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Agenda

ƷThe ITU IMT-2030 program: 

setting the scene for 6G

Ʒ Integrated Communication and sensing: 

adding the 6th sense to mobile communications

ƷReconfigurable Intelligent Surfaces: 

shaping the radio channel for more efficiency and capacity

ƷAI and ML in radio communications: 

is there any benefit?

The path towards 6G20242
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Itós official: IMT-2030 = 6G

3 2024 The path towards 6G

Ʒ The International Telecommunication Union (ITU) 

adopted a resolution that will guide the 

development of 6G standards and 6G radio 

interface technologies.

Ʒ In addition to that, they also adopted the 

new Recommendation ITU-R M. 2160 

on the ñIMT-2030 Frameworkòsetting 

the basis for the development of IMT-2030.

Source: https://www.6gworld.com/exclusives/itu-officially-sets-agenda-for-the-6g-development/

https://www.6gworld.com/exclusives/itu-officially-sets-agenda-for-the-6g-development/
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New generations every 10 years é

4 2024 The path towards 6G

Source: Qualcomm

IMT-Advanced IMT-2030IMT-2020IMT-2000

3GPP: Global Standards
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IMT-2030 framework
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Source: https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf

In 5G we had 3 different categories, representing

3 different network slices: eMBB, mMTC and URLLC.

6G will extend those and add 3 more categories!

https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf
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IMT-2030 capabilities

6 2024 The path towards 6G

Å Peak data rate 
Maximum achievable data rate under ideal conditions per device. 

50, 100, 200 Gbit/s are given as possible examples.

Å User experienced data rate
Achievable data rate that is available ubiquitously across the 

coverage area to a mobile device. 

300 Mbps and 500 Mbps are given as possible examples.

Å Spectral efficiency
Spectrum efficiency refers to average data throughput per unit 

of spectrum resource and per cell. Values up to 3 times greater 

than that of IMT-2020 could be a possible example.

Å Mobility
Maximum speed, at which a defined QoS and seamless transfer 

between radio nodes which may belong to different layers and/or 

radio access technologies (multi-layer/multi-RAT) can be achieved. 

The target of mobility could be 500 ï1 000 km/h. 

Å Latency over the air interface
Target is 0.1 ï1 ms

Source: https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf

https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf
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IMT-2030 Technologies to enhance air interface
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Ʒ Extreme MIMO (E-MIMO) 

-new types of antenna arrays, much larger-scale antenna arrays, a distributed mechanism, 

and AI assistance. 

Ʒ Technologies with potential to tackle traditional antenna array beamforming challenges

-Reconfigurable intelligent surfaces (RIS)

-Holographic radio (HR)

Ʒ Ultra-wide bandwidth (multiple GHz)

-To support positioning/sensing accuracy

-mmW and subTHz range

Ʒ Self-interference cancellation (SIC) technology in devices and networks 

-to enable in-band full duplex (IBFD) in future mobile communications

Source: https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf

https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2160-0-202311-I!!PDF-E.pdf
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Remember:
WRC-19 identified a lot of new spectrum for IMT-2020

2024 The path towards 6G8

Ʒ 24.25-27.5 GHz

Ʒ 37-43.5 GHz

Ʒ 45.5-47 GHz & 47.2-48.2

Ʒ 66-71 GHz

Ʒ Is there an urgent need for more spectrum? 

-WRC-23 said no! Thus, no more spectrum was allocated for IMT-2023 this time!

5G

4G

3G v

2.10.70.41 6 7.125

5G

24 71 100 330 frequency [GHz]

2G

0.9 1.8

2G

4G

2.7 5



Rohde & Schwarz

Next WRC-27 spectrum discussions
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Ʒ WRC-27 New Agenda Item on IMT Frequency Studies

-4400 ï 4800 MHz, or parts thereof, in region 1 and region 3;

-7125 ï 8400 MHz, or part thereof, in region 2 and region 3; 

-7125 ï 7250 MHz and 7750 ï 8400 MHz, or part thereof, in region 1;

-14.8 ï 15.35 GHz ïthis might become the ñFR3ò range in 3GPP 
(study item ongoing)

Ʒ No Agenda Item for Frequencies > 100GHz!

Ʒ WRC-27 new satellite agenda item on

- direct connectivity between space stations and IMT UE to complement terrestrial IMT network 

coverage (694 MHz - 2.7 GHz )

6G? 6G?5G
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6G Phases and Timeline 
Research, ITU and 3GPP

The path towards 6G

Assumptions 
= not confirmed 
timelines

Fundamental research Applied research
Study 
Phase

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

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

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

2031

1st 6G network launch?
1st 6G devices?

