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SHAPING THE FUTURE OF MOBILE COMMUNICATION
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The path towards 6G2

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 “IMT-2020 and beyond” 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
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RedCap, NTN
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XR, AI, Energy

WRC-31
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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
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A high-level overview of all these research areas is provided in one of our #THINKSIX videos 

 RESEARCH AREAS FROM A T&M PERSPECTIVE

Spectrum for 6G: 
“FR3” and THz

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
eXtended Reality 
(XR)

Full-duplex 
communication

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


6G-LICRIS
Liquid crystal reconfigurable intelligent surfaces for 6G mobile networks
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RIS use cases

The path towards 6G5

Courtesy of Ericsson Antenna Technology 
Germany GmbH (EAG)

RIS would allow multi-
LoS
Theoretically CJT since 
RIS under BS control

FR2 suffers from spotty 
(near) LoS coverage 
requirement
Allow for blind-spot 
coverage

DeploymentConceptually

UE at a blind-spot

blocked due 
to obstacles

BS

RIS

UE receiving 2 layers

extra 
path

BS

RIS

Outdoor-to-indoor 
coverage

Outdoor coverage 
enhancements
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Overview of different RIS types
Concepts and properties

The path towards 6G6

White Paper: F. Bette, H. Mellein, 
“Reconfigurable Intelligent Surfaces: 
Test and measurement aspects”
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Liquid Crystals for RF applications
Properties of Liquid Crystal

The path towards 6G7

Courtesy 
of Merck 
KGAA
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Liquid Crystals for RF applications
Tunability is provided by low-voltage driven E-fields

The path towards 6G8

Courtesy 
of Merck 
KGAA
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Liquid Crystals for RF applications
Realizing flat antennas with electronic beam steering

The path towards 6G9

Courtesy of 
Merck 
KGAA

A phased array antenna consists of identical 

antenna elements, usually arranged in 

rectangular area.

 Phase of each antenna element

can be controlled by a phase shifter
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Radiated RIS measurement principle
RIS test setup and performance metric in anechoic chamber

The path towards 6G10

Source: ETSI ISG RIS GR002
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Radiated RIS measurement principle
RIS setup inside the wireless performance test chambers direct far field

The path towards 6G11

Video of test setup
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Results of real RIS: 3D patterns for different incident angles
Reflection pattern of real RIS provided by Greenerwave

The path towards 6G12
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RIS multibeam scenario
Reflection pattern of real RIS provided by Greenerwave

The path towards 6G13
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6G use cases and sub-THz spectrum
bandwidth is the key to score significant capacity gains for wireless networks 

The path towards 6G14
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THz applications
A plethora of applications yet to be explored.

15 The path towards 6G
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Estimated first use cases of THz Communication
What is expected to be realized first?

absorption windows, power and antenna arrays for directivity
Microwave links: straightforward application of B5G and 6G
E-band (60-90 GHz) extension into
▪ W-band (75-110 GHz)
▪ D-band (110-170 GHz)
▪ 300 GHz band

16 The path towards 6G



6G-ADLANTIK
Photonic THz generation and analysis for 6G communication and T&M

Optical frequency comb
spectrum
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Down-conversion: Optoelectronic THz Generation
Photomixer: unitraveling carrier photodiode (UTC-PD) ► The photomixer: a quadratic converter

► THz photomixer = (Photoconductor

Photodiode) + Antenna

► Photonics: advantage is wide tunability

with suitable antenna

Reference: „Advances in terahertz
communications accelerated by
photonics“, T. Nagatsuma, G. 
Ducournau & C. Renaud 
Nature Photonics volume 10, pages
371–379 (2016)

Reference: „Real-time near-field 
terahertz imaging with atomic 
optical fluorescence “, C.G.Wade et 
al., Nature Photonics 11, pages 40–
43 (2017)

The path towards 6G18
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THz waves for communications: IEMN and R&S press release
300 GHz bi-directional link demonstration over 650 m (2022, THOR project)

