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SILICON LABS

AN1491: SiWx917 RF Transmit & Receive

Measurements

This App Note describes the procedure for Transmit Power & Re-
ceive Sensitivity measurements with SiWx917. CLI demo applica-
tion is used to configure suitable RF parameters enabling Tx & Rx
modes. The steps for running CLI demo via UART interface are
mentioned in detail.

The CLI Demo application is a command-line interface (CLI) application designed to
showcase various functionalities and capabilities of SiWx917 in different scenarios and
configuration modes. CLI allows users to perform tasks quickly and efficiently by enter-
ing commands directly.
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KEY POINTS

* WLAN RF Test Setup requirements

» Frame the CLI commands using any serial
terminal e.g., Serial Debug Assistant and
pass the commands via UART interface.

* Transmit test : Commands and Output
waveforms showing the spectrum.

* Receive test : Commands and Stats
showing various receive parameters.

* Spectrum Analyzer settings
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1. Introduction

SiWx917 has to be initialized and configured before it can be used for Transmit or Receive. There are various PER commands shown
here that are used for initialization, configuration and transmit/receive. Here are the details for making this setup. However user can
have similar customized setup to run the CLI demo and execute PER commands in it.

Note: In this document, SIWG917 SoC Kit (BRD4338A radio board + 4002A base board) is used to run CLI demo and execute relevant
PER commands in it.

1.1 Hardware

» USB to Type C cable for powering the kit and flashing the application

» A PC with USB port

» Spectrum/Signal Analyzer for WLAN RF Tx measurement

+ Signal Generator for WLAN RF Rx measurement

+ Coaxial cable (or antenna) for connecting the RF port of the Si917 radio board to the Spectrum/Signal Analyzer or Signal Generator.

1.1.1 SoC Hardware

Following are the details:

Table 1.1. SoC Hardware

Hardware OPN (Ordering Part Number)

IC OPN QFN OPNs:

+ SIWG917M111MGTBA

+ SIWG917M100MGTBA

+ SIWG917M110LGTBA (Lite Wireless Firmware)
+ SIWG917M111XGTBA

+ SIWG917M121XGTBA

+ SIWG917M141XGTBA

Module OPNs

+ SIWG917Y111MGNBA
+ SIWG917Y110LGNBA
+ SIWG917Y111XGNBA
+ SIWG917Y121MGNBA
+ SIWG917Y111MGABA
+ SIWG917Y110LGABA
+ SIWG917Y111XGABA
+ SIWG917Y121MGABA

Development Kits Pro Kit
» SiWx917-PK6031A
» Si917-PK6031A

Radio boards

» SiWx917-RB4338A
« SiWx91x-RB4342A
» SiWx917-DK2605A

Module boards: SiW917Y-RB4343A

Note: Pro Kit includes Mother board "Si-MB4002A" + Radio board.
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1.1.2 NCP Hardware

Following are the details:

Table 1.2. NCP Hardware

Hardware OPN (Ordering Part Number)

IC OPN QFN OPNs: SiWN917M100LGTBA (Wi-Fi 6 NCP IC, QFN 7x7, 2.4 GHz, 4MB stacked flash,
-40 to +85 C)

Module OPNs: SiWN917Y100LGNBx

Expansion Kits SiWx917-EB4346A (based on Radio board SiWx917-4346A + 8045A Co-Processor Adapter
board)

Module boards: SiW917Y-RB4357A (SiWN917Y Module Wi-Fi 6, and Bluetooth LE 4MB Flash
RF-Pin Co-Processor Radio Board)

1.2 Software

» Simplicity Studio IDE for creating the CLI project and flashing it onto the SiWG917 radio board with a GSDK suite with the WiSeCon-
nect SDK included.

(Optional) A Serial terminal software such as Serial Debug Assistant @ for transmitting and receiving commands. User can down-
load it from the Microsoft store. Serial Debug Assistant is recommended because of the ease of saving the commands. Simplicity
Studio can be used as well for serial connection

Note:
Note: The user can use the Simplicity studio’s console window for sending and receiving the CLI commands.

Refer Perform Console Output and Input for BRD4338A .

1.3 Setup Diagram

The figure below shows the setup and the connections for the WLAN RF testing.

