.1.1.5 Use Separate Q File

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT.
Use the drop- down menu to enable or disable the ability to use a separate file for Q data.

Gd tWcqgN ggq qcjcarch* rfecl mljw G b_r_ dpmk rf

4.1.1.6 Q Source File

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT.
To select the source file:
Step1l. Click the Q Source File box to open a dialog window.

Step2. Navigate to the desired file.

41.1.7 Data Type

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT.
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Choices: Decimal | Hexadecimal;
Default: Decimal.

Use the drop-down menu to select data type.

41.1.8 Big / Little Endian

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT and when the Data
Type is set to hexadecimal.

Choices: Big Endian | Little Endian;

Default: Big Endian.

Use the drop- down menu to select big or little endian for HEX data.

Note: When Little Endian is selected, only 2- byte hexadecimal numbers can be parsed.

41.1.9 Signed / Unsigned Number

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT and when the Data
Type is set to hexadecimal.

Choices: Signed | Unsigned

Default: Signed.

Use the drop-down menu to select signed or unsigned type for HEX data.

4.1.1.10 SwaplQ

This parameter takes effect only when Source File Type is set to TXT/CSV/DAT.

Choices: Yes | Ng

Default: No.

Use the drop-b mu | kcls rm qcr rfc qu_n GO dj _e, Gd

waveform generation.

4.1.1.11 Number of Points

Displays the number of points defined by the data files in the selected waveform. Read - only.

76 int.siglent.com

gr

gq



SiglQPro User Manual

4.1.1.12 Sample Rate

Range: 100.0 Hz to 200.0 MHz

Default: 100.00 MHz.

Enter the waveform sample rate. Instrument Sample Clock is coupled with waveform Sample Rate
and Oversampling Ratio.

Sample Clock = Sample Rate * Oversampling Ratio.

41.2 Waveform Download
4121 Waveform Name

When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

4.1.2.2 Mirror Spectrum

Use the drop-down menu to control the Mirror Spectrum state. This feature inverts the Q channel,
resulting in a mirrored spectrum. In some systems, as a signal propagates normally through the up -
conversion process, the signal spectrum may be inverted. Use this feature to convert the signal back

to a non- mirrored spectrum.

4.1.2.3 Oversampling Ratio

Range: 1- 10 ; Default: 1.

When Oversampling Ratio is set to value other than 1, waveform is re-sampled. A larger
Oversampling Ratio results in using more waveform memory. So, set it to 1 if re - sampling is not
required.

Instrument Sample Clock is coupled with waveform Sample Rate and Oversampling Ratio.

Sample Clock = Sample Rate * Oversampling Ratio.

int.siglent.com 77



SiglQPro User Manual

4.2 |EEE 802.15.4 O-QPSK BPSK

O- QPSK PHY and BPSK PHY are physical layer specifications defined in IEEE standard 802.15.4 for
low data rate wireless connections.

Protocol version: IEEE Std 802.15.4-2020

You can click loT -> 802.15.4 O-QPSK BPSK on the homepage to enter the ZigBee setting

interface.

{7 SIGLENT SiglQPro - jm} x

File Tools Help

{3} Home % +

Toolkit Custom OFDM Custom IQ

Bluetooth

{7 SIGLENT SiglQPro - jm} x

802.15.4 0-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FsK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWE
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4.2.1  Waveform Setup

Press Waveform Setup in the left window to enter parameter settings.

4211 Basic

1. Waveform Name
When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

2. Number of Frames
Range: 1 to 2000 ; Default: 1.

Set the number of frames included in the generated waveform.

3.  OverSampling Ratio
Range: 2 to 100 ; Default: 10.

Set the number of samples calculated per I/Q symbol.

4. Total Sample Points
Display the generated waveform length (number of points).

Note: This parameter is displayed only and cannot be edited.

5. Waveform Length
Display the generated waveform length (in second).

Note: This parameter is displayed only and cannot be edited.

4212 Marker

1. Marker 1 Source

Choice: Waveform Start | Frame Start ; Default: Waveform Start.

Use the drop-down menu to select the type of Mark 1 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User

guide.
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Waveform Start : Set the first point of the waveform to an active marker point .
Frame Start : Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.

2. Marker 2 Source
Choice: Waveform Start | Frame Start ;
Default: Frame Start.
Use the drop-down menu to select the type of Mark 2 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
guide.

Waveform Start : Set the first point of the waveform to an active marker point .

Frame Start : Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.

4.2.2 Packet

Press Packet in the left window to enter parameter settings.

4221 General Setting

1. PHY Scheme

Choices: O-QPSK | BPSK

Default: O- QPSK

Use the drop-down menu to select the 802.15.4 PHY scheme.

2. Idle Interval (us)
Range: 0] 200000 ; Default: 100.
Set the idle interval in-between frames in microseconds. When idle interval is set to zero, a

continuous waveform will be generated.

3. Data Rate

Displays the data rate for current 802.15.4 PHY scheme.
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4. Frequency Band

Choices: 780 MHz | 868 MHz | 915 MHz | 2450 MHz

Default: 2450 MHz .

Use the drop- down menu to select the frequency band of 802.15.4 PHY scheme.

Note 1: If PHY Scheme is set to BPSK, 780 MHz and 2450 MHz cannot be selected.

Note 2: The selected frequency band does not actually change the center frequency of the signal

source.

4.2.2.2 Packet Setting

~ PPDU Settings

Continuous

1. Preamble (Hex)
Displays the Preamble field of PPDU in hexadecimal format.

Note: This parameter is displayed only and cannot be edited.

2. SFD (Hex)
Displays the SFD (Start of Frame Delimiter) field of PPDU in hexadecimal format.

Note: This parameter is displayed only and cannot be edited.

3. PHR (Hex)
Displays the PHR (Payload Header) field of PPDU in hexadecimal format. The value is automatically
updated when the PSDU settings are changed.

Note: This parameter is displayed only and cannot be edited.

4. PSDU

These are the Settings for the Physical Service Data Unit (PSDU) portion of the frame that contains
the payload data.

1) MHR (MAC Header)

Use the drop-down menu to enable or disable the MAC Header filed.
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m MHR (MAC Header)-Hexadecimal Input [m] X
Header Field
MAC Header

Frame Control (Octe

Sequence Number (Octets: 0/1)

Destination PAN Identifier (Octet:
Destination Address (Octe

Source PAN Identifier (Octets: 0/2)
Source Addre

Auxiliary Security Header (Octets
Header |Es

Powidnnd IE~

For more information on the MAC header, refer to the IEEE standards 802.15.4.

2) Data Type

Choices: PN9 | PN15 | USERDefault: PNO.

Use the drop- down menu to set the type of packet payload.

PN9: A pseudo- random binary sequence of order 9 is used to fill the packet payload
PN15: A pseudo- random binary sequence of order 15 is used to fill the packet payload

USER: A userdefined binary sequence is used to fill the packet payload

m Custom Bit Pattern Editor m} X

Recall

Illl 1111626260100260110600101600111160108010116611101016611111016680111008160100116
1le1ellellllellerellelealelllellleallealalale

Current: 0; Total127

3) Seed

Set the seed value used to generate the pseudo - random binary sequence.
When Data Type PN9 is selected: Range: 0x0 | Ox1FF; Default: OX1FF.
When Data Type PN15 is selected: Range: 0x0 | Ox7FFF; Default: Ox7FFF.

Note: This parameter can be edited only when the Data Type is PN9 or PN15.
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4) Data Length (Octets)
Range: 0| 127 ; Default: 20.

Set the length of packet payload in octets.

5) Data Mode

Choices: Continuous | Truncated ; Default: Continuous.

For multi- frame signals, select the mode applied to the packet payload. If there is only one frame in
the signal, then there is no difference in selection.

. Continuous: packet payload data bits are distributed consecutively across multiple frames

Truncated: packet payload data bits are the same for all frames, with the data size truncated for

one frame

6) MACFCS
Choices: On | Off; Default: On.
Use the drop-down menu to enable or disable the MAC FCS (frame check sequence). For more

information on the MAC FCS, refer to the IEEE standards 802.15.4.

4.2.2.3 Impairments

1. Symbol Timing Error
Range: - 300 to 300ppm ; Default: Oppm..
Set the shift of standard symbol rate for transmission. This shift varies the symbol rate of the signal.

It is used to simulate transmission when the device's sampling clock is slightly off.

2. Frequency Offset
Range: - 200 to 200kHz ; Default: OkHz.
Set the static offset of the carrier frequency. This static offset is used to simulate the device

transmitting at a frequency slightly offset from the specified carrier.
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4.3 |EEE 802.15.4 SUN FSK

SUNSs PHY defined in IEEE standard 802.15.4. The smartitility network is a principally outdoor, low
data rate wireless network that supports two -way communications among sensing, measurement,

and control devices in the smart grid.

SUNs enable multiple applications to operate over shared network resources, providing monitoring
and control of a utility system. SUN devices are designed to operate in very large - scale, low power
wireless applications and often require using the maximum transmit power available under
applicable regulations, in order to provide long - range, point- to- point connections. Frequently, SUNs
are required to cover geographically widespread areas containing a large number of outdoor devices.
In these cases, SUN devies typically employ mesh or peer-to-peer multihop techniques to

communicate with an access point.

SUN FSK is one of the physical layers defined in the standard.
Protocol version: IEEE Std 802.15.4- 2020

You can click loT -> 802.15.4 SUN FSK on the homepage to enter the 802.15.4 SUN FSK

setting interface.

{7 SIGLENT SiglQPro - jm} x
File Tools Help

{3} Home % +

Toolkit Custom OFDM Custom IQ

Bluetooth
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7 SIGLENT SiglQPro - jm} X
File Tools Help

{3} Home % +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWE

4.3.1  Waveform Setup

Press Waveform Setup in the left window to enter parameter settings.

43.1.1 Basic

1. Waveform Name
When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

2. Number of Frames
Range: 1 to 2000 ; Default: 1.

Set the number of frames included in the generated waveform.

3. Oversampling Ratio
Range: 2 to 100 ; Default: 10.

Set the number of samples calculated per 1/Q symbol.

4. Total Sample Points
Display the generated waveform length (number of points).

Note: This parameter is displayed only and cannot be edited.
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5. Waveform Length
Display the generated waveform length (in second).

Note: This parameter is displayed only and cannot be edited.

43.1.2 Marker

1. Marker 1 Source
Choice: Waveform Start| Frame Start ;
Default: Waveform Start.
Use the drop-down menu to select the type of Mark 1 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
guide.

Waveform Start ; Set the first point of the waveform to an active marker point .

Frame Start ; Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.

2. Marker 2 Source
Choice: Waveform Start| Frame Start ;
Default: Frame Start.
Use the drop-down menu to select the type of Mark 2 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
guide.

Waveform Start : Set the first point of the waveform to an active marker point .

Frame Start : Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.

432 Packet

Press Packet in the left window to enter parameter settings.
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4.3.2.1 General Setting

1. Data Rate

Range: 2.4 kb/s| 400 kb/s ; Default: 100 kb/s.

Set the data rate of FSK modulation in kb/s.

For more information on Data Rates, please refer to "Modulation and Coding for SUN FSK" in Section

19.3 of the IEEE Std 802.15.42020.

2. Modulation

Choice: 2FSK | 4FSK Default: 2FSK

Use the drop- down menu to se lect the FSK modulation level.

For more information on the Modulation, please refer to " Modulation and Coding for SUN FSK " in

Section 19.3 of the IEEE Std802.15.4-2020.

