 AUML IN 5G-ADVANCE ” 662 -
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Meik Kottkamp
Technology Manager Wireless
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3GPP STANDARDIZATION AND REGULATION R
ON THE WAY TOWARDS PLANNED 6G LAUNCH IN 2030

3GI@RANISA |
h 6G w/%kshop j
- March 2025 ‘ ITU ‘ ITU
JATUWRC WRC-27 - WRC-31
DUBAI 2023

1st GG network-

6G spectrum investigations for WRC-27 ‘
eMeAR |1 i | RAN2/3/4

America [ recc B RAN1

APAC [ | 12.7-13.25
44-48 7.125-8.4 14.8-15.35

“ee
cee.

.....
......
ood

rking assumption, not confirmed
(Rel-21 timeline decided no later than June 2026)

We are here

@ 2 Mobile Test Summit 2025
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A high-level overview of all these research areas is provided in one of our #THINKSIX videos

@ 3 Mobile Test Summit 2025


https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

MOBILE TEST

ARTIFICIAL INTELLIGENCE/MACHINE LEARNING IN 3GP¥’§”“’"‘"'T
LAYING THE FOUNDATION WITH 5G-ADVANCED

» 3GPP Release 18: 5G-Advanced

111 B
Cmmme e

4= D\

gNB

Sources: https://www.3gpp.org/technologies/finding-ai-in-3gpp, https.//www.3gpp.org/technologies/ai-ml-nr, and https://arxiv.org/ftp/arxiv/papers/2305/2305.05092.pdf
@ 4 Mobile Test Summit 2025



https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3721
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4009
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4040
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3965
https://www.3gpp.org/ftp/Specs/archive/38_series/38.843/38843-i00.zip
https://www.3gpp.org/technologies/finding-ai-in-3gpp
https://www.3gpp.org/technologies/ai-ml-nr
https://arxiv.org/ftp/arxiv/papers/2305/2305.05092.pdf

& PILOT USE CASES IN 3GPP RELEASE 18

Al/ML for NR air interface — scre 1r 38.843 v18.0.0 (2023-12)
Exploration of augmentation of the 5G air interface by Al/ML, starting with pilot use cases in 3GPP Release 18 to assess
performance in comparison to conventional methods and specification impact

CS| feedback enhancem Beam management osmonlng accuracy enhancements

. prediction ; j conditions

.domam for overhead and latency reduction,

«beam selection accuracy improvement
Remainedfafstudy, :

New RANZ2-led study item in Rel-19:

Al/ML for mobility in NR

@ 5 Mobile Test Summit 2025


https://www.3gpp.org/ftp/Specs/archive/38_series/38.843/38843-i00.zip

SUCCESSFUL VALIDATION OF VENDOR INTER-
OPERABILITY FOR ML-BASED CS| FEEDBACK ENHANCEMENT

Rohde & Schwarz successfully validates ML-enhanced
channel-state information feedback with Qualcomm for 5G-
Advanced

Wireless Al
Performance Verification

ROHDE&SCHWARZ ® QUQICOIVVV\

Qualcomm 5G technology is licensed by Qualcomm Incorporated. Snapdragon and Qualcomm
branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.

Wireless Al Performance Verification
Yousong Mei
Senior Director Engineering Qualcomm Technologies, Inc.

® 6 Mobile Test Summit 2025 Link to video, link to


https://scdn.rohde-schwarz.com/ur/web/video/market-segments/wireless-communications/5g-and-beyond/towards-an-ai-native-air-interface-in-6g-application-video-rohde-schwarz_200_110786_1080p_5.mp4
https://www.rohde-schwarz.com/us/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

HOW DID WE ACHIEVE INTEROPERABILITY?