WRC-27

Rel-16
uRLLC

Rel-17
RedCap, NTN

Rel-18
XR, AI, Energy

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

202410
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RESEARCH AREAS FROM AN T&M PERSPECTIVE
6G introduces many new technology components

The path towards 6G
A high-level overview of all these research areas is provided in one of our #THINKSIX videos 

Spectrum for 6G: 
®EQ2¯ `mc SGy

Integrated sensing & 
communication

Artificial Intelligence 
and Machine Learning

Reconfigurable 
Intelligent Surfaces

Photonics, Visible
Light Communication

New network 
topologies, distributed 
computing

Multiple access, 
new waveforms,
channel coding

Ultra-massive
MIMO

The Metaverse and
eXtendedReality (XR)

Full-duplex 
communication

Security & 
Trustworthiness

202411

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


Joint Communication And
Sensing (JCAS)

a.k.a.

Integrated Sensing And
Communications (ISAC)
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RADAR AND COMMUNICATION COMMONALITIES

Hardware

Phased array antennas and beamforming are widely used

Processing

Both benefit from high bandwidth in higher frequency ranges (FR2 and 70 GHz) 

Estimation techniques (channel or target) are important

Both benefit from recent increased trends on machine learning 

The path towards 6G202413
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ISAC USE CASES

14 2024 The path towards 6G

Gesture 

detection & 

control

Enhanced 

radar & 

safety

Intrusion & proximity detection

Man machine interworking 

& safety zones Remote health  

monitoring

Communication link 

optimization

UE#1 UE#2

Detection & 

collision 

avoidance

Flooding

& disaster 

detection
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SENSING ARCHITECTURES

Transmit

Network Node UE
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Monostatic Bi-/Multistatic

Monostatic Bi-/Multistatic

Bi-/Multistatic

Bi-/Multistatic

Downlink

Uplink

Sidelink

Reflected signal

The path towards 6G202415



Rohde & SchwarzRohde & Schwarz

ISAC ðRESEARCH CHALLENGES
WAVEFORMS ðTWO ENTRY POINTS

Ʒ Research challenges: 

-Adaptable waveform for optimal tuning towards sensing or communication performance

-In addition: frequency/bandwidth? Full duplex transceivers? Interference? Distributed sensing?

PMCW, FMCW, é

Communication 

centric

OFDM

Radar centric

The path towards 6G202416
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ISAC: TESTING CONSIDERATIONS

Transmit Signal

Reflected Signal

Transmit Signal

Object

(Reflector)
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Communication Channel

Sensor Channel

KPIs

KPIs
Å Throughput

ÅVoice, video quality

ÅRF performance / linearity Ÿ EVM

ÅPower / Spectrum

ÅDetection

ÅAccuracy

ÅResolution

ÅSpeed

ÅDistance

ÅAngle

ÅRCS
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The path towards 6G202417
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R&S ISAC SENSING TEST APPROACH

F
E

IF interface

ISAC 

prototype Object simulator 

Chamber/Free-space

Interference/UE/BS 

simulator 

Control SWÅSpeed

ÅDistance 

ÅRCS

The path towards 6G202418
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KomSens 6G
Perceptive communication networks with integrated sensor technology 
for 6th generation mobile communications

The path towards 6G

Live Demo at 6G conference in Berlin, 2024: Live Demo at Open6G hub:

202419



*AI/ML ï Artificial Intelligence / Machine Learning

AI/ML FOR WIRELESS
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AI FOR WIRELESS: 3GPP R18/R19 FOCUS

2024 The path towards 6G21

Source: Qualcomm
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SO, WHAT POTENTIALLY COMES NEXT?
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 

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 Ongoing since some timeOngoing research

Further down the road!

Neural Receiver

Custom

Const.

The path towards 6G202422
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NEURAL RECEIVER TESTBED
MWC 2023 Brooklyn 6G Summit 2023 MWC 2024

Industry-first Neural RX Testbed End-to-End Learning Testbed Neural RX + Impairment Compensation

The path towards 6G202423
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END-TO-END LEARNING TESTBED
Demoed @

The path towards 6G202424
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END-TO-ENDCONSTELLATION LEARNING

Ʒ Joint End-to-End Learning (TX, wireless channel, RX) of 

custom constellation points and neural receiver

Ʒ AI/ML models learn constellation with superimposed pilots; 

joint optimization of neural receiver performance

Ʒ Pilotless Communication: No need for 5G NR 

Demodulation Reference Signals (DMRS)

Ʒ Free resources can be used for data transmission

Ą higher bandwidth efficiency/throughput

Ʒ Additionally in this demo: Neural RX trained with carrier 

frequency offsets in range 0 ï0.5 ppm

From QAM16é

é to an AI/ML-learned

constellation

The path towards 6G202425
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FIRST STEP TOWARDS END-TO-END LEARNING
Ʒ Rohde&Schwarz implemented a ócustom constellationô feature into its 5G NR software options for 

signal generator and spectrum analyzer; next step: end-to-end learned neural receiver with custom 

constellation

R&S®SMW200A 

Vector Signal Generator

R&S®FSW

Signal and spectrum analyzer

+ Vector Signal Explorer 

(VSE) software

The path towards 6G202426



*RIS - Reconfigurable Intelligent Surfaces

T&M ASPECTS REGARDING RIS*
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ADJUST THE CHANNEL ðALONG WITH THE SIGNAL

Ʒ The classical approach to maximize reception 

quality:

-Adapt s(t) transmission scheme to target 

channel h(t), e.g., CP-OFDM for the 

multipath channel, carrier frequency, and 

bandwidth, 

pre-coding/equalization, modulation and 

coding schemes, etc.