PC where

WLAN RF

application Spectrum analyzer
IS running OR RF generator

SiWG917 SoC Kit RF cable
(BRD4338A + 4002A)

USB cable

Figure 1.1. Setup Diagram — WLAN RF testing
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1.4 Setting up the Development Environment

Thefollowing section describes about setting up SIWG917 SoC kit to use the CLI utility.
1. Launch the Simplicity Studio IDE.]
2. Select the CLI Demo under Examples Project & Demos from the Launcher page.
3. Build and flash the application.

Refer the Getting started guide of SoC for setting up the project and flashing it onto the device.

File Edit Mavigete Search Project Run Window Help 5 |

\Welcome D Racent B Tock & Install % Preferences 1 /s -S? Launcher |} Simplicity IDE % Dabug |
# Debug Adapters = -

cxouxse-co-= §iWGE917 Single Band Wi-Fi and BLE 8MB Flash RB, Wireless Pro Kit Mainb... !
i

* 0 SIWGE1T Sinale Band Wi-Fi and ELE 8ME Flash RE (10

OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION COMPATIBLE TOOLS

Run a pre-compiled demo or create a new project based on a software example.

4 ; i i | S -
GATT server from connected remote device using GATT client.
Filtar on keywords P View Project Documentation
cli @ @
Demos P

Cli Demo (SoC)
= My Froducts Ci# ®ai ==~ 0| Example Projects *‘,. The CLI Demo application is & command-line interface (CLI) application 3
[ Enter product name ] designed to showease various functionalities and capabilities of SiWxd1x

Solution Examples @ in different scenarios and configuration modes. It serves as a quick CREATE

reference guide and a hands-on demonstration of SiWx91x core features
‘What are Demo and Example Projects?
o v L for developers and users.

~ Wireless '|'e,:r_|-|n,:,[c'g!‘r @ Clear View Project Documentation

[ Bluetooth (1)

[ Matter (0) Wi-Fi - AWS loT MQTT Client (SoC)
[ wiFii24) Create an AWS 16T thing that interacts with AWS 16T Core using MQTT T
publish/subscribe
~ Device Type @ Clear  ~ View Proiect Documentation b8
login ™ £ 2023 Sdican Labs|
——

Figure 1.2. Setting up the Development Environment
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2. CLI Commands

This section provides the steps to run the CLI utility on SiwG917 SoC.

Launch a serial terminal, and follow the below steps.
» Select the Serial port, For E.g.: FT232R USB UART or COM Port can be detected.
» Select the Baud rate as 115200.

1. Use the help command, which will display all the commands of the CLI demo.

% Serial Debug Assistant - a b3
A B ? © @
Serial Port COMG - Ready |
Baud Rate - A 115200
>
Data Bits : & help
Parity None
Stop Bits 1 get <string>
EREE or ks
: help
[ oo T
Receive settings : list I
Save recetving to file List variables
HEX display I net_deinit {ap|bluetooth|client|ethernet|thread|zwave}
Deinit the network interface
Auto break frame 20 ?
Script  Add Tmestamp  ~ £ HEX S NOntend
help a 1
Save data Clear data
2
Send Settings
Extension cmd 3
4
Script  ADDE - (L 5
10 m 6
E Display send string T B Elg
Send : & Receive : 11750 - 217 Reset count

o

Figure 2.1. Help Command

Note:
+ All the CLI commands should end/terminate with <CR><LF>.
» The help command will display all the commands of various functionalities, especially WLAN RF performance test.
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3. WLAN RF Performance Test

This section provides the transmit test commands for CLI and the steps to follow to send those commands.

3.1 Transmit Test

The following sections explain the steps to setup a serial termina, the CLI commands for transmit test and the expected output wave-
forms.

3.1.1 Setup Serial Debug Assistant

1. Click the reset button on the base board and load the binary or application.
2.0Once the application is flashed, Ready is displayed on the terminal.
3. Send the transmit test commands from the command window (bottom right portion).

