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1) IMT-2020 systems are called 5G, The ITU has already started a new technology trend report to prepare the work on “IMT-2020 and beyond” that is likely to become 6G

2031

1st 6G network launch?

1st 6G devices?

WRC-27WRC-23

Rel-16
uRLLC

Rel-17
RedCap, NTN

Rel-18
XR, AI, Energy

WRC-31

Rel-19
AI/ML, Duplex, WUS/WUR

1st Rel-18 

ASN.1 review

Rel-18 

ASN.1 freeze

Rel-20
6G studies

Rel-21
6G normative

You are here!

6G workshop
March 2025

First 3GPP 
Release covering 

a 6G standard

Standardization
Phase 2

Standardization
Phase 1

Rel-21
6G evolution

WRC-23 results:
6G Study items for WRC-27: 

7.125 – 8.4 GHz, 14.8 – 15.35 GHz
FCC: 12.7 – 13.25 GHz
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LET’S START WITH TIMELINES 
IS THIS THE RIGHT TIME TO TALK ABOUT 6G?
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https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5783993 (June 2011)

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7166778&tag=1 (June 2015)

~4 years

28 GHz base station with

64-element antenna array

YES!

~4+ years

The support of 

mmWave was one 

of the revolutionary 

elements in 5G!
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Security & 
Trustworthiness

Full-duplex 
communicationUltra-massive

MIMO

New network topologies, 
distributed computing

Multiple access, 
new waveforms,
channel coding

Integrated sensing 
& communication

Photonics, Visible
Light Communication

Reconfigurable 
Intelligent Surfaces

THz communication, 
and “FR3”

The Metaverse and
eXtended Reality (XR)

RESEARCH AREAS FROM A T&M PERSPECTIVE

A high-level overview of all these research areas is provided in one of our #THINKSIX videos 

Artificial Intelligence 
and Machine Learning
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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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TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G

E2E learning via an autoencoder = 6G? ML designs part of 6G 

PHY/MAC itself 

Baseband processing (gNB perspective)

For PHY/MAC the initial 6G research  focusses mainly on the receiver

Wireless

Channel
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Trans-

ceiver

Channel

coding
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Mapping/

Precoding
Modulation

OFDM Signal 

Generation

Channel

decoding

Demod./

Demapping

Channel

estimation

Channel

equalization

Signal detection/

Synchronization

Antenna 

System

Machine Learning

ML used to jointly 

optimize TX, RX and 

baseband processing;

Machine

Learning

Machine

Learning

Machine

Learning

Machine

Learning

Machine

Learning

Machine

Learning

Machine

Learning

ML applied to individual 

processing blocks

Machine

Learning

Machine

Learning

Machine

Learning

ML replaces multiple 

processing blocks

Machine

Learning
Machine

Learning

Linearization of RF 

Frontend including 

antenna subsystem via 

trained ML models

Further down the road!

Neural Receiver
Applied research
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NEURAL RECEIVER TESTBED
► Neural receiver: replacing conventional Digital 

Signal Processing (DSP) by AI/ML models

► Partnered up with NVIDIA to build industry-first 

neural receiver testbed

► 5G NR signal generation, receiving, pre-

processing by Rohde&Schwarz test & 

measurement solutions

► Design of a neural receiver based on NVIDIA‘s 

SIONNATM open software framework: MIMO 

detection, channel estimation, equalization, 

demapping
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TEST SCENARIO: 5G NR PUSCH MU-MIMO
NUMBER OF USERS, MIMO MODE AND NUMBER OF LAYERS

User 1

Layer

Mapping
Precoding

Coded

Data

User 2

Layer

Mapping
Precoding

Coded

Data

gNB

Both users independently faded, 

independent noise settings
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Both users transmit simultaneously on 80 MHz signal bandwidth (PRB 217), 16QAM modulation