3. Modulation Index

Range: 0.33] 2; Default: 1.

Set the modulation index for FSK.

For more information on the Modulation Index, please refer to " Mo dulation and Coding for SUN FSK

" in Section 19.3 of the IEEE Std 802.15.42020.

4. Idle Interval
Range: 0] 200000 us ; Default: 1000 us.
Set the idle interval time in-between frames in microseconds. When idle interval is set to zero, a

continuous waveform will be generated.

5. Ramp Symbols
Range: 1| 10 ; Default: 4.
Set the symbol duration for waveform ramp up and down.

Note: This parameter is visible and configurable only when the idle interval is not zero .

6. Ramp Up/Down Symbol
Choice: First/Last | Center | One | Zero;
Default: First/Last.

Use the drop- down menu to select the symbol for the period of waveform ramp up and down.
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First/Last: Use the first data symbol value as the ramp up symbol value and the last data symbol
value as the ramp down symbol value.

Center: Set the ramp up/down symbol when frequency deviation is zero.

One: Set the ramp up/down symbol when frequency deviation is negative.

Zero: Set the ramp up/down symbol when frequency deviation is positive.

Note: This parameter is visible and configurable only when the idle interval is not zero.

4.3.2.2 SHR (Synchronization Header)

1. Preamble Sequence

Default: 0101 0101.

Set the preamble sequence used by the Synchronization Header. The sequence length should be a
multiple of 8 for 2FSK and a multiple of 16 for 4FSK.

Note: The final preamble field will contain several multiples of the preamble sequence .

2. Preamble Length

Range: 32| 8000 for 2FSK, 64 | 16000 for 4FSK;

Default: 32.

Set the preamble length in bits in Synchronization Header.

The Preamble Length should be the integer multiple of the length of preamble sequence.

For more information on the preamble, please refer to "PPDU format for SUN FSK" in Section 19.2 of

the IEEE Std 802.15.4 2020.

3. SFD Index
Choices: 0 | 1; Default: 0.
Set the index of SFD (Start of Frame Delimiter) sequence in Synchronization Header. It corresponds

to the PIB attribute phySunFskSfadefined in IEEE Std 802.15.4 2020. See section 19.2.3.2 for details.

4. SFD Customized

Choices: On | Off; Default: Off.

Use the drop- down menu to enable or disable customized SFD.

If SFD Customized is off, thestandard SFD sequence is used, and the SFD Sequence is readonly.
For more information on the standard SFD sequence, see Section 19.2.3.2 of the IEEE Std 802.15.4
2020.
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If SFD Customized is on, the SFD Sequence can be edited, and the custom SFD sequence is used.
The SFD Sequence length should be 16 for 2FSK and 32 for 4FSK, otherwise it will be truncated or

padded with zeros.

5. SFD Sequence
Displays the value of the SFD fields in the Synchronization Header. For more information on the SFD
sequence, see Section 19.2.3.2 of the IEEE Std 802.15.42020.

Note: This parameter can be edited only when SFD Customized is on.

4323  PHR (PHY Header)

1. Mode Switch

Choices: Off | On; Default: Off.

Use the drop- down menu to enable or disable the Mode Switch PHR.
On: A mode switch packet is generated. The Mode Switch field of the packet shall be set to one,
indicating that a mode switch shall occur.
Off: A normal packet is generated. The Mode Switch field of the packet shall be set to zero,
indicating that the entire packet shall be transmitted at a single data rate and using a single
modulation scheme.

It will be included in Mode Switch field of PHR. For more information on the Mode Switch, see Section

19.2.4 and 19.2.5 of the IEEE Std 802.15.42020.

2. FCS Type

Choices: 0 = 4-octets | 1 = 2- octets;

Default: 0 = 4- octets.

Use the drop- down menu to select the FCS type. The FCS Type field of PHR indicates the length of

the FCS field contained in the MPDU.

It will be included in FCS Type field of PHR. The FCS Type field of PHR shall be set to zero for a 4
octet FCS and shall be set to one for a 2 octet FCS. For more information on the FCS Type, see

Section 19.2.4 of the IEEE Std 802.15.42020.

Note: This parameter is visible and configurable only when the Mode Switch is off.

3. Data Whitening
Choices: On | Off; Default: On.
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Use the drop-down menu to enable or disable the data whitening of PSDU upon transmission. It will
be included in Data Whitening field of PHR. For more information on the Data Whitening, see Section
19.2.4 of the IEEE Std 802.15.42020.

Note: This parameter is visible and configurable only when the Mode Switch is off.

4. Frame Length

Display the total number of octets contained in the PSDU (prior to FEC encoding, if enabled). It will
be included in Frame Length field of PHR. For more information on the Frame Length, see Section
19.2.4 of the IEEE Std 802.15.42020.

Note: This parameter is visible and configurable only when the Mode Switch is off.

5. Mode Switch Parameter

Range: 0] 3; Default: 0.

Set the parameter group used for mode switch. It will be included in Mode Switch Parameter field of
PHR. For more information on the Mode Switch Parameter, see Section 19.2.5 of the IEEE Std
802.15.4- 2020.

Note: This parameter is visible and configurable only when the Mode Switch is on.

6. New Mode FEC

Choices: On | Off; Default: Off.

Use the drop-down menu to specify whether the packet following the mode switch PPDU is
transmitted using FEC. It will be included in NewMode FEC field of PHR. For more information on
the New Mode FEC, see Section 19.2.5 of the IEEE Std 802.15-4020.

Note: This parameter is visible and configurable only when the Mode Switch is on.

7. New Mode

1) Page

Range: 0] 1; Default: 0.

Set the Page in New Mode Field of mode switch PHR. The Page field shall be set to zero to indicate
channel page nine or set to one to indicate channel page ten.

Note: This parameter is visible and configurable only when the Mode Switch is on.

2) Modulation Scheme
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Range: 0| 3; Default: 0.
Set the Modulation Scheme in New Mode Field of mode switch PHR. The Modulation Scheme field

indicates the modulation scheme.

Kmbsj _r gml QBcgqgapgnr gml
Dgcjb t _jsc
QSL DQI
/ QSL MDBK
0 QSL+HOWNQI
1 ?bbgrgml _|j k

Note: This parameter is visible and configurable only when the Mode Switch is on.

3) Mode

Range: 0] 15; Default: 0.

Set the Mode in New Mode field of mode switch PHR. The Mode field specifies the new mode of
operation. For more information on the Mode, see Section 19.2.5 of the IEEE Std 802.15.4- 2020.

Note: This parameter is visible and configurable only when the Mode Switch is on.

8. Checksum

Display the checksum field in mode switch PHR. This value is read only and automatically updated
with PHR value. For more information on the Checksum, see Section 19.2.5 of the IEEE Std 802.15.4
2020.

Note: This parameter is visible only when the Mode Switch is on.

9. Parity Check

Display the parity check field in mode switch PHR. This value is read only and automatically updated
with PHR value. For more information on the Parity Check, see Section 19.2.5 of the IEEE Std
802.15.4- 2020.

Note: This parameter is visible only when the Mode Switch is on.

4.3.2.4 PSDU

These are the settings for the physical service data unit (PSDU) part of the frame when Mode Switch

is off.
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1. FEC
Choices: None | RSC | NRNSCDefault: None.
Use the drop-down menu to select whether FEC is enabled and what type of FEC is used. For more

information on the FEC, see Section 19.3.5 of the IEEE Std 802.15.42020.

2. Interleaving

Choices: On | Off ; Default: Off.

Use the drop-down menu to select whether interleaving is enabled after FEC. Interleaving is always
enabled for NRNSC coding and disabled when FEC is not used. For more information on the

interleaving, see Section 19.3.6 of the IEEE Std 802.15.42020.

3. Padding Bits

Display the number of padding bits appended to the tail bits, when interleaving is used in conjunction
with convolutional coding.

The padding bits are required to fill up the last interleaver buffer completely , and the padding bits
length is usually 5 or 13. This value is readonly and automatically updated with PHR and PSDU length.
For more information on the padding bits, see Section 19.3.6 of the IEEE Std 802.15.4- 2020.

4. PHY Payload
1) MHR (MAC Header)

Use the drop- down menu to enable or disable the MAC Header filed.

B MHR (MAC Header)-Hexadecimal Input m} X

Header Field

Sequence Number (Octets: 0/1)

Destination PAN Identifier (Oct

Destination Ad

Cancel

For more information on the MAC header, refer to the IEEE standards 802.15.4.

2) Data Type
Choices: PN9 | PN15 | USER
Default: PN9.
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Use the drop- down menu to set the type of packet payload.
PN9: Apseudo-random binary sequence of order 9 is used to fill the packet payload
PN15: A pseudo- random binary sequence of order 15 is used to fill the packet payload

USER: A userdefined binary sequence is used to fill the packet payload

m Custom Bit Pattern Editor m} X

'11111118989881 2EPRA1166001016061111601080101166111818166111110180601110681861208110
1leiellellllellesellelealelllellleallealalele

Current: 0; Total:127 Cancel

3) Seed

Set the seed value used to generate the pseudo-random binary sequence.
When Data Type PN9 is selected: Range: 0x0 | Ox1FF; Default: OX1FF.
When Data Type PN15 is selected: Range: 0x0 | Ox7FFF; Default:0x7FFF.

Note: This parameter can be edited only when the Data Type is PN9 or PN15.

4) Data Length (Octets)
Range: 0] 2047 ; Default: 1024.

Set the length of MAC payload in octets.

5) Data Mode

Choices: Continuous | Truncated ;

Default: Continuous.

For multi- frame signals, select the mode applied to the packet payload. If there is only one frame in
the signal, then there is no difference in selection.

. Continuous: packet payload data bits are distributed consecutively across multiple frames

Truncated: packet payload data bits are the same for all frames, with the data size truncated for

one frame

6) MAC FCS
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Choices: On | Off; Default: On.
Use the drop-down menu to enable or disable the MAC FCS (frame check sequence). For more

information on the MAC FCS, refer to the IEEE standards 802.15.4.

4.3.2.5 Encoding

These are the encoding settings when Mode Switch is on.

1. FEC

Choices: None | RSC | NRNSC

Default: None.

Use the drop- down menu to select whether FEC is enabled and what type of FEC is used. For more

information on the FEC, see Section 19.3.5 of the IEEE Std 802.15.42020.

2. Interleaving

Choices: On | Off; Default: Off.

Use the drop- down menu to select whether interleaving is enabled after FEC. Interleaving is always
enabled for NRNSC coding and disabled when FEC is not used. For more information on the

interleaving, see Section 19.3.6 of the IEEE Std 802.15.42020.

3. Padding Bits

Display the number of padding bits appended to the tail bits, when interleaving is used in conjunction
with convolutional coding.

The padding bits are required to fill up the last interleave buffer completely and the padding bits
length is usually 5 or 13. This value is readonly and automatically updated with PHR and PSDU length.
For more information on the interleaving, see Section 19.3.6 of the IEEE Std 802.15.4- 2020.

4.3.2.6 Impairments

1. Symbol Timing Error
Range: - 300 to 300ppm ; Default: Oppm .
Set the shift of standard symbol rate for transmission. This shift varies the symbol rate of the signal.

It is used to simulate transmission when the device's sampling clock is slightly off.
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2. Frequency Offset

Range: - 200 to 200kHz ;

Default: OkHz.

Set the static offset of the carrier frequency. This static offset is used to simulate the device

transmitting at a frequency slightly offset from the specified carrier.

3.  Frequency Deviation Scaling

Range: 50| 150% ;

Default: 100%.