EA Serial Debug Assistant = o b
A BEH 2 O @
Serial Port COME = Ready
Baud Rate ; S 152000
Data Bits : 8 v ||
Farity : None i
Stop Bits 1 i
Receive settings
: Save receiving to file 4
: HEX display I
) Auto break frame 20 ms ?
() script  Adel Timestamp v g, X STE i S
| help 5 g
Save data Clear data 3 E .
)] O -
Send Settings : -
Send file Extension cmd |3 L - :
HEX send ] O 4
[ ) seript  ADD& & @ ml s
iming send 10 Sec | -|' &
: Digplay send string ~ - List - Mo - T 15
Send: 0 . Receive: 13 - 13 Reset count |
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3.1.2 CLI Commands

The below commands are available for the Transmit Test. Their description and examples are shown below.

1 Command Description Example
wifi_init -i <nmode> For initializing the WiFi interface and for selecting . ) .
1 wifi_init -i transmt_test
the mode.
w fi_set_antenna -i client -a wifi_set_antenna -i client -a
<ant enna type> . 0
2 yP Used for selecting the antenna

» By default antenna type should
be setto 0

wifi_transmit_test_start

3 <power > <data rate> <l ength> |To start the transmit test Wi fi_transmit_test_start 127

0 100 1 1
<node> <channel >
4 wifi_transnit_test_stop To stop the transmit test wifi_transmit_test_stop

The image below shows the above Transmit Test CLI commands given in the Serial Debug Assistant.
FT232R USB UART,115200,None,8,0ne - Serial Debug Assistant - X
A B2 O &
Serial Port : S Ready
Eandilatcy A > wifi_init -i transmit_test
Data Bits :

) : (738ms) Success
Parity : None 4 |
Stop Bits : One v > wifi_set_antenna -i client -a @
feceningieing= > wifi_transmit_test_start 127 @ 108 1 1
D Receive and save to file
E] HEX display ox00000: (7ms) Success
[ Pause receiving display > wifi_transmit_test_stop
D Auto break frame | 20

2
. . : (6ms) Success
D Receive scripts  _Y | Add Timesta

Send settings. D wifi_init -i transmit_test | - |

[ serd afile Extension cmd
D | wifi_set_antenna -i client -a @ | -
[] HEX Send
D Sending scripts \ | ADDS v D | wifi_transmit_test_start 127 o 100 1 1 | -
[] Timing send 1.0 sec D | wifi transmit test stop | -
[Jomr [Jrrs O | |D -
Line break vakn || O] (O -
D Show Send string I D | | D -
Send: 126 Receive : 259 Reset count

The description of the specific wifi_transmit_test_start command is shown below.

wifi_transmit_test_start <power> <data rate> <l ength> <npde> <channel >

Parameter Description Example

Set transmit power. Valid values are from 2dBm to 21dBm and the valid <power > = 127
input range is from 0-127.

<power> Note: This value is meant for configuring the power level for a particular

frequency band. Value = 127 can be used to set the maximum power
level passing IEEE spectral mask and EVM specs.

silabs.com | Building a more connected world. Rev.0.2 | 8
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Parameter Description Example
Set transmit data rate. <data rate> = 0
0 1
2 2
4 5.5
6 11
139 6
143 9
138 12
142 18
<data rate> 137 24
141 36
136 48
140 54
256 MCSO0
257 MCS1
258 MCS2
259 MCS3
260 MCS4
261 MCS5
262 MCS6
263 MCS7
Configure length of the transmit packet. <l engt h>=1500
Valid values are as below:
<l engt h>
[24 ... 1500] bytes in burst mode
[24 ... 260] bytes in continuous mode
Transmit mode. <node>=0
0 Burst Mode
1 Continuous Mode
<mpdes> 2 CW Mode (unmodulated) in DC mode
3 CW Mode (unmodulated) with a single tone at:
center frequency - 2.5 MHz
4 CW Mode (unmodulated) with a single tone at:

center frequency + 5 MHz

For description on each of these modes refer to Section
3.1.3 Transmit Modes.
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Parameter Description Example
Set the Channel number. <channel >=4
Channel Number Center frequency in MHz for
(2.4 GHz) 20MHz channel width
1 2412
2 2417
3 2422
4 2427
5 2432
<channel > 6 2437
7 2442
8 2447
9 2452
10 2457
11 2462
12 2467
13 2472
14 2484

3.1.3 Transmit Modes

Here are the details of transmit modes available for SiWG917. Understanding of these will help in framing the relevant

wifi_transmit_test_start command.