ROHDR&SCHWARZ @ Al/ML CSI Feedback Compression Interoperability Device Testing

Make ideas real

@ Step 2 @ Step 3

i compiete autoencoder ROBOE: 8- SElw a2 DEBSSM T 30ad Mt SECOBar MO 10 QU SEHND « Qualcomm trained UE encoder model
+ Rol & Schwarz passed trained test decoder model to Qualc =
P channel model e : . ' matched to fixed R&S test decoder

Quaicomm R&S

R&S Test Decoder R&S Test Decoder
= R UE Encoder Test Decoder

(>

> Qualcomn

>

® 7 Mobile Test Summit 2025
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ML BASED CSI-RS FEEDBACK ENHANCEMENTS

ML-CSI FEEDBACK ENHANCEMENT
MWC 2025 DEMO IMPRESSIONS

Al/ML CSI Feedback Compression Interoperability Device Testing

decoder for ML- CSI feedback enhancement through
support of industry-standard

@ 8 Mobile Test Summit 2025
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3GPP STATUS

» ML-CSI feedback becomes work item for 5G-Advanced in 3GPP Release 20

» RP-251870 — New WI: Al/ML for NR air interface enhancements
— Al/ML framework for two-sided AI/ML models within the realm of what has been studied
— CSl-feedback enhancement, encompassing two-sided model
— Inter-vendor training collaboration for two-sided Al/ML models
— Data collection; Interoperability and RRM requirement

\\\

From an

Al-assisted. .. ﬁ

...to an
s ‘ Al-native air interface
ADVANCED

@ 9 Mobile Test Summit 2025



TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G
WHAT IS R&S DOING ABOUT IT? - NEURAL RECEIVER TESTBED

Chapnel —> Scrambling —> Modulation —> Mapplr?g/ —> OFDM Slgnal —>
i coding | . Precoding = Generation | 1
Trans-: RF | Antenna : Wireless

Baseband processing (JNB perspective) geiver’ Frontend | System | Channel

| ~ Channel « Demod./ ,4_ Channel « Channel * S|gnaldetect|0n/ -
decodmg Demappmg equallzatlon estimation Synchronlzanon

R A A A S EE R
= - o

— Rohde & Schwarz’s neural receiver model trained with SIONNA for 3GPP’s for
different Doppler shifts and Doppler spreads with random UE’ drops

- QAM modulation backed into weights, need to retrain for other modulation schemes
— Model trained for SCS 30 kHz, retraining for other SCS required
® 10 Mobile Test Summit 2025

ML applied to individual
processing blocks

ML replaces multiple
processing blocks




NEURAL RECEIVER TESTBED

Signal
Generator

2 Users

R&S®SMW200A
R&S®SGT100A (2x)

Signal
Receiver

4 RX
Antennas

R&S®MSR4
Satellite Receiver

Orchestrator
Onboard
NIC

http / REST

5G UL Measurement

R&S®Server-Based Testing (SBT)

Server 2x AMD EPYC 7313 16-Core Processor

MOBILE TEST
SUMMIT

Visualization

Neural

Mobile Test Summit 2025

= Receiver

NVIDIA Server



https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_common_library/dl_brochures_and_datasheets/pdf_1/MSR4_fly_en_3608-9260-32_v0100.pdf

TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER WITH CUSTOM CONSTELLATION

| Mapping/ || OFDM Signal |_;
. Precoding | Generation |

Custom
Const.

Chapnel "’ Scrambling
coding

Trans-: RF Antenna Wireless

Baseband processing (QNB perspective) BRI Frontond . System | Channel

| Channel « Demod./ + Channel <_ Channel * S|gnaldetect|on/§
decodlng . Demapping | | equalization =~ estimation = SynChfonlzatlon

EH A EA A A ER B R
T 1

ML applied to individual
processing blocks

ML replaces multiple
processing blocks

® 12 Mobile Test Summit 2025



TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER WITH CUSTOM CONSTELLATION

10

LS

kod Benefits

* Observed gains upto3dB
»  based on learned pilot-/data-aided channel estimation and minimization of Do i
estimation and equalization errors compared to conventional algorithms

= = Custom Const, - Neural Receiver (CFO=0.2ppm)
Custom Const, - Neural Receiver, finetuned (CFO=0.2ppm)

»  Further improving spectral efficiency becpuiniratidlipbrtiy |
. Including custom constellation with asymmetric shape eliminates the need for 5G Baseline - Maximum Likelihood approx. (no CFO)
5G Baseline - Perfect-CSl, lower bound (no CFO)

pilot signals,

A No free lunch!