Courtesy of: Prof. G. Ducournau, IEMN, CNRS-Université de Lille
PhLAM, CPER Photonics, Hauts de France Region, FRANCE

https://www.rohde-schwarz.com/about/news-press/all-news/rohde-
schwarz-and-iemn-collaborate-on-6g-thz-by-bringing-together-electronic-
and-photonic-technologies-press-release-detailpage_229356-1369600.html

The path towards 6G19

https://www.rohde-schwarz.com/about/news-press/all-news/rohde-schwarz-and-iemn-collaborate-on-6g-thz-by-bringing-together-electronic-and-photonic-technologies-press-release-detailpage_229356-1369600.html
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https://www.rohde-schwarz.com/about/news-press/all-news/rohde-schwarz-and-iemn-collaborate-on-6g-thz-by-bringing-together-electronic-and-photonic-technologies-press-release-detailpage_229356-1369600.html
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Ultra-low phase noise photonic microwaves sources
based on an optical frequency comb derived from a femtosecond pulsed laser

▪ The pulse train repetition rate is determined by 
the cavity length (mode coupling in mode 
locked laser)

▪ Phase coherence of optical is transferred to the 
microwave regime

Frequency comb

Scott A. Diddams, et al., Optical frequency combs: Coherently uniting the electromagnetic 
spectrum. Science 369, eaay3676 (2020). DOI: 10.1126/science.aay3676

▪ Fixed phase relationship between frequencies 
of comb

▪ Configure comb line spacing

▪ High speed photo diode with calibrated phase 
response

▪ Broadband phase alignment and calibration of 
electrical test and measurement equipment

Phase calibration by frequency comb 

The path towards 6G20



EuMW2023 publication
6G-ADLANTIK project: EuMC23: “Advanced THz device and photonic techniques”

T. Eichler et al., "Ultra-Stable Tunable THz 
System for 6G Communication Based on 
Photonics," 2023 53rd European Microwave 
Conference (EuMC), Berlin, Germany, 2023, pp. 
460-463, doi: 
10.23919/EuMC58039.2023.10290656. 
https://ieeexplore.ieee.org/document/1029065
6

https://ieeexplore.ieee.org/document/10290656
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Experimental setup: Transmitter
Laser based THz transmitter

▪ Objective: develop THz transmission 
sources and detectors that cover the entire 
desired frequency range of 6G mobile 
communications by leveraging the 
integration of optical technologies and 
electronics

▪ The optical beat between the fix frequency 
and tuneable source is converted to RF 
signal by the TX InGaAs p-i-n photodiode

▪ Derived from same laser, therefore 
common mode phase noise rejected

▪ L1 191.75 THz (DL pro fixed frequency)

▪ L2 191.25 THz (variable frequency)

▪ f (L1) - f (L2) = 500 GHz

Transmitter characteristics

ATOFS: Agile Tuneable Optical Frequency 
Synthesizer: microwave source based on two CW 
lasers locked to the optical frequency comb
oscillator. 
EDFA: Erbium-doped fiber amplifier
DLpro: external-cavity diode laser
CTL: continuously tunable external-cavity diode 
laser
TX: THz emitter (photodiode mixer)
sp: fiber splitter

L1 L2



Phase noise measurement
Single-sideband phase noise at THz frequencies and the scaled LO

▪ Receiver measurement system is state of the 
art

▪ Transmitter concept demonstrated, further 
improvement in progress.

▪ Optical system is scalable with same low phase 
noise over a wide frequency range.

Conclusion

▪ “Ultra-stable tunable THz system for 6G 
communication based on photonics” in session 
“EuMC23: Advanced THz device and photonic 
techniques”, soon available on IEEExplore



6G channel 
measurements:
sub-THz
FR3



Rohde & Schwarz

Licences and resources
White paper: Fundamentals of THz technology for 6G

25

https://www.rohde-
schwarz.com/solutions/test-and-
measurement/wireless-
communication/cellular-
standards/6g/white-paper-fundamentals-
of-thz-technology-for-6g-by-rohde-schwarz-
registration_255934.html

The path towards 6G

https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/6g/white-paper-fundamentals-of-thz-technology-for-6g-by-rohde-schwarz-registration_255934.html
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From channel sounding to channel models for 6G 
Propagation characteristics at mmWave and THz frequencies (foundation for new PHY layer)

Key concepts:

▪ Broadband and spatially resolved 
channel models are the basis for 
system design, evaluation and 
optimization.

