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PTA 3-Wire Co-Existence (Wi-Fi®) — RS9116

Silicon Labs' Packet Traffic Arbitration (PTA) supports the
coordination of 2.4 GHz RF traffic of co-located 2.4 GHz KEY FEATURES
radios and Silicon Labs wireless solutions (Wi-Fi, BT/BLE,
THREAD, and Zigbee). This application note describes the
impact of 2.4 GHz radio protocols on Wi-Fi and the PTA
method to improve co-existence with the BLE protocol. This « Configuration Details on various modes of
application note entails the implementation of the PTA-BLE operation.

demo for EFR32 devices for BLE and RS9116W for Wi-Fi, « Pin Connections between the RS9116W and
with both concurrently operating in overlapping frequency EFR32 for PTA.

channels in the 2.4 GHz band while being spatially co-
located. These techniques apply to the EFR32MGx family.
This document assumes that the reader has a basic
understanding of how Wi-Fi co-existence is implemented on
EFR32 devices. For more information, see UG103.17: Wi-
Fi® Co-Existence Fundamentals.

e PTA Main Support on RS9116W for Wi-Fi

e 2.4 GHz Channel Operation Co-Existence
with EFR32 using BLE.

This application note focuses on the functions and configurations of the RS9116W
and provides references to corresponding peer functionality on the EFR32 device.

Note: This content may contain offensive terminology that is now obsolete. Silicon Labs is replacing these terms with
inclusive language wherever possible. For more information, visit www.silabs.com/about-us/inclusive-lexicon-project.
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1 Introduction

Packet Transmission Arbitration (PTA) is an external co-existence mechanism that helps reduce packet collisions
between coupled devices using different protocols like THREAD, Wi-Fi, and BT/BLE. For the solution provided by this
document, the RS9116W device is configured as a PTA main supporting PTA 3-Wire Co-Existence for Wi-Fi only 2.4 GHz
mode of operation. At the same time, the EFR32 device is configured as a PTA secondary operating in BLE mode. When
two devices operate in the 2.4 GHz band with different RADIOs and are spatially co-located and operating concurrently,
their channels can overlap. To avoid this, a specific synchronization is required between the EFR32 and RS9116W
devices to regulate their transmission and reception so that no collisions occur between them, and they are able to
perform effectively.

As stated before, the RS9116W operates as the PTA main. As such, it implements the entity that decides which of the two
devices will transmit at any given time based on handshake signals exchanged over three different GPIO connections
between the EFR32 and RS9116W.

The EFR32 operates as the PTA secondary. Based on the packet transfer requirements of both devices, handshake
signals are triggered accordingly.

The current implementation provides a capability that allows all EFR32 transmission/reception activities to be protected by
ensuring no transmission interference occurs from the side of the RS9116W for Wi-Fi. This mechanism also provides a
provision to allow the Wi-Fi transmission to be protected by stopping any possible interference from the EFR32. However,
the current implementation does not provide provisions to ensure the protection of Wi-Fi reception. Such support will be
taken up as a future enhancement of this feature.

Radio Protocol Impact:

Worldwide, Wi-Fi (IEEE 802.11b/g/n) supports up to 14 overlapping 20/22 MHz bandwidth channels across the 2.4 GHz
ISM band with transmit power levels up to +30 dBm. Bluetooth supports 40 non-overlapping channels at 2 MHz spacing
with transmit power levels up to +20 dBm (Bluetooth Core Specification v5.0).

Bluetooth

AN NN AN TATATATTATATA

2402 2404 2006 2408 2410 2412 2414 2416 2418 2420 2422 2424 2426 2428 2430 2432 2434 2436 2438 2440 2442 2044 2446 2448 2450 2452 2454 2456 2458 2460 2462 2464 2466 2468 2470 2472 2474 2476 2478 2480 Frequency (MHz)

o 1 2 3 a 5 6 7 8 9 0w 1 12 13 14 15 16 17 18 19 20 21 2 23 22 5 » 7 23 29 30 n 2 33 34 35 36 37 38 39 Bluetooth RF Channel

¥ 0 1 2 3 a 5 6 7 & 9 10 38 1 12 13 14 15 16 17 18 19 20 A 22 23 24 2% 26 27 28 29 30 3N 32 3 M 3 36 B9 Bluetooth Logical Channel
ADV ADV ADV

IEEE 802.11b/g/n (Wi-Fi)

| I | I I l | I | Wi-Fi Channel

CH: 1 2412 CH: 6 2437 CH: 11 2462 Center Frequency (MHz)

CH:2  2a17 CH:7 2442 CH:12 2467

CH: 3 2422 CH:8 2447 CH:13 2472

CH:4 2421 CH:9 2452 CH:14 2484

l ! | ! |

CH:S 2432 CH:10 2457

Figure 1.1 — Spectrum Access

The number of available Wi-Fi channels will vary based on the country of operation. For example, Wi-Fi channels 1
through 14 are available in Japan, while only Wi-Fi channels 1 through 11 are available in the US. Bluetooth channels 0
through 39 are available worldwide.

PTA 3-Wire Co-Ex Mechanism:

PTA (Packet Transmission Arbitration) is one of the external co-existence mechanisms that can help to reduce packet
collisions between coupled devices using different protocols like THREAD, Wi-Fi, and BT/BLE. For the purpose of the
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described solution, the RS9116W acts as the PTA Main controlling the access to the spectrum to itself or the EFR32
based on three handshake signals.

The following three signals are implemented in the proposed 3-Wire PTA solution to establish the handshake between
RS9116W and EFR32.
e REQUEST

o Inputto RS9116W and Output from EFR32
o EFR32 requests GRANT channel access to the 2.4 GHz ISM band for Tx/Rx

e PRIORITY

o Input to RS9116W and Output from EFR32.
o EFR32 asserts priority to indicate priority traffic to grant access to the 2.4 GHz ISM band for Tx/Rx.

e GRANT

o Output from RS9116W and input to EFR32.
o RS9116W GRANT permission to access 2.4 GHz ISM Band for Tx/Rx.

