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3GPP standardization and regulation
On the way towards planned 6G launch in 2030
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&j’; Technology and Application

THz communication, Integrated sensing Satellite
and “FR3” & communication Non-Terrestrial Network
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Ultra-massive Artificial Intelligence Reconfigurable
MIMO and Machine Learning Intelligent Surfaces

A high-level overview of all these research areas is provided in one of our videos
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

Heading towards the future of wireless communication
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SPECTRUM RESOURCE
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6G will deliver ultra-fast data connections
(sub)-THz was initially of interest and is still researched ...
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‘<7Terahertz: 0.3 THz to 3 THz (ITU, IEEE definition) ———

A

Terahertz: 0.1 THz to 10 THz (majority of publications) =|
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Hexa-X project
Use cases for upper & lower mmWave frequencies

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

Short-range wireless links Long-range wireless links : :
. . S
Small cell & access points (< 100 m) Front-, mid- and backhaul Sensing w/ radio wave
" . » x N ’ .
Wireless access Wireless access Fixed wireless || Mobile wireless Locali- Mapping, Spectros-
(Device-to-Infrastructure) (Device-to-Device) links links zation tracking copy

In-vehicle Wireless link
communications entertainment in data centers

Wireless fronthauling Digital
and backhauling twinning

Extended realities

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

One sub-THz waveform example

» 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.

Encoding
Per-CB Interleaving

Subframe (1 ms)

CBB Interleaving

TDD period TDD period TDD period TDD period TDD period TDD period TDD period TDD period

Medulation

Layer mapping
v v

&7 (4096 + 944) - T, + 204 - (4096 + 624) - T,= 983040 - T,= 125 s 7_

;& 0 31 852 853 8104 &105 8156 3157 ;,297

944 samples 624 samples

Transport-channel processing
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https://www.ericsson.com/en/6g/spectrum/sub-thz

One sub-THz waveform example

» Three example Ratio | Downlink Guard
configurations are Lo. Lut 1
described reflecting DL - (no PRACH. no SSB)

heavy, balanced and UL
heavy traffic patterns.

TDD period = 288 symbols

TDD period without SSB and PRACH

TDD period with SSB -

TDD period with PRACH
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https://www.ericsson.com/en/6g/spectrum/sub-thz

... but the commercial 6G spectrum interest is cm-wave
Focus is on upper mid-band ~ 6 GHz to 15 GHz
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(drawing not to scale) .
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6G cmWave performance ERICSSON Z

This MWC demo used a highly accurate digital model of Dubai, the location for the recent World
Radiocommunication Confer , to show how the coverage compares between 3.5GHz,
GHz, and 14GHz. The basic conclusion is thaj 7-8GHaZis very interesting spectrum that can come

3Hz. This means that re-us sting grid

s to be further explored.

Laying the groundwork for new spectrum Qualcomm

Securing spectrum for 6G is a decade-long journey that is already underway. Frequencies between 6 GHz and 15
GHz — known as the upper mid-band — have been identified as prime candidates for 6G use. The International
Telecommunication Union (ITU)’s World Radiocommunication Conference 2023 (W have initiated studies
to identify bands within this range for 5G Advanced and 6G. For instance, one of the most impactful agenda items
for WRC-27 involves the identification of several frequency bands, including 4.4-4.8 GH4|, 7.125-8.4 GH

r potential International Mobile Telecommunications (IMT) use. In addition, many countries
throughout the world are planning to deploy IMT services in the upper 6 GHz band (6.425-7.125 GHz).

GHz (D-band):
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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

Operators view on 6G spectrum
Some examples

Supports all bands in FR1 from 410 - 7125 MHz Pot. new FR1 spectrum only upper 6 GHz band

DS As 5G NR, 6G continues to support all FR1 bands Clean exclusive IMT spectrum (without RLAN e
usage) needed for efficient 6G deployment

u6GHz: 6425 — 7125 MHz for IMT only
200 MHz CBW support (400 opt.)

“FR2” and (lower) THz “FR3”
Lower priority for DT, but 6G assumed to work up No potential for Europe currently seen
to 71 GHz as NR does

We do not see lower THz (71-300 GHz) or even
higher frequencies as candidate bands for 6G radio
deployments

6GWS-250011
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https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250011.zip

Operators view on 6G spectrum
Some examples

oDoOoE

6%":2" 7 - 15 GHz
1 £ 3 3
\ )\ J

mmWave Sub-THz

k J

|

Legacy Bands (4G/5G) 6 GHz seen as prime 6G band mmWave (26 GHz) Sub-THz

» Specirum Snaring, e.g. » Upper 6 GHz to be pushed for » Still uncertain > Not foreseen in the 6G
v* 3500 MHz for capacity exclusive use for IMT , timeframe
¥ 700 MHz for coverage > Light indoor coverage > Business case not

v 2100 MHz & potentially any better in 6G vs 5G

5G band if Spectrum Sharing 7 - 15 GHz as potential
overhead / cost is low complement

