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CMX500 signaling test for 5G

All-in-one 5G signaling tester CMX500 OBT
Overview
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CMX500 Use Cases
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5G INSIDE

NEXT-GEN XR APPLICATION TESTING
Immersive experience ensured through testing w/ R&S®CMX500

¢ Our R&S® CMX500-based eXtended Reality testbed provides a versatile
platform for evaluating next generation XR services and applications that can
leverage future FR3 data rates

¢ The R&S® CMX500's 5G network emulation capabilities enable end-to-end
testing of distributed XR application functions such as remote 3D graphics
rendering and interactive Al services in addition to audio quality and other
core functionality critical to the overall quality of experience (QoE).

= |

R&S CMX500 0BT

® Rohde & Schwarz COMPANY RESTRICTED



5G INSIDE

The future of DEVICE TESTING in FR3
Unlocking the full potential of FR3 for 6G with the R&S®CMX500

¢ Rohde & Schwarz and chipset showcase exceptional high-throughput
performance with a radio operating at 13 GHz within the considered 6G FR3

frequency range.
¢ The R&S®CMX500 propels 6G development forward by delivering a cutting-

edge, future-proof solution for testing devices in the FR3 frequency range,
ensuring you're at the forefront of technological innovation!
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Al PLUS

ML-BASED CSI-RS FEEDBACK ENHANCEMENTS
Al/ML-based CSI Compression testing with R&S®CMX500

& Demonstrating machine learning {(ML)-based channel state information
(CSI) feedback enhancement, a critical technology that will also pave the
way for AI/ML in 6G with the target to improve spectral efficiency and
reducing feedback overhead.

& The R&S®CMX500 radiocommunication tester acting as 5G NR base
station is interacting with a Qualcomm based device showcasing ML-
Based CSI-RS feedback enhancements using a two-sided model

Press Release
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https://www.rohde-schwarz.com/about/news-press/all-news/rohde-schwarz-successfully-validates-ml-enhanced-channel-state-information-feedback-with-qualcomm-for-5g-advanced-press-release-detailpage_229356-1545609.html

Protocol Testing

Fading & RF Measurements
Channel Application Testing
Emulation Mobility Testing
up to 6 sats User defined bands
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‘ Cell selection
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S-Band
L-Band
Ku-Band
Ka-Band

Load, configure, visualize and deploy satellites.

Experience seamless control and visualization
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Band Support

CMX HEAD50
» NR-NTN — CMX500

Ka-Band ”:U + RRH

(CMX-B500A + CMX-B73B)

CMX500 OBT

Ku-Band

L-and S-Band  RF h

.;;i
(CMX-B600B)
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CMX500 Callbox for today‘s 5G Testing Challenges
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CALLBOX UL TX SWITCHING
EXAMPLE USE CASES

» UESs support at most two
RF transmitters

— Prio between UL MIMO
or multi-carrier?

Carrier 2

» Dynamic switching of TX
between to carriers

— Enables UL MIMO and Carrier 1
CA

» Applicable to
— ENDC and SA CA
— FDD+TDD (rel.16)
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CALLBOX 3GPP 38.521 TEST CASES IN THE GUI
EXAMPLE USE CASES

bl 3GPP Pre-Conformance X+
Ll TX Measurernent - NR FR1 1 - MEV aox

w  Detected and Statistics NR Cell 0 > RMC Scheduling Wizard x
re = O n 0 I I l a n C e Statistic Count Allocation Madulation Channal Type Out of Tolerance View Filtar Throughput E =)

020 MNo. RB: 135 Offsat RE: 67 nf2BPSK PUSCH 000 % 100 %
1 Test Name  6.2.1 UE maximum output power v
. v Power
Multi-Cluster
— IZZzard takes care o e
T Power (dBm) 12 un 2401 523 003 UE Power Class Not Appli
Peak Power (dBm) 28.08 30 2750 94 0.06 Additional Spectrum " .
Emission
RB Power (dBm) 283 284 273 3.85 003