Set the additional scaling to the nominal FSK frequency deviation. This is equivalent to apply scaling

to FSK modulation index.

4. Gaussian BT
Range: 0.1] 1.0;
Default: 0.5.

Set the BT product of the Gaussian filter applied to FSK modulation.
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4.4 |EEE 802.15.4 SUN OFDM

SUNSs PHY defined in IEEE standard 802.15.4. The smart utility network is a principally outdoor, low
data rate wireless network that supports two -way communications among sensing, measurement,
and control devices in the smart grid.

SUNSs enable multiple applications to operate over shared network resources, providing monitoring
and control of a utility system. SUN devices are designed to operate in very large - scale, low power
wireless applications and often require using the maximum transmit power available under
applicable regulations, in order to provide long - range, point- to- point connections. Frequently, SUNs
are required to cover geographically widespread areas containing a large number of outdoor devices.
In these cases, SUN devies typically employ mesh or peer-to-peer multihop techniques to

communicate with an access point.
SUN OFDM is one of the physical layers defined in the standard, which supports data rates ranging
from 12.5 kb/s to 2400 kb/s. The subcarrier spacing is constant and is equal to 10416-2/3 Hz. The

symbol rate is 8- 1/3 kSymbol/s, which corresponds to 120 us per symbol.

Protocol version: IEEE Std 802.15.4-2020

Youcanclick loT -> 802.15.4 SUN OFDM onthe homepage to enter the 802.15.4 SUN OFDM

setting interface.

7 SIGLENT SiglQPro - jm} X
File Tools Help

{3} Home % +

Toolkit Custom OFDM Custom IQ

Bluetooth
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7 SIGLENT SiglQPro - jm} X
File Tools Help

{3} Home % +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWE

441  Waveform Setup

Press Waveform Setup in the left window to enter parameter settings.

4411 Basic

1. Waveform Name
When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

2.  Number of Frames
Range: 1 to 2000;
Default: 1.

Set the number of frames included in the generated waveform.

3.  Oversampling Ratio
Range: 2 to 100;
Default: 10.

Set the number of samples calculated per 1/Q symbol.

4. Total Sample Points
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Display the generated waveform length (number of points).

Note: This parameter is displayed only and cannot be edited.

5. Waveform Length
Display the generated waveform length (in s econd).

Note: This parameter is displayed only and cannot be edited.

4412 Marker

1. Marker 1 Source

Choice: Waveform Start | Frame Start;

Default: Waveform Start.

Use the drop-down menu to select the type of Mark 1 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
guide.

Waveform Start : Set the first point of the waveform to an active marker point .

Frame Start : Set the first point of the frame to an active marker point.

B

Note: A waveform may contain multiple frames.

2. Marker 2 Source
Choice: Waveform Start | Frame Start;
Default: Frame Start.
Use the drop-down menu to select the type of Mark 2 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
guide.

Waveform Start : Set the first point of the waveform to an active marker point .

Frame Start : Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.
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4.4.2 Packet

Press Packet in the left window to enter parameter settings.

4421 OFDM Setting

1. Option

Choices: Option 1 | Option 2 | Option 3 | Option 4 ;

Default: Option 2.

Use the drop-down menu to select PHY option. This PHY includes four options, each one being
characterized by the number of active tones during the PHR or PSDU. Please refer to Table 20-10 in

IEEE Std 802.15.42020 for more information.

2. FFT Size
Display the FFT size of selected OFDM option. This value is readonly and automatically updated

when Option is changed . Please refer to Table 20- 10 in IEEE Std 802.15.42020 for more information.

3. Idle Interval

Range: 0] 200000 us;

Default: 1000 us.

Set the idle interval time in-between frames in microseconds. When idle interval is set to zero, a

continuous waveform will be generated.

4. Windowing Length

Range: 0| FFT Size * Oversampling Ratio * 0.5

Default: 16.

Set the raised cosine window length used to smooth the OFDM symbol transition. The maximum
windowing length is limited to avoid exceeding the cyclic prefix (CP) part based on the option of
OFDM signal.

To achieve a balance between ACP and EVM test results, it is necessary to set an appropriate
windowing length. If you increase the windowing length to enhance the ACP result, the EVM result
may deteriorate.

Note: Window length must be even.
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5. Filter for STF Symbols

Choices: On | Off; Default: On.

Use the drop- down menu to enable or disable an ideal low pass filter that is applied to STF symbols.
This filter will help eliminate the out - of- band spurs that are caused by the negated half of the 4th

STF symbol.

6. Filter
Choices: None | Gaussian | Root Nyquist | Nyquist
Default: None.

Use the drop- down menu to select the pulse shape filter type to be applied to the waveform.

4422 PSDU

These are the settings for the physical service data unit (PSDU) part of the frame that includes the
payload data.

1. MCS

Range:0| 6 ; Default: 3.

Set the MCS level for PSDU. The MCS level affects the modulation and coding for PSDU. Please refer
to Table 20- 10 in IEEE Std 802.15.42020 for more information.

2. Modulation and Coding

Display the modulation and coding scheme under selected MCS level. This value is read only and
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automatically updated when MCS is changed. Please refer to Table 20-10 in IEEE Std 802.15.42020

for more information.

3. Scrambler

Choices: 00 (Seed 000010111) | 01 (Seed 101110111) | 10 (Seed 000011100) | 11 (Seed 101111100);
Default: 00 (Seed 000010111)

Use the drop-down menu to select the seed for scrambling PN sequence generation. It will be
included in Scrambler field of PHR. Please refer to section 20.2.4 in IEEE Std 802.15.4020 for more

information.

4. OFDM Interleaving

Choices: 0 | 1; Default: 0.

Set the SUN OFDM interleaving attribute . This value affects the depth of interweaving. It corresponds
to the PIB attribute phyOfdminterleaving defined in IEEE Std 802.15.4 2020.

0: The interleaving depth of one symbol

1: The interleaving depth of the number of symbols equal to the frequency domain spreading factor.

For more information on the interleaving, see Section 20.4.5 of the IEEE Std 802.15.4- 2020.

5. FCS Type

Choices: 0 = 4-octets | 1 = 2- octets;

Default: 0 = 4- octets.

Use the drop-down menu to select the FCS type. The FCS Type indicates thelength of the FCS field
contained in the MPDU.

6. PHY Payload
1) MHR (MAC Header)

Use the drop- down menu to enable or disable the MAC Header filed.
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m MHR (MAC Header)-Hexadecimal Input [m] x

Header Field Settings (Hex)

Header

Frame Control (Octets

Sequence Number (Octets: 0/1)

Cancel

For more information on the MAC header, refer to the IEEE standards 802.15.4.

2) Data Type
Choices: PN9 | PN15 | USER
Default: PNO.

Use the drop-down menu to set the type of packet payload.

5

B

USER: A userdefined binary sequence is used to fill the packet payload .

B

B Custom Bit Pattern Editor O X

Il11111111%11116111118%1@111&31lﬁﬁlﬁﬂmlﬁﬁlBl@ﬁl11ﬁ1191%&1111%11111%11@116
?010101601000111066110110161011126016011066160012060000016060100011660012011100101
@lelieeeellelllleleellellleeleseleleeealelellelenlllll16110016610616116111111601868
11616166116011060660801160611601616601101061611111110160616116001116161160161166111
1066111110111016066011016110110111011600001611618111110191010106000610100161611116
9181118111066666111601110160186111181811161616661601600611001118260181111811811881
leleseelllellllenes

Cancel

3) Seed

Set the seed value used to generate the pseudo- random binary sequence.
When Data Type PN9 is selected: Range: 0x0| Ox1FF; Default: Ox1FF.
When Data Type PN15 is selected: Range: 0x0| Ox7FFF; Default: OX7FFF.

Note: This parameter can be edited only when the Data Type is PN9 or PN15.

4) Data Length (Octets)

PN9: A pseudo- random binary sequence of order 9 is used to fill the packet payload .

PN15: A pseudo- random binary sequence of order 15 is used to fill the packet payload .

102
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Range: 0] 2047 ; Default: 1024.
Set the length of MAC payload in octets.

5) Data Mode

Choices: Continuous | Truncated ;

Default: Continuous

For multi- frame signals, select the mode applied to the packet payload. If there is only one frame in
the signal, then there is no difference in selection.

. Continuous: packet payload data bits are distributed consecutively across multiple frames

Truncated: packet payload data bits are the same for all frames, with the data size truncated for

one frame

6) MACFCS
Choices: On | Off; Default: On.
Use the drop-down menu to enable or disable the MAC FCS (frame check sequence). For more

information on the MAC FCS, refer to the IEEE standards 802.15.4.

7. Padding Bits

Display the number of padding bits appended to the tail bits in PSDU. The appended bits in PSDU
are set to zeros, and to ensure that the number of bits in the PHY Payload field are multiple of Ncbps.
For more information on the padding bits, see Section 20.4.10 of the IEEE Std 802.15.4- 2020.

This value is read only and automatically updated with Option, MCS, Frame Length and OFDM

Interleaving.

8. Number of OFDM Symbols
Display the number of OFDM symbols of PSDU. This value is readonly and automatically updated
with Option, MCS, OFDM Interleaving and PSDU settings.

4.4.2.3 PHR (PHY Header) Info

These are the settings for PHY Header. All configuration items are read-only and automatically
updated with OFDM setting and PSDU settings.

1. MCS

Display the MCS level for PHR. The MCS level affects the modulation and coding for PHR. The PHR
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shall be transmitted using the lowest supported MCS level for Option 1 and Option 2. For OFDM
option 3 and OFDM Option 4, the PHR shall betransmitted using MCS1 and MCS2 respectively.
This value is read only and automatically updated when Option is changed. Please refer to Section

20.2.4 in IEEE Std 802.15.42020 for more information.

2. Modulation and Coding
Display the modulation and coding scheme under selected MCS level. This value is read only and
automatically updated when MCS is changed. Please refer to Table 20- 10 in IEEE Std 802.15.42020

for more information.

3. Frame Length

Display the total number of octets contained in the PSDU (prior to FEC encoding). It will be included
in Frame Length field of PHR. This value is read only and automatically updated with PSDU settings.
Please refer to Section 20.2.4 in IEEE Std 802.15.42020 for more information.

4. HCS
Display the HCS (header check sequence) field of PHR in HEX. The HCS shall be computed using the
first 22 bits of the PHR. This value is read only and automatically updated when any of the PHR filed

settings is changed. Please refer to Section 20.2.4 in IEEE Std 802.15.4 2020 for more information.

5. Padding Bits

Display the number of padding bits appended to the tail bits in PHR. The appended bits in PHR are
set to zeros, and to ensure that the number of bits in the PHR field are multiple of Ncbps. For more
information on the padding bits, see Section 20.4.10 of the IEEE Std 802.15.4- 2020.

This value is read only and automatically updated with Option, MCS, Frame Length and OFDM

Interleaving.

6. Number of OFDM Symbols
Display the number of OFDM symbols of PHR. This value is readonly and automatically updated
with Option, MCS, and OFDM Interleaving.
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45 ITU-T G.9959

ITU-T G.9959 PHY is defined inshort range narrow - band digital radiocommunication transceivers -
- PHY, MAC, SAR and LLC layer specifications.
Protocol version: IEEE Std 802.15.4-2020.

You can click 1oT -> ITU-T G.9959 on the homepage to enter the ITU-T G.9959 setting

interface.

