
Mobile Test Summit Korea 2024

Joohan Kim (Rohde & Schwarz Korea)

IEEE 802.11be key-technical update & 
Connectivity solution

CMX500 – Radio Communication Tester



► Wi-Fi History and Market

► Wi-Fi7 Key features 

► Connectivity Test 
solutions

► Summary & Appendix

AGENDA



Rohde & Schwarz Korea

Mobile Test Summit Korea 2024

3

Mobile Test Summit Korea 2024



Rohde & Schwarz Korea

Mobile Test Summit Korea 2024

2024202320222021

Mobile Test Summit Korea 2024

2020
V8.0

May 2021

Extreme high throughput WLAN (EHT – IEEE 802.11be – Wi-Fi7)
is entering the market with amazing speed
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Recovery of the Wi-Fi market after the 22/23 drop with Wi-Fi7
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Wi-Fi8 • Wi-Fi maturity means limited grow opportunities 
mainly for IoT market in the long-term

• Wi-Fi 6 and 6E combined will dominate through the 
forecast period

• 6 GHz Wi-Fi (6E and 7) will 
surpass non-6 GHz Wi-Fi in 2027.

• Wi-Fi 7 will be concentrated in smartphones, media 
tablets, PCs, Access Points and TVs

Source: IDC: Wi-Fi market update,  March 2024
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Wi-Fi 7 (802.11be)Wi-Fi 5 (802.11ac) Wi-Fi 6E (802.11ax)

What is new in W-Fi7?
Mobile Test Summit Korea 2024

Supported bands

Channel bandwidth (MHz)

2 GHz, 5 GHz, 6 GHz

Transmission scheme

20, 40, 80, 80+80, 160

OFDM, OFDMA

Subcarrier spacing 78.125 kHz

Guard interval 0.8 µs, 1.6 µs, 3.2 µs

Spatial streams 8x8 (incl. MU-MIMO)

Modulation (highest) 1024QAM (10 bit)256QAM (8 bit)

5 GHz

20, 40, 80, 80+80, 160

OFDM

8x8 (incl. DL-MU-MIMO) 

0.4 µs, 0.8 µs

312.5 kHz

Very High Throughput (VHT) High Efficiency (HE)

2 GHz, 5 GHz, 6 GHz

20, 40, 80, 160, 320

OFDM, OFDMA

78.125 kHz

0.8 µs, 1.6 µs, 3.2 µs

8x8 (incl. MU-MIMO)

4096QAM (12 bit)

Extreme High Throughput (EHT) 

* dependent on configuration (GI) and incl. signaling overhead

Max date rate* 1.2Gbps
*80 MHz BW 2x2 600 Mbps (4x4 1.2 Gbps), 

9.6Gbps
*160 MHz BW 2x2 2.4 Gbps (4x4 4.8 Gbps, 8x8 9.6 Gbps)

23Gbps
*320 MHz 2x2 5.76 Gbps (4x4 11.528 Gbps, 8x8 23 Gbps, w/o MLO)
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Wi-Fi7 for extreme high throughput (EHT) and ….
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Up to 16 spatial streams

320 MHz channels 4096-QAM

1024
QAM

4096
QAM

Multi-RU per user

Multi-link operation

Target Wake Time
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A few overlapping 320 MHz channels in the 6 GHz band
5.925 GHz

20 MHz

80 MHz

40 MHz

6.425 GHz 6.525 GHz 6.875 GHz 7.125 GHz
UNII-5 UNII-6 UNII-7 UNII-8
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802.11be pushes RF performance requirements
and test equipment quality to the next level

256QAM
(8 bit)

1024QAM
(10 bit)

4096QAM
(12 bit)

EVM:≤ 1.26%
≤ -38dB

EVM:≤ 1.78%
≤ -35dB

EVM:≤ 3.16%
≤ -30dB

802.11ac 802.11ax 802.11be
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2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

AP
2.4 GHz

5 GHz

6 GHz

Multi-band operation of access points is well established

11



Rohde & Schwarz Korea

Mobile Test Summit Korea 2024

Reference model for multi-link operation of multi-link devices

Multi-link Device (MLD) Access Point

MLD MAC addr

AP1 MAC addr AP2 MAC addr

Multi-link Device (MLD) non-AP 

Non-AP MLD MAC addr

STA1 MAC addr STA2 MAC addr

Link1 Link2

Multi-link operation (MLO) enables a 
non-AP multi-link device (MLD) to 
discover, authenticate, associate, and 
set up one or more links with an AP 
MLD. 
Each link enables channel access and 
frame exchanges between the non-AP 
MLD and the AP MLD based on the 
supported capabilities exchanged 
during the association.
Multi-link Element (MLE) information 
is used to setup and manage MLO –
added to beacons, probe request and 
reconfiguration
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Wi-Fi 7 will allow multi-link operation
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Load balancing