Test ID

3GPP RMC settings

¥ TX Measuramant

Current

Average Std Dev

: Low High Low High High e High Downlink Uplink
Q u I C a n e aSy 3 G I I EVM RAS (%) 247 248 245 245 250 005 005 Transform Precoding + DFFs-OFDM
EVM Peak (%) %18 817 553 6 21 119 118
Madulation Scheme  Not Ay v . =
EVM DMRS %0 490 e 18 56 010 010

f 1 th Mgt Eror RS (%) 195 15 19 L4 e I 008 004 ||| #B Allocation Not Applicable v [innerFull

pre-contormance In tne Voot W0 we  wn wm  anan — 1T ‘
Magnitude Error DMRS (%) 335 335 33 EEH) 497 417 0.06 0.06
Phase Error RMS [7) 0.68 0.88 087 087 105 105 002 0.02
Phase Error DMRS [*) 147 147 145 145 175 175 o004 0.04

I EVM - NRFR11- MEV

Start RB Not Applicable v

o o

Cancel

+ Bownlink and Uplink Scheduting

Wizard RMC..
SPS/CG Configuration.
siot Assignment Configiy

CDRX
HARGH

Channel Matrix

.
.
3
b UE Timer and Canstants

"o
OFDM Symbol

CMX-KS600B NR Signaling, SA/NSA (NSA/SA)
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Rohde&Schwarz Speech Quality Solutions

» One box for Audio Quality (Internal POLQA Analysis)
—no need for Audio Analyzer for R&D Use Cases

and Operator testing
» VoWiFi, VoNR and VoLTE in the same box
» Support for AT&T VoNR Audio Quality test plan
» Advanced Internal (One-Box) Audio Quality test
capabilities
» #1 partner of Head Acoustics for more advanced

Speech Quality
®  Rondeaschwar



https://www.rohde-schwarz.com/in/knowledge-center/videos/explainer-video-automotive-5g-voice-quality-testing-from-rohde-schwarz-and-head-acoustics-video-detailpage_251220-1418628.html

NGECALL R&S TEST SOLUTIONS STATUS UPDATE

GNSS performance

ITU-T P.1140 / UN-R144

4/7/2025

4G/5G
E2E Conformance

Your benefit!

NI

Precise & Performance

Scalable Repeatable optimized

R&S eCall test solution

Protocol Conformance

GCFE PCT5-KC625 23.24.1

EMC testing

eCALL IN EMC (SYSTEM UPGRADE)

(UN ECE R10 Rev. 7 verified)
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One box solution to test multi-sim

» CMX500 support 2 modem context in ONE BOX
» Simplified HW, Cabling & automation

» DSDS for LTE and NR incl. ENDC

» LTE+LTE, NR+NR, LTE+NR, NR+ENDC

» Easy to create MSIM tests with XLAPI Python interface

» Readymade tests available as test packages

» Snippets used for enabling MSIM on CMseq and webUI

® Rohde & Schwarz COMPANY RESTRICTED



CMX500 - Ready for REDCAP

Rel.17 RedCap capability

= Co-existence of RedCap &
non-RedCap devices

= FD-FDD & TDD

= CMX OBT Lite

Callbox for RedCap
= RF Tx & Rx Meas
= E2E Measurements

3GPP Pre-conf RedCap

= CMseq RF automation

= 3GPP Pre-conf tests

= CMX-KC664B license needed

Power Consumption tests

= Rel.17 Power saving features

= Power consumption graph in
CMXmars

= Export Power consumption
data to .csv

® Rohde & Schwarz

CMX-KC664B SA RedCap 3GPP RF
I

it p
6334
SRS time mask
3. |Absolute Power Tolerance
p
Carri

b
[Aggregate powertolerance |
NR FR1 3GPP Composite RedCap il [FrequencyEvor ]
6421
Occupied Bandwidth
Spectrum Emission Mask
Additional Spectrum emissions mask
NR ACLR
UTRA ACLR

Reference Sensitivity Power Level
Maximum Input Level
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BAND COMBO TESTING WITHOUT RECABLING

Can this cabling cover
all DUT band combos?