{7 SIGLENT SiglQPro - jm} x

File Tools Help

{3} Home % +

Toolkit Custom OFDM Custom IQ

Bluetooth

{7 SIGLENT SiglQPro - jm} x
File Tools Help

{3} Home % +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FsK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWE
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451  Waveform Setup

Press Waveform Setup in the left window to enter parameter settings.

45.1.1 Basic

1. Waveform Name
When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

2.  Number of Frames
Range: 1 to 2000 ; Default: 1.

Set the number of frames included in the generated waveform.

3. Oversampling Ratio
Range: 2 to 100 ; Default: 10.

Set the number of samples calculated per I/Q symbol.

4. Total Sample Points
Display the generated waveform length (number of points).

Note: This parameter is displayed only and cannot be edited.

5. Waveform Length
Display the generated waveform length (in second).

Note: This parameter is displayed only and cannot be edited.

45.1.2 Marker

1. Marker 1 Source

Choice: Waveform Start | Frame Start;

Default: Waveform Start.

Use the drop-down menu to select the type of Mark 1 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output

via the IQ_EVENT connector on the rear panel. For more information, see the Signal Generator's User
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guide.
Waveform Start : Set the first point of the waveform to an active marker point .
Frame Start : Set the first point of the frame to an active marker point.

Note: A waveform may contain multiple frames.

2. Marker 2 Source

Choice: Waveform Start | Frame Start;

Default: Frame Start.

Use the drop-down menu to select the type of Mark 2 Source to set the active mark points within
the waveform. When the signal generator encounters an active mark point, a pulse signal is output
via the IQ_EVENT connector on the rear panel. Formore information, see the Signal Generator's User
guide.

Waveform Start : Set the first point of the waveform to an active marker point .

Frame Start : Set the first point of the frame to an active marker point.

B

Note: A waveform may contain multiple frames.

4572 Packet

Press Packet in the left window to enter parameter settings.

45.2.1 General Setting

1. Data Rate

Choices: R1] 9.6 kbps | R2| 40 kbps | R3] 100 kbps;

Default: R1| 9.6 kbps.

Use the drop- down menu to select the data rate type of PHY .
R1: Data Rate Type 1 (9.6 kbit/s).

5

. R2: Data Rate Type 2 (40 kbit/s).
R3: Data Rate Type 3 (100 kbit/s).
For more information on Data Rate, please refer to "Data rates" in Section 7.1.2.2 of the ITU-T G.9959

-2015.

2. Modulation
Choices: FSK | GFSK
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Default: FSK for R1/R2, GFSK for R3
Use the drop-down menu to select the modulation type for PHY. For more information on

Modulation, please refer to "Modulation and encoding" in Section 7.1.2.4 of the ITU-T G.9959- 2015.

3. Coding

Displays the coding type. This value is read-only and automatically updated when Data Rate is
changed.

Manchester code shall be used for data symbol encoding at data rate R1 and non - return-to- zero
(NR2Z) shall be used for data symbol encoding at data rates R2 and R3. Please refer to Section 7.1.2.4

in ITU-T G.9959-2015 for more information.

4. Separation
Displays the separation of FSK. This value is readonly and automatically updated when Data Rate is

changed. Please refer to Table 7-4 in ITU- T G.9959- 2015 for more information.

5. Idle Interval
Range: 0] 200000 us ; Default: 1000 us.
Set the idle interval time in-between frames in microseconds. When idle interval is set to zero, a

continuous waveform will be generated.

6. Ramp Symbols
Range: 1| 10 ; Default: 4.
Set the symbol duration for waveform ramp up and down.

Note: This parameter is visible and configurable only when the idle interval is not zero.

7.  Ramp Up/Down Symbol

Choice: First/Last | Center | One | Zerg

Default: First/Last.

Use the drop- down menu to select the symbol for the period of waveform ramp up and down.
First/Last : Use the first data symbol value as the ramp up symbol value and the last data symbol
value asthe ramp down symbol value.

Center : Set the ramp up/down symbol when frequency deviation is zero.

One : Set the ramp up/down symbol when frequency deviation is negative.
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Zero : Set the ramp up/down symbol when frequency deviation is positive.

Note: This parameter is visible and configurable only when the idle interval is not zero.

45.2.2 PPDU Settings

These are the settings to configure the physical protocol data unit (PPDU) which is the frame.
1. PPDU Length (Octets)
Display the total PPDU length in bytes. This value is read only and automatically updated with PPDU

Settings.

2. Preamble Length (Octets)
Range: 10| 100 ; Default: 10.
Set the preamble length in bytes in SHR (Synchronization Header). For more information on

preamble, please refer to " Preamble field" in Section 7.1.3.2 of the ITU T G.9959- 2015.

3. Start of Frame Delimiter (Hex)

Range: 00 to FF; Default: FO.

Set the SOF field in hex in SHR (Synchronization Header). The SOF is an-8it field terminating the
preamble field and the start of the PSDU. For more information on SOF, please refer to "Start of

frame (SOF) field " in Section 7.1.3.3 of the ITUT G.9959-2015.

4, PSDU
1) MHR (MAC Header)

Use the drop- down menu to enable or disable the MAC Header filed.

B MHR (MAC Header)-Hexadecimal Input m} x
Header Field

MAC Header

Home ID (Octets: 4)

Source Node ID (Octets: 1)

Frame Control (Octets: 2)

Length {

For more information on the MAC header, please refer to " MPDU format " in Section 8.1.3 of the
ITUT G.9959-2015.
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2) Data Type

Choices: PN9 | PN15 | USERDefault: PNO9.

Use the drop-down menu to set the type of packet payload.
PN9: A pseudo- random binary sequence of order 9 is used to fill the packet payload
PN15: A pseudo- random binary sequence of order 15 is used to fill the packet payload

USER: A userdefined binary sequence is used to fill the packet payload

@A Custom Bit Pattern Editor m} X

Recall

3) Seed

Set the seed value used to generate the pseudo - random binary sequence.
When Data Type PN9 is selected: Range: 0x0 | Ox1FF; Default:0x1FF.

When Data Type PN15 is selected: Range: 0x0 | 0x7FFF; Default:0x7FFF.
Note: This parameter can be edited only when the Data Type is PN9 or PN15.

4) Data Length (Octets)
Range: 0] 64 for R1 or R2; 0] 170 for R3;
Default: 32.

Set the length of MAC payload in octets.

5) Data Mode

Choices: Continuous | Truncated;

Default: Continuous.

For multi- frame signals, select the mode applied to the packet payload. If there is only one frame in
the signal, then there is no difference in selection.

Continuous: packet payload data bits are distributed consecutively across multiple frames .

5

Truncated: packet payload data bits are the same for all frames, with the data size truncated for

5
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one frame.

6) MACFCS
Choices: On | Off; Default: On.
Use the drop-down menu to enable or disable the MAC FCS (frame check sequence). For more

information on the MAC FCS, refer to Section 8.1.3.8 and Section 8.1.3.9 of the ITU T G.9959-2015.

5. End of Frame Delimiter

Choices: On | Off; Default: On.

Use the drop- down menu to enable or disable EOF in the PPDU. The EOF delimiter field shall be sent
only when transmitting at data rate R1. For more information on the EOF, refer to Section 7.1.3.5 of

the ITU-T G.9959-2015.

45.2.3 Impairments

1.  Symbol Timing Error
Range: - 300 to 300ppm ; Default: Oppm .
Set the shift of standard symbol rate for transmission. This shift varies the symbol rate of the signal.

It is used to simulate transmission when the device's sampling clock is slightly off.

2. Frequency Offset
Range: - 200 to 200kHz ; Default: OkHz.
Set the static offset of the carrier frequency. This static offset is used to simulate the device

transmitting at a frequency slightly off set from the specified carrier.

3. Frequency Deviation Scaling
Range: 50| 150% ; Default: 100%.
Set the additional scaling to the nominal FSK frequency deviation. This is equivalent to apply scaling

to FSK modulation index.

4. Gaussian BT
Range: 0.1| 1.0 ; Default: 0.6.
Set the BT product of the Gaussian filter applied to FSK modulation.

Note: This parameter is visible only when the Modulation selection is GFSK.
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4.6 |EEE 802.15.4 HRP UWB

UWB has three major characteristics: carrier - free pulse, ultra- wide spectrum, and low power density.
It has centimeter - level positioning accuracy and strong anti - interference ability. It can not only be
used for data transmission, but also for radar imagin g and ranging positioning, becoming the

underlying supporting technology for smart cars, Industry 4.0 and spatial computing.
HRP UWB is based on pulse radio communication, usingnanosecond narrow pulses to transmit data.
It works in three frequency bands: sub- GHz 49.6~749.6 MHZ), low band (3.1~4.8 GHz), high band

(6.0~10.6 GH2).

The protocol version implemented by this software is: IEEE Std 802.15.4-2024.

You can click loT -> 802.15.4 HRP UWB to enter the 802.15.4 HRP UWB settings interface.

7 SIGLENT SiglQPro - jm} X
File Tools Help

{3} Home % +

Toolkit Custom OFDM Custom IQ

Bluetooth
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7 SIGLENT SiglQPro - jm} X
File Tools Help

{3} Home % +

802.15.4 O-QPSK BPSK
Toolkit Custom OFDM Custom IQ

802.15.4 SUN FSK

802.15.4 SUN OFDM

Bluetooth

ITU-T G.9959

802.15.4 HRP UWE

4.6.1 Waveform Setup

Click the Waveform Setup node in the tree view on the left side of the window to enter the waveform

setup.

46.1.1 Basic

1. Waveform Name
This parameter is used to define the waveform name displayed when it is downloaded to the signal
generator. If it is not defined, the signal generator will automatically assign a unique name to the

waveform.

2.  Number of Frames
Available range: 1 ~ 2000, default value: 1.

Set the number of frames contained in the generated waveform.

46.2 Packet

Click the Packet node in the tree view on the left side of the window to enter the parameter settings.

46.2.1 Basic

1. Samples Per Pulse
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Available range: 4 ~ 64 (when Channel is 4, 7, 11 or 15), 2 ~ 64 (wheRhannel is not 4, 7, 11 or 15),
default value: 2.

The number of sampling points for each pulse is an integer multiple of the peak PRF (499.2 MHz).

2. ldle Time
The adjustable range is: 0 ~ 1000000 (unit: us), the default value is: 50 us.

Idle time between frames.

46.2.2 General

1. Mode
Possible range: 'HPRF' | 'BPRF' | '802.15.4a" , default value: 'HPRF' .
Set the mode of HRP UWB PHY.

2. STS Packet
Available range: 0~3, default value: 1.

STS packet type configuration, indicating the location of STS in the PPDU.

3. Channel
Available range: 0~15, default value: 9.

Channel number.

46.2.3 Header

1. Code Index

Mode is '802.15.4a', options: 1~24

Mode is 'BPRF', options: 9~24

Mode is 'HPRF', options: 1~32

Default value: 9

The preamble number used by the HRP UWB PHY channel togenerate the SYNC segment, which is

associated with the Mode and Channel.

2. Preamble Duration

Mode is '802.15.4a’ | 'BPRF', options: 16 | 64 | 1024 | 4096
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Mode is 'HPRF', options: 16 | 24 | 32| 48 | 64 | 96 | 128 | 256
The preamble length, that is, the number of symbols in the SYNC segment (or the number of times

the preamble symbol is repeated), is associated with the Mode.

3. Delta Length

Mode is '802.15.4a’, options: 4 | 16 | 64

Mode is 'BPRF', options: 4

Mode is 'HPRF', options: 4 | 16 | 64

Default value: 4.