Request
(" < 4 A
Priority
PTA Main (RS9116W) PTA Secondary (EFR)
Grant
. J J

Figure 1.2 — PTA 3-Wire Co-Ex Mechanism

For spectrum access to either transmit or receive, the EFR32 device asserts the REQUEST signal. Based on the
configuration (refer to Section 2. Prerequisites) chosen, the RS9116W will indicate access by asserting a GRANT signal.
Based on the RS9116W configuration chosen, the GRANT might be asserted for the spectrum access only if the EFR32
asserts both REQUEST and PRIORITY signals. Refer to documents listed in Section 9. References to see how EFR32
can be configured for PTA Coexistence for various protocols.

Rev. 0.1 |5
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2 Prerequisites

2.1 Hardware Requirements

e Windows PC
e PTA Main
o RS9116W EVK
o Either of the following host MCUs on which the application is verified:
= EFR32 - SLWSTK6023A (EFR32xG21 Bluetooth Starter Kit)
= STM32- STM32F411RE MCU
o Micro USB Cable (For RS9116W device power)
o Interconnect board or SPI connector for SPI connection between RS9116W device and host MCU, either
STM32 or EFR32

e PTA Secondary
o EFR32 - SLWSTK6023A (EFR32xG21 Bluetooth Starter Kit)
o BLE Smart Phone, either Android or IOS.
o Logic analyzer (for signal monitoring)

2.2 Software Requirements

e RS9116W latest software release is available in the link below:
o https://github.com/SiliconLabs/wiseconnect-wifi-bt-sdk
e Development Environment
o For STM32, use licensed Keil IDE
o For EFR32, use Simplicity studio
e EFR32 Connect App: Download and install this mobile application on android or 10S for evaluating the BLE
application.
e Docklight /TeraTerm software
e EFR32 - Gecko SDK v3.2
e Python Software: version 3.9.0

NOTE:

o Refer to Update EVK Firmware to load the firmware into the RS9116W device. The firmware binary is found in the
<Release Package>/firmware folder.
e Please use the Gecko SDK suite 3.2 to validate the python BGAPI at PTA secondary device.
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3 Block Diagram
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Figure 3.1 — PTA Block Diagram

As demonstrated in the image above, the following connections are required:

The RS9116W device and the host are connected over the SPI interface, and it is connected to the Windows PC with
a micro-USB cable.

The access point is connected to the PC either with ethernet or with a Wi-Fi connection.

A female-to-female cable is connected Request pin of the RS9116W device and the EFR32.

A female-to-female cable is connected Priority pin of the RS9116W device and the EFR32.

A female-to-female cable is connected Grant pin of the RS9116W device and the EFR32.

The PTA-secondary (EFR32-BLE) is connected to the PC with a micro-USB cable.

Rev.0.1|7
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4 Hardware Configurations

4.1 GPIO Pin Configurations

The configuration below describes the pin connections between the EFR32 and the RS9116W device that involves the
GRANT, REQUEST, and PRIORITY signals and includes the EFR TX signal. The figure below shows the RS9116W Eval
board connected to the EFR32 Eval board through a Peripheral card and a logic analyzer.

Pin Description EVK GPIO Peripheral Pins EVK Peripheral Card EFR32 Pins EFR32 Board
Request ULP_GPIO_1 (BT_ACTIVE) J2- pin8 PBOO Pin 7
Priority ULP_GPIO_6 (BT_PRIORITY) J2- pin 20 PDO02 Pin 11
Grant ULP_GPIO_0 (WLAN_ACTIVE) J2- pin 6 PBO1 Pin 9
EFR TX - - PDO03 Pin 13

Grant

-

N
N

- -

IS T R LA Sccondany. !
0209 sseja.m BLE RS
_ /
7’

N
\
A

———————————— - - -

PTA Main: - RS9116W (Wi-Fi)

”_———————————————————_~

Figure 4.1 - RS9116W PTA GPIO Connections to EFR
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NOTE:

As per the PTA protocol naming convention, the BT_ACTIVE, BT-PRIORITY & WLAN_ACTIVE pins are known as the REQUEST,
PRIORITY & GRANT signals.

S.No. Pin Description RS9116 Pins RS9116 Datasheet Pin Naming Convention
1 GRANT ULP_GPIO_O WLAN_ACTIVE

2 REQUEST ULP_GPIO_1 BT_ACTIVE

3 PRIORITY ULP_GPIO_6 BT_PRIORITY

4.2 PTA Configurations

The RS9116W's PTA feature can be configured by enabling the BIT[21] of the config_feature bitmap in the OperMode
command. It has three different configurations, which can be chosen by enabling or disabling the Bit [23:22]. Each of
these configurations changes the behavior of how GRANT is asserted in response to REQUEST and PRIORITY signals.
The following tables define the configurations.

BIT 23 BIT 22 Configuration
0 0 Reserved
0 1 Configuration 1
1 0 Configuration 2
1 1 Configuration 3

The PTA Main will aggressively assert GRANT if the REQUEST is asserted irrespective of
Configuration 1 PRIORITY being asserted or not. When any ongoing Wi-Fi transmission will be halted, GRANT
will be provided to the PTA secondary.

The PTA Main asserts the GRANT if the REQUEST is asserted in the response without
consideration of the PRIORITY signal, with only one exception of an ongoing ACK/Block ACK
Configuration 2 Transmission in response to a Wi-Fi reception. If there is an ongoing ACK/Block ACK
transmission in response to a Wi-Fi Reception, PTA MAIN will GRANT the spectrum access only
if PRIORITY is asserted along with REQUEST.