Ʒ RIS offers an adaptation of channel h(t) to 

maximize reception quality.

The path towards 6G

►◄ ▐◄▼◄ ▪◄
https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html

Reconfigurable intelligent surfaces (RIS)

202428

https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html
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ETSI DEFINITION OF RIS

ETSI identified use cases:

- Coverage enhancement

- Spectral efficiency improvement

- Beam management

- Secure communication

- Localization accuracy

- Sensing capabilities

- Energy efficiency

Source: ETSI ISG RIS GR001

The path towards 6G202429
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THE KEY TO RIS: META-MATERIAL

Source:Oliveri et al.: Reconfigurable Electromagnetics Through MetamaterialsVA Review, Proceedings of the IEEE | Vol. 103, No. 7, July 2015 

Tuning Technologies for reconfigurable meta-materials 

                       vs. operation frequency

Å VARACTORs (variable capacitors, e.g. used in VCOs or  frequency multipliers)

Å microelectromechanical systems (MEMS)

òman-made structures become more and more 
electronically active, with integrated electronics and 
wireless communication making the entire 
environment intelligentó

Source: IEEE TRANSACTIONS ON SIGNAL PROCESSING, VOL. 66, NO. 10, MAY 15, 2018

The path towards 6G202430
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RIS PROTOTYPES

31 2024 The path towards 6G

Published prototypes:

PIN diodes

ÅDiscrete tunability

ÅFew GHz to mmWave

ÅCurrent flow is 
adjusted by changing 
PIN diode(s) states Ą
Load impedance 
changes Ą Reflection 
coefficient is adapted

Varactor diodes

ÅContinuous tunability

ÅFew GHz

ÅTuning of biasing 
voltage Ą Load 
impedance becomes 
controllable Ą
Reflection coefficient is 
adapted

Liquid Crystal

ÅTechnology known 
from LC-Displays

ÅContinuous tunability

Å> 10 GHz

ÅGood scalability Ą low 
fabrication costs for 
large surfaces

ÅPermittivity and 
resonant frequency is 
influenced by external 
voltage Ą Reflection 
phase depends on 
resonant frequency Ą
Direction can be conf.

Majority of

prototypes 

based on 3 

kinds of 

metamaterial
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BASIC RIS T&M NEEDS

32 2024 The path towards 6G

RIS as intelligent antenna Regarding RIS as intelligent reflector

RIS as network node RIS as radio channel component

Speed of reconfiguration3D radiation pattern

Channel sounding: CIRReflected signal quality
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RADIATED RIS CHARACTERIZATION

The path towards 6G

Video of test setup

Probe antenna
Here: Cross-polarized 
Vivaldi antenna

Elevation arm
320° rotation of
elevation arm

Turn table
360° rotation of
turn table

Adjustable 
height

DUT/RIS
Here: Aluminum plate

RF absorber

Feed arm

Feed/Stimulation 
antenna

202433
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RESULTS OF REAL RIS
Ʒ Measurement scenarios: Frequency sweep

Ʒ 3D patterns for different incident angles

Ʒ RIS multibeam scenarios

Ʒ RIS configuration algorithms

The path towards 6G

28 GHz Access Point Extender

202434
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RIS PERFORMANCE TEST

ĂRegarding RIS as a network nodeñ

Probe antenna
Preferably cross-polarized

RF amplifier
e.g. R&S TC-AZAMP67

RF amplifier
e.g. R&S TC-ELAMP67

Anechoic chamber with absorbers

Vector Signal Generator
 R&S SMW200A

Signal and Spectrum Analyzer
 R&S FSW

Measurement software
R&S AMS32

L
A

N

Stimulation antenna
(mounted on feed antenna arm)

RIS

The path towards 6G202435
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6G-LICRIS demo at 6G conference in Berlin, 2024
Liquid crystal reconfigurable intelligent surfaces for 6G mobile networks

The path towards 6G202436
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TAKE AWAYS ðR&S IS ò6G READY!ó

37 2024 The path towards 6G

R&S®FSW/SMW R&S®FE170ST/SR R&S®ATS1800CR&S®AREG800A

É Testing FR3

É Target simulation for Integrated 

Sensing and Communication (ISAC)

É Testing Reconfigurable Intelligent Surfaces 

(RIS)

É AI/ML training and performance test

É XR/AR/VR testing

É (Sub-)THz measurementsXR/AR/VR

AI/ML

R&S®RTP R&S®CMX500R&S®NRP170

FR3

ISAC

Sub-THz

RIS



Rohde & SchwarzRohde & Schwarz

#ThinkSix ðVideo Series

38 2024 The path towards 6G

https://www.rohde-schwarz.com/de/knowledge-center/videos/-videos-thinksix_253280.html