The length of the Delta function. The Delta function is used to expand the preamble code into the
preamble symbol.

Delta Length is associated with Mode, Channel, and Code Index.

4. SFD Number

Mode is 'BPRF', options: 0| 2

Mode is '"HPRF', options: 1~4

SFD sequence number, that is, select SFD0~4, and Mode is 'HPRF' | 'BPRF' to take effect.

5. SFD Length (Symbols)

After selecting SFD Number, the corresponding SFD Length value is automatically displayed.

6. Preamble Mean PRF

When Code Index is 1- 8, options are: 16.1 | 4.03
When Code Index is 9- 24, it is fixed to: 62.89
When Code Index is 25-32, it is fixed to: 111.09
Default value: 62.89

Preamble average pulse repetition frequency, unit: MHz

7. PHR Data Rate (Mb/s)

Only valid when Mode is 'BPRF', options: 0.85 | 6.81

Among them, 0.85 corresponds to DRBM_LP; 6.81 corresponds to DRBM_HP
Default value: 0.85

The (bit) data rate of PHR, in Mb/s.
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4.6.2.4 PSDU

1. Mean PRF

When Mode is '802.15.4a’, Channel is [0:3 5:6 8:10 12:14], options: 3.9 | 15.6 | 62.4
Channel is {4 7 11 15}, options: 15.6 | 62.4

Mode is 'BPRF, fixed at 62.4

Mode is 'HPRF', options: 124.8 | 249.6

Default value: 249.6

The average pulse repetition frequency of the PSDU part in the frame is related to Mode and Channel.

2. Data Rate (Mb/s)

When Mode is '802.15.4a’, options are: 0.11 | 0.85| 1.7 | 6.81 | 27.24
Mode is 'BPRF, fixed at 6.81

Mode is 'HPRF', options: 6.81 | 7.8 | 27.24 | 31.2

Default value: 6.81

The data rate of the payload (in bits), in Mb/s

3. Constraint Length

Available values: 3 | 7. Default value: 3.

Convolution encoder length, effective when Mode is 'HPRF', and fixed value is 3 for other modes. It is
associated with Data Rate.

Data Rate = 6.81 L. L'> Constraint Length =3

Data Rate = 27.24 " L'> Constraint Length = 3

Data Rate = 7.8 " L'> Constraint Length =7

Data Rate = 31.2L. L'> Constraint Length =7

4. Ranging State
Available options: On | Off

Indicates whether the data frame is used for ranging. It is used to fill the Ranging bit of PHR.

5. Frame Length
Displays the total number of bytes contained in the PSDU. It will be contained in the Frame Length
field of the PHR. This parameter is a read- only value and is automatically updated as the Data Length

in the Payload changes.
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6. Payload
1) MAC Header

Use the pop- up window to configure the MAC Header fields.

Cancel

For more information about the MAC header, refer to IEEE Std 802.15.4.

2) Data Type

Available options: PN9 | PN15

Default value: PN9

Use the drop- down menu to select the type of message payload.

PN9: Uses a 9th order pseudo - random binary sequence to fill the message payload.

PN15: Uses a 15th order pseudo - random binary sequence to fill the message payload.

3) Seed

Sets the seed value used to generate pseudo- random binary sequences.
When the data type is PN9:

Available range: 0x0 ~ Ox1FF

Default value: Ox1FF

When the data type is PN15:
Available range: 0x0~ OX7FFF
Default value: Ox7FFF

4) Max Data Length (Octets)
Mode is '802.15.4a' | 'BPRF', fixed value is 127, unit: Octets
Mode is 'HPRF', options: 1023 | 2047 | 4095

Set the maximum length of the message payload in bytes.

5) Data Length (Octets)
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Available range: 0 ~ (MaxDatalLength - length(MAC Header) - length(FCS))

Set the length of the message payload (in bytes).

6) Data Mode

Available options: 'Continuous' | 'Truncated' , default value: 'Continuous' .

For multi- frame signals, select the mode to apply to the message payload. If there is only one frame
in the signal, select Make No Difference.

Continuous: The data bits in the packet payload are distributed continuously in multiple frames.
Truncated: The message payload data bits are the same for all frames, and the data length is

truncated within a frame.

7) FCS State
Available options: On | Off, Default value: On.
Use the drop-down menu to enable or disable MAC FCS (Frame Check Sequence).

For more information about MAC FCS, refer to IEEE standards 802.15.4.

8) FCS Type

Available options: '2- octets' | '4- octets' , default value: '2- octets'.

If FCS State is On, this option is enabled. Use the drop down menu to select the FCS type. The FCS
type indicates the length of the FCS field contained in the MPDU.

4.6.2.5 STS

1. Number of STS Segments
When Mode is '"HPRF', options are: 1|2 | 3| 4
When Mode is 'BPRF, it is fixed to 1

That is, the number of STS segments.

2. Length of STS Segments
When Mode is 'HPRF', options are: 16 | 32 | 64 | 128 | 256
When Mode is '‘BPRF/, it is fixed to 64

The length of the STS segment, in units of 512 chips.

3. Length of STS Gap
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Options: 0 ~ 127. Default value: 0.
Set the Gap length in units of 4 chips (~8ns).
This option is effective when Mode is 'HPRF' and STSPackeConfiguration is 2, and an additional Gap

is added between PSDU and STS.

4. Index of STS Gap

Options: 0| 1| 2| 3. Default: 0.

Set the sequence number of the extra STS gap.

This function is effective when Mode is 'HPRF' and STSPacketConfiguration is 2, and is used to

generate the bit data of (A0, Al) in PHR.

4.6.2.6 Impairments

1. Symbol Time Error
Optional range: -300 ~ 300 ppm
Default value: 0

Sets the symbol timing error (sampling clock offset) of the signal in ppm.

2. Frequency Offset
Selectable range: - 500 ~ 500 kHz
Default value: 0

Set carrier frequency deviation, unit; Hz.

46.2.7 Filter

1. FilterType
Optional options: 'Root Raised Cosine' | '3- order Butterworth' | '4 - order Butterworth’
Default value: 'Root Raised Cosine'.

Use the pull-down menu to select the type of pulse shaping filter to apply to the waveform.

2. Pulse Duration
Filter Type is 'Root Raised Cosine' and takes effect. Unit: ns.

Bound to Channel, only displayed but not editable.
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3. Beta

FilterType is 'Root Raised Cosine' and is fixed at 0.5. It is only displayed and cannot be edited.

4.6.2.8 Multipath

Multipath
Available Values: On | Off. Default Value: Off.

Multipath channel settings.
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4.7 Custom OFDM

Custom OFDM software module supports highly customizable settings based on Orthogonal
Frequency Division Multiplexing (OFDM), and generates baseband data for Siglent signal generators
to output modulated signals.

You can click Custom OFDM on the homepage to enter the Custom OFDM setting interface .

U} SIGLENT SiglQPro - ] x

File Tools Help

{i} vome  x +

Custom OFDM Custom IQ

Bluetooth

4.7.1 Term Definition

For the purposes of the present document, some terms are applied. IEEE $d 802.11a- 1999 provides
references for term definitions.

The definitions of these terms are as follow.

47.1.1 Frame

In Custom OFDM software module, OFDM baseband signal is divided as frames in the time domain,
which is made up of a certain number of OFDM symbols. There is the same number of subcarriers
in the frequency domain for every OFDM symbol, each of them can carry a symbol generated by
means of linear digital modulation, such as PSK and QAM.

OFDM symbols in frame are numbered, starting from 0.

Subcarriers are also numbered, and the index of center subcarrier is set to 0. Compared to the center

subcarrier, the indices of subcarriers at lower frequencies are negative, the other subcarrier indices

are positive integers.
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4.7.1.2 Resource Unit

Physical Resources in a frame is generally described as two- dimensional grids, whose dimensions
are OFDM symbols and subcarriers.
Resource Unit is the smallest unit of physical resources in a frame, referring to the physical resource

made up of single subcarrier on a single OFDM symbol.

4.7.1.3 Resource Block

To transmit data effectively by means of OFDM, some known signals is usually transmitted in a frame,
which is used to analyze the physical channel parameters in the receiving side. The other signals
carry data encoding based on valid transmission information.

Resource Blocks are transmission units of independent signals for different proposes, which is called
as Channel in some communication protocols.

Resource Blocksoccupy certain resource units to transmission data, which is assigned by resource
mapping in OFDM. Transmitted data in resource blocks is encoded into IQ value arrays by linear
digital modulation, which is called as Payload.

Payload can be directly given as IQ value arrays, or modulated according to the bit patterns and the
linear digital modulation type. The bit pattern can be automatically generated PN codes, or directly

given.

Resource Blocks is classified into three types in accordance with the function of transmitted signals:

Preamble, Pilot and Data.

Preamble is used to transmit known signals for frame synchronization. The signals might be also
used to frequency/phase offset estimation or channel model estimation. It's usually assigned fixed

IQ sequences for these resource blocks in the communication protocols .

Pilot is used to transmit known signals for channel model estimation, which is usually widely
distributes in OFDM symbols to track time -varying channel parameters. Pilot might be also used to
synchronization. It's usually assigned fixed bit sequences for these resource blocks in the
communication protocols, and payloads are generated by linear digital modulation.

Data is used to transmit signals carrying the valid transmission information. The information is

encoded into binary bit sequences, then modulated into 1Q value sequences for resource block

payloads.
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Resource mapping priority of the resource blocks relates to the resource block type. Preamble has
the highest priority, Pilot is the second, Data is the lowest.
Resource Blocks are numbered, the indices start from 1. For resource blocks of the same type, the

resource blocks with larger indices have higher priority to resource mapping.

4.7.1.4 Resource Group

To assign resource units occupied by resource blocks clearly, resource groups is introduced to divide
occupied resource units into several groups.

Resource units occupied by resource groups are given as OFDM symbol index lists and subcarrier
index lists, which respectively assign certain OFDM symbols and subcarriers. For every OFDM
symbol assigned, resource unit made up of every subcarrier assigned on the symbol is indicated to
be occupied.

Every resource group has a unique group ID, that a non- negative integer to indicate the group.
Resource group ID 0 is reserved, and indicates the group is global. The resource group is assigned
as 0 by default if not given, its symbol index lists and subcarriers don't assign resource units for itself,
but are appended the lists to those of other resource groups to expand physical resource ranges

occupied by those groups.

4.7.2  Techniques Explanation

For the purposes of the present document, some techniques used in the software are explained as

follow.

4.7.2.1 Cyclic Prefix / Cyclic Suffix

To reduce the effect of multipath transmission on the communication quality, Cyclic Prefix and Cyclic

Suffix are frequently applied in the communication protocols based on OFDM.

Cyclic Prefix (CP) means adding certain number of sample points before the origin OFDM symbol
sample data. Extra sample points are copied from the same number of sample points at the end of

the origin symbol sample data.

Cyclic Suffix works similarly to CP, copying the sample points at the beginning of the origin and

adding them into the end of the origin.
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Figure 4] 1 Cyclic Prefix and Cyclic Suffix

4722 DFT Spread

DFT Spread is a technique to mapping the DFT calculation output sequences of the payload 1Q
values to physical resources, instead of origin payload sequences. It's introduced to suppress the
Inter- Symbol Interference (ISI) and reduce the Peak to Average Power Ratio (PAPR) the spectrum in
some communication protocols, like Uplink of LTE and NR.

If DFT spread is enabled for a resource block, the software will execute DFT calculation for payload
values of it on every OFDM symbols respectively, and replace the origin data by the calculation

results.