When the PTA secondary needs the spectrum, it sends both REQUEST and PRIORITY signals.
Configuration 3 PTA Main will assert GRANT, and the Wi-Fi will hold any ongoing transmission, including
ACK/BLOCK transmission.

silabs.com | Smart. Connected. Energy-friendly Rev. 0.1 ]9
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5 PTA Secondary — EFR32 Configurations

1. For EFR32 project creation, refer to the Getting Started Guide.

2. Navigate to the default examples of the EFR32 and create the Bluetooth NCP-empty project as per the EFR32
board configurations.

[ p——— o
le Edit Navigate Search Project Run Window Help
¥Welcome D Recent i Tools & Install % Preferences = & Launcher {} Simplicity 1DI
I Debug Adapters PRCAXXQ~OBE@—C
RS9116 Evaluation Kit with EFR32MG21 (RS9116-MG21)
OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION COMPATIBLE TOOLS
Run a pre-compiled demo or create a new project based on a software example.
Filter on keywords =
Bluetooth - NCP Empty
Demos [ ] Network Co-Processor (NCP) target application. Runs the Bluetooth stack and provides access o it by
exposing the Blugtooth API (BGAPI) via UART connection. NCP mode makes it possible to run your
Example Projects ® application on a host controller or PC. This example contains a minimal GATT database, and cannot be
Solution Examples . used with host applications that use Dynamic GATT AP
J My Products CEXDE® @
Enter product name ‘ What are Demo and Example Projects? Bluetooth - NCP Empty
# £ My Products 1 Network Co-Processor (NCP) target application. Runs the Bluetooth stack and provides access to it by
~ ear Filte
¥ E3EFR32 Blue Gecko Bluctaoth Starter it (SLWSTK60208) Technology Type @ clear Fier exposing the Bluetooth API (BGAPI) via UART connection. NCP mode makes it possible to run your
v [AEFR328G13 24 GHz 10 dBm Radio Board (BRD4104A Rev A(
B EFRIZBG1IP632FE12GMAE [ Amazon (4) application on a host controller or PC. This example contains a minimal GATT database, and cannot be
JEFR328G13 2.4 GHz 10 dBm Radio Board (SLWRB4104A) used with host applications that use Dynamic GATT AP
~ (RS9116 Evaluation Kit with EFR32MG21 (RS9116-MG21) Bluetooth (25) . .
~ EFR32xG21 2.4 GHr 20 dBm Radio Board (BRD41808) View Project Documentation
EFR3ZMG21AD20F1024IM32 [ Bluetooth Mesh (15)
v FARS3116 Wireless Dual Band Evaluation Board (RS9116X-DB
£ RS9116W-DB0O-CCO [ Bootloader (7)
EAWireless Starter Kit Mainboard (BRD4001A Rev A0T) Bluetooth - NCP Host
[ Homekit (3)
Reference implementation of an NCP (Network Co-Processor) host, which typically runs on a central
[] Platform (53) MCU without radio. It can connect to an NCP target running the NCP Example via UART to access the
] Proprietary (12) Bluetooth stack on the target and to control it using BGAPI. This example uses the Dynamic GATT
feature,
[ Thread (12) z Ve Plemincs Pm e mmtaian
mA e - T T S

3. Click on the "project.slcp” and navigate to the software components as shown in the image below.
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BWAO - NCP_EmPIy/ ICR_EMpLY SR - SATICIY SUeKo
le Edit Navigate Search Project Run Window Help
9 By i@ - 5l - -

4 Project Explarer % T §

# Enep_empty [GNU ARM v10.2 F10 A
ilincludes
(=autogen
(= config
(> gecko sdk 40.1
g appc
(5 app h

> & mainc
create_bl files.bat
create bl files.sh
B ncp_empty pintocl
& ncp_empty.slcp
nep_empty.slps
@ readme_img0.png
@ readme_img.png
@ readme_img2 png
@ readme_img3.png
@ readme_imgd png
3 rasdma_imn nnn
c >

K Debug Adapters 5 Outline

P ASIER $ 1 - R A =1-12]]

[ Problems

= %48 Ay Welcome D Recent B Tools & Install % Preferences
@ gatt_configuration.btconf

S # Launcher {}Simplicity IDI
[ readme.md )

SOFTWARE COMPONENTS

| nep_empty.sicp -
ncp_empty

Y Filter: Configurable Components [_] Installed Components [_] Components Installed by You [_]  SDK extensions [_] Q_ search keywords, component

» Advanced Configurators

» Application

» Bluetooth

» Bluetooth Mesh
» Connect

» Flex

» LwiP

» OpenThread

» Platform =

¥ Search  3*Call Hierarchy & Consale G 7B A -GBSy =

COT Build Console [ncp_empty]

4. The "Rail” tool needs to be installed by clicking the button below to select the PTA co-existence.

% f Welcome O Recent i Tools & Install % Preferences

0 gatt_configuration.btconf & ncp_empty:sicp - 7 readme.md
ncp_empty SOFTWARE COMPONENTS
. . " Search keywords, component's name o
Y Filter: Configurable Components D Installed Components D Components Installed by You |:| SDK extensions D coex @ (X ]

v OpenThread I RAIL Utility, Coexistence

Coexistence e
v Platform
Description
v Radio Utility to aid with RATL Coexistence Support
RAIL Utility, Coexistence o Quality
PRODUCTION

RAIL Utility, Coexistence CLI

Zigbee Utility, Coexistence CLI

Open in Browser

Coexistence Utility

View Dependencies |

= # Launcher {} Simplicity 1D

5. Once the "Rail" tool is installed, click on the "configure" button to configure the EFR32 pins.

silabs.com | Smart. Connected. Energy-friendly
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@ gatt_configuration.btcont ©* |« ncp_empty.sicp - readme.md

ncp_empty SOFTWARE COMPONENTS

Y Filter: Configurable Components D Installed Components D Components Installed by You D SDK extensions D Sesgg:ﬂs'ors' compenets pame

