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

Bharat 6G 2026

2022 2023 2024 2025 2026 2027 2028 2029 20312030 2032

Rel-18
Rel-19

Rel-20
6G studies

Rel-20

1st 6G networks/devices

ITU
WRC-27

ITU
WRC-31

RAN1

RAN2/3/4

Working assumption, not confirmed
(Rel-21 timeline decided no later than June 2026)

Rel-21
6G normative

Rel-22
6G evolution

3GPP RAN/SA

6G workshop
March 2025

EMEA

America

APAC
4.4-4.8 7.125-8.4 14.8-15.35

FCC:
12.7-13.25

6G spectrum investigations for WRC-27

Current spectrum focus

refarming / shared latern104

6.425 - 8.4 GHz FR1
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MAIN TECHNOLOGY PILLARS
Integrated sensing 
and communication

Security & 
Trustworthiness

Enhanced Duplex

FR3 / Giga-MIMO

Photonics

AI -RAN

Open networks and 
distributed computing

NTN The Metaverse and
eXtended Reality (XR)
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NTN IN 3GPP STANDARDIZATION - EVOLUTION

Rel. 15

Study item to

support NTN 

TR 38.811:

- Channel 

models

- Frequency

aspects

- Device types

- Antenna

models

- Satellite

constellations

- Deployment

scenarios

Bharat 6G 2026

Rel. 16 Study 

item for NTN 

solutions. 

TR 38.821:

• Architecture 

models

• PHY aspects

• Protocol 

aspects

• NG-RAN 

interfaces

• Recommend

ations to

enable NTN

NTN Rel. 17

• 5G enabling

NTN

• Transparent 

payload

• Protocol stack

enhancement

• Timer + 

Doppler shift 

compensation + 

GNSS support

• HARQ update, 

Cond. 

Handover, 

Switchover

• SIB19 + RRC 

update

• Frequency < 

6GHz

NTN Rel. 18

• Frequency > 

10GHz

• VSAT category

UE

• Coverage 

enhancements

• Mobility 

enhancements

• NW verified UE 

location

NTN Rel. 19

• Regenerative 

payload

• DL coverage

enhancements

• TN – NTN 

mobility

enhancements

• SIB25 intro

• RedCap UE 

supporting NTN

• Throughput

enhancements

• IoT-NTN store

& forward

NTN Rel. 20

• GNSS free / 

resilient 

operation

• IoT-NTN voice

• EUTRA TN to

NR NTN 

handover

• IoT-NTN power 

class 1

R
e
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SATELLITE COMMUNICATIONS - FOUR PARADIGMS

Bharat 6G 2026

Non-3GPP sat

communications

• Smartphone with additional 

RF frontend & modem

• Dedicated spectrum

• Sat constellation available

• Dedicated use cases: e.g. 

messaging

• Dedicated ecosystem

Direct to cell (DTC) 

communications

4G/5G IoT-NTN 

(satellite NB-IoT)

NR-NTN (satellite

to everything)

• Legacy smartphone

• Spectrum sharing or MSS 

spectrum

• Doppler compensation at 

satellite => efficiency!

• Early service-offering (time to

market)

• Limited efficiency & capacity

Spectrum sharing / MSS

E.g. supplementary

satellite coverage

(TN MNO shares

spectrum with Sat 

MNO)

• Rel. 17+  IoT devices

• Dedicated sat spectrum (S 

and L-band). < 6GHz

• Limited capacity, low datarate

• Best effort QoS, delay tolerant

• 4G NB-IoT based, future 5G 

(e)RedCap

• New silicon UE with Rel. 17+ 

capabilities, various

categories, from smartphone

to VSAT

• Dedicated spectrum, first < 

6GHz, second Ku + Ka band 

& others

• Higher capacity, multipe use

cases6
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NTN: TRANSPARENT VS REGENERATIVE PAYLOAD

gNB
NTN 

gateway

UE

Transparent 

repeat

NG

5GC

Uu

Serving link
Feeder link

Bharat 6G 2026

Uu

Uu

NTN 

payload

NTN 

gateway

UE

NG

5GC

Uu = 

5G NR

Serving link

Feeder link

SRI = 

NG/F1

NTN 

processing

UE

NTN 

processing

Xn interface 

over ISL

Regenerative: 

packet 

decoding, 

processing & 

forwarding
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SPECTRUM TOPICS FOR NTN – COEXISTENCE

Bharat 6G 2026

NR evolution – Non-terrestrial networks

NTN UE

TN UE

DL 

TN
DL 

NTN

DL 

TN DL 

NTN

UL 

TN UL 

NTN

UL 

TN

UL 

NTN

1 3

2

4

DL 

TN UL 

NTN
6

DL 

TN

UL 

NTN

5

Ψ

θ

New performance metric: 

Expected equivalent isotropically

radiated power (EEIRP)

TN spectrum

NTN spectrum

UL/DL conflict

Σ
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ITU: POWER FLUX DENSITY (PFD) DEFINITION

Bharat 6G 2026

NR evolution – Non-terrestrial networks

Σ

Power flux density = power emitted by satellite (given

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

𝑃𝐹𝐷 =  

𝑖=1

𝑁
𝑃𝑇𝑥,𝑖 ∙ 𝐺𝑇𝑥,𝑖 ∙ 𝐿𝐹𝑒𝑒𝑑𝑒𝑟

4𝜋𝑑2

Adjacent satellite interference (ASI)

=> off-axis power flux density

Off-axis antenna gain causing ASI

𝑃𝐹𝐷 = 𝐸𝐼𝑅𝑃𝑑𝐵 − 10 log10
4𝜋𝑑2

𝜆2
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EXPECTED EQUIVALENT ISOTROPICALLY RADIATED POWER

Bharat 6G 2026

NR evolution – Non-terrestrial networks

Ψ

θ

New performance metric: 

Expected equivalent isotropically

radiated power (EEIRP)

Σ

Motivation: Upper 6GHz (6425 –

7125 MHz) conflicts with FSS 

(6425 MHz – 7025 MHz)

Unintentional and 

aggregated TX power 

cause coexistence issues, 

e.g. FSS satellite

interfered by terrestrial TX

Bin

number

i

Elevation angular range

θHLi ≤ θ < θHHi (Degrees)

EEIRP limit

(dBm/MHz)

1 0≤θ<5 27

2 5≤θ<10 23

3 10≤θ<15 19

4 15≤θ<20 18

5 20≤<θ<30 16

6 30≤<θ<60 15

7 60≤<θ<90 15 On-axis wanted radiation

Off-axis unwanted emissions
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5G-NTN: PROTOCOL STACK

NR PDCP

TCP/UDP IP

PDU

NR PHY

NR MAC

NR RLC

NR SDAP

NR NAS

NR RRC

Link budget, delay, