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3GPP STANDARDIZATION AND REGULATION
ON THE WAY TOWARDS PLANNED 6G LAUNCH IN 2030
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NTN IN 3GPP STANDARDIZATION - EVOLUTION

Rel. 15 Rel. 16 Study NTN Rel. 17 NTN Rel. 18 NTN Rel. 19 NTN Rel. 20

Study item to item for NTN + 5G enabling « Frequency > * Regenerative * GNSS free/ Py
support NTN solutions. NTN 10GHz payload resilient @D

TR 38.811: TR 38.821: « Transparent » VSAT category * DL coverage operation .
- Channel * Architecture payload UE enhancements * 10T-NTN voice I\HJ
models models + Protocol stack + Coverage * TN—-NTN + EUTRATN to o
- Frequency * PHY aspects enhancement enhancements mobility NR NTN )
aspects + Protocol » Timer + * Mobility enhancements handover -
- Device types aspects Doppler shift enhancements + SIB25 intro * IoT-NTN power =
- Antenna * NG-RAN compensation + | « NW verified UE + RedCap UE class 1 iy
models interfaces GNSS support location supporting NTN o)
- Satellite * Recommend * HARQ update, » Throughput o
constellations ations to Cond. enhancements W
- Deployment enable NTN Handover, * l0T-NTN store O
scenarios ) Switchover & forward -
- SIB19 + RRC: L)
| update =
Frequency < 2
~

Rohde & Schwarz



SATELLITE COMMUNICATIONS - FOUR PARADIGMS

satellite coverage

Non-3GPP sat

communications

RF frontend & modem
Dedicated spectrum

Sat constellation available
Dedicated use cases: e.g.
messaging

Dedicated ecosystem

6 Rohde & Schwarz

—% speqtrum with Sat
MNQ)
.. = I

E.g. supplementary

=

Spectrum sharing / MSS

Direct to cell (DTC)
communications

Smartphone with additional * Legacy smartphone

» Spectrum sharing or MSS
spectrum

Doppler compensation at
satellite => efficiency!

Early service-offering (time to
market)

Limited efficiency & capacity
Bharat 6G 2026

4G/5G IoT-NTN NR-NTN (satellite
(satellite NB-IoT) to everything)

* New silicon UE with Rel. 17+
Dedicated sat spectrum (S capabilities, various

and L-band). < 6GHz categories, from smartphone

to VSAT
Dedicated spectrum, first <

Rel. 17+ loT devices

Limited capacity, low datarate
Best effort QoS, delay tolerant *
4G NB-IoT based, future 5G 6GHz, second Ku + Ka band

(e)RedCap & others
» Higher capacity, multipe use

cases



NTN: TRANSPARENT VS REGENERATIVE PAYLOAD

Xn interface

5GC

over ISL
H
NTN NTN
processing processing
Feeder link
ing link
Serving lin SRI =
NG/F1
Uu =
5G NR }21
NTN
_ . gateway
UE UE

Regenerative:~_
acket
Transparent NTN 3ecoding
repeat payload processin,g &
forwarding
L Feeder link
Serving link
Uu
: 2
NG
Y o1 Luu =1
=1 |_| G
NTN
_ gateway gNB S5GC
UE
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NR evolution — Non-terrestrial networks
SPECTRUM TOPICS FOR NTN — COEXISTENCE

NTN UE Expected equivalent isotropically

radiated power (EEIRP)

New performance metric:

N

.......
8 uy
a, L

- TNUE

. TN spectrum

. NTN spectrum
. UL/DL conflict
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NR evolution — Non-terrestrial networks

ITU: POWER FLUX DENSITY (PFD) DEFINITION

Power flux density = power emitted by satellite (given

as sum of N beams) as measured at a reference area

< / .
PFD = Z Tx,i Tx,i Feeder
Z\ ! 47l'd2
4mrd?
PFD = EIRPp — 101010 —57—
Adjacent satellite interference (ASI) ‘;? B
=> off-axis power flux density
________ >

Off-axis antenna gain causing ASI .

=[]
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NR evolution — Non-terrestrial networks

EXPECTED EQUIVALENT ISOTROPICALLY RADIATED POWER

New performance metric:

Motivation: Upper 6GHz (6425 —
7125 MHz) conflicts with FSS
(6425 MHz — 7025 MHz)

VR xpected equivalent isotropically
radiated power (EEIRP)

90°
Unintentional and ‘
aggregated TX power <
cause coexistence issues, \_—,——/f

e.g. FSS satellite
interfered by terrestrial TX

fﬂm

. I HLi

Bin Elevation angular range EEIRP limit 7 """"""""
number 0,.,<6<60,, (Degrees) (dBm/MHz)

— o = azi -180° ¥ 0° (horizon
5<0<10 23 @ aznr:w:uh( 180° to 180°) ( )
ey — " Off-axis unwanted emissions
15<68<20 18
20=<<6<30 16
30=<6<60 15 - o
— 15 On-axis wanted radiation
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5G-NTN: PROTOCOL STACK

| PDU | NTN specific applications
Cross country border coverage, NR NAS I (optional)

Earth fixed timing advance, RAN

TCP/UDP IP

type signaling
Mobility, reporting, link control, | NRRRC I

Ephemeris info, RRM adaptations NR SDAP .
l QoS flow => new QoS profiles

Security, in-sequence data &
duplication => timer adaptations

AM, UM, TM
=> timer adaptations

HARQ, timing advance, SR +
BSR reporting, RACH

Link budget, delay, Doppler,
polarization, beamforming,
OFDMA
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5G NTN MOBILITY SCENARIOS - BASELINE HANDOVER

5G NR baseline handover procedure: Inter-gNB procedure

0. Neighbor cell list +

< Measurement report config
1. Measurement reports
Handover decision based on
measurement results
2. Handover request
Admission
control
3. Handover request ACK
4. RRC reconfig (Handover) |«

<
UE switches to new cell, 5. DL & UL sync (RACH)
PHY sync via RACH & ol T B B B e e Bl |
connection interruption

6.RRCReconfiguration complete >
[
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5G NTN HANDOVER EXAMPLE (CHO)
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Source gNB

1. Measurement control and reporting

2. CHO decision

Other

Target gNB potential
target gNBs

User data flow
0. Mobility control information provided by AMF

(CHO config)

7. RRC reconfiguration
complete

»
<

Evaluate CHO conditions
[
Detach from source gNB &

sync to target gNB

3. Handover request_
________________ g e
6.RRC 5. Handover request ACK 4. Admision control
reconfiguration @ - - - - - - e e e e e o mm e - e — = >

8. Handover completion
<«3a. Handover request ACK

8b. Status transfer .

8c. Handover cancel

14 Rohde & Schwarz Bharat 6G 2026
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Test solutions for satellite | Components and systems Satellite monitoring and I|nk
components and antennas for satellite ground stations < | planner solutions

' em

User Equipment Test and
End2End simulations

Field test
QoS monitoring




30 MIN SATCOM ANTENNA TESTING BREAKTHROUGH

Rohde & Schwarz +
Greenerwave just measured

a 50cm Ku-band ESA full
radiation pattern in 32

minutes using near-field setup,
results match simulation

within 1 dB accuracy.

The Problem Solved: No more
massive far-field chambers or
slow CATR positioning for
large antennas.
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Integrated sensing
and communication

()
B0

he Metaverse and
eXtended Reality (XR)

Al -RAN FR3 / Giga-MIMO
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Extended reality XR

XR DEFINITION AND TECHNICAL TERMS TO REMEMBER

MOTION TO PHOTON (M2P) LATENCY DEGREES OF FREEDOM (DOF

reedom (3-DoF) es of freedom (6-Do

No lag Significant lag
g =N

+ Full immersion
« Can only watch
+ Can become part of the story

+ Can now interact and change the story

Qualcomm

Immersive Reality Video Types

w latene Nlatlaantkla o -
‘-J W latency I‘J;“E”v:iri-,,?j": !.7“:?5\(,

https://www.qualcomm.com/news/ong/2016/06/keeping-virtual-world-stable-vr

. 360 View:
DEGREES OF MEDIA ..
180 View mmy
- IMAX-Like
Traditional - GoPro
-TVs
- Movie theater Samsung
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https://www.qualcomm.com/news/onq/2016/06/keeping-virtual-world-stable-vr

APPLICATION

IP connection

l

Edge
Server :
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LAB-BASED TESTBED FOR EXTENDED
REALITY (XR) FROM AN END-TO-END (E2E) PERSPECTIVE

emote control
A

6-6|6-6-6 OOG’

©@. e .0 .ese
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R&S®CMX500
5G One Box Signaling Tester

Bharat 6G 2026

Full automation of the XR testbed via
R&S®CMsequencer?), incl. XR Testing App

|+ e

Ericsson, in collaboration with T-
Mobile and Qualcomm, begins XR
trials on 5G Standalone network

Avoiloble in English 1458 ifkePIL

As 5G mobile adoption continues to grow rapidly, the convergence of 56 Standalone (5G
SA) deployments, the feasibility of slim form-factor Al Augmented Reality (AR) glasses
tetherad to 5G-copable smartphones, and advanced 56 infrastructure capabilities create a
perfect opportunity to trial the next wave of 5G low latency eperator services, such os

Extended Reality (XR),

PRESSRELEASE | MAR 4, 2825

R&S®ATS1800C

Compact 3GPP-compliant OTA chamber for 5G NR mmWave signals
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6G FOR Al

MOS score,
Latency, throughput

CONNECEION

-

P connesiicn
e

-RF impairment
-Network traffic
emulation

Defia o dlient Epp
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THANK YOU TO THE AI-RAN ALLIANCE

Alon RAN Al for RAN Al and RAN

= Aims to enable new = Focusing on the = Seeks to create a
RAN services to integration of Al into shared infrastructure
enhance Al RAN to significantly between RAN and Al
applications running enhance RAN workloads, enabling
at the network edge, performance, such as concurrent resource
to be able to offer new improving spectral utilization on this
consumer and and operational SOMISIEET Eem olUiEl-
enterprise services efficiency, optimizing and-communications
and applications from radio resource IEEIEIE
the edge of the management, and
network enabling predictive

maintenance
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https://ai-ran.org/
https://ai-ran.org/

Al FOR RAN IN 3GPP
LAYING THE FOUNDATION WITH 5G-ADVANCED

» 3GPP Release 18: 5G-Advanced

— SAl-led study on model transfer (TR 22.874), SA2-led study on 5G system support for Al/ML-based
services (TR 23.700-80), SA4-led study on Al/ML for media (TR 26.927) and an SA5-led study on Al/ML
management (TR 28.908), RAN3-led continuation based on findings in Rel-17 study item

— AI/ML for NR air interface — 3GPP TR 38.843 V18.0.0 (2023-12)

— Exploration of augmentation of the 5G air interface by Al/ML, starting with four pilot use cases in 3GPP
Release 18/19 to assess performance in comparison to conventional methods and specification impact

() ) N ( & ) N
G — B — | &
gNB UE gNB UE
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https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3721
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4009
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4040
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3965
https://www.3gpp.org/ftp/Specs/archive/38_series/38.843/38843-i00.zip

MOBILE WORLD CONGRESS 2025 Demoed @
DEMO IMPRESSIONS MWC

GSMA

Y o

| BARCELONA
3 - 6 MARCH 2025

» Interoperability testing of CSI Feedback Compression based on R&S CMX500
» Import and inference of ONNX-formatted decoder Al/ML models
» Addressed the concerns of 3GPP wirt testability and allowed CSI FB Comp to become a WI in Rel-20
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TOWARD AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER WITH CUSTOM CONSTELLATION

“ )
Channel | | Custom . Mapping/ | OFDM signal |
. coding SErEming Const. Precoding = | Generation ~
: . Trans- RF Antenna
Baseband processin NB perspective :
P 9 persp ) ceiver : Frontend ;| System
Channel Demod./ Channel Channel f Signal detection/
_ decoding | | Demapping = equalization | estimation =~ Synchronization |