®

Rohde & Schwarz

Points to consider

>

>
>
>

Dynamic Antenna Switching in DUT
Combiners & Splitters

1000s of band combos

What'’s best cabling to cover all band combos

Cabling
Optimizer
Service

COS Wizard

Suggested Cabling Diagram
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CMX OBT - Fading Overview

Internal Fader (no external equipment
required):

> LTE

> NR FR1

> NR FR2

Powerful fading engine which allows fading in
a single box for:

> upto 12 4x4 MIMO LTE CC

> up to 6 4x4 MIMO 5G NR CC /12 2x2 MIMO
5G NR CC

(depending on signaling requirement)

® Rohde & Schwarz
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R&S Al Workplace

s

Al-Powered ﬁo:ions'for Efficiency, Usability, and

Productivity~ -
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WLAN ON CMX500 OBT
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802.11bn
(UHR: Wi-Fi8)

— 2.4/5/6 GHz

WLAN IEEE02.11 EVOLUTION OVER 25 YEARS +

802.11a
(Non-HT)

=+ * 5GHz band

20MHz BW
SISO
64QAM
54Mbps
802.11b
(Non-HT)

+ 2.4GHz Band

22MHz BW

SISO

QPSK
11Mbps

= “Pﬁi”“ :
g i ]

2.4GHz band
20MHz BW

SISO
64QAM

esM uwrs

802.11n
(HT: Wi-Fi4)
» 2.4/5GHz
* 40MHz BW
+ MIMO 4x4
* 64QAM

* 540Mbps

LTE

( ‘8.02.11ac

(VHT: Wi-Fi5)

5GHz Band
160MHz BW
MIMO 8x8

+ 2560QAM

* 6.9Gbps

802.11ax

(HE: Wi-Fi6/6E)

» 2.4/5/6 GHz
160MHz BW
MIMO 8x8
1024QAM
OFDMA

5G

.

| » 2.4/5/6 GHz

320MHz BW
MIMO Mod.
4096QAM

802.11be
(EHT: Wi-Fi7)

320MHz BW
MIMO 8x8
4096QAM
OFDMA
mRU

MLO
46Gbps

6G
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AVAILABLE R&S SIGNALING TESTER FOR WLAN

CMW270 CMW500 CMX500
wireless connectivity tester Multi-RAT signaling tester one-box signaling tester OBT

» WLAN 1l a/b/qg/n/ac/ax
J > LTE, WCDMA, GSM, » LTE, 5G FR1 and FR2

SISO and MIMO WLAN, Bluetooth AN

max. 160MHz BW > Bluetooth and WLAN » Frequency range up to 8 GHz
» Wi-Fi6e extension for 6GHz capability same as N Y TAnSe EP

Band CMW270 » WLAN1la/b/g/n/
» Bluetooth Low Energy (BLE), aclax/be SISO and MIMO

Basic Rate and EDR

@ Rohde & Schwarz COMPANY RESTRICTED



MAIN NEW FEATURES IN 802.11BE (WIFI 7)

» 320MHz channel BW in 6GHz band

» Preamble puncturing

» 4096QAM modulation (12 bit per symbol)
» Multiple resource units

» Multi Link Operation (MLO)

. |

“,‘ <
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A few overlapping 320 MHz channels in the 6 GHz band

COMPANY RESTRICTED
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802.11BE WIDE CHANNEL BANDWIDTH -
INCREASD DATA RATE

CMsquares - Workspace - CMX500 CSW 2025.0.0.1375

il +

General

=

Sequencer

f

1P Meas
& Tools

X
Close All

n
P2y

Standard
802.11 be

Receive Mode
] v

Bandwidth
320MHz v

Center Frequency

Expected Nominal Power

dBm

Reference Level
20.00dBm

Z 1Q-WLAN 1- MEV
Q

-1

X

A

WLAN Statistics 3 %

¥ RXBurst

Device  Frame Format  DataRate  Bandwidth Burst Power  MAC Address

WLA, EHT_SU MCS 10 320 MHz 1550  04:e8:b9:d

¥ RXPSDU Records
v WLANAPO
Y 3 Rate

*) Reset Statistics
3!

Y$BW Y § NSS
20 MHz 1

Y 4 rormat 4 Burst Power (dBm) 4 Frames

Non-HT  IPSK 1/2 6Mbp 18.242 35

EHT_SU MCS 0 20 MHz 1 18.02 8

EHT_SU MCs 7 20 MHz 1 0 0

EHT_SU MCs 8 20 MHz

EHT_SU MCs 9 20 MHz

EHT_SU MCs 7 320 MHz

EHT_SU MCS 8 320 MHz

EHT_SU MCSs 9 320 MHz

EHT_SU MCS 10 320 MHz

Transmit Spectrum Mask - WLAN 1- MEV
dB

-200 -100 0 100 200 300 400

Center Frequency Error (Hz)

b

Z TX Measurement - WLAN 1 - MEV

¥ TX Measurements

Burst Info

MCS Index 12
4096QAM 3/4
2594Mbps

Modulation
Data Rate

Payload symbols 1
Measured symbols 1
Payload Bytes 1105
Guard Interval 08 ps

¥ Statistics
Overview Current
Burst Power (dBm) 1467
LTF Power (dBm) 1433
1467

1467

Preamble Power (dBm)
Data Power (dBm)
peak Power (dBm)

Crest Factor (dB)

EVM AlL Carriers (dB)
EVM Data Carriers (dB)
EVM Pilot Carriers (dB)

27.10
1243
4534
4534
-4531
-1885.01
0.08
NCAP

symbol Clock Error (ppm)
common Phase Error (*)
1Q Offset (d8)

DC Power (dBm)

Gain Imbalance (dB)

£9.74
55.07
50.46
Quadrature Error (°) 2109

Timing Error (us) —

LTF Size
Burst Type

Spatial Streams

Space Time Streams
Detected Bandwidth
Detected Standard
Center Frequency Offset

Average Max

16.53 17.34
1624
16.52

16.56

17.06
17.33
17.46
27.86 2849
1145
-43.14
-43.13
-4327

12.89
-40.29
-40.30
-39.71
-2069.94

017
NCAP

-2356.33
035
NCAP
7192
-55.21
43.02

-66.25
-48.92
11132
-0.68 -179.69

[E3

Recall

>
8 X

2T 6.4
EHT_M

Std Dev
0.85
0.87
0.84
0.87
032
0.64
1.08
1.08
1.09

165.90
0.08
NCAP
4.86
513
36.27
12243

Navigation Collapse

0 © Q a & @

Home  TE Conn  ZoomOut ZoomIn  Touch

@
Reliability

UE Power:
M WLAN TX Meas 1 Configuration
L *
Expand Pin  Favorite

Multi Eval  PER

¥ Common
Signal Path  Network

'WLAN Access WLAN AP 0

RF Path Sharing _ Fully Shared

Standard 802.11 be

Receive Mode SIS0

Bandwidth  320MHz

lauto
RF Routing
Connection

FDA DUT to MRT

External
Attenuation
Expected Nominal
Power

Band / Center
Channel

Center Frequency
User Margin
¥ Input Signal
Modulation Filter Al
1Q Swap
Capture Length

¥ Evaluation Length

skip Preamble and
ader

Mascurad Qumbale

Help 2

Search

*

Favorite

0

put

@

Network

Global
Services

[24-03-2025 13:43:44] SIGNALING: WSI: Association Rejected: Reason is PMK Caching not supported; Mac Address = 04:e8:b9:d0:ff:84 24-03-2025 13:43:43 (UTC)
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WIDE CHANNELS ARE GREAT, IF AVAILABLE AND NOT ,,BUSY*

160 MHz (Ch. 114)

Target BSS 820 P20

Other BSS

Other BSS

Radar

® Rohde & Schwarz COMPANY RESTRICTED



80MHZ BW WITH 20 MHZ SEGMENT 3 PUNCTURING ACTIVATED

WLAN AP 0 > Preamble Puncturing % Transmit Spectrum Mask - WLAN 1 - MEV

X MHz X MHz

Operating Bandwidth 80 MHz

Y 0.00dB
Display Mode
Relative

p dB

Y 0.00dB

Puncturing Size 20 MHz

Current Average Max

Puncturing Segment 20 MHz Segment 3

-20

-40 f R g

-100 -80 -60 -40 -20

¥  Margin

Start (MHz) Stop (MHz)
Current
-109.06
-60.94
-40.47
0.43
0.63
18.98
19.49
40.35
40.51
64.18

