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3GPP standardization and regulation
On the way towards planned 6G launch in 2030
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ATG Air to ground network
ATRAC Asset Tracking
ATSSS Access Traffic Steering
 Switching-Splitting
ANL Autonomous Network Level
CA Carrier Aggregation
DSS Dynamic spectrum sharing
EAV enhanced UAV
FRMCS Future Railway mission-critical
IAB Integrated access /backhaul
IIOT Industrial IoT
IOPS Isolated operation f. Public safety
ISAC Integrated Sensing and 
 Communication
IVAS Immersive Voice and Audio 
 Services
LMR Land mobile radio
MCX Mission critical
MDT Minimization of Drive Tests
NCR Network controlled repeater
NES Network Energy Saving
NESaaS NES as a Service 
NPN non public network
NS network slicing
NTN non-terrestrial networks
POS Positioning
ProSe Proximity Services
RedCap Reduced capability
SL Side link
SON Self-organized networks
TSN Time sensitive networks
V2x vehicle to everything
WUS Wake up signal
XR Extended reality 

THE CONTINUOUS 
WORK OF 3GPP IS 

DRIVING THE EVOLUTION 
OF 5G NR TOWARDS 6G
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Heading towards the future of wireless communication 
Technology cornerstones
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The Metaverse and
eXtended Reality (XR)

Artificial Intelligence 
and Machine Learning

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

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

 Technology components

THz communication, 
and “FR3”

https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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6G will deliver ultra-fast data connections 
(sub)-THz was initially of interest and is still researched …

i.e. ‘Spectrum Horizon ‘

initiative of the FCC
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… but the commercial 6G spectrum interest is cm-wave
Focus is on upper mid-band ~ 6 GHz to 15 GHz

“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

Source:

Spectrum Working Group

https://www.ericsson.com/en/blog/2024/4/6g-straight-from-the-ericsson-labs
https://www.qualcomm.com/news/onq/2024/12/6g-technology-and-spectrum-needs-unlocking-next-gen-wireless-connectivity
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Operators view on 6G spectrum
Some examples

6GWS-250011

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250011.zip
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Operators view on 6G spectrum
Some examples

6GWS-250130

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250130.zip
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Operators view on 6G spectrum
Some examples

6GWS-250078

6GWS-250021

6GWS-250143

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250078.zip
https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250021.zip
https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250143.zip


Rohde & Schwarz

6G waveform proposals 6GWS-250036 
Frequency-domain spectrum shaping (FDSS) in UL 

Symbols

M-Point

DFT

N-

Point 

IFFT
S/P P/S

CP 

insertion

Tx

Spectrum 

extension

FDSS 

filtering

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250036.zip


Rohde & Schwarz

6G waveform proposals: 6GWS-250026
Orthogonal Time Frequency Division Multiplexing (OTFDM)

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250026.zip
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6G waveform proposals 6GWS-250233 
Zak-OTFS (Orthogonal Time Frequency Space) modulation

► For TDM and FDM the signal is localized in time 

or in frequency → time selective or frequency 

selective fading

► Idea: Go to the Delay-Doppler (DD) domain

► Doppler Delay Modulation (DDM)

− Information is carried over DD domain pulse

− Delay period 𝜏𝑝 ; Doppler period 𝜈𝑝 =
1

𝜏𝑝

− Zac transform 𝓏𝑡, used to transform the DD 

signal to a TD signal 𝑥(𝑡)

Ref: R1-1609825, 3GPP TSG RAN WG1 Meeting #86bis, 2016

https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250233.zip
https://www.cohere-tech.com/wp-content/uploads/2017/06/R1-1609825-OTFS-Performance-in-High-Doppler-with-Varying-Subcarrier-Spacing.pdf
https://www.cohere-tech.com/wp-content/uploads/2017/06/R1-1609825-OTFS-Performance-in-High-Doppler-with-Varying-Subcarrier-Spacing.pdf
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6G waveform at cm-wave spectrum
MRSS motivates similarity with 5G NR

► Clear requirement to allow 6G SA operation in 

existing FR1 spectrum

► Potential solution: Multi-RAT Spectrum Sharing 

with focus on 5G/6G MRSS

► Based on similar principles than DSS in 5G/4G 

but leveraging 5G flexibility for always on signals

6G Core 

(5GC evo)