3.1.3.1 Burst Mode

The DUT transmits a burst of packets with the given power, rate, length in the channel configured.

» The burst size (packet length) will be determined by the <length> parameter in the wi fi _transnit_test_start command. If the
<l engt h> parameter is zero, then DUT keeps transmitting until wi fi _transnit _test _st op command is given.

3.1.3.2 Continuous Mode

The DUT transmits a modulated waveform continuously.

3.1.3.3 Continuous Wave Mode (Non-Modulation) in DC Mode

The DUT transmits a spectrum at the center frequency of the channel only. Continuous wave (CW) signal has no modulation and it is of
a sine wave. In the frequency domain, it is viewed as a single line at the specified center frequency.

3.1.3.4 Continuous Wave Mode (Non-Modulation) in Single Tone Mode (Center frequency -2.5 MHz)

The DUT transmits a spectrum that is generated at -2.5 MHz from the center frequency of the selected channel. Some amount of carri-
er leakage will be seen at Center Frequency.

« Example, for 2412 MHz center frequency, the output will be seen at 2409.5 MHz.
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3.1.3.5 Continuous Wave Mode (Non-Modulation) in Single Tone Mode (Center frequency +5 MHz)

The DUT transmits a spectrum that is generated at 5MHz from the center frequency of the selected channel. Some amount of carrier
leakage will be seen at Center Frequency.

» Example, for 2412 MHz center frequency, the output will be seen at 2417 MHz.

Note:

» Before starting Continuous Wave mode (CW mode), it is required to first start transmitting at Continuous mode with power and chan-
nel values that is intended to be used in CW mode. Here are the steps to be followed.

1. Start Continuous mode with intended power value and channel value. Use the valid values for rate and length.

2. Stop Continuous mode.

3. Start CW mode with the same above power value and channel value.
» To switch CW mode, stop PER mode by giving wifi_transmit_test_stop command and then use the other relevant CW mode.
* Itis recommended to measure the TX power with Burst mode or Continuous mode only.

» Continuous wave mode is not recommended for TX power measurement. Continuous wave mode can be used for measuring the
frequency error.

3.1.4 Spectral Measurements

3.1.4.1 Measurement Procedure

After commissioning any transmission on the SoC, the radio will generate various signals. The following section shows some examples
and gives a general description, about how these spectral measurements can be carried out. Setting up spectral mask measurements
on a generic spectrum analyzer

This document doesn’t intend to give a full description how a spectrum analyzer to be used as all models have different behavior and
user interface, although we can specify some general settings. Based on the Spectrum Analyzer models, these settings may vary. In
the following section the general spectrum, channel power and spectrum mask measurement is demonstrated.

General spectrum measurement settings:
1. Select the Spectrum analyzer mode from the Spectrum settings.

2. Set the Frequency of the Spectrum analyzer in which the DUT is transmitting.
Example: If the DUT is transmitting in channel 1, then set the Frequency to 2412 MHz and set the Center Frequency to the same
Frequency. If Spectrum Analyzers have the marker option, then set the marker on the same frequency.

3. Select Span and type in the frequency value of 50 MHz or 100MHz for WLAN.

4. Set the RBW (Resolution Bandwidth) to 100 KHz and VBW (Video Bandwidth) to 30 KHz or leave both of them on Auto settings.
5. Set the Ref level slightly higher than the expected maximum output power (23 dB for instance).

6. Select Sweep button and set the value to 1 sec to update the sweep of the analyzer to every one second or leave on auto setting.
7. Set the Trace settings to Max hold or Average to catch even short transient signals.

If Spectral mask measurement is required and available:
1. Go to measurements and select Spectrum Emission Mask

2.In the measurement configuration set the mask settings manually or select an already defined standard measurement like a WLAN
mode 802.11.ax. The spectral mask measurement settings may be described differently for various standard or regulatory testing.
Please refer to the corresponding standards.