M OpenThread I Radio Utility, FEM ¢ Configure

Coexistence Lo

v Platform

Description
v Radio Utility to aid with Device-external Front End Module (FEM) Support
@ RAIL Utility, Coexistence Ee3 Quality
RAIL Utility, Coexistence CLI PRODUCTION
Zigbee Utility, Coexistence CLI
Open in Browser
Front End Module (FEM) Utility
® Uninstall View Dependencies
6. Enable the Request, Priority, and Grant signals in the "Rail Utility, co-existence" tool.
3 gan_con(iguration.btconf ok ncp_empty.slcp readme.md KA RAIL Utility, Coexistence
RAIL Utility, Coexistence <[> View Source Files + X
»
REQUEST ¢ ‘
REQUEST assert signal level Enable REQUEST shared mode Max REQUEST backoff mask [0-255]
High . » | 15
BLE Only Request Configuration
Specify the number of microseconds between asserting Request and starting RX/TX
~ 500
IEEE802.15.4 Only Request Configuration
Enable REQUEST receive retry ) ]

silabs.com | Smart. Connected. Energy-friendly
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D gatt_configuration.btconf &% ncp_empty.sicp readme.md £ RAIL Utility, Coexistence "
RAIL Utility, Coexistence <[> View Source Files X

»
GRANT ()

GRANT assert signal level

High -
PRIORITY [ ]
PRIORITY assert signal level Enable PRIORITY shared mode
High - »

BLE Only Priority Configuration
Default Enabled/Disabled

7. As described in the image below, configure the following pins:
o "PBO00" pin as a "REQUEST" signal
o "PD02" pin as a "PRIORITY" signal
o "PBO1" pin as a "GRANT" signal

SL_BAIL.UTIL_COEX_REQ SL_RAIL_UTIL_COEX_PRI SL_RAIL_UTIL_COEX_GNT
Selected Module Selected Module i
PBOO (EFR.REQ)  ~ PDO2 (EFR_PRI) v PBOT(EFR.GNT)  ~
Port Pin Port Pin Port Pin
Custom Pin Name Custom Pin Name Custom Pin Name
EFR_PRI EFR_GNT

EFR_REQ

8. To watch the EFR32 TX transmission, install the "FEM" tool as shown below:

silabs.com | Smart. Connected. Energy-friendly Rev. 0.1 |13
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) gatt_configuration.btconf &k ncp_empty.slcp ' readme.md
ncp_empty SOFTWARE COMPONENTS
Search keywords, anent's name
Y Filter: Configurable Components D Installed Components D Components Installed by You |:| SDK extensions D Pf::.ngm corpeneE T

v Platform

v Radio

Radio Utility, FEM

| Radio utility, FEM

Description

Utility to aid with Device-external Front End Module (FEM) Support

Quality
PRODUCTION

Open in Browser

Front End Module (FEM) Utility

View Dependencies

9. Enable the "Enable TX Mode" for enabling the TX signal monitoring.

Radio Utility, FEM
»

I FEM Configuration
Enable RX Made

Enable TX High Power Mode

{[> View Source

Enable TX Mode

Enable Bypass Mode

10. As described in the image below, configure the "PD03" pin as "EFR_TX."

silabs.com | Smart. Connected. Energy-friendly
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SL_FEM_UTIL_TX

Selected Module ASYNCH7

PRS Channel ASYNCH7 ~ PDO3 v

PRS.ASYNCH7

Custom Peripheral Name

EFR_TX

11. Clean and build the project.

12. As shown in the image below, navigate to the "Tools" -> "Simplicity Commander."

I+ vAhvikc® & Launcher () Simplicity IDE % ¥ Welcome D Recent Bl Tools & Install % Preference
2 Project Explorer % 7 £~ C @ gattconfigurationbtconf | & ncp_empty.sicp '- readme.md =
+ & ncp_empty (GNU ARM 3 AGOTAOF IO

& Binaries ncp_empty OVERVIEW

o Includes

(= autogen

(& config ) ) ’ X

& gecko_sdk 4.0.1 Target and SDK Selection Project Details l Project Generators

@ GNU ARM v10.2.1 - Default

6 3ppe

(% apph \ Tools Dialog X

(€ mainc A Simplicity IDE Project
create_bl files bat o Simplicity Commander
create bl files.sh .

© ncp_empty.pintool

ncp_emptysicp
ncp_empty.sips

@ readme_img0.png

ssor (NCP) target application A Simplicity IDE project supporting builds
@ Bluetooth NCP Commander Standalone | [h stack and provides access to for MCUs using C/C++ and assembly files.
Bluetooth API (BGAPI) via
NCP mode makes it possible
fation on a host controller or PC.
ftains a minimal GATT database,

Qresme gt pg < X ed with host applications that
@ readme_img2.png Network Analyzer b ApL
A readme imn2 nnn ot
¢ > N v
I Debug Adapters 5= Outline Add/Remove Taols
) AXND-OBEE
EFR32xG21 2.4 GHz 20 dBm RB (ID:440206591) Cancel fes
Preferred SDK
EFR32MG21A020F1024IM32 Gecko SDK Suite: Amazon, Bluetooth 3.3.1,
Bluetooth Mesh 2.2.1, EmberZNet 7.0.1.0, Flex
Wireless Starter Kit Mainboard (BRD4001A Rev A01) 3.3.1.0, HomeKit 1.1.1.0, MCU 6.2.1.0, Micrium
EEDIVA21 2 4 Gbiz 20 dfem Badin Raard 0S Kemel, OpenThread 2.0.1.0 (GitHub- N
[21 Problems ¥ Search 3¢ Call Hierarchy @ Console Fx b M@ ~-Be=L
Adapter Pack Console
boardDescription[1]=EFR32xG21 2.4 GHz 20 dBm Radio Board ’
boardRevision[1]-A01
boardserial[1]=203700096
boardDate[1]-2020/9/18
inferpart[1]=yes
N
< >
—_— L e - =

13. Select the connected EFR32 board and erase the full chip.
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<
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14. Flash the "bootloader" and then "project.s37". For details

Generation Process.