Source: Nokia white paper on „Simplifying spectrum migration from 5G to 6G “ 

Chair’s summary of the 3GPP WS on 

6G radio interface (6GWS-250243):

“Non-backwards compatible (from a UE 

perspective) to exploit full potential, with 

certain characteristics (e.g. waveform, 

modulation and channel coding) based 

on 5G NR with possible enhancements.” 

https://www.nokia.com/asset/213378
https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250243.zip
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6G waveform at cm-wave spectrum
Evolution of modulation: Super-QAM

► Qualcomm video 

on „Super-QAM“ 

to „enable 

significant 

increase in speed 

and spectral 

efficiency“

https://www.youtube.com/watch?v=aNO6O544vWs
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DEMO SETUP

Non-standard Channel BW

e.g. 500 MHz, 4 GHz, 8 GHz

Non-standard modulation format

e.g. 4kQAM, Custom, …

Non-standard cyclic prefix

And more…

CP

R&S®FSVA3000 Signal and Spectrum AnalyzerR&S®SMW200A Vector Signal Generator

Signal Generation 

and

Analysis

RF

Non-standard 

settings of 

5G parameters
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Hexa-X project
Use cases for upper & lower mmWave frequencies

Source: https://hexa-x.eu/wp-content/uploads/2021/08/D2.1-summary-slides-short.pdf

6G mmWave technology
Lower (30 to 100 GHz) and upper (100 to 300 GHz) mmWave frequencies

Short-range wireless links
Small cell & access points (< 100 m)

Long-range wireless links
Front-, mid- and backhaul

Sensing w/ radio waves

Wireless access
(Device-to-Infrastructure)

Wireless access
(Device-to-Device)

Fixed wireless 

links

Mobile wireless

links

Locali-

zation

Mapping,

tracking

Spectros-

copy

https://hexa-x.eu/wp-content/uploads/2021/08/D2.1-summary-slides-short.pdf
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One sub-THz waveform example
”A concept for evaluating sub-THz communication for future 6G”

► TDD / DFTs-OFDM low latency approach without real frame structure, rather TDD period based.

► High SCS (1920 kHz) to support large bandwidth and to handle phase noise.

Transport-channel processing

https://www.ericsson.com/en/6g/spectrum/sub-thz
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One sub-THz waveform example
”A concept for evaluating sub-THz communication for future 6G”

► Three example 

configurations are 

described reflecting DL 

heavy, balanced and UL 

heavy traffic patterns.

https://www.ericsson.com/en/6g/spectrum/sub-thz
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R&S®SFI100A Wideband IF Generator

For modulation bandwidths up to 10 GHz

R&S®FE170ST/R 

RF Frontend

Support of wider RF signal bandwidth &
precise power measurements at D-Band
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R&S®SFI100A Wideband IF Generator

For modulation bandwidths up to 10 GHz

R&S®FE170ST/R 

RF Frontend

R&S®RTP 

Oscilloscope 

R&S®NRP170TWG

Power Sensor

Support of wider RF signal bandwidth &
precise power measurements at D-Band
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Over-The-Air (OTA) Testing in D-Band
R&S®FE110/170 frontends integrated into our chambers

R&S®ATS1800C 
Compact 3GPP-compliant OTA chamber 

for 5G NR mmWave signals

https://www.rohde-schwarz.com/us/about/news-press/all-news/rohde-schwarz-achieves-breakthrough-in-sub-thz-research-with-140-ghz-multi-channel-transceiver-characterization-press-release-detailpage_229356-1503877.html
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DEMO SETUP

R&S®FSW Signal and Spectrum AnalyzerR&S®SMW200A Vector Signal Generator

R&S®FE110ST R&S®FE110SR

RF

IF IF
Frontends

Signal Generation 

and

Analysis

OFDM

Other Frontends and Converters

R&S®FE170ST/FE170SR R&S®FC330ST/FC330SR
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CONCLUSIONS

►Although 3GPP has laid out the schedule for specifying the next 

generation of cellular technology, namely 6G, details will only 

become available over years to come.

►Early testing of components and RF modules with new physical 

layer parameters requires flexible software options already 

today.

►Rohde & Schwarz is committed to support our customers 6G 

product development to make their ideas real.
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THANK YOU! 

“No one can whistle a 

symphony. It takes a 

whole orchestra to 

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

www.rohde-schwarz.com/6G
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