Q.|nd|V|

ML abbli’ecy..t_

/
Neural Receiver ML replaces multiple
processing blocks
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Modulation scheme constellation aspects

t: every quadrant is identical

Reminder 16QAM

@ ®| ® [
@ ®| ® @
@ @ @ L
@ @ () &@ As radio channel (Fading) deteriorates the signal,
we need pilots, e.g. DMRS for channel estimation and equalization
Idea: If we apply a scenario specific, ® .l ® ()
pseudo-random looking constellation @
. o @
diagram, we may understand the
constellation position as kind of @ ® e
- @ @
reference signals ® ®
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TOWARD AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER WITH CUSTOM CONSTELLATION

-\ Depending on actual DMRS
Toward 6G: Al/ML-based Neural Receiver, “configuration (pilot signal) up to

Custom Constellation and Impairment Gusioms comsiclleiion 4% gain in spectral gfficienb’_ii" i’
Requestng 10aampls, SNR[dB]: -1.0 =@ =S per-i nn p@sed Eﬂm = D PUSCHDMRS D PUSCH : Mot used s 1‘
Evaluate LS-Baseline & [ ] I@m ¥

Finetuned Neural Receiver @

Show Goodput ®

Carrler Frequency Offset [ppm]: 0.2 =iy

Frequency [Subcarrier]

Channel TDL-B 100ns/400Hz

imiarienne 273 (100 MHz) Custom Const. - Neural Receiver (CFO=0.2ppm)

jumber o S Z

Modulation order 16 Custom Const. - Neural Receiver, finetuned (CFO=0.2ppm)

Target coderate 0.54 5G Baseline - LS+LMMSE (no CFO)

Transport block size 92200 bit : 3 e

DMRS Overhead 3276 REs ~— 5G Baseline - Maximum Likelihood approx. (no CFO) { - =) Time [Symbols]

Effective PUSCH throughput 58.8 slots/s - 5G Baseline - Perfect-CSl, lower bound (no CFO)
1 X

oot e T = ' 12x 14 = 168 RE
it 12 RE for pilots, 12 RE unused
ROHDE&SCHWARZ @} NVIDIA. e st 24/168 = ~14%

1 12 13
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END-To-End Constellation Learning

» Joint End-to-End Learning (TX, wireless channel RX) of
custom constellation points and neura“l
T

ﬁli!“““llll
» AI/ML models learn constellation wﬂﬁ‘Su erm Qsed plrots

joint optimization of neural receiver petf :

» Pilotless Communication: No need for 5G NR
Demodulation Reference Signals (DMRS)

» Free resources can be used for data transmission
—> higher bandwidth efficiency/throughput

» Additionally in this demo: Neural RX trained with carrier
frequency offsets in range 0 — 0.5 ppm

® 28 Rohde & Schwarz Bharat 6G 2026

From QAM16...

.. to an Al/ML-learned

constellation
Q



THE NEXT STEP - TRENDS IN RESEARCH
DIGITAL TWINS FOR AIl-RAN

‘_'BARCELONA Rohde & Schwarz advances Al/ML-powered neural
3 - 6 MARCH 2025 receiver testing in collaboration with NVIDIA

Demoed @ MWC

GSMA

Towards 6G: Digital Twins for the Al-RAN

- N
o U o

o =
n

B
8
E
£
&
2
2
5
2
8
]
2
o

| v

Goodput [bit/symbol]

site-specific adaptation of a neural
receiver model by ray tracing simulation
to accurately characterize the wireless

channel in the targeted deployment area

NVIDIA.
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BRING RAY-TRACING
TO THE LAB

R&S®SMW200A
Vector Signal Generator with
Customized Dynamic Fading

Transition ray tracing
simulation into fading
profile using customized
dynamic fading option

A Fea 1.000 000 000 0006+ B bt oat 72 -30.00 dgm tevel -30.00 dsm
nt
B fea  1.000 000 000 000 cH: (Gl e P2 -30.00am tevel -30.00 asr

: - ' 7 _
g aW|reIess channel models
M, Y By

_.
o

jon O

"

!@e!-ujvim.{ei\ei: 3

.
0ooe@® o

Graphics
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IMPROVING UL PERFORMANCE WITH Al -
COMBINE NEURAL RECEIVER AND DIGITAL-POS

56 %‘ Channel

5G NR :
PA emulation RF Up- e Digiti-

PUSCH
3 < (AM/AM, 2 Down- 4
(Uplink signal AM/PM tables) conversion conversion zation

generation)

Data sets with
emulation of
power amplifier
for inference
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EXAMPLE SHOW CASE
DPOD

The Brooklyn 6G Summit is a premier event
for the global communications industry,
bringing together leading voices from
technology, business, academia and
regulation to shape the future of wireless.

Jointly organized by Nokia and the NYU
WIRELESS research center at the NYU
Tandon School of Engineering, the Summit
has been instrumental in shaping the
trajectory of wireless communications since
its inception in 2014.

The 12th edition was held on November 5-7,
2025, at the NYU Tandon School of
Engineering.
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https://www.b6gs.com/

TESTING THE AI-NATIVE AIR INTERFACE
OVERVIEW OF TEST SOLUTIONS

R&S testbed for hardware-in-the-loop validation of AI/ML neural receiver performance (
equalization, compensation of non-linear impairments) with RF digital twins for site-s

Open Neural Network Exchange

., Al/ML channel estimatipn, )7
wireless channel emulatioh >
o S

RF Digital Twin for AI-RAN Testing Al/ML-Learned Custom Constellations Neural Receiver Performance Analysis

Site-specific channel emulation Evaluation of learned constellations as a
leveraging raytracing stepping stone to pilotless communication

Integration of Neural RX into R&S instruments

for hardware-in-the-loop performance analysis

;jfdzf I \nsYs
A - 'ﬁl:: i

) T NE SionnaRT

Load time-variant
wireless channel

Load trained custom
constellations

5G NR Signal

—
o

R&S SMW200A Vector Signal Generator

R&S FSWX Spectrum Analyzer & Vector Signal Explorer SW
® 33 Rohde & Schwarz Bharat 6G 2026
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R&S®CMX500 5G ONE BOX SIGNALING TESTER
SUPPORTS EXISTING (FR1) AND FUTURE (FR3) FREQUENCY BANDS

» Using the Intermediate Frequency unit (IFU; 4...20 GHz) of our platform to support early testing
at FR3 frequencies using the R&S®CMX500 One-Box Signaling Tester

— Uses the official 5G NR protocol stack, 100 MHz,
SCS 30 kHz with DL MIMO 4x4

eeeeeeeeeee

transmissi
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6G — MIMO: ELECTRONIC STEERABLE ARRAYS (ESA)

IFF: R&S®ATS1800M

OszHIoscope R&S®RTO

4x Dual-polarized
feed antenna

FSW  ZNA Ports 1 +3
IFOUT IFOUT

VNA: R&S®ZNA

A3

RHCP
Tfu SIS array antennas (PAAM)
and ESA antennas
VSG: R&S®SMW200A DUT: mmW IF LO
IF H- and V-pol modulated signal DR alemente Foosaplers or - Coupler

“*F with 90 degrees phase shift in RAAM= x4 PAAM

VSA: R&S®FSW43
mmW H-pol demodulation analysis,
distortion without demodulation jand
linearization,

36 Rohde & Schwarz Bharat 6G 2026
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Time-domain channel measurements for FCAS research

Doppler shift in kHz

or @B /
: Transmltt(er 120 signature gl signature

? - 2 & Micro Doppler Micro Doppler

-6
200 300 00 0 0 200
time in ms time in ms

4.9 GHz 27:1.GHz

“Characterization of Helicopter Rotor Blade Modulation in UHF and Microwave Bands”, submitted to MILCOM2024
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ISAC - USE CASES

Enhanced
radar &
safety ‘\\‘ ] Flooding
: - & disaster

Detection & ; E -
collision f i i [ detection
avoidance ‘ ‘

Gesture «

detection &
®
L |

control
Man machine interworking

& safety zones Remote health Commqni_cati_on link
monitoring optimization

o
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HUMAN SENSING IN FR3: NTT / DOCOMO 6G COLLABORATION

STATISTICAL EVALUATION OF TIME VARIATION OF PROPAGATION CHANNEL AT 7.9 GHZ FOR SENSING

~ Wireless sensing propagation measurement and performance evaluation:

As a fundamental study to accelerate ISAC, the objective is to understand the
time-varying characteristics and statistical properties of propagation channels
through actual measurements.

»  Wataru Yamada, Minoru Inomata, Nobuaki Kuno, Koshiro Kitao, Satoshi'Suyama, et al. , Taro Eichler,
and Wilhelm Keusgen, “Indoor Dynamic Channel Measurement forISAC’, presented at ISAP 2025

» Received power decreases
as number of people walking B ‘ ‘
around the table increases. o0 - o g1

»  Fluctuation of power
increases as number of
people walking increases.

-
[=
=]
5}
=
=
=)
[a T

»  Next step:
>  Use Al for faster eval. 20 - e L

»  Use phase and
1s 20 25 30 wideband info 67 66 -65 -64 -63 -62 -61 -60
Time (sec.) Power (dBm)
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PRINCIPLES OF ISAC SENSING TESTING

KPIs

r

Communication Channel

4 = .
Transmit Signal 4 Transmit Signal
<
Reflected Signal I Object
N -~ ~ (Reflector)
- Detection * Speed
- Resolution * Angle

* RCS
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Towards 6G
Integrated sensing and communication

Verifying JCAS technology
Object simulation: + R&S®AREG800A Automotive
speed, distance RSC Radar Echo Generator for object
[ simulation and the R&S®FE44S
external frontends.
¢ R&S®SMW200 to generate
interference signals

R&S®AREG
Interference simulator

R&S®SMW200A
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ISAC TEST SOLUTION IN PRACTICE
VERIFICATION OF TRACKING ALGORITHMS

Nokia ISAC
Radios |

10 —10 ) 0 5 10 =10 -5 0 5 10 —10

Speed in ms~! ! !

R&SPAREG Radar
Object Emulator

Speed in ms™ Speed in ms™ Speed in ms—?

(a) (b) (c) (d)

after different steps of the processing pipeline. The ground truth objects are marked with (X)
ly from the PoC, (b) after clutter removal with ECA-C, (c) after clutter

Demonstrating Multi-Object Tracking in Integrated
Sensing and Communications with Real Hardware

Maximilian Bauhofe rcus Henninger!, Meik Kottkamp?. Lucas Girotof, Philip Grill*
Alexander Fe Thorsten Wildf, Stephan ten Brink*, and Silvio Mandellif
*University of Stuttgart, Stuttgart TNokia Bell Labs, Stuttgart *Rohde & Schwarz, Munich, Germany
E-mail: bauhofer@ inue.uni-stuttgart.de

Source:
® 43 Rohde & Schwarz Bharat 6G 2026


http://arxiv.org/abs/2510.22180

MULTI-LAYER MULTI-DIMENSION MULTI-BAND (ML-MD-MB) TOPOLOGY

Regenerative
rocessing +
GEO e Y
Inter-
MEO satellite

IS

LEQG __ ——
//‘

Y —
—ian —

1
)

; NTN backhaul
: i U UAV swarm LEO swarm
. ,
'.‘ \\\}&* LAPS Service link
|| : \ 3 e //\@
: . . Air-to-ground /,@Qp\ . UAV NR-NTN
loT-NTN " \ L ~ Muli- Scontrol
: ', Air interface™;  connectivity
«oEEEl im0 T A@ VSAT
Core = indoor
cloud ~ Sidelink :
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SUMMARY

efficient, intelligent, sustainable, and secure

» These new main technology pillars will enable the next step towards an immersive, Bt gt
pervasive, digital experience in a hyper-connected world ‘w R \'E

» Rohde & Schwarz is actively engaged in this phase of standardization and pre-
development, providing our expertise in test and measurementto make these 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)
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