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6G EVOLUTION

Rel-22?
Rel-21?

Rel-20
Rel-19

Rel-18
Rel-17

Q1 Q2 Q3 Q4

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

Rel-16

WRC-27WRC-23WRC-19

Fundamental research Application research Study item
Work item 

phase 1

Work item 

phase 2

1st 6G standard

New specturm

Current position

1st commercial 6G network

1st 6G phone

2031

WRC-31?

6G standardization/research may be progressed more quickly than expected   
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USE CASES

Immersive XR Holographic Intelligent interaction

Sensing Digital Twin Full coverage

Source: IMT-2030 whitepaper

6G application is highly extended to multiple domains
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KEY PERFORMANCE REQUIREMENTS

Source: Samsung whitepaper Source: R&S whitepaper
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6G RESEARCH AREAS 

Full-duplex 

communication
Ultra-massive

MIMO

New network topologies, 

distributed computing

Multiple access, 

new waveforms,

channel coding

Artificial Intelligence 

and Machine Learning

Joint communication 

& sensing
THz

communication

Reconfigurable 

Intelligent Surfaces
THz communication JCAS AIRIS

VLCExtreme large-

scale MIMO
Coding/modulation Network topology Full duplex

GEO

NTN 
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THZ - SPECTRUM

Usually 100GHz – 10THz is the range of THz spectrum and lower band is more prioritized  

COMPANY RESTRICTED



Rohde & Schwarz

THZ - SCENARIOS

Following is desirable scenarios but THz may be extended to more usages, like imaging
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THZ- CHALLENGES 

- Semi-conductor material 

- Key component of transmitter and receiver

- Mixer, multiplier, LNA and PA

- Modulation/Demodulation

- Waveform

- AD/DA

- MIMO/beam management 

- Channel coding 

- Channel modeling 

Source: Whitepaper of 

IMT-2030
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Source:                   

Spectrum Working Group

DON’T FORGET “FR3”

“FR3”

0.41 7.125

FR2-1

24.25 71

FR1

(drawing not to scale)

f in GHz

114.25 275

FR2-2

52.6 330

“FR5”“FR4” “FR6”

COMPANY RESTRICTED



Rohde & Schwarz

JCAS - CONCEPT 
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Transmit Signal

Base station or UE senses the objects (passive or active)
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JCAS – USE CASE AND FREQUENCY

High resolution 

positioning and tracking

Environment imaging 

and re-construction

Gesture recognition

Spectrum analysis and 

sensual enhancement

- Positioning and tracking is 

No.1 use case that people is 

interested in 

- Transportation and UAV 

detection may be first scenario 

to be deployed

- mmWave frequency is more 

popular 

- Sub-10GHz is also good 

frequency range for JCAS for 

coverage purpose

Others

Source: JCAS forum held in Chengdu, China in 2022 COMPANY RESTRICTED
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JCAS - CHALLENGES 

- Air interface design

- Waveform

- Beamforming 

- Interference cancellation 

- Positioning 

- Sensing algorithm 

- Architecture and networking design

- Hardware design

- Full duplex issue

- Isolation circuit 

- Channel modeling

Sensing server

BS 2 

BS 1

UE 1

UE 2

Source: IMT-2030 whitepaper
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RIS - STRUCTURE AND SCENARIOS

a) Blinding (outdoor)

c) Rank increase d) Transparent transmission

e) Radio enhancement 

Scenarios

Electromagnetic 

element Meta-surface

Controller

Structure of RIS

b) Blinding (Indoor)

Popular scenarios 

Source: CCSA
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RIS - CHALLENGES 

- Hardware/material

- Protocol design (dynamically control 

RIS)

- RF performance

- Architecture and networking

- Channel modeling

- Engineering issue (like deployment, 

power supply) Channel modeling (from 

whitepaper published by RISTA)

COMPANY RESTRICTED



Rohde & Schwarz

Terrestrial network 

components

GEO

MEO

LEO

Remote Area Rural Area Urban Area

VSAT

UAV flight

control

Air to ground

HAPS

IoT-NTN

ISL

UE

NTN backhaul

Serving link

Feeder link

Rural Area

NTN - OVERVIEW

NTN is a long term technology evolution
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LEO

NTN - TWO FACETS

GEO
Remote 

areas

Public safety

Temporary

hotspots

Feeder linkServing link

NR-NTN

gNBGround 

station

IoT-NTN

5G NR over satellite: Major use case = 

extending coverage. 

Note: Throughput and latency will always be

higher and faster in terrestrial 5G ☺

2 UE types: VSAT 

and handheld

IoT over satellite: Major use case = 

ubiquituous connectivity. 