» 7.125-7.25 GHz is a priority

» 7.75-8.4 GHz & 14.8-15.35 GHz
more uncertain (NATO, fixed links)

6GWS-250130

Orange Position

|deal initial 6G spectrum = 6 GHz + several legacy 5G bands in spectrum sharing (e.g. 3500 / 700 MHz at |least)

Need for higher bandwidth (e.g. 200 MHz) and higher number of MIMO layers in 6 GHz at [east
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https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250130.zip

Operators view on 6G spectrum
Some examples

Adgility of software on a stable, scalable, “generation-free” network that integrates new hardware driven by needs

31-345GHz 3.45t0 355 GHz 355-37GHz -398GHz 7125-84 GHz

EMBRSS band CBRS band 7-8 GHz band Upper mid-band
350 MHz 150 MHz 1,275 MHz

« Coexistence with incumbents (EMRSS, AMBIT, etc)
* MRSS in overlapping spectrum

6GWS-25007/8

Efficient spectrum sharing to enable CI/CD

Upper mid-band (7.125-8.4GHz) to be prioritized for 6G RAN specification developments

6GWS-250143 A

H Igher Freq uency ®Low @ Lower- mld ; [©)] . @ High (mmWave) . ® High (sub-THz)
O —— ||||||||||l|.l|| NI NI T .
2.6/3.5GHz —» 6-7GHz 1GHz 7GHz 24GHz 92GHz 275GHz
6.525 - 7.125 GHz 12.7-13.25 GHZ-
China, Japan u.s.
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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

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

TX
Symbols
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4  Frequency-domain response s ,—,—CC—[ZE of ?ﬁ_F:Ff 59[n1gex_n§91rl____ SEJ j,;ﬁ,’;,?g" F:Ar 513

DFT-S-DFDM with Shaping LN X 2l j EZ-;;}OFDM PAPR
el e e ad Nendacs==lgamal 8

= E I i 1
< K I b 1 1 1
DFT-s-OFDM ' . == -~|CP-OFDM PAPR
H.-—-—"‘" 1 h e 18.48 dB
[, i FaE I Y e S T e e
£ | 3 1 T i
f i 1 ] i 1
r 1 1 1 T 1
TS | 1~ | T |
r 1 1 1 1 1
\ on‘ o I 1 1 ] 1 1
L I 1 1 1
' 1 1 1 1
\ L 1 1 1 1 1
Pt I5 i i i
U _l_ 1 I‘ 1 |
2 - (] 8 10 12

f total powe 0.0010%

y

@ Rohde & Schwarz COMPANY RESTRICTED

Y


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

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

Time Division Multiplexing in one

Symbol

. Time multiplexing of Data and
Control & DMRS with DMRS CP
Instantaneous Channel
Estimation with low DMRS
overhead
Information transfer in one
shot with the Least Possible
Latency

DFT Excess BW Spectrum Shaping Filter

.

.

Nyquist Criterion for Zero ISI

Excess BW signal shaping Controls the
ISI caused by the pulse, reduces the
tails of the ISI channel power to a
below-noise floor, Reduces Effective
ISI channel length, Enables DMRS-
based estimation of the effective ISl
channel

Excess BW reduces PAPR further

OTFDM achieves the targets: low PAPR, Hyper low-latency
Enables multi-user multiplexing in time/frequency

Applicable in UL/DL

® Rohde & Schwarz

Standard OFDM Operations

Subcarrier mapping enables the multiplexing of
multiple users/signals

CP to offer frequency domain receiver processing
Same spectral properties as OFDM - WOLA/filter
for spectral confinement

OTFDM publication pre-print
https://arxiv.org/abs/2409.01114
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https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250026.zip

6G waveform proposals
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 7,, ; Doppler period v, = L
Tp
— Zac transform z;, used to transform the
DD signal to a TD signal x(t)

Ref: 3GPP TSG RAN WG1 Meeting #86bis, 2016
&  roncessorvars



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

6G waveform at cm-wave spectrum 6G Core
(5GC evo)

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

6GWS-250243

Source: Nokia white paper on ,,
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https://www.nokia.com/asset/213378
https://www.3gpp.org/ftp/workshop/2025-03-10_3GPP_6G_WS/Docs/6GWS-250243.zip

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”

@ Rohde & Schwarz

Super-QAM

Real-time testing

A
Main '
7
base station ‘
l Super-QAM

gNodeB

5 Lab Setup Logic

signal aloj
front-en:

1 Qualcomm® X100 5G Wired channel Qualcomm®X1005G |
1 RAN accelerator card RAN acceleratorcard |

User equipment with
4 receive antennas
in 8 GHz band / 400 MHz

4096 QAM

" Super-QAM
’ modulation
OE

Super-QAM
enhanced wideband receiver

Low-complexity, real-time, FR3 400 MHz wideband receiver for Super-QAM
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https://www.youtube.com/watch?v=aNO6O544vWs