If Channel power measurement is required and available:
1. Go to measurements menu and select Channel Power

2.In the measurement configuration set the channel (channel width) settings manually or select an already defined standard meas-
urement like a WLAN mode 802.11.b. The channel power measurement settings may be described differently for various standard
or regulatory testing. Please refer to the corresponding standards.

silabs.com | Building a more connected world. Rev.0.2 | 11
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3.1.4.2 Measurement Results

802.11b mode (1Mbps data rate) channel power :

Multiview =& Spectrum

Ref Level ) dBm
Att
1 ACLR

CF 2.412 GHz 1001 pts

2 Result Summary
Channel Bandwidth

T al
Channel

03:59:31 PM  05/02/2024

silabs.com | Building a more connected world.

o 1Rm Clrw

6.87 MHz/ Span 68.7 MHz

WLAN 802.11b
Offset Power
15.71 dBm
15.71 dBm
Offset Lower Upper
z -45.84 dBc -41.26 dBc
-52.88 dBc -54.34 dBc

- Measuring... [[[[TT]]]] Zui“;'gg'gf
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802.11g mode (6Mbps data rate) spectrum mask measurement :

0 8 00
00 0 0.0
Blo ente Pe Powe B RB 00.000
80 0
> = 0 D FaN I= Fa e .. = '. ) R a A
B2 03 L) i [ i]-
101 03 : 0:42 dE 0.42 dB
4229 l l 9 dB
“ b UYS [l [l D dn
ARRRRNANE 024-04-25

03:48:09 PM 04/25/2024
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802.11n mode (MCSO data rate) spectrum mask measurement:

MultiView =2 Spectrum

Ref Level Brm

Count 12/100

1 Spectrum Emission Mask o iR

CF 2.412 GHz 1001 pts 6.0 MHz/
2 Result Summary
Sub Block A Center 2.41 GHz Peak Power -36.13 dBm RBW 100.000 kHz
802 11n_20MHz_2.4GHz_band
Range Low RBW Frequency Power Abs Power Rel ALimit
-30.0 % Hz 2.383 23 GHz -81.70 dBm -45.57 dB -2.63 dB
. 2.39203 GHz -75.59 dBm -39.46 dB -11.46 dB
2.402 00 GHz -56.00 dBm -19.87 dB -9.87 dB
2.422 00 GHz -56.51 dBm -20.38 dB -10.38 dB
2.431 37 GHz -732.02 dBm -36.89 dB -9.42 dB
2.441 97 GHz -86.66 dBm -50.52 dB -5.52 dB

- Measuring... [[[[[[[[]] ANRHDI-23

15:49:49

Span 60.0 MHz

03:49:49 PM 04/25/2024
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CW Mode (unmodulated) with a single tone at center frequency - 2.5 MHz :

MultiView =2 Spectrum

Ref Level -5.(
ALt 4B SWT 1.01
1 Frequency Sweep

¥

‘.,_J"u'\.l‘a'r«" y

|
A\

5 !

CF 2.412 GHz 1001 pts

03:25:42 PM 04/25/2024

silabs.com | Building a more connected world.

Jl_f|‘|||’”r~|" il\ﬂ |

10.0 MHz/

Count 100/100
o] (]
D1[1]
-2.5000 MHz
M1[1] -60.73 dBm
2,412 0000 GHz

Span 100.0 MHz
- Measuring... [[[[TT]]T] 202{;’2;&?

Rev.0.2 | 15




AN1491: SiWx917 RF Transmit & Receive Measurements
WLAN RF Performance Test

CW Mode (unmodulated) with a single tone at center frequency + 5 MHz :

MultiView =2 Spectrum

Ref Level -5 >
Att S5dB SWT 1.01 ms 00 kHz A Count 100/100
1 Frequency Sweep 5
D1[1] 48,22 dB
5.0000 MHz
M1[1] -62.49 dBm
2,412 0000 GHz

I'11

|h' \Ml

l]ﬂlt‘lllw"ih“"l'“ J‘Wl .\Mfu M.' ”” I ‘

k

CF 2.412 GHz 1001 pts 10.0 MHz/ Span 100.0 MHz
; : 2024-04-25
- Measuring... [[[[TT]]]] Lepeiiy

03:26:18 PM 04/25/2024

3.1.5 Error Vector Magnitude Measurement

The Transmit Error Vector Magnitude (EVM) test verifies that the device’s EVM is within specified limits. The EVM is measured with a
spectrum analyzer and measures how the modulated symbols deviate from the ideal constellation points. It's usually expressed in per-
centage [%] or in decibel [dB], and the smaller the better.