Low complexity UE, best effort QoS
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NTN - CHALLENGES

Doppler shift due to UE and/or gNB mobility => use location/orbit info to compensate Doppler

Carrier frequency offset

Long delay: 

no perfect

channel info (CSI)

Large cell sizes: Round-trip(RTT) time delay spread

ΔtΔt
Mobility

UL&DL beam adjustment

Free space path loss and link budget

=> compensation: beamforming + TX power

Delay, e.g. RTT for GEO satellites ~544ms  (note: NR max RTT = 2ms)

=> Counter with timing advance strategies
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AI – APPLICATION AREA

Transmission Intelligence and

adaptive baseband processing

Network Intelligence and 

adaptive system optimization

Spectrum sharing

& access

Optimal

resource allocation

Coverage & 

capacity optimization

Energy 

efficiency optimization

Traffic & mobility

prediction

Data transfer mobile 

crowd sensing

Non-linear 

MIMO detector

Adaptive Modulation

& Coding based on ML

Channel equalization

& signal detection

Channel

decoding

Channel

prediction

Cooperative Edge

Caching

Self-interference

cancellation

Location

Verification

Context-aware cross-

layer optimization

Digital

Frontend

Spectrum intelligence and

adaptive resource management

Machine Learning
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AI - STANDARDIZATION STATUS IN 3GPP

Source: Samsung 6G forum
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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

AI – APPLICATION FOR RADIO/BASEBAND  

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
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Source: https://aiforgood.itu.int/events/the-road-towards-an-ai-native-air-interface-for-6g/ [Nov 2020]

AI – HELPING CHANNEL ESTIMATION

~3 dB
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AI – HELPING CSI COMPRESSION, BEAM MANAGEMENT
AND POSITIONING 

Source: above results are from RAN1 contributions of VIVO, NTT DCM and Huawei, respectively
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AI - CHALLENGES 

- AI model lifecycle management 

- Signalling procedure, RAN functions

- Computing resources 

- May impact existing hardware design

- Issue of power consumption, complexity 

for devices

- Dataset construction 

- AI model generalization 

- Network architecture 

- Trustiness/security 

Source: 6GANA whitepapers
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COOPERATION BETWEEN R&S AND 6G BODIES 

Academia & 

research institutes
Industry alliances 

&Standardization body

R&S closely cooperates with different standardization bodies in the world
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EUROPE
R&S is actively involved in different 6G projects funded by BMBF in Germany

This Link provides more information

COMPANY RESTRICTED

https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-anna
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-takeoff
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-licris
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-adlantik
https://www.forschung-it-sicherheit-kommunikationssysteme.de/foerderung/bekanntmachungen/6g-industrie
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/komsens-6g
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EUROPE

ETSI RIS ISG

ETSI THz ISG

R&S is actively involved in ETSI 6G standardization
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EUROPE
R&S is consistently contributing to ITU standardization 
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US

Rohde & Schwarz and 

FormFactor support the 

University of Texas at Austin 

in research on improved RF 

switches for 5G and 6G
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KOREA

R&S closely cooperates with partners (e.g., KAIST, ETRI, 

KRISS) to test D-band/G-band THz based on up/down 

frequency converters & signal generator/analyzer
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JAPAN
R&S closely cooperates with partners (e.g., DCM) to test mmWave/THz

DOCOMO and Rohde & Schwarz cooperate in pioneering beyond 5G with frequency bands up to 150 GHz | Rohde & Schwarz (rohde-

schwarz.com)

COMPANY RESTRICTED

https://www.rohde-schwarz.com/se/about/news-press/all-news/docomo-and-rohde-schwarz-cooperate-in-pioneering-beyond-5g-with-frequency-bands-up-to-150-ghz-press-release-detailpage_229356-596500.html
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CHINA

RIS tests with partners

R&S cooperates with partners on 6G topics like JCAS, RIS and THz
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TAIWAN

R&S cooperates with partners to verify 6G technologies
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THZ CONVERTER

R&S has released a series of THz converters (right) to match different instrument (left) 

Up to 170GHz now but higher 

frequency converter is under plan 

Signal generator/Analyzer

Network analyzer

RPG FS-Zxx Harmonic 

mixers (up to 325GHz)

R&S®ZCxxx millimeterwave converters 

(Up to 1THz)
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THZ CHAMBER/CHANNEL SOUNDING

D-band based OTA 

test chamber 

R&S TS-5GCS is a software tool to do 

channel sounding
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JCAS

Object simulator is available and improvement for JCAS test is ongoing

JCAS prototype 

Object

Use case example

Min 

distance

Max 

distance

AREG800A
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RIS

Part of existing instruments are available to test basic RIS performance while other test 

solutions like chamber are under optimization 

Signal 

generator

RIS

Antenna

Scanner

Available to test RSRP like performance ATS1800M like chamber
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RIS

Turn table

SGH

Incident angle

Elevation measurement range

according to RIS configuration

Measurement SW: e.g. R&S®AMS32

Feed path

Probe

e.g. R&S TC-SGH40

RIS under test

e.g. R&S TC-TA85CP

Feed signal generation

e.g. R&S®SMW200A 

vector signal generator

Measurements

e.g. R&S®FSW signal

and spectrum analyzer

3D measurement 

chamber prototype

WPTC like chamber
COMPANY RESTRICTED

http://www.ainfoinc.com.cn/en/pro_pdf/new_products/antenna/Standard%20Gain%20Horn%20Antenna/tr_LB-28-20.pdf
https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_common_library/dl_brochures_and_datasheets/pdf_1/TS8991_TC-TA18_dat-sw_en_3607-5102-22_v0400.pdf
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NTN

gNB, non NTN 

baseband part

NTN 

gateway

NTN payload

RF 

Feeder link

+
NTN 

fading

Satellite/base station

RF power 

adjustment

RF power 

adjustment

Feasible to use existing signal generator/analyzer to test RF performance of satellite or UE
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AI