4.7.2.3 Windowing

Windowing is a technigue to smoothing the transitions between OFDM symbols, in order to reduce
the spectrum leakage of OFDM. There are two windowing method supported in the software:
Window centered at symbol boundary, or window starting at symbol boundary .

For window centered at symbol boundary, origin OFDM symbol sample data are expanded at the
beginning and the end, expanded sample points are copied from the end and the beginning of the
origin respectively. For symbol with CP and /or CS, the copy source is before the source of CP and
for after the source of CS respectively. The expand data length is the quarter of the length of window
rising / falling edge respectively.

Then, raise cosine window is applied to the expanded symbol data, the center of the rising / falling
edge of the window function is aligned with the origin symbol boundary. The process flow is shown

in Figure 4| 2.
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Figure 4] 2 Window center aligning with symbol boundary

For window starting at symbol boundary, origin OFDM symbol sample data are expanded at the end

only. The expand method is similar to the former method, but the expand length is the half of the

window edge length.

Then, raise cosine window is applied, and the starting of window edge is aligned with the origin

symbol boundary. The process flow is shown in Figure 4] 3.

7]
7

[= cP =t Origin OFDM Symbol mmmmmbfom G5 =

=

e
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window

half
length

Figure 4] 3 Window starting aligning with symbol boundary

4724 Crest Factor Reduction

If Peak to Average Power Ratio (PAPR) of theOFDM baseband signal is relatively high, the power
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amplifier used in the transmission circuit must have wide dynamic range, which usually results in a
lower power efficiency. To avoid the problem, it's necessary to reduce the PAPR of the baseband
signals, which is called as Crest Factor Reduction (CFR).

There are some mature techniques to implement CFR, such as Clipping and filtering, Peak
Windowing and Peak Cancellation. Peak Cancellation is adopted in the software.

If CFR is enabled, the software divides the baseband signal into blocks according to the block size
assigned, and execute Peak Cancellation for every block:

For the sample point whose amplitude is highest, if the amplitude is over CFR target PAPR limit,
generate the cancellation signal to cut down the over -limited amplitude according to the cancelling
percent assigned.

Combine the cancellation signal of all blocks, and filter the combined signal to suppress the spectrum
leak, then add the filtered signal to the baseband signal.

Check if the target PAPR value has been achieved, if not achieved and not meeting the max iteration

limit, execute above steps iteratively.

4.7.3 Waveform Setup

The section explains the settings in the Waveform Setup Menu. Press Waveform Setup in the left

window to enter parameter settings.

4.7.3.1 Basic

1. Waveform Name
When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.

2. Number of Frames
Range: 1 to 300 ; Default: 1.
Set the number of frames in the baseband signal data to download to the devices or export to the

files.

3. Oversampling Ratio

Range: 1 to 128 ; Default: 4.
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Set oversampling ratio of the baseband signal.
The parameter will increase the actual FFT length during the signal generation, too large parameter

value will slow down the processing procedure, even result in out- of- memory failure.

4. Total Sample Points

Display the total number of sample points for the baseband signal according to the current settings.

5. Waveform Length

Display the time length of the baseband signal according to the current settings.

6. Mirror Spectrum
Choice: On | Off ; Default: Off.
Select setting the spectrum of the baseband signal into mirror symmetry or not.

The mirror spectrum is implemented by inversing the Q path of the baseband IQ signal.

4.7.3.2 Crest Factor Reduction

The section introduces the setting s of CFR applied to the baseband signal.
1. Crest Factor Reduction

Choice: On | Off ; Default: Off.

Select applying CFR to the baseband signal or not.

If the parameter is set to Off, other settings of Crest Factor Reduction will be hidden.

2. Target PAPR

Range: 3dB to 100 dB ; Default: 8 dB.

Set the target PAPR value of CFR applied to the baseband signal.

The software tries to reduce the PAPR value to the target assigned by executing CFR iteratively, but
the target is NOT guaranteed to be achieved. If Max Iteration or Cancelling Percent is too little, it will

be little possible to reduce the PAPR value to the low target value.

3. Max Iteration
Range: 1 to 20 ; Default; 10.
Set the maximum iterations of CFR process for the baseband signal.

The software executes CFR iteratively, and terminate the iteration if the target PAPR value has been
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achieved or the maximum iterations limit has been met.

4. Cancelling Percent

Range: 0 % to 100 % ; Default: 100 %.

Set the cancelling percent of the generated cancellation signal in the CFR process.

To reduce the PAPR of the blocked signals, cancellation signal amplitude equals to the cancelling
percent assigned multiplies the over - limited amplitude of the origin signal. If the cancelling percent

is too little, the effect of CFR will become too weak to achieve the target PAPR value.

5. Block Size

Range: 20 to Total Sample Points ; Default: 1000.

Set the block size of the signal segmentation in the CFRprocess.

In the CFR process, the baseband signal is divided into blocks to execute Peak cancellation.For every
signal block, only one peak will be cancellation in a single iteration. If the block size is too large, it's
little possible to cancel all over-limited sample points in the baseband signal, resulting in failing to

achieve the target PAPR value.

6. Filter Mask

Set the amplitude - frequency response data of the filter used to suppress the spectrum leak in the
CFR process.

The cancellation signal generated in the CFR process will be filtered before add to the baseband
signal, the software generates lowpass or bandpass FIR filter according the filter mask data assigned
automatically.

If the passband of filter is too broad, the spectrum leak can't be suppressed effectively. If the

passband is too narrow, the peak cancellation will be too weak to reduce PAPR value to the target.
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BN Filter Mask Window >

Amplitude (dB)

Cancel

4.7.3.3 Multicarrier

The section introduces the setting s of multicarrier applied to the baseband signal.

Multicarrier is implemented by mixing the baseband signal to the carrier frequency assigned, and
combine all signals on multi- carriers into the final baseband signal data to output to the device s or
files.

1. Multicarrier Enabled

Choice: On | Off; Default: Off.

Select applying multicarrier to the baseband signal or not.

If the parameter is set to Off, other settings of Multicarrier will be hidden.

2. Number of Carriers

Display the number of carriers in the multicarrier process.

3. Carrier Phases

Choice: Fixed | Random ; Default: Random.

Select the initial phases of the carriers to be aligned or random in the multicarrier process .

If the parameter is set to Fixed, the initial phases of all the carriers is set to the Initial Phase assigned
in the Section 5. If the parameter is set to Random, the initial phases will be given by random

numbers.

4. Frequency Offsets & Power O ffsets

Click the "Frequency Offsets" or "Power Offsets"box to open the Multi - Carrier Offset Window, set
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the frequency or Power Offsets of carriers .

The Frequency Offset values larger than the baseband signal bandwidth or the device output
bandwidth will result in undefined behaviors.

The Power Offset is limited to be non - positive values, indicating the power attenuation factors of

the signal on the carriers.

B Multi-Carrier Offset Window X

Cancel

4.7.4 Custom OFDM

The section explains the settings in the Waveform Setup Menu. Press Custom OFDM in the left

window to enter parameter settings.

4.7.4.1 General Settings

1. Idle Interval

Range: 0 to 200ms;

Default: 4us (IEEE STD 802.11a1999).

Set the idle interval length between frames in the baseband signal.

The idle interval is added to the end of the frames, and filled with zero sample data.

2. System Sample Frequency

Range: 1kHz to 250MHz;

Default: 20MHz (IEEE STD 802.11a1999).

Set the basic sample frequency of the baseband signal.

The actual sample frequency of the baseband signal equals to the System Sample Frequency
multiplies the Oversampling Ratio in Section 3. The actual sample frequency over the device

bandwidth limit will result in undefined behaviors.
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3. Half Subcarrier Offset

Choice: On | Off ; Default: Off.

Select half subcarrier offset applying to the baseband signal or not.

The transmission quality of signal on the DC subcarrier might be low because of the LO leakage in
the transmitting and receiving end. Some communication protocol, like LTE Uplink, apply the
technigue to avoid DC subcarriers working, which shifts the frequency spectrum of the modulated
signals from the bandwidth center, usually integer multiplies of the half of subcarrier spacing.

If the parameter is set to Off, the parameter "Number of Shifted Half Subcarriers" will be disabled and
hidden.

If the parameter is set to On, the parameter "Initial Phase" will be disabled and hidden.

4. Number of Shifted Half Subcarriers
Range: 1 to 16 ; Default: 1.
Set the half subcarrier number of frequency spectrum shifting of the baseband signal.

The parameter will be disabled and hidden, if the parameter "Half Subcarrier Offset" is set to Off.

5. Initial Phase

Range: 0 to 360 degrees ; Default: 0.

Set initial phase of the carrier for the modulated signal.

The parameter will be disabled and hidden, if the parameter "Half Subcarrier Offset" is set to Off.

If the Multicarrier Enabled is set to On, and the parameter "Carrier Phases" is set Random, the

parameter will be actually invalid.

4.7.4.2 OFDM Settings

1. FFTLength

Range: 4 to 16384, must be an even number.

Default: 64 (IEEE STD 802.11a1999).

Set the total subcarrier number of OFDM symbols.

The parameter decides the total subcarrier number of OFDM symbols, but the actual FFT length of
the modulation equals to the parameter multiplies the Oversampling Ratio assigned in the Section
3.

The parameter will increase the actual FFT length during the signal generation, too large parameter

value will slow down the processing procedure, even result in out- of- memory failure.
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The parameter is usually set to the power of 2, or the FFT calculation will be slower.

2. Number of OFDM Symbols

Range: 1 to 2000 ; Default: 64.

Set the total OFDM symbol number in a frame.

The parameter decides the total symbol number in a frame, and determines the size of the physical

resources together with the parameter "FFT Length”.

3. Cyclic Prefix Length

Click the "Cyclic Prefix Length" box to open the Cyclic Prefix Length Window, set the cyclic prefix
length according to OFDM symbol grouping.

To express which symbols in a group, the symbol index lists is given according to the method

presented in the Section 4.7.6.1. The Cyclic Prefix length is given as the length ratio of the sample

point number of CP and origin OFDM symbol, whose range is 0 to 1.

Bl Cyclic Prefix Length it

Symbol Index CP Length(%) CP Length

All 25 % 16

4. Cyclic Suffix Length
Set the cyclic prefix applied to the modulated signal, the way to configure is similar to Cyclic Prefix

Length in the Section 3.

5. Guard Lower Subcarriers
Range: 0 to the half of the FFT Length assigned in the Section 1 (included).
Default: 6 (IEEE STD 802.11a1999).

Set the guard subcarrier number at the lower edge of the bandwidth.
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To suppress the effect of the spectrum leakage, the subcarriers close to the edge of the bandwidth
might be set to reserved or unused. The parameter indicates the number of the unused subcarriers

at the lower edge.

6. Guard Upper Subcarriers

Range: 0 to the half of the FFT Length assigned in the Section 1 (not included).

Default: 5 (IEEE STD 802.11a1999).

To suppress the effect of the spectrum leakage, the subcarriers close to the edge of the bandwidth
might be set to reserved or unused. The parameter indicates the number of the unused subcarriers
at the upper edge.

To ensure at least one subcarrier to transmit data, the maximum of the guard upper subcarrier is set

to the half of the total subcarrier number minus 1.

7. Subcarrier Spacing

Display the spacing frequency between adjacent subcarriers according to the current settings.

8. Actual Signal Bandwidth
Display the actual bandwidth of data transmission according to the current settings, which equals to
System Sample Frequency (in the Section 2) minus the bandwidth of guard subcarriers (in the

Section 5 and 6).