Interval
-125.00
-63.48
-40.47
0.00
0.47
10.00
19.49
39.49
40.47
63.48

-63.48
-40.47
-39.49
0.47
10.00
19.49
20.00
40.47
63.48
125.00

®

Rohde & Schwarz

Frequency (MHz)

Average

X MHz

Y 0.00dB

Min

\WMWWW

120 140 MHz

Margin (dB)

Max
-113.75
62.19
-40.47
0.39
0.63
19.45
19.49
40.39
62.85
121.02

Current
-15.68
-15.63
-17.98
-13.04

9.24
-10.14
-11.03
-15.34
-13.46
-14.48

Average Max
-16.85 9.33
-17.73 -14.18
-13.29 -10.22
-10.11 -7.83

9.53 -6.48
-8.89 -5.54
-15.46 -12.92
-15.19 -10.69
-15.03 -7.39

-107.50
-40.51
-40.47

0.39

0.86
18.75
19.49
40.39
40.63
66.29
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802.11be pushes RF performance REQUIREMENTS

AND test equipment quality to the next level

80241befg4

E0-

e e b e

e

11ac

802

wvebow e b

RSN

i e o
o

A o
b bk
Foh kA ks
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802.11BE MODULATION

MCSO - BPSK MCS8/9 — 256QAM MSC12/13 — 4096QAM

Coming

MCS1/2 - QPSK MCS5/6/7 — 64QAM MCS10/11 — 1024QAM MCS14/15 - BPSK-DCM

(6]
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Multiple Resource Units (MRU) per user for efficiency

ma 11 [ 1] 11

Hl mA [ T 11
RU106 I user W usero W users W userd Y users W users ¥ user7 Y users §
MRU106+26 :(IEEERA AR EERA A

MRU 26+52

MRU s T s s
484+242 e = 1l s
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WI-FI 7 WILL ALLOW MULTI-LINK OPERATION

Band steering

s

@ Rohde & Schwarz COMPANY RESTRICTED




WHAT IS MULTI LINK OPERATION (MLO)?

» Multi-Link Devices (MLD) allow
— concurrent data transmission and reception
— in multiple channels
— across a single or multiple frequency bands

» MLO helps to achieve
— Higher throughput (bandwidth aggregation)
— Lower latency (link switching)
— Enhanced reliability (interference mitigation)

@ Rohde & Schwarz COMPANY RESTRICTED



MULTI LINK OPERATION (MLO) MODES FOR MLD

Single-Radio Modes Multi-Radio Modes
(MLSR = Multi Link Single Radio) (MLMR = Multi Link Multi Radio)
» MLSR » STR MLMR
Multi-Link Single Radio Simultaneous Transmit and Receive Multi-Link Multi Radio
- allows the device to transmit/receive over - Links are statically assigned and operate independently
one link at a time (TX/TX, RX/RX, or TX/RX)
— Similar as SLO but association on both links — Sufficient isolation required to avoid in device coex. interference
» eMLSR » NSTR MLMR
enhanced Multi-Link Single Radio Non-Simultaneous Transmit and Receive Multi-Link Multi Radio
- additional capability to listen on two links - Links are statically assigned but coordination required
simultaneously — Synchronous transmission or reception (Tx/Tx and Rx/RXx)
— Dynamic switching of multi-link radio to a
link for transmission/reception » eMLMR — enhanced Multi-Link Multi Radio

- Most advanced configuration
offering to dynamically reconfigure links

® Rohde & Schwarz COMPANY RESTRICTED



MLO ASSOCIATION ON MLD (AP)

:: (@ Network
Topology

+ Live Mode
WLAN Area

WLAN
L APD

00:01:02:03:04:05
B02.1Tbe
BW!: 80 MHz
AMTY: 2.72 dBm
Ant2: - dBm
Freq: 5210 MHz
CH: 42
MLD-AP O
WLAN
L
00:01:02:03:04:06
B02.1Tbe
BW!: 80 MHz
Artl: -34.48 dBem
Antd: = dBm
Freq: 5530 MHz
£H: 106

MLD-AP O

1 Baseband Combining... D) & Edit

]

Measurement and Generator

Rohde & Schwarz

B Delete

Cabling

Show Labals
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Thank you
"~ verymuch
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