DMRS symbols 2 and 11, User#1 on even-numbered subcarriers, user#2 on odd-numbered subcarriers
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R&S®SMW200A

R&S®SGT100A (2x)

R&S®MSR4

Satellite Receiver
Server 2x AMD EPYC 7313 16-Core Processor

Signal 

Generator

2 Users

Signal 

Receiver

4 RX 

Antennas

5G UL Measurement

R&S®Server-Based Testing (SBT)

Neural

Receiver

(SionnaTM)

NVIDIA Server

4x SFP

10 Gb/s 1 Gb/s

INTEL

E810
Onboard

NIC

Visualization

http / REST

Streamed

I/Q

Orchestrator
Onboard

NIC

NEURAL RECEIVER TESTBED 
DEMONSTRATED @ MWC BARCELONA 2023

Constellation

Diagram

Symbol 

Coordinates

R&S®MSR4 Multi-purpose 

satellite receiver (Link)

Server-Based Testing (SBT) 

architecture and toolchain with 

VSE micro services runs on a Dell 

Precision 7920 with Debian 

Buster 10.10 Nvidia

RTX4090
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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
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HARDWARE-IN-THE-LOOP VALIDATION 
OF A NEURAL RECEIVER IMPLEMENTATION 

Today’s receiver 

architecture and 

algorithms

Ideal
(“Perfect knowledge about 

the channel’s behavior”)
Neural receiver
(Machine Learning-based)
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6G NEURAL RECEIVER TESTBED 
APPLICATION VIDEO

► YouTube link: https://youtu.be/BQyxBYzdg5k

► IEEE conference paper:  https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10464486

On the verge of 6G - Will AI/ML revolutionize wireless communcation?May 2024

https://youtu.be/BQyxBYzdg5k
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10464486
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ENHANCING THE NEURAL RECEIVER?
TOWARDS AN AI-NATIVE AIR INTERFACE FOR 6G

E2E learning via an autoencoder = 6G? ML designs part of 6G 

PHY/MAC itself 

Modem (baseband processing)

For PHY/MAC the initial 6G research  focusses mainly on the receiver

Wireless

Channel

RF 

Frontend

Trans-

ceiver

Channel

coding
Scrambling

Mapping/

Precoding
Modulation

OFDM Signal 

Generation

Channel

decoding

Demod./

Demapping

Channel

estimation

Channel

equalization

Signal detection/

Synchronization

Antenna 

System

Machine Learning

ML used to jointly 
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Further down the road!

Neural Receiver
Applied research

Custom 

Const.

On the verge of 6G - Will AI/ML revolutionize wireless communcation?May 2024



Rohde & SchwarzRohde & Schwarz

NEURAL RECEIVER WITH CUSTOM MODULATION

On the verge of 6G - Will AI/ML revolutionize wireless communcation?May 2024
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► 3GPP Rel-18 and 19 lay the foundation for an AI/ML framework in 3GPP that 6G may build on.

► We demonstrated first promising results of replacing traditional signal processing blocks and 

classic signal processing algorithms with trained machine learning models

► Still a long  way to go; several research challenges are currently under investigation by multiple 

research projects worldwide, e.g.:

− 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-driven models?

− Wireless radio channel characteristic representation in the form of fading profiles vs. real-time channel

− Local adaptation of default models: “online training” in the field = site-specific neural receiver model

► The R&S testbed for neural receiver can help to validate performance of initial concepts before 

putting them into silicon.

ADOPTION OF AI/ML REQUIRES ADAPTATION OF NEW 
TESTING METHODOLOGIES AND TEST PROCEDURES

Our conclusion

On the verge of 6G - Will AI/ML revolutionize wireless communcation?May 2024
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THANK YOU! 
QUESTIONS?

“No one can whistle a 

symphony. It takes a 

whole orchestra to 

play it.” Halfrod E. Luccock (1885-1960)

On the verge of 6G - Will AI/ML revolutionize wireless communcation?May 2024