9. Power Reference Type

Choice: First Symbol | Preamble Symbol(s) | All Symbol(s) | All Burst Symbol(s)

Default: First Symbol.

Select OFDM symbols to participate the RMS power calculation, the RMS power will be downloaded
to the device to adjust the actual output power.

The option "Preamble Symbol(s)" indicates that the RMS power of all symbols used by Preamble
resource blocks is set to the reference power.

The option "All Symbol(s)" indicates that frame idle intervals participate the power calculation, and

the option "All Burst Symbol(s)" excludes the idle intervals.

4.7.4.3 Spectrum Control

1. Baseband Filter
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To suppress the adjacent channel interference, the communication protocol usually regulates the
spectrum masks to limit the spectrum leakage. It's a widely used solution to design a filter to achieve
the requirement, and apply it to the modulated signals.

The software uses window function method to design lowpass FIR filters automatically, according to
assigned filter length, cut - off frequency and window function type, and supports apply the FIR filter
to the baseband signals generated.

1) Filter Enabled

Choice: On | Off ; Default: Off.

Set the baseband filter applied to the baseband signals or not.

If the parameter is set to Off, other settings of the baseband filter will be hidden.

2) Filter Type
Choice: Rectangle | Hanning | Flat Top | Blackman
Default: Blackman.

Set the window function type applied to design the baseband filters.

3) Filter Length

Range: 1 to 2048 ; Default: 32.

Set the length of the baseband filter without account of oversampling.

The actual filter length equals to the parameter multiplies the Oversampling Ratio assigned in the

Section 3, which determines the order of the filter and the process speed of the baseband filtering .

4) Filter Cutoff Frequency

Range: 0 to the half of the product of the System Sample Frequency times the Oversampling Ratio.
Default: 10MHz (IEEE STD 802.11a1999).

Set the cut- off frequency of the baseband lowpass filter.

The cut- off frequency is counts from center frequency (DC) and the filter passband width is twice
the cut- off frequency because of spectral symmetry.

The cut- off frequency is usually set larger than the half of the System Sample Frequency, or the valid

spectrum data will be filtered and lost.

2. Windowing

The section explains the settings about windowing applied to OFDM baseband signals.
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1) Window Beta

Range: 0 to 0.5; Default: 0.005.

Set the window function length applied in the signal windowing process.

The length of the single edge of the window function equals to the Window Beta multiplies the actual

FFT Length.

2) Windowing Method
Choice: Centered at Symbol Boundary | Starting at Symbol Boundary
Default: Centered at Symbol Boundary

Set the windowing method app lied in the windowing process.

4.7.5 Resource Mapping

The Section explains the settings in the Resource Mapping menu. Press Resource Mapping in

the left window to enter parameter settings.

On
On
On
On

Pilot On

v Resource Block 3

PNS

Phase Rotation o

475.1 Resource Block List

To configure the list of resource blocks, use the buttons above the list respectively to:
Add a new resource block of assigned type at the end of the list.

Remove the selected resource block.

Copy the selected resource block and add it at the end of the list.

Move the selected resource block up one line.

s Move the selected resource block down one line.

The list displays the settings of allresource blocks, and click one to select it and modify the its settings

with the edit boxes and buttons below.

int.siglent.com 135



SiglQPro User Manual

4,752 Name

Set the name of the selected resource block.

475.3 Enabled

Choice: On | Off ; Default: Off.
Set the resource block is used in the resource mapping and signal modulation or not .
If a resource block is set to disabled, the resource mapping and signal modulation will skip the

resource block, other settings in the resource block will be invalid but reserved.

4.75.4 Symbol Index

Set the symbols which the payload of selected resource block should be mapped to.

The Symbol Index should be given as resource groups introduced in the Section 4.7.1.4, and in the
format given in the Section 4.7.6.2.

The parameter "Symbol Index" together with the parameter "Subcarrier Index" determines the

resource units occupied by selected resource block.

4755 Subcarrier Index

Set the subcarriers which the payload of selected resource block should be mapped to.

The Subcarrier Index should be given as resource groups introduced in the Section 4.7.1.4, and in
the format given in the Section 4.7.6.2.

The parameter "Symbol Index" together with the parameter "Subcarrier Index" determines the

resource units occupied by selected resource block.

4.7.5.6 Resource Mapping Order

Choice: Given Order | Resource Order;

Default: Given Order.

Set the payload mapping order of selected resource block.

The option "Given Order" indicates that the payload IQ value sequence of the resource block is

mapping to physical resources according to the order of resource units given in the parameter
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"Symbol Index " and "Subcarrier Index".

The option "Resource Order" indicates that the mapping is according to the small -to-large order of
the symbol and subcarrier indices of resource units.

Both mapping order is subcarrier - major mapping, meaning filling the subcarriers given in a single

symbol first, then fill the subcarriers for next symbols.

4.75.7 Resource Mapping

Choice: Preamble | Pilot | Data;

Set the type of selected resource block.

4.75.8 Boost Level

Range: 0.1 to 10 ; Default: 1.0 .
Set the boost level of the payload in selected resource block.

The payload 1Q values will be multiplying the Boost Level before mapping to physical resources.

4.75.9 DFT Spread

Choice: On | Off ; Default: Off.

Set DFT Spread is enabled or not in selected resource block

4.75.10 Data Mode

Choice: Payload Bit | IQ Values

Set the payload data mode of selected resource block.

The option "Payload Bit" indicates that the payload 1Q values are generated by modulating the
payload bit patterns with certain linear digital modulation mode.

The option "IQ Values' indicates that the payload IQ values is directly given in the resource block

setting.

4.75.11 Payload

Choice: PN9 |PN15 | PN23 | User,
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Default: PN9.

Set the payload bit pattern type of selected resource block.

PN codes will be generated automatically for following modulation and payload generation, if PN
code type is selected. Otherwise, a user- defined bit patterns should be inputted in the Custom Bit
Pattern Editor. The Editor will pop up when the option "User" is clicked.

If the parameter "Data Mode" is set to "IQ Values", the parameter will be disabled and hidden.

@A Custom Bit Pattern Editor m} X

Recall

Il111111118989911119111118991811199119819989819918189111911919891111991111189119119
@2181016210601110661101121610111200106112601000120600000100601000116060012011100101
@lelieeepllelllleleellellleelenaleleeerlnlelleleslllll1elleeleelprelellelllllleelne
11616166116011066668011666116616168661101061611111116166616116601116161168161166111
1066111110111016066011016110110111011600001611618111110191010106000610100161611116
©18111611108060611100111816018011118181116161606616016006110081118060181111811811881
18160661116811116868

Current: 0; Total:51

4.75.12 Resource Modulation

Choice: BPSK | QPSK | 8PSK | 16QAM | 32QAM | 64QAM | 128QAM | 256QAM | 512QAM | 1024QAM |
2048QAM | 4096QAM ;

Default: BPSK

Set the linear digital modulation type is applied to generate payload 1Q values from given bit patterns.

If the parameter "Data Mode" is set to "IQ Values", the parameter will be disabled and hidden.

4.75.13 Modulation Phase Rotation

Range: 0 to 360 degrees

Default: 0.

Set rotation phase of the modulated IQ values.

The software will rotate the modulated IQ values before payload mapping to physical resources, if
the parameter "Data Mode" is set to "Payload Bit".

If the parameter "Data Mode" is set to "IQ Values", the parameter will be disabled and hidden.
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4.7.5.14 1Q Values

Click the "IQ Values"box to open the 1Q Values Window, set payload IQ value sequence of selected
resource block directly.

If the parameter "Data Mode" is set to "Payload Bit", the parameter will be disabled and hidden.

@ 1Q values x

Import  Export  Clear

Subcarrier Symbol0 Symboll

Cancel

4.7.6  Appendix
4.7.6.1 Integer Array Expressions

Integer arrays are given as formatted expressions, which is used for assigning symbol index lists and

subcarrier index lists of resource groups, or symbols which cyclic prefix / suffix is applied.

The syntax format of formatted expressions supported are as follow:

1. Asingle integer value, e.g., 0,1, 2.

2. Two integer values separated by a colon (), indicating all integer values between the two
numbers, including the numbers directly given in the expressions. e.g., -3:2 means-3,-2,-1,0,
1,2.

3. Three integer values separated by colons (%), like A:B:C (A, B, C are integer values), indicating the
integer values at intervals of the value C from the value A to the value B. e.g.,-4:3:8 means - 4, -
1,2,5,8.

The value B should have the same sign as the difference between C and A (CGA), or the
expressions is considered illegal.
The value A is guaranteed to be included in the integer array. The value C will NOT be included
if the difference between C and A (C- A) is not divisible by the value B.
4. Five integer values separated by colons (:), like A:B:C:D:E (A, B, C, D are integer values, E is O or

1).
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The expression means the combination of certain numbers of integer arrays, and the number
of integer arrays is assigned to be the value D.

The initial integer array is the same as the one parsed from A:B:C, the following array are
generated from every element in the former array increment by 1.

The value A must be larger than the value C. The value Band the value D must be positive . The
expressions violate the rules will be considered as illegal.

The value E indicates the integer arrays to skip zero or not. It can be omitted, like A:B:C:D. The

value E is considered as 0 by default in this case.

For example, to parse the formatted expression -6:3:6:2:1, generate the initial array - 6,-3, 0, 3, 6;
Then the number of arrays is assigned to be 2, the following array is generated as -5,-2,1, 4, 7;

The skip zero flag is assigned to be 1, so skip zero and get array-6, - 3, 1,4, 7and array -5,-2, 2,5, 8;
At last, combine the arrays to get indicated integer array -6,-5,-3,-2,1,2,4,5,7, 8.

Two or more formatted expressions separated by a comma (,) indicate a single integer array, which

includes all elements of integer arrays parsed from expressions.

4.7.6.2 Resource Group Expressions

To show resource units occupied by resource blocks, resource group is introduced, and is given by
symbol groups and subcarrier groups respectively. To get more information about resource groups,
refer to Section 4.7.1.4.

Every resource group is assigned an ID, symbol / subcarrier groups with the same ID will combine
into the resource group. The expressions of symbol / subcarrier groups should be separated by
commas (,).

The syntax format of symbol / subcarrier groups is as follow:

{n]xxxxx}

where non- negative integer value n is the group ID, xxxxx is the formatted expressions to indicate

symbol / subcarrier index lists, whose syntax format is given in Section 4.7.6.1.

The group ID can be omitted, like {xxxxx} or xxxxx, which is considered as 0 in this case, and the
resource group is considered as a global group.

It's allowed to give a single symbol / subcarrier group in two or more expressions separated by

commas (,) with the same group ID.
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4.8 Custom IQ

Custom 1Q includes Digital modulation, Custom modulation, Multitone and LFM sweep. You can click

Custom IQ on the homepage to enter the Custom IQ setting interface

Toolkit Custom OFDM Custom IQ

Bluetooth

Waveform setup panel is used for setting parameters of a waveform, such as Data Source,

Modulation and Filter.

» Modulation = Filter

481 Basic
48.1.1 Waveform Name

When you download the waveform, the name you defined here will be displayed on the signal
generator, if you do not define it, the signal generator will automatically generate a name for the

waveform.
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48.1.2 Number of Frames

Range: 1to 300 ; Default: 1.

Set the number of frames included in the generated waveform.

4.8.1.3 Total Sample Points

Display the generated waveform length (number of points).

Note: This parameter is displayed only and cannot be edited.

48.1.4 Waveform Length

Display the generated waveform length (in second).