Development of T&M solutions on supporting AI/ML research is ongoing

R&S®SMW200A vector signal generator

R&S®SFSW signal and spectrum analyzer

FSW-K18, 

FSW-K18D

FSW-K18M
SMW

-K541

Neural receiver to improve UL MU-

MIMO performance (demo at 

Barcelona MWC 2023)

DPD optimization 
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6G CLASSROOM

https://www.rohde-schwarz.com/us/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/6g-

overview_253278.html

R&S shows viewpoints on 6G topics in public media

COMPANY RESTRICTED
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6G WHITEPAPERS

R&S published NTN and THz 

whitepapers
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SEE YOU SOON

R&S is planning to show 

6G demos

Welcome to visit our booth!
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INDOOR SCENARIO 

RIS

Signal Generator

Scanner

Open Area (focused)

RIS

Signal Generator

Scanner

L type corridor

Test positions
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TEST RESULTS IN FR1 

Power (dBm)

-73

-85

-73

-77

-62
-63.6

-66

-71.7
-73

-83

-87
-85

-82 -83

-87

-73

-90

-85

-80

-75

-70

-65

-60

-55

-50

2m 4m 6m 8m

RIS power off RIS power on Copper No RIS

3.5G Hz, Indoor Open Area, SG-RIS distance = 1m

➢ RIS gain achieves 20dB in case of short 

distance of reflecting 

➢ The gain is largely reduced in case of longer 

distance of reflecting 

➢ RIS with power off can also obtain certain 

gain compared with no RIS case  
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TEST RESULTS IN FR2 

-118 -117
-119 -120

-85

-91
-95

-97

-113 -113
-116 -116

-121
-123

-120 -120

-130

-120

-110

-100

-90

-80

-70

-60

-50

3m 5.5m 8.8m 12.4m

RIS power off RIS power on Copper No RIS

25G Hz, Indoor open area, SG-RIS distance = 4.64m

➢ More than 25dB gain can be 

achieved but the gain 

reduces a little bit with the 

increase of SG-RIS distance

➢ The gain is more stable 

compared with FR1 
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OUTDOOR SCENARIO

FR1 RIS

- For FR1, 4-5dB gain of RIS is obtained

- For FR2, 10dB gain of RIS is obtained and the gain is a little larger with increase of RIS-receiver distance

- Both of them shows quite smaller gain compared with indoor scenario. 
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CHAMBER SETUP IN FR1

Chamber 

➢ CATR

➢ Chamber size: LxWxH = 20m x 10m x 10m

RIS 

➢ Size = 860mm*860mm (4 panels)

➢ Cell size is 20x20

➢ 3.5GHz frequency

➢ 200MHz bandwidth (3.4GHz-3.6GHz) 

➢ Hybrid (with FPGA controller)

➢ 2 bit control accuracy

Instrument 

➢ SMW200A

➢ FSW43

Signal setting

➢ SSB only

➢ 30KHz SCS

➢ 3.5GHz

➢ 6dBm level of output power

Rotating table

RIS

Reflector

Probe antenna
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RESULTS ON ANTENNA PATTERN

➢ Larger the reflected 

beam angle is, larger 

beam width is

➢ 0º - 0º case seems a 

little better than 0º -

30º and 0º - 60º cases 

from side lobe point of 

view

➢ The beam is not 

narrow as we 

expected
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ACLR TEST IN FR1

Impinging beam = 0º, 

reflected beam = 60º

Impinging beam = 0º, reflected 

beam = 30º

Impinging beam = 0º, reflected 

beam = 0º

- 37 dBc is not good enough 

comparing with -45dB requested 

by base station

COMPANY RESTRICTED



Rohde & Schwarz

CHAMBER SETUP IN FR2

Chamber 

➢ Direct far field

➢ Chamber size: LxWxH = 20m x 10m x 10m

RIS 

➢ Size = 180mm*180mm (4 panels)

➢ Cell size is 32 x 32

➢ 25GHz frequency

➢ 23.8GHz-25.8GHz bandwidth 

➢ Hybrid (with FPGA controller)

➢ 1 bit control accuracy

Instrument 

➢ SMW200A

➢ FSW43

➢ VNA

➢ PA(0.5w) 

➢ LNA

Signal setting

➢ SSB only

➢ 120KHz SCS

➢ 25GHz

➢ 6dBm level of output power

RIS
Probe antenna

4-5m

Antenna of 

feed signal 

and RIS are 

combined
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RESULTS ON ANTENNA PATTERN

The side lobe is still a problem
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ACLR TEST IN FR2

Initial ACLR is about -19dBc/ -16.xdBc based on different RIS but both of them are worse than requirement 

of base station.

- Only SSB is transmitted 

ACLR requirement of BS type 2-O based on 3GPP 38104
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Thank you
very much
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