Connected. Energy-friendly
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b simplicity Commander - o X | fyWelcome D Recent B Tools & Install % Preferenc

4 Project Explorer
# iehncp_empty [GNU ARM

File  Help

o Binaries | 440206591 Debug Interface SWD 8000 khz Device CFRI2MG2LAD20F1024IM32 | Reload Tab
#il Includes.
Flash MCU
> autogen
e - By
@ gecka_sdk_4.0.1 C:fsimplicity_Stusios/wk_8/ncp_emply/GNU ARM v10.2.1 - Defaultfnep_empty.s37 Browse. . Generators
- GNU ARM v10.2.1 - Default
2 app.c "‘%’ Flash start address: O I [] Resat MCU after flashing 7] Verify upload Flash
Bapph Kit - - This button starts the flashing process. |
@ mainc i Flash Erase/Virite Protection n £
B create b|_fles.bat I Wi protect flash range o000 |- w0 ficity IDE project supporting builds
create_b_filessh - N N Prokect Js using C/C++ and assembly files.
B ncp_empty pintool = = ok Main Flast Lock Usar Page
dncp_emptyskp H = Blonk Check  Remove Profection  Erase chip
"
Debug Lock Tools
Device Info "
@readme.img2 png ‘The unlack function only works using Silicon Labs kits.
et i e e Unbocking tha chip willerase all data on flash and SRAM.
3 - A= Recover bricked device | Uniock debug access | Lock debug acoess
1t Debug Adapters * = Outine - :
SEEEFT-| =3 .
EFR32xG21 2.4 GHz 20 dBm RB (ID:440206591) S
Flash
N EEE
< >
Log Window
11:41:54.972 Connected to 440206591
11:44:41.620 Flash vras erased successiully
\vs_2\developer\adapter_packs\commander,
Hide Log =

5.1 Bootloader Generation Process

1. Connect the EFR32 device and then click on the start button as shown below:

{69 || 4 Leuncher {} Simplicity IDE 5 Xpress Configurator X, Network Analyzer %5 Debug

Welcome to Simplicity Studio

Everything you need 1o develop, research, and configure devices for loT applications.

Get Started

Select a connected device or search for a product by name to see available documentation, example projects, and demos.

Connected Devices All Products

Connected Devices

q" J-Link silicon Labs (440234923) (1D: 000440234923)

Recent Projects

Recent Projects o
bootloader-storage-internal-single-512k M pen

2. Clicking the start button will automatically redirect to the EFR32 WSTK page. Navigate to the "Example Projects &
demos" and select the "Bootloader," as shown below:
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EFR32xG21 2.4 GHz 20 dBm RB, WSTK Mainboard (ID: 000440234923)

OVERVIEW EXAMPLE PROJECTS & DEMOS

DOCUMENTATION COMPATIBLE TOOLS

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

Filter on keyw:
Demos @
Example Projects 9
Solution Examples @

o What are Demo and Example Projects?

A Technology Type © Clear Filter
[J Amazon (4)

[ sluetooth (25)

[ sluetooth Mesh (15)

Bootloader (7)

[ Homekit (3)

[ platform (53)

[ Pproprietary (12)

[] Thread (12)

[ zigbee (15)

A Provider © Clear Filter

[[] Gecko SDK Suite v4.0.2 (7)

A Quality © Clear Filter
[J ALPHA (0)
[J None Specified (0)

[J PRODUCTION (7)

7 resources found

BGAPI UART DFU Bootloader

Standalone Bootloader using the BGAPI protocol for UART DFU
This is the recommended UART bootloader for the BLE protocol
stack

Internal Storage Bootloader (single image on
1MB device)

This sample configuration of the Gecko bootioader configures
the bootloader to use the internal main flash to store firmware
update images. The storage configuration is set up to store a
single firmware update image at a time, in a single storage slot
The storage slot is configured to start at address 0x84000 (or
0x8084000 for device with 0x8000000 flash base), and have a

Internal Storage Bootloader (single image on
512kB device)

This sample configuration of the Gecko bootloader configures
the bootloader to use the internal main flash to store firmware
update images. The storage configuration is set up to store a
single firmware update image at a time, in a single storage slot
The storage slot is configured to start at address 0x44000 (or
0x8044000 for device with 0x8000000 flash base), and have a

UART XMODEM Bootloader
Standalone Bootloader using XMODEM-CRC over UART. The
bootloader shows a menu, where an XMODEM transfer can be

started by sending ASCII '1', or the application can be started by

sending ASCII '2'. This is the recommended UART bootloader
for the EmberZNet and Connect protocol stacks

EZSP SPI Bootloader

Standalone Bootloader using the EZSP protocol over SPI. This
is the recommended SPI bootloader for the EmberZNet and
Connect protocol stacks

Internal Storage Bootloader (single image on
352kB device)

This sample configuration of the Gecko bootloader configures
the bootloader to use the internal main flash to store firmware
update images. The storage configuration is set up to store a
single firmware update image at a time, in a single storage slot
The storage slot is configured to start at address 0x28000 (or
0x8028000 for device with 0x8000000 flash base), and have a.