3.1.5.1 Setting up an EVM Measurement on a Spectrum Analyzer

1. Set the spectrum analyzer to VSA or WLAN mode. The key is to measure a time domain signal and demodulate it instead of doing
spectrum analysis measurement. This feature is not guaranteed to most generic spectrum analyzer and may be requested as a
plus feature.

2. Select a measurement to EVM or modulation accuracy.
3. Set the Ref level slightly higher than the expected maximum output power (23 dB for instance).

4. Set the Frequency of the Spectrum analyzer in which the DUT is transmitting.
Example: If the DUT is transmitting in channel 1, then set the Frequency to 2412 MHz and set the Center Frequency to the same
Frequency. If Spectrum Analyzers have the marker option, then set the marker on the same frequency.

5. Set the signal description to a corresponding WLAN standard (802.11 n for instance)

The measurement should be visible on the screen. If the transmitted packets on the DUT and the spectrum analyzer is set up correctly,
then the packet synchronization (PPDU search) should be correct, and the measurement results should be visible.

silabs.com | Building a more connected world. Rev.0.2 | 16
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3.1.5.2 Measurement Result Example

MultiView Spectrum n WLAN n -

Sample Rate Fs 80.0 MHz Standard IEEE 802 11n  Capt Time/Samples 1ms/80 000 SGL
PPDU/MCS/GI HT-MF20/0/L16 Meas Setup 1 Tx X 1 Rx: Simultaneous Data Symbols 1/10 000 PPDUs 4 (4)
TRG:IQP |
1 Magnitude Capture Freq 2.412 GHz Att 10 dB @1 drw
M1[1] -12.76 dBm
vapm 66664 588.475 40 ps|

! ‘ [ |' [
1.0ms
2 EVM vs Symbol EXVEVll 3 Result Summary Global
SR R W I-~"/] No.of PPDUs - Recognized: 4 Analyzed: 4 Analyzed Physical Channel: 4
[ e Y| (R T A i P e e - |
-20 dB
y EVM Al Carriers 28.33 28.34 56.23 29.59 56.23 %
m%fd A
‘ Ty ST W T -10.95 -10.80 -5.00 -10.58 -5.00 dB
60 d‘ﬂ Y || EVM Data Carriers|  28.29 28.30 56.23 29.40 56.23 %
-80 dB -10.97 -10.81 -5.00 -10.63 -5.00 ds
‘ 33 66 99 . .
i ] . EVM Pilot Carriers 28.17 2935 56.23 31.90 56.23 %
Symb 1 13.2 Symb/ Symb 132 |
= 2024-04-25
- © Ready  NENENENEN o 2024083

02:50:53 PM 04/25/2024

3.2 Receive test

The following sections explain the relevant CLI commands needed for receiving the packets. While packets are received, various stats
are shown that represent the receiving performance of the DUT.

3.2.1 CLI Commands

The below commands are available for receiving the packets and getting relevant statistics.

S.No Command Description Example
wifi_init -i <mode> For initializing the WiFi interface and for selecting L . .
1 wifi_init -i transmt_test
the mode. - -
wifi_set_antenna -i client -a wifi_set_antenna -i client -a
<antenna type> 0
2 Used for selecting the antenna
By default, antenna type should be
setto 0
wifi_start_statistic_report -i |Used to receive the packet statistics ‘once per
client -c <channel > -n second’ in that selected channel. If ‘n’ is config- wifi start statistic report -
3 <stats_count > ured to 30, then 30 stats will be printed in total. - .~ -fep
. . i client -c 1 -n 30
The packet statistics are reset every time after

calling this command.

silabs.com | Building a more connected world.
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The below image shows the CLI commands entered through a serial terminal.
FTZ32R USE UART, 115200 None 8,0ne - Serial Debug Assistant
A H?Q &
Baud Rate : A