* Model is only as good as the data set

* Retrain model for modulation schemes (constellation points) and
subcarrier spacings as information is backed into weights during
training process

+  Computational complexity and power consumption T

E —
Time [Symbols]

Depending on actual DMRS

12x 14 =168 RE
® 13 Mobile Test Summit 2025 12 RE for pilots, 12 RE unused elelpiile[[eilelsN(s]{lel & (e[aE=1) RU[ o (e]
24/168 = ~14% 14% gain in spectral efficiency



CUSTOM CONSTELLATION IN PRACTICE

ight

HED I 2@
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TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G
SUPPORT OF CUSTOM CONSTELLATION WITH OPTION K184

» Rohde & Schwarz implemented a ‘custom constellation’ feature into its 5G NR software options
for signal generator and spectrum analyzer; next step: end-to-end learned neural receiver with
custom constellation

B % 1.000 000 000 000 |8 | ' = wee230.004n & -30.00 50

C—
R&S®SMW200A
Vector Signal Generator

R&S®FSW
Signal and spectrum analyzer

+ Vector Signal Explorer
(VSE) software

@ 15 Mobile Test Summit 2025



THE NEXT STEP - TRENDS IN RESEARCH
DIGITAL TWINS FOR Al-RAN

. BARCELONA
3 -6 MARCH 2025

Demoed @ MwC

GSMA

Towards 6G: Digital Twins for the Al-RAN

site-specific adaptation of a neural
receiver model by ray tracing simulation
to accurately characterize the wireless
channel in the targeted deployment area

NVIDIA.

@ 16 Mobile Test Summit 2025
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BRING RAYTRACING
TO THE LAB

R&S®SMW200A
Vector Signal Generator with
Customized Dynamic Fading

RF Channel Modeler

- _‘Lg(enerates custom
.~ _Zwirelessichannel models

4 x K ‘ o~ ’J
|~ f6?'|aboratory testing of
L | ﬁl SG/GG hardware

Transition ray tracing
simulation into fading
profile using customized
dynamic fading option

A Fea 1,000 000 000 000 6 #ep -30.00 dgm tevel -30.00 dsrm
B fea  1.000 000 000 000 c+: #eP -30.00 gem tevel -30.00 e

L X

0@ DB

AEn’

B 0w G0 ne SR
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SUMMARY NEURAL RECEIVER TESTBED MY
ON THE PATH TO SITE-SPECIFIC ML-BASED SIGNAL PROCESSING

Mobile World Brooklyn Mobile World Mobile World

Congress 2023 6G Summit 2023 Congress 2024 Congress
+ IMS 2025

Industry-first Neural End-to-End Neural RX + Impairment '

RX Testbed Learning Testbed Compensation

@ 18 Mobile Test Summit 2025



>IVIOBILE TEST
SUMMIT 2025

THE NEXT STEP - TRENDS IN RESEARCH

COMBINE NEURAL RECEIVER AND DIGITAL POST-DISTORTION

5G ERICSSON Z ~ Fraunhofer
. HHI

e &‘1
\ x;/o -
(,‘,... ult) ) / (711 ‘11‘

RF Diqiti- ML-based Results:
?. Conventional BLER vs
zation SNR

9G NR PA emulation

PUSCH (AM/AM, Down-

(Uplink signal AM/PM tables) Collversion conversion

generation)

Data sets with
emulation of
power amplifier
for inference

Mobile Test Summit 2025




DEMONSTRATION AT 6G-PLATFORM EVENT D Sunivirangs
BERLIN, GERMANY (JULY 2025)

Machine Learning for Digital Post-Distortion (DPoD)

System Parameters
Carrier Frequency 2o Received Constellation (Before)
Bandwidth
Subcarrier Spacing

Modulation (MCS)

Input Pawer Level

Power Amplifier Emulation @y

: Goal: move curve|
i+ to the right as far/

as pOSSibIe .‘I-f ., Received Constellation (After)

System Overview ! (
56

S E

1

This project is a collaboration between:

ROHDEASCHWARZ ® Fraunhofer

HHI

[EY—

® 20 Mobile Test Summit 2025
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AI/ML IN 5G-ADVANCED AND 6G — PRACTICAL PATHS iz
AND REAL CHALLENGES - KEY TAKEAWAY’S

//@ 5G-Advanced establishes the
5G foundation for Al/ML integration

Two-sided Al/ML models use cases stretch interoperability
requirements

Test and measurement enable Al/ML-driven wireless systems

*) Not d in thi tati
@ 21 Mobile Test Summit 2025 ) Not covered in this presentation
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