Internal Storage Bootloader (single image with
LZMA compression, 1MB flash)

This sample configuration of the Gecko bootloader configures
the bootloader to use the internal main flash to store firmware
update images. The storage configuration is set up to store a
single firmware update image at a time, in a single storage slot
The storage slot is configured to start at address 0x84000 (or
0x8084000 for device with 0x8000000 flash base), and have a

rw

Click the “CREATE” button of the "Internal storage Bootloader (single image on 512kB device)" project.
When the project is generated successfully, build the project.

5. Once the project is built, the bootloader file will be generated successfully, as shown below. Please use the ".bin"
file for the bootloader flashing.

silabs.com | Smart. Connected. Energy-friendly
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wh_8 - bootloader-storage-internal-single/bootloader-storage-internal-single.slcp 4
File Edit MNavigate Search Project Run  Window Help
DG B R @-if-F OG-
7 Project Explorer Eﬁ@'l S TIE § =
v == bootloader-storage-internal-single [GNU ARM v10.2.1 - Default] [EFR3ZMG214
v:g,-?' Binaries

> %5 bootloader-storage-internal-single.axf - [arm/le]

» i bootloader-storage-internal-single.bin - [unknown/le]

» {3 bootloader-storage-internal-single.hex - [unknown/le]

» {2 bootloader-storage-internal-single.s37 - [unknown/le]

> [l Includes

» = autogen

» [= config

» [= gecko_sdlk_4.0.2

» = GNUARMv10.2.1 - Default
bootloader-storage-internal-single.pintoc!

&% bootloader-storage-internal-single.slcp

= bootloader-storage-internal-singleslps

postbuild.sh
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6 Application Configuration

6.1 PTA Secondary Application Configuration

e The EFR32 uses Python BGAPI commands which require the bgapi_cli.py script.
e Once the script is downloaded, navigate to the script's location, and use the below command to execute the script.
It would be best to use the "COM" port, which is detected as a "Jlink" port.

S C:\Windows\System32\cmd.exe - py

Microsoft Windows [Ve 8
(c) 2019 Microsoft Corporation. A reserved.

e\pybgapi-examples-m xample\gatt_server_throughput>python bgapi_cli.py -u COMS6 -v
787 | PYBGAPI] 25 > ystem_hello()

tem_hello(result=0)
5 et tx (min_power="'-200",

816 | PYBGAPI] 25
Typ rl+C and pre
lgaHostC1i>
lgaHostCli>

e PTA secondary can be configured as a BLE peripheral or a BLE central device
e The following commands are used to make the EFR32 a peripheral device. Refer to the BGAPI documentation for
more details.
o advertiser_create_set
o advertiser_set_timing $0 $0xA0 $0xA0 $0 $0
o advertiser_start $0 $0x2 $0x2
o advertiser_stop $0
e The following commands are used to setup the EFR32 as a BLE central device. Refer the BGAPI documentation
for more details.
o scanner_set_timing $5 $0xA0 $0x50
o scanner_set_mode $5 $1
o scanner_start $5 $0x2
o scanner_stop
The PTA Main allows the spectrum to the PTA Secondary based on the configuration.

6.2 PTA Main Application Configuration

e The RS9116W needs to use the throughput application. Refer to the throughput application for more details.

e The BIT(21) of RSI_CONFIG_FEATUERE_BITMAP is used to enable the PTA feature. The BIT(22) and BIT(23)
are used to select the required PTA configuration. This bitmap selection is available in the "rsi_wlan_config.h" file.
The RSI_CONFIG_FEATUERE_BITMAP gets enabled when BIT(31) is set to '1' in both
RSI_TCP_IP_FEATURE_BIT_MAP and RSI_EXT_TCPIP_FEATURE_BITMAP.

e Below is the reference to enable and configure the PTA with CONFIGURATION 1 mode.

fdefine RSI_CONFIG FEATURE BITMAP (BIT(21) | BIT(22))

e Below is the reference to enable and configure the PTA with the CONFIGURATION 2 mode.
#define RSI_CCONFIG FEATURE BITMAP (BIT(21) | BIT(23))
e Below is the reference to enable and configure the PTA with the CONFIGURATION 3 mode.

¢define RSI_CONFIG FEATURE BITMAP (BIT(21) | BIT(22) | BIT(23))
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7 PTA Execution

7.1 Configurationl

e Configurationl is the “Aggressive GRANT”. The PTA Main will aggressively assert GRANT if the REQUEST is
asserted irrespective of the PRIORITY being asserted or not. When any ongoing transmission on Wi-Fi will be
halted, GRANT will be provided to the PTA secondary.

Peripheral configuration:

e The EFR32 s configured as a BLE Peripheral device, and the RS9116W is configured in the Configuration1 mode.

esult=0, handle

>t_timing(hand ox@', interval_min='¢ ', interval_max='0x0xA@', duration='0x0', max s='0x0"')
et_timin

2", discover="0x0x2', connect='0x0x2"')

e The EFR32 sends the advertising packets for every 100 msec as per the commands provided. The RS9116W
device asserts the GRANT at once whenever it receives the REQUEST from the PTA secondary.
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File Edit Capture Measure View Help

4 Channels /e 068

'
EFR32 sends the Request signal for
every 100 msec

po PTA_SLAVE REQ

L

o ms

0
PTA_SLAVE_GNT

OO 0 ORI
W

When the EFR32 receives the GRANT, the EFR device sends the advertising packet in 3 advertising channels.

File Edit Capture Measure View Help

295:510ms 29s:520ms 295:530ms

ghames Cisms +6ms 47ms  48ms  49ms +ims  +42ms  +3ms  +4ms 45ms 46ms +7ms  +8ms +9ms +Ims  42ms  43ms +4ms 45ms  46ms  +7ms  +8ms  +9ms +ms

1

oo PTASLAVEREQ

_ EFR32 sends the
Request signal

v
"
0t
"

PTA_SLAVE_GNT D

| EFR32 receives the
Grant signal

EFR32 sends the advertising
packet in 3 advertising
channels

Central Configuration:

The EFR32 is configured as a BLE Central device, and the RS9116W is configured in the Configurationl mode.
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EFR32 receives the scan reports of
the advertising devices who are in
their vicinity

nning

Once the "scan_start" command is issued from the BGAPI script, then the EFR32 will keep the "REQUEST" signal
high until the EFR32 receives the "scan_stop" command. As the RS9116W device asserts the GRANT at once
whenever it receives the REQUEST from the PTA secondary; hence both the "REQUEST" and "GRANT" lines are
high until the "scan_stops" command.