DEMO SETUP

R&S®SMW200A Vector Signal Generator

R&S®FSW Signal and Spectrum Analyzer
' Dy

3

Signal Generation
and
Analysis

RF

Baseband A

Non-Standard Channel BW
e.g. 500 MHz, 4 GHz, 8 GHz

sane 3G NR

Non-Standard modulation format i
e.g. 4kQAM, Custom, ... T alle °

Non-Standard cyclic prefix /\m]
cP

And more...
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DEMO SETUP

MultiView =8 Spectrum X 5GNR X
Ref Level -10.00 dBm  Freq Mode nlink 0 Capture Time 20.1 BWPR/SS Al
0dB Frame Count 1 Frame
freq|  7.500 000 000 000 6z PP -2.6 tevel  -15.00 dsm
A 2 5 dBm 1 Capture Buffer o] 3 EVM vs Carrier o] /PO 4 alloc ID vs Symbol X Carrier
B s 1.000 000 000 000cH: |8k Pep -18.59 dom tevel -30.005m | [RIRECHEERE TS
5G New Radio A -_ X
Trigger In Clock Quick
Generalﬁ S Marker PR Info Settings
Link Direction =
Downlink
Number of Carriers Copy Carrier With \:‘G’ General U m 01 ms/ 1ms 0Hz
1 Selected Test Model J Result Summary tellation Diagram
Duplexing 2 Synchronize Frame Format to Marker Vi Flrame Results Averaged o
FDD
Deployment i Channel Bandwidth Hl
FR1> 3GHz 500 MHz
Channel Raster il Channel Spacing N
100 kHz 0.000 000 MHz
Subcarrier Spacing 0 Use Extended Cyclic Prefix \:‘Q
30 kHz .
Enhanced Settings
Use CORESET Number of CORESET Symbols E
Resource Block Configuration ©  Modulation =
Manual 4096QAM
Number of Resource Blocks Resource Block Offset o
1320 0

v Apply X Discard

» Frequency : 7.5GHz
© » Bandwidth : 500MHz
» Modulation : 4096 QAM

S e

#System | ‘

Configil=——=—x=()| — —_.|
OFDM Gen. Set. B 5G NRA
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X OSGNR X

Multiview &8 Spectrum
0 dBm Freq 7. Mode nlink,

Capture Time 1 ms BWP/SS Al

Ref Level O
1of 1(1) Frame 1

D E M O S ET U P - fis 0dB Frame Count
5
3 Capture Buffer S 1/Q Export £ 5 Power Spectrum

0 Hz 98.3 MHz/

0.0 ms 2.01 ms/ 20.1 ms
2 Result Summary Selected Frame | Frame Averaged. 6 Constellation Diagram
Min 5

Cu Sto m i Zed CO n Stel | ati O n ! Frame Results Averaged Mean

BWP/SS All, Subframe All, Slot All
3.02 3.03

» Frequency : 7.5GHz | : :
» Bandwidth : 500MHz l e 077

Sync Found Measuring...
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MultiView &8 Spectrum X OFDM VSA X OFDMVSA 2 x

Ref Level 0,00 dBm Capture Time m FFT 64  Result Length
onfi

Att 10d8  Freq Hz Sample Rate MHz  CP Length 1¢
O F D M D E M O S E I U P s s e e i
A
Y

R&S®SMW200A Vector Signal Generator M OFDM

ns  -10.0 MHz 10.0 MHz

dém ________70dbm______60d8m ___

Signal Generation
An aI yS i S 7)”‘I"\ll|ll Summary Fonstellation 199.0 sym

Min Average Max Unit - T TYCET S STYTY N YT
EVM Al y 0 d

Other Frontends and Converters

L E

R&S®FE170ST/FE1I70SR  R&S®FC330ST/FC330SR R&S®FSW Signal and Spectrum Analyzer
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SUPPORT OF WIDER RF SIGNAL BANDWIDTH &
PRECISE POWER MEASUREMENTS AT D-BAND

" R&S®NRP170TWG
= Power Sensor

E— ]

L
i
“

R&S®SFI100A Wideband IF Generator
For modulation bandwidths up to 10 GHz

R&S®FEL170ST/R s%
RF Frontend =

2%
COMPANY RESTRICTED
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OVER-THE-AIR (OTA) TESTING IN D-BAND
R&S®FE110/170 FRONTENDS INTEGRATED INTO

(5 0 e D Bclied e

RN

. WO RO N S e

« N RN O -
CEXCETECW WA

) CCCE S35
P S A -

4 P R S S
fessecscss e EcE
rewec<<<<ss<ccscE g

R&S®ATS1800C
Compact 3GPP-compliant OTA chamber
for 5G NR mmWave signals
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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 componentstand RF modules with new physical
layer parameters requires flexible software options already
tOday % 7 *, \ \.r-- I

' »

» 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 lIt.

Halford E. Luccock (1885-1960)

www.rohde-schwarz.com/6G
@) Rohde & Schwarz
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