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AGENDA

Introduction and overview
on 3GPPO6s stu
Al/ML in Rel-18

What role will AI/ML play in
a future 6G communication
standard? What is a neural
receiver? Is there an
evolution path?

What role do test and
measurement solutions
play in this context?




MACHINE LEARNING IS BASED ON NEURAL NETWOR
HOW ABOUT BEST ERROR VECTOR MAGNITUDE (EVM)?
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STUDY ON ARTIFICIAL INTELLIGENCEfMACHINE, LEA!F
IN 3GPP RELEASES . el

3AI /ML in 3GPP until finowd was maihly fof™® dat'a
- 3GPP Rel-15/16/17: Network Data Analytics Function (NWDAF) ' X XN . o
- 3GPP Rell7: RAN3-led study on further enhancing data collection VAl ‘ &, A
3 3GPP Release 18: 5G-Advanced =AY ,f\’r S (S
- SAl-led study on model transfer ( ), SA2-led study on 5G system support forAI/I\/IL based »
services ( ), SA4-led study on AlI/ML for media ( )and an SATS Ied study on % |

Al/ML management ( ); RAN3-led continuation based on flndlngs |n Rel 17 study item~
- AI/ML for NR air interface 1 : i

- Exploration of augmentation of the air interface by AI/ML; study is scheduled throughout the oomplete release

until the end of 2023, starting with three pilot use cases to assess performance-in companson o traditional methods
and specification impacts:

1. CSl feedback enhancements _

- Compression and prediction o
2. Beam management
3. Positioning accuracy enhancements
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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://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3983
https://arxiv.org/ftp/arxiv/papers/2305/2305.05092.pdf
https://www.3gpp.org/technologies/ai-ml-nr

WHAT ROLE WILL AI/ML PLAY IN A FUTURE

6G WIRELESS COMMUNICATION STANDARD?




FIRST OF ALITIMELINES
FUTURE STANDARDIZATION AND REGULATORY ROADMAP

You are here!
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FIRST OF ALOIMELINES
IS THIS THE RIGHT TIME TO TALK ABOYE®G?

e The support of

An Introduction to Millimeter-Wave mmWave was one
Mobile Broadband Systems of the revolutionary
T elements in 5G!

““““““““

R e

(June 2011)
(June 2015)
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https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5783993

&G RESEARCH AREAS FROM A T&M PERSPECTIVE

THz a n d Jointrcé@riunicatioArtificial Intelligence Reconfigurable Photonics, Visible
& sensing  and Machine Learning Intelligent  Light Communication
Surfaces
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Multiple access,  Ultramassive New network topologies,Fuliduplex Security & A high-level overview of
new waveforms, MIMO distributed computingcommunication  Trustworthiness all these research areas
channel coding is provided in one of our

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

CIES /' H&REKS ROMA T&M PERSPECTIVE
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A high-level overview of
all these research areas
is provided in one of our

#THINKSIX videos.
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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https://ieeexplore.ieee.org/
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TOWARDS AN-NATIVE AIR INTERFACE FOR

Char_mel Scrambling Modulation 'V'app"?g’ SIrioh] S|gnal —|>
coding Precoding Generation :
) ) Trans- i RF . Antenna
Baseband processin NB perspective : : : -
P 99 Persp ) ceiver : Frontend ;| System
Channel | Demod./ Channel Signal detection/ <_ :
decoding | | Demapping & equalization . estimation Synchronization
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Frontendjincluding
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trained ML:models
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ML replaces multiple
processing blocks

| ML used to jointly <®

. optimize TX, RX and
. baseband processing;

' ML designs part of 6G
PHY/MAC itself

ML applied to individual, -
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NEURAIRECEIVEIKESTBED

3 Neural receiver: replacing conventional Digital
Signal Processing (DSP) by AI/ML models :

3 Partnered up with NVIDIA to build industry-first
neural receiver testbed

3 5G NR signal generation, receiving, pre-
processing by Rohde&Schwarz test &
measurement solutions

UE1 Transmitter (TX)

QAM
Modulation

3 Design of a neural rece
SIONNA™ open software framework: MIMO
detection, channel estimation, equalization,
demapping

Neural Network
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TEST SCENARIO: 5G NR PUSEMIMO @ ’
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NEURAL RECEIVER TESTBED.
DEMONSTRATED @ MWC BARCELONA 2023
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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

HARDWARIN-THELOOP VALIDATION
OF A NEURAL RECEIVER IMPLEMENTATION -

MWC 2023 Demo: Neural Receiver for MU-MIMO TOWARDS 6G: AVML — 56 UL MU-MIMO

Al/M L-based Neural Recelver for NEURAL RECEIVER
5G NR PUSCH Multi-User MIMO

Set Config S SNR [dB]: -1.0 =@ MECRE 0% @

Synthetic Data

10° -

Evaluate TBLER Todayf)s receiver

Evaluate LS-Baseline ] archltectul’e and
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Channel UE 1 TDL-B 100ns/400Hz/low 1 . —
Channel UE 2 TDL-C 300ns/100Hz/low 1 Baseline - Maximum Likelihood (approx.)

—— Baseline - Perfect-CSI (lower bound)
Number of PRBs 217 | =— Baseline - LS+LMMSE
Modulation order 16-0AM Neural Receiver
Target coderate 0.54 1 L
Transport block size 67584 bit Q 4
PUSCH throughput 49.9 slots/s SNR [dB]

{ Made This work 1s funded
the European
ROHDE&SCHWARZ with NVIDIA. S

Slonna Agreement 101096379
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6G NEURAL RECEIVER TESTBED . ' g ®
APPLICATION VIDEO Bieasan
3 YouTube link: https://voutu.be/BOyxBYzda5k .'.. X . . “,

) Pl ) 226/10:19 - Test Setup > » to 5] 4t
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https://youtu.be/BQyxBYzdg5k

ENHANCING THE NEURAL RECEIVER? » i
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ADOPTION OF AI/ML WILL REQUIRES ADAPTATION Of
TESTING METHODOLOGIES AND, TEST PROGEDURES

3 3GPP Rel-18 and 19 lay the foundation for an Al/ML framework in 3GPP that 6G may build on. V' £

3 We demonstrated first promising results of replacing traditional signal proée'séing blocks and ~

classic signal processing algorithms with trained machine learning modeIS' 3 \Q :
3 Stillalong way to go; several research challenges are currently under mvestlgatlon by multiple
research projects worldwide, e.qg.: N | T‘ A

X\ /(/
- Processing power, power consumption, etc.: implementation in GPU vs. FPGA or ASIC’>

)

- Training with synthetic data only? How to move to entirely real-world data—,drlven models’?

V7, ®

- Wireless radio channel characteristic representation in the form of fading p'rofil.és,vs. real-time chénhel
-Local adaptation of default mo éespecific neural receiver madelt r a

3 The R&S testbed for neural receiver can help to validate performance of initial concepts before
putting them into silicon.
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THANK YOU!
QUESTIONS?

nNNo one cai e
symphony. It takes'a -
whole orchestra to ‘\.;--
P | a Yy  Halfa E. Luccogy1885-1960) |
Vi
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