▪ There are many open research 
questions, related to sub-THz 
system design, like power of multi-
path components, sparsity of the 
channel, choice of beamwidth.

▪ Deterministic channel models like 
ray-tracing require calibration and 
verification.

▪ We need channel measurements !

The path towards 6G26
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Vector Signal 
Generator

R&S®SMW200A

Time Reference
Synchronomat (HHI)

Signal & Spectrum
Analyzer

R&S®FSW

Time Reference
Synchronomat (HHI)

Tx Rx

radio channel
h(t)

Trigger

170 GHz RF
2 GHz BW

IF10 MHz /
1 GHz

IF 10 MHz /
1 GHz

R&S®FE170ST
D-band

frontend

R&S®FE170SR
D-band

frontend

t = 0

CIR
LOS

Time

propagation
delay

Time domain channel sounding setup at 170 GHz
Propagation delay measurement between transmitter and receiver

The path towards 6G27
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Sub-THz channel measurements on the R&S campus 
CIR of outdoor and indoor environment at 300 GHz and the D-band (158 GHz)

Antenna heights: 1.5 m at Tx and 

Rx

Urban Micro Scenario

Indoor airport / mall 

scenario

28 The path towards 6G
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Large-scale outdoor street canyon scenario measurements
CIRs at 158 GHz with aligned antennas from 10 m to 170 m

max. 
170 m

▪ CIRs for the line-of-sight 

direction for distances up 

to 170m

▪ 2 or 3 strong and 

stationary reflections from 

the buildings

▪ Fluctuations of the main 

path, potentially due to 

ground reflection

29 The path towards 6G
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6G D-band industrial channel measurements with HHI
6G channel models in industrial scenarios for 3GPP: production environment 
measurement campaigns in Memmingen factory (January 2023) 

Measurement Campaign at 3.7 GHz, 28 GHz and 160 GHz Power Delay Profile

„Measurement and Characterization of an Indoor Industrial Environment at 3.7 and 28 GHz” (EuCAP2020)

https://ieeexplore.ieee.org/document/9135943

“Angle-Resolved THz Channel Measurements at 300 GHz in an Outdoor Environment” (ICC Workshop 2021)

https://ieeexplore.ieee.org/document/9473891

“Observations on the Angular Statistics of the Indoor Sub-THz Radio Channel at 158 GHz” (2022 IEEE USNC-URSI)

https://ieeexplore.ieee.org/document/9887443

“Angle-Resolved THz Channel Measurements at 300 GHz in a Shopping Mall Scenario” (EuCAP2023)

https://ieeexplore.ieee.org/document/10133686

The path towards 6G

https://ieeexplore.ieee.org/document/9135943
https://ieeexplore.ieee.org/document/9473891
https://ieeexplore.ieee.org/document/9887443
https://ieeexplore.ieee.org/document/10133686
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Channel measurements with FC330
Measurement campaign in Building 12 Atrium, Munich (April 2023) 

Power delay profile CIR 300 GHz (LOS and multipath) FC330 Rx (FC330 Tx at elevator) 

The path towards 6G

LOS

multipath
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TP 4, 15.4 m
Measurement campaign R&S HQ, Munich (August 2023) 

Roseplot of incoming paths, 158 GHzRoseplot of incoming paths, 14 GHz

The path towards 6G
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Time-variant channel measurements 160 GHz – Sensing
Measurement campaign R&S HQ, Munich (January 2024) 

Time-Variant Channel Impulse Response (monostatic)Power Time Profile (monostatic measurement)

The path towards 6G

reflection from moving person

reflection from wall
absorption of power by
moving person

Monostatic measurement towards wall, person moving perpendicular through direct path
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