Diata Bits

Ready

> wifi_init -1 transmit_test
a v

Bx8@808: (73Bms) Success
> wifi_set_antenna -i client -a @

BxBeaed: (Tms) Success

Lne bresk [now ]
[ showSend string | n—

Hscmne st > wifi_start_statistic_report -i client -c 1
Receive nd sove to e Receive Statistics...
D HEX display wifi_stats_receive_handler: WIFI STATS Recieved packet# @
L stats : crc_pass 51, crc_fail 23, cal_rssi :91
[ Pause recaiving displey wifi_stats_receive_handler: WIFI STATS Recieved packet# 1
D Auto braak frarme E) stats : crc_pass 58, crc_fail 23, cal_rssi :91
E £ i 5 wifi_stats_receive_handler: WIFI STATS Recieved packet# 2
il o Tansed stats : crc oass 32. crc fail 19. cal rssi :79
Save data Emphy data
Send settings. u wifi_init -i transmit test ! -I
Send Extension crmd
ﬁ 8 [ | wifi_set_antenna -i client -a @ |u-
= WifL_start_statistic report -1 cllent -c 1 -
[ sending scripts. % | Abpa - O =i tiis = =
[ o N | O % 4
Oom [Jerrs ] Iu-

Send: 103 Recaive : 3470 Beset count
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3.2.2 Reception measurements

3.2.2.1 Packet Error Rate

Packet Error Rate (PER) and Bit Error Rate (BER) are error ratios that could measure various reception tests like:
+ Sensitivity

+ Selectivity

» Blocking

* Intermodulation

* Maximum input power

These measurements are there to show what is the minimum required Rx power level, where the device under thest is capable to re-
ceive under various conditions.

Basics of the Packet Error Rate
To measure PER, the accurate packet symbols must be known. PER [%] is calculated by the following:

P Error

PER = * 100

Sent

where
» Perror = the number of packets not received correctly
* Psent = the number of packets sent

and the result is displayed as a percentage.

PER measurement requires an accurate device that is able to send the packets the device under test (DUT) expects to receive. An RF
vector signal generator is a good fit for these measurements.

Typical PER measurement procedure is the following:

1.Record the packet that should be transmitted to the DUT (device under test / Wi-Fi SoC in this case) and load it to the RF signal
generator. It's possible that the RF generator is already preloaded with such packets. It may be there as a packet of a specific
WLAN standard.

2. Connect the RF signal generator and the DUT with the proper RF cable.

3. Initialize the DUT with the wifi_init -i transmit_test command.

4. Set the proper antenna if necessary with the wifi_set_antenna -i client -a <antenna type> command.
5.Send 100 to 1000 packets to the DUT. (Psent)

6. View the received number of packets by using wifi_start_statistic_report -i client -c 1 -n 1 command for example. The “CRC pass”
value gives the successfully received number of packets. (Psent - packets received = Perror)

7.Calculate PER.
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3.2.2.2 The Sensitivity Measurement

Sensitivity of a device is the minimum level of received RF power that the device is capable of receiving. Sensitivity is often expressed
in dBm. It is usually defined for a 10% packet error rate, which means that at the sensitivity level (in dBm) the receiver is capable to
produce 10% PER. By adjusting the output power of the generator, the sensitivity of the radio can be determined.

Sensitivity measurement
120
100
80

60

PER [%)

40

20

CYTTHERANYRIITIOABIBRANSIZSR

100
-104
108

Recieved RF power [dBm]

From this graph it can be determined that the sensitivity of a device at 10% PER is -102 dBm. In practice the sensitivity of a device
depends on the radio configuration, such as modulation, deviance, and frequency. To measure the sensitivity of a receiver, PER must
be measured at various receiver power levels, in practice between 0 to -120 dBm values with 1 to 5 dB steps. The measurement results
are more accurate if the RF signal generators power steps finer and more packets are sent at each power step. In the above example,
the PF power step is 1 dB and 100 packets were sent at each frequency step.
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4. Revision History

Revision 0.1

December, 2024
* Added: 1.1.1 SoC Hardware, 1.1.2 NCP Hardware.

Revision 0.1

July, 2024
« |Initial version.
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