Note: This parameter is displayed only and cannot be edited.

4.8.1.5 Mirror Spectrum

Choice: On | Off; Default: Off.
Select setting the spectrum of the baseband signal into mirror symmetry or not.

The mirror spectrum is implemented by inversing the Q path of the baseband IQ signal.

4.8.2 Data Source

Data Source panel sets parameters for symbol data that to be modulated.

48.2.1 Data Setup

Select a data source type for modulation.

Choices: PN7 | PN9 | PN15 | PN23 | PN31 | User File | Custom Bit Pattern
Default: PN9.

. PN7|PN9|PN15 | PN23 | PN31:

Uf cl qcjcargle +NL5 2z NL7 2z NL/3 z NLO1 z NL1/N

source bit automatically.

User File:

5
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Uf cl qcjcargle t+Sqgcp DgjcN _g b_r_ gmspac rwnc* _ ¢

TXT (*.txt) file as input data bits. In the user data file, only 0 and 1 is acceptable. If there is any illegal

value in it, an error message box will pop up.

Custom Bit Pattern:
Uf cl gcjcargle tAsgrmk @gr N_rrcpl N _g b_r_ gmspac
bits editing. You can input O|1 in the input box manually or insert PN7|PN9|PN15 data bits by
corresponding button, and you can also save the data to a new file and recall data from an existing

dgjc, Sgc tAjc_pN “srrml rm ajc_p rfc b_r_ cbgr ~ m\

B Custom Bit Pattern Editor O X

Current: 0; Total:0 Cancel

4.8.2.2 Symbol Length

Set the length of modulated symbols.
Range: 100 to 100000;
Default: 512.

4.8.2.3 Symbol Rate

Set the symbol rate (symbols per second) of the waveform.
Range: 250 to (8e+09/0Oversampling) Symbol/s;
Default: 2000000 Symbol/s.

48.2.4 Bits Per Symbol

Display the number of bits contained in one modulated symbol. It is read - only, not settable.
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4.8.3 Modulation

Modulation panel sets parameters for user selected modulation type.
Choices: APSK & QAM | MFSK | Multitone | Custom | LFM
Default: APSK & QAM

48.3.1 APSK & QAM

Select a type in APSK & QAM category for modulation.

Choices: 2ASK | PRASK | BPSK | OQPSK | QPSK | 8PSK | DBPSK | DQPSK-{PQ#SK | DS8PSK | PI/8
D8PSK | 16APSK | 32APSK | 8QAM | 16QAM | 32QAM | 64QAM | 128QAM | 256QAM | 512QAM |
1024QAM | 2048QAM | 4096QAM

Default: 16QAM.

After a modulation type is selected, the constellation of current modulation is displayed on right side

of the panel:

You can double click on the constellation display to show a zoomed in window of the constellation.

Gray
Turn ON or OFF the Gray code for the constellation data.

Default: OFF.

Show Symbol
Turn ON or OFF the Symbol display of the constellation diagram.
Default: OFF.
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4.8.3.2 MFSK

Select a type in MFSK category for modulation.
Choices: 2FSK | 4FSK | 8FSK | 16FSK | MSK
Default: 2FSK
2FSK | 4FSK | 8FSK | 16FSK
When selecting 2FSK | 4FSK | 8FSK | 16FSK as current modulation type, FSK Deviation setting is

displayed on the bottom of the panel .

FSK Dev (Hz)

Set frequency deviation for FSK modulation in Hz.

Range: 0 to (0.8 * Symbol Rate * Oversampling) Hz

Default: 600000 Hz.

The Symbol and FSK deviation table is displayed on the right side of the panel:
+ Modulation

Symbol Freq Dev(kHz)
0 -600

= (e + ", 1 600
O Multitone Low Pass Mode

O Custom NewCustom

Chirp

FSK Dev: 600000.00 Hz

MSK

B

When selecting MSK as current modulation type, Filter type can only be selected as Gaussian.

4.8.3.3 Multitone

Select Multitone as current modulation type. Filter setting panel is invisible under multitone

modulation. The settings for Multitone modulation are displayed on the right side of the panel:
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» Modulation
Sample Rate:
Freq Spacing:
Multitone Low Pass Mode ~  Tone Number: 2
QO Custom MNewCustom
O LFM Chirp

(0 Motch Enable

O Single Side

1) Low Pass Mode
s Sample Rate

Set sample rate of multitone modulation in MHz.
Range: 500 Hz to 4000 MHz

Default: 10 MHz.

Freq Spacing
Set frequency spacing of multitone modulation in MHz.
Range: 0 to (Sample Rate / 1.28) MHz
Default: 5 MHz.

Tone Number
Set tones number of multitone modulation.
Range: 1 to 10000;
Default: 2.

2) Band Mode
., Sample Rate

Set sample rate of multitone modulation in MHz.
Range: 500 Hz to 4000 MHz

Default: 10 MHz.

Start Freq

5

Set start frequency of multitone modulation in MHz.

Range: 0 to (Sample Rate / 2.56) MHz
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Default: 2 MHz.

Stop Freq
Set frequency spacing of multitone modulation in MHz.
Range: (start freq) MHz to (Sample Rate / 2.56) MHz
Default: 2 MHz.

Tone Number
Set tones number of multitone modulation.
Range: 1 to 10000;
Default: 2.

3) Notch Enable
Turn ON or OFF the multitone notch.
Default: OFF.

Notch Start
Set notch start of multitone modulation in MHz.

Range: 0 to (Sample Rate / 2) MHz Default: 0 MHz.

Notch Stop
Set notch stop of multitone modulation in MHz.

Range: (notch start) to (Sample Rate / 2) MHz Default: 0 MHz.

4) Single Side
Turn ON or OFF single side modulation for multitone.

Default: OFF.

4.8.3.4 Custom

Set a custom constellation for modulation. After selecting Custom modulation type, a custom

constellation editing window is displayed:
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B Custom Constellation Window m} *

Preset_2ASK | Insert Delete Recall Save Mormalize Name: 2ASK

- | Q Mag Phase

0.632456 0 0.632456 ]

2 1.26491 0 1.26491 0

In the custom constellation editing window, you can preset the constellation data to a known

modulation type first by pressing EESEaELS M buttons, then you can insert or delete
constellation points and edit the 1Q data for each constellation point manually. You can also recall
constellation data from an existing file and save the edited constellation data to a new file.
I Lmpk _j g x suéedtosnormafize allgonstellation data for RMS value = 1.

On the right side of the window, it shows the constellation display of current editing. You can input

~

I _kc dmp rfc amlqgrcjj_rgml* rfgqg | _kc ugji c bagc
wms aj gali } MIN " srrml, Wmsoldispldy on thegaonstellasion displeyiby mp MDD
ajgaigle +tQf mu Qwk > mj N “srrml,

Note: When editing the constellation points, the number of points must be a value of power of 2 and

rfc Qwk mj t_jscq a_Il Il mr “c¢c bsnjga_rcb* mrfcpugqgc
button.
4.8.3.5 LFM

Select LFM as current modulation type. Filter setting panel is invisible under LFM modulation. The

settings for LFM modulation are displayed on the right side of the panel:
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. Modulation
Sample Rate:
Sweep Time:
Band Mode ~  Bandwidth:
MewCustom Freq Offset:

Chirp ~  Sweep Type: Triangle

Sample Rate:

Segments: 3
O Multitone Band Mode ~ Total Sweep Time: 4.000000 ms
O Custom MNewCustom .
- . : o Freq Start Freq End Duration
2.000 ms

8 LFM Customized Chirp -1.000 MHz 1.000 M

1.000 MHz 1.000 ms
0O Hz 1.000 ms

1) Chirp

Single segment waveform.
Sample Rate

Set sample rate in MHz.

Range: 500 Hz to 12000 MHz Default: 100 MHz.

Sweep Time
Set sweep time in ms.

Range: 10 ns to 1s Default: 1 ms.

., Bandwidth

Set sweep bandwidth of LFM modulation in MHz.
Range: 100 Hz to (Sample Rate) MHzDefault: 50 MHz.

Freq Offset
Set freq offset of LFM modulation in MHz.
Range: (- bandwidth / 2) MHz to (bandwidth / 2) MHz ;
Default: 50 MHz.
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Sweep Type
Choices: Triangle | Up | Down

Default: Triangle.

2) Customized Chirp
Multi- segment waveform.
Sample Rate
Set sample rate of LFM modulation in MHz.
Range: 500 Hz to 12000 MHz
Default: 100 MHz.

Segment
Enter the number of chirp segments.

Range: 1 to 100; Default: 3.

Total Sweep Time

Display the total sweep time for all the chirp segments.

s Frequency Start

Enter the start frequency for current chirp segment.

Range: (- Sample Rate / 2) MHz to (Sample Rate / 2) MHz

., Frequency End

Enter the end frequency for current chirp segment.

Range: (- Sample Rate / 2) MHz to (Sample Rate / 2) MHz

Duration
Enter the duration for current chirp segment.

Range: 10nsto1s

4.8.4 Filter

Set the filter parameters for current modulation.

150
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48.4.1 Filter Type

Set filter type for current modulation.

Choices: None | Gaussian | RaisedCosine | RootCosine | HalfSine

Default: Gaussian for MSK and RootCosine for all other modulation types.

Note: For MSK modulation, only Gaussian filter type is supported. For HalfSine filter, only OQPSK

modulation type is supported.

48.4.2 Filter Alpha/BT

Set the Alpha factor of the filter (BT of Gaussian filter).
Alpha Range: 0.01~ 1;

BT Range: 0.1~ 5;

Default: 0.5 .

4.8.4.3 Filter Length

Set length of filter in symbols.
Range: 1~ min (Symbol Length, 512);
Default: 32.

48.4.4 Oversampling

Set the oversampling ratio of the waveform. The waveform Sample Rate is determined based on
Symbol Rate and Oversampling ratio.

Range: 2- 32;

Default: 2.

Notes: For OQPSK modulation, the oversampling must be even. For HalfSine filter, the oversampling

must be more than 8.

4.8.5 Waveform Display

After setting all parameters for modulation and click the button on the top of the

window, the modulated waveform is displayed on the lower half of the main window. You can click
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} QncarpskN r _° rm bggnj _w rfc Dpcosclaw bmk_gl u_t
bmk gl u_ tcdmpk _jrcpl _rgtcjw* ajgai } Dpcoscl awN r _
When the Mouse is on waveform display, you can use the scroll button of your Mouse to zoom in or

xmmk msr rfc u_tcdmpk njmrgq, Wms a _ | _jgm ajgai t'S

the plots.

4.85.1 IQ Waveform Display

?drcp ajgaigle +tG z ON r_"* rfc rgkc bmk_gl nj mr mc

R

Il

\ HHI f‘ -

I
I\

i M\ AU Pl "”ﬁh“\{"ﬁ T

{ TN "“'ll i ‘..‘”nl ik ‘\l‘ il

AN i LR

The 1/Q data plots are displayed separately in two graphs. The horizontal coordinate shows the

symbol values and the vertical coordinate shows the amplitude values of I/Q data.

4.8.5.2 FFT Spectrum Display

?2drcp ajgaigle tQncarpskN r_“* rfc dpcosclaw bmk_gl

The horizontal coordinate shows the frequency values in Hz and the vertical coordinate shows the

Magnitude values in dB.

4.8.5.3 Frequency Diagram

?2?drcp ajgaigle tDpcosclawN r_~* rfc dpcosclaw bg_ef

This diagram is displayed only when the modulation mode is LFM.
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