Traffic aggregation

Traffic duplication

+

Band steering2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

2.4 GHz
5 GHz
6 GHz

MLD AP

2.4 GHz

5 GHz

6 GHz

MLO provides higher throughput, lower latency and / or higher reliability,
which are useful to a number of applications from VR/AR to industrial IoT
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Load balancing

Traffic aggregation

Traffic duplication

Further improve throughput, latency and efficiency
with introducing multi-link operation (MLO)

+

Band steering

Link 1 (2.4 GHz)

Link 2 (5 GHz)

Link 3 (6 GHz)

STA MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

AP MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

NonSimultaneous transmit & receive (NSTR) operation

Link 2 (5 GHz)

Link 3 (6 GHz)

STA MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

AP MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

STR link pair

Simultaneous transmit & receive (STR) operation
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Multiple Resource Units (MRU) per user for efficiency

RU106

RU52
RU26

MRU 26+52

MRU106+26
user1 user2 user3 user4 user5 user6 user7 user8

20 MHz 20 MHz 20 MHz 20 MHz

8 user example

user1 user2 user3 user4 user5 user6 user7 user8

A small size MRU (i.e. 26, 52, 106 
tone) can only be combined for 
efficiency with another small size 
RU to form an MRU.  RUs in the 
MRU need to be contiguous and 
within a 20 MHz channel boundary 

RU996

RU484
RU242

MRU
484+242

The permitted large size MRU 
combinations (i.e. 242, 484, 996 
tone) allow additional aggregated 
bandwidth options (e.g. 60 MHz) 
per user that don’t need to be 
continuous. 
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R&S®CMW100

Production

R&S®TS7124

Conformance

R&S®TS8997

Embedded design & power
R&S®RTPR&S®NGU

RF design and compliance
R&S®ZNA R&S®FSW R&S®SMM100A R&S®VSE

Wi-Fi test solutions for today and tomorrow
RF performance

R&S®CMP180R&S®CMW500/270 R&S®CMX500 OBT

Make ideas real
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DUT

SGSA

The different ways of testing performance of Wi-Fi devices

Non-Signaling Test Signaling Test

Instrument
& DUT control

DUT
µP

Device/chip specific test interfaces 
allow DUT control of testing used from 
early R&D to manufacturing

Fast & reliable RF performance, 
compliance testing and calibration

Emulating an AP/STA allows testing 
under well defined network conditions
Without limitations (e.g. regulation)  

SGSA
AP emulation

Full power of device testing with 
full control and maximum flexibility

PHY PHY/MAC

18
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High-performance radio communication tester R&S®CMP180 
for R&D and production purposes with very high accuracy

 400 MHz up to 8 GHz
 Up to 500 MHz bandwidth
 High output power
 Extraordinary EVM value

Excellent RF performance
 2x 8 RF (in/out) ports
 up to two channels (VSA/VSG)
 Build-in controller
 Common platform (CMP200)

Compact design (2 HU x 19’’)
 up to 6 or 8 GHz 
 250 or 500 MHz bandwidth
 1 or 2 channels in a box
 Stackable to get more channels

High-degree of flexibility

19
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R&S®CMP180 supports RF testing
of the primary wireless communication technologies

Technology RF 
generator

RF
analyzer

5G NR FR1  

LTE-A  

WCDMA/HSPA+  

GSM/GPRS/EGPRS  

eMTC  

NB-IoT  

C-V2X  

CDMA2000, 1xRTT  

Technology RF 
generator

RF
analyzer

IEEE802.11a/b/g/n/ac/ax/be  

Bluetooth® BR, EDR, LE  

UWB (production only)  

Low Power IoT
802.15.4 (Zigbee, Thread)  

LoRa®  (-)
SigFox  (-)

GNSS  (-)

uwballiance.org
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R&S Wi-Fi/WLAN signaling test solutions

• WLAN 11 a / b / g / n / ac / ax 
SISO and MIMO

• Wi-Fi6e extension for 6GHz Band
• Bluetooth Low Energy (BLE), 

Basic Rate and EDR

• Bluetooth and WLAN capability 
same as CMW270

• 2G (GSM...)
3G (WCDMA, c2k,...)
4G (LTE, LTE-A)

• 4G (LTE, LTE-A), 5G FR1/FR2 
and WLAN

• Frequency range up to 8 GHz
• WLAN 11a / b / g / n / ac / ax / be 

SISO and MIMO

THE WIRELESS 
CONNECTIVITY TESTER

THE WIDEBAND 
RADIOCOM TESTER

THE ALL-IN ONE BOX
SIGNALING TESTER

R&S®CMX500R&S®CMW500R&S®CMW270

21
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R&S®CMX500 - WI-FI SIGNALING TEST

 Up to Wi-Fi7 (IEEE802.11be) on all channels and all bands (2.4, 5, 6 GHz) 
 OFDMA multi-user and multi-link operation (MLO)
 Emulates access point (AP) or station (STA) 
 Multi-Technology signaling tester allows testing of interference 

scenarios and 5G/Wi-Fi offloading
 Application testing incl. Voice over WLAN
 Web GUI, Built-in automation tool

Mobile Test Summit Korea 2024

22
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R&S®CMX500 WLAN Test scenarios

23
E2e performance E2e performance

Wi-Fi performance testing with R&S CMX500
Tx/Rx verification, performance, coexistence, audio testing and traffic offloading

STA Testing
AP Mode

AP Testing
STA Mode

Out of Band
Discovery

WLAN 11be
Multi-link

Application
Testing

DNS FTP IMS
ePDG N3IWF HTTP
Video
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Typical Wi-Fi7 test setup  to verify the RF performance 
parameters of transmitters, filters, amplifiers etc.

Device
Under
TestRx Tx

Rx test items:
• Packet error rate
• Minimum input sensitivity
• Adjacent channel rejection
• Non-adjacent channel rejection
• Maximum input level

Tx test items:
• Transmit spectral mask
• Spectral flatness
• Transmit center frequency leakage
• Transmitter constallation error
• Unused tone error

R&S®SMM100A R&S®FSV3007
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Production

UWB test and measurement solutions for all phases
of the product lifecycle from the UWB testing experts 

R&S®RTP+VSE R&S®FSW26R&S®CMP180
R&S®CMP200

R&S®CMQ200 HS R&S®SMM100 R&S®TS7124UWB PHY Test Suite

ConformanceIntegrationDevelopment

R&S®ATS800R

25
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R&S®CMP200 – Ultra-Wideband and 5G mmW (FR2) Testing

26

• One general purpose analyzer
Frequency range: 4 to 20 GHz

• One ARB generator
Replay of predefined waveforms ( -100 dBm)
Frequency range: 6 to 20 GHz

• Planned for 802.15.4ab

CMP200 features

• HRP UWB PHY TX measurements (802.15.4)
Band group 2: 6.5 to 9.5 GHz

• HRP UWB RX measurements by use of customer waveforms 
or R&S®WinIQSIM2

• Time-of-flight and angle-of-arrival measurements
• New UWB Head for Multi DUT Testing

Compact UWB non-signaling tester for HRP in high band

R&S ® CMQ
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UWB test solution for different use cases based on the CMP200

27

RF Performance and ToF incl FiRa AoA verification and benchmarking

RF AoA verification and ref. calibration PHY Perf. Check,  AoA/ToF calibration
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R&S® ATS800R

28

Category Value

Positioner Type Tilt and pan

DUT Weight
Max Size

< 2.5kg, centred
27cm x 41cm

Resolution 0.01 degrees

Accuracy 0.25 degrees @1kg
0.50 degrees @ 2.5kg

Tilt Range +/- 90 degrees

Pan Range +/- 90 degrees

Rotation speed < 45 degree/sec

Antenna Arc

UWB testing/ SatCom/ NTN testing

Antenna Arc mounted instead of 
CATR reflector and feed

Fixed antenna in centre

Four Arc arms in all directions

Up to 5 antennas 
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SUMMARY

30

Three cornerstones of IEEE 802.11be - Wi-Fi7
to achieve extreme high throughput (EHT) and low latency

R&S®CMX500 Wireless signaling tester
 LTE(FDD/TDD), 5G (FR1,2)SA / NSA
 IEEE 802.11 a/b/g/n/ac/ax/be(2.4, 5, 6 GHz)
 AP / STA Mode
 OFDMA multi-user and MLO(multi-link operation)
 Application test(incl.  VoWiFi, 5G/Wi-fi Data offloading, Coexistence test)
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For Wi-Fi, Worthwhile to read….
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For Wi-Fi, Worthwhile to watch…
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Are you ready for Wi-Fi 6E/7 testing? We are! Realizing extreme high throughput with Wi-Fi 7 Unlocking the ultimate Wi-Fi 7 experience
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For UWB, Worthwhile to read….
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For UWB, Worthwhile to watch…
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Discover the secrets of UWB based on IEEE 802.15.4z Testing ultra-wideband for automotive applications Reinforce a seamless UWB experience



THANK YOU
Mobile Test Summit Korea 2024

www.rohde-schwarz.com/kr
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