File Edit Capture Measure View Help

05
< os

po PTA_SLAVE REQ

EFR32 send the Request signal

01 PTA_SLAVE_PRI

’
02 PTALSLAVE_GNT [

\ 4
EFR32 receives the Grant signal

EFR32 sends the scan request for the
received advertising report

7.2 Configuration2

e Configuration 2 is “Protect Response Tx”. The PTA Main asserts the GRANT if the REQUEST is asserted in the
response without consideration of the PRIORITY signal, with only one exception of an ongoing ACK/Block ACK
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Transmission in response to a Wi-Fi reception. If there is any ongoing ACK/Block ACK transmission in response to
a Wi-Fi Reception, PTA MAIN will GRANT the spectrum access only if PRIORITY is asserted along with REQUEST.

Peripheral Configuration:

The EFR32 is configured as a BLE Peripheral device, and the RS9116W is configured in the Configuration2 mode.

set()
set(result=0, handle

, interval _min='0 ', interval_max='0x0xA@', duration='0x0', m ‘oxe')

- handl

', connect='0x0x2")

The EFR32 sends the advertising packets for every 100 msec as per the commands provided. When the PTA
secondary needs spectrum access, then it sends the "REQUEST" and the "PRIORITY" signals if the RS9116W
device Will assert the "GRANT" signal if it doesn't have any Wi-Fi ACK/Block ACK transmissions.

le Edit Capture Measure View Help

4 Channels <, s +9s 428 +3s

102.495344 ms
vo PTASLAVEREQ ' EFR3D sends the Request
signal for every 100msec

105.249568 ms
PTA_SLAVE_PRI

H .
L

When the EFR32 receives the GRANT, the EFR device sends the advertising packet to all three advertising
channels.
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ile Edit Capture Measure View Help
1225:180ms
4 Channels < +9ms

W

+2ms +3ms
po PTA_SLAVE REQ

. EFR32 continuously sends the
EFR32 sends the Request signal —— Priority signal to get the spectrum

"

PTA_SLAVE_PRI

A
p—
Duty: 6.67 %
Freq: 8.333 MHz
t
PTA_SLAVE_GNT ir

width1: 8.929 MHz
==

EFR32 receives the Grant
signal

|

EFR32 sends the advertising packet
in 3 advertising channels

Central Configuration:

The EFR32 is configured as a BLE Central device, and the RS9116W is configured in the Configuration2 mode

EFR32 receives the scan reports of

the advertising devices who are in
their vicinity

EFR32 starts scanning

onding=255

Once the "scan_start" command is issued from the BGAPI script, then the EFR32 will keep the "REQUEST" signal
high until the EFR32 receives the "scan_stop" command. And the EFR32 continuously sends the "PRIORITY"
signals for the spectrum access if the RS9116W device Will assert the "GRANT" signal if it doesn't have any Wi-Fi
ACK/Block ACK transmissions.
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ile Edit Capture Measure View Help

Channels <’

"

po PTA_SLAVE_REQ

EFR32 send the . s
Requect sindl — EFR32 continuously sends the p‘nonty signal to get the spectrum

PTA_SLAVE_PRI Duty: 0

Freq: 1.195 Hz
width™: 1.195 Hz

\ l 836.639088 ms

PTA_SLAVE_GNT \ 2
[
EFR32 receives the Grant signal

EFR32 sends the scan request for the
received advertising report

7.3 Configuration3

e Configuration 3 is “Protect both Tx and Response TX”. When the PTA secondary needs the spectrum, it sends both

REQUEST and PRIORITY signals. PTA Main will assert GRANT, and the Wi-Fi will hold any ongoing transmission,
including ACK/BLOCK transmission.

Peripheral Configuration:
The EFR32 is configured as a BLE Peripheral device, and the RS9116W is configured in the Configuration3 mode.

eturn values:
result
handle

[2022-03-25 12:22:35, 556950006608 > bt_cmd_advertiser_create_set()

2022-03-25 12:22: 50006608 < bt_rsp_advertiser_create_set(result=0, handle=0)

[2022-03-25 12:22:42,132|PYBGAPI] 255 608 > bt_cmd_advertiser_set_timing(handle='0x0', interval_min='0x0xA@', interval_max='0x0xA@', duration='0x0', maxevents='0x0@')
922-03-25 12:22:42,148|PYBGAPI] 255 608 < bt_rsp_advertiser_set_timing(result=0)
set_timing $0
start $@ $0x2 $0x2

071|PYBGAPI ]

connect:

Return values:

50006608 > bt_cmd_advertiser start(handle='0x@', discover='0x0x2', connect='0xex2')
50006608 < bt_rsp_advertiser_start(result=0)

rsp_advertiser_start $0 —

aHostCli> > EFR32 starts advertising
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e As per the commands provided, the EFR32 sends the advertising packets for every 100msec. When the PTA
secondary needs spectrum access, then it sends the "REQUEST" and the "PRIORITY" signals if the RS9116W
device Will assert the "GRANT" signal if it doesn't have any ongoing Wi-Fi transmission.

File Edit Capture Measure View Help

4 Channels < 455:510ms .

B9 LAREe EFR32 continuously sends the priority

signal to get the spectrum EFR32 send the Request signal

)

PTA_SLAVE_PRI

PTA_SLAVE_GNT

EFR32 Receives the Grant signal

EFR32 sends the advertising packet

o When the EFR32 receives the GRANT signal, based on the GRANT signal duration and advertising configuration,
the EFR32 tries to send the advertising packet to all the three advertising channels. Still, sometimes it sends the
advertising packet in one or two channels only depending on the received GRANT signal duration.

s

106.10756 ms.

b0 PTA_SLAVE REQ

- 108.859144 ms
o I‘I|I“|“““‘INI““| ‘Il “I“l‘l|l“““|ulll III |III“| ||I‘I“H|II‘IIII|IIIII“““I“H'I‘ ‘ I‘
" _
T I“I“I’I“"“"IH”M Im ’II““‘I“‘I“IIIIIII”' “‘ ““Ill“lllllllll"llll‘
" o
bz PTA_TX
B3

Central Configuration:

e The EFR32 is configured as a BLE Central device, and the RS9116W is configured in the Configuration3 mode.
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EFR32 receives the scan reports of
the advertising devices who are in
their vicinity

~ EFR32 starts scanning

23", address

1, bonding=255, primary_phy=1, se
xat d

a\x12\xe2-\xde")

e Once the "scan_start" command is issued from the BGAPI script, then the EFR32 will continuously send both
"REQUEST" and "PRIORITY" signals for spectrum access. When the RS9116W device Will assert the "GRANT"

signal if it doesn't have any ongoing Wi-Fi transmission.

le Edit Capture Measure View Help
4 Channels L

po PTA_SLAVE_REQ

EFR32 send the
Request signal ¥ EFR32 continuously sends the priority signal to get the spectrum

A

PTA_SLAVE_PRI

2 PTA_SLAVE_GNT

EILRSZ receives the
Grant signal

368.294632 ms

EFR32 sends the scan request for the
received advertising report
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8 Use Case Scenario

The current implementation of PTA will work for the following scenarios listed below.

e Low Wi-Fi usage and low Wi-Fi throughput use case. And where occasional Wi-Fi disconnects can be accepted.
However, test results don't exhibit any Wi-Fi disconnection unless the REQUEST/Priority Frequency goes high. All
the above three configurations can be used for this use case

e Moderate traffic on the EFR32 (i.e., BT Classic/BLE, Zigbee, THREAD) and certain transmit throughput
requirements on the Wi-Fi side, Configuration3 can be used.

e Moderate Traffic on both EFR32 and Wi-Fi

The current implementation has the following limitations:

e Heavy interference on Wi-Fi reception on the same channel might result in Wi-Fi disconnects as reception is not
protected on Wi-Fi

e |If there are strict throughput requirements on both protocols, the mechanism is not sophisticated enough to
guarantee that.

e PTA functionality will not work with WLAN power save enabled.

NOTE:

Refer to the implementation on the EFR32 side as listed in Section 9. References. There are various configuration options
available on the EFR32 side, use a case-based selection of configuration options on the EFR32 side will result in the best
performance.
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9 References

e RS9116W API documentation: https://docs.silabs.com/rs9116-wiseconnect/latest/wifibt-wc-sapi-reference/

e ZigBee & Open Thread Co-Existence with Wi-Fi: https://www.silabs.com/documents/public/application-
notes/an1017-coexistence-with-wifi. pdf

e Bluetooth Co-Existence with Wi-Fi: https://www.silabs.com/documents/public/application-notes/an1128-bluetooth-
coexistence-with-wifi. pdf
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Simplicity Studio

One-click access to MCU and wireless
tools, documentation, software,
source code libraries & more. Available
for Windows, Mac and Linux!

Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software imple-
menters using or intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific
device, and “Typical” parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Labs
reserves the right to make changes without further notice to the product information, specifications, and descriptions herein, and does not give warranties as to the accuracy or
completeness of the included information. Without prior notification, Silicon Labs may update product firmware during the manufacturing process for security or reliability reasons.
Such changes will not alter the specifications or the performance of the product. Silicon Labs shall have no liability for the consequences of use of the infor- mation supplied in this
document. This document does not imply or expressly grant any license to design or fabricate any integrated circuits. The products are not designed or authorized to be used within
any FDA Class III devices, applications for which FDA premarket approval is required or Life Support Systems without the specific written consent of Silicon Labs. A “Life Support
System” is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in significant personal injury or death.
Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used in weapons of mass destruction
including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons. Silicon Labs disclaims all express and implied warranties
and shall not be responsible or liable for any injuries or damages related to use of a Silicon Labs product in such unauthorized applications. Note: This content may contain
offensive terminology that is now obsolete. Silicon Labs is replacing these terms with inclusive language wherever possible. For more information, visit
www.silabs.com/about-us/inclusive-lexicon-project

Trademark Information

Silicon Laboratories Inc.®, Silicon Laboratories®, Silicon Labs®, SiLabs®and the Silicon Labs logo®, Bluegiga®, Bluegiga Logo®, EFM®, EFM32° EFR, Ember®, Energy Micro, Energy
Micro logo and combinations thereof, “the world’s most energy friendly microcontrollers”, Redpine Signals®, WiSeConnect, n-Link, ThreadArch®, EZLink®, EZRadio®, EZRadioPRO®, Gecko®,
Gecko OS, Gecko OS Studio, Precision32®, Simplicity Studio®, Telegesis, the Telegesis Logo®, USBXpress®, Zentri, the Zentri logo and Zentri DMS, Z-Wave®, and others are
trademarks or registered trademarks of Silicon Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Holdings. Keil is a registered
trademark of ARM Limited. Wi-Fi is a registered trademark of the Wi-Fi Alliance. All other products or brand names mentioned herein are trademarks of their respective holders.

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

USA

SILICON LABS  www.silabs.com

silabs.com | Smart. Connected. Energy-friendly Rev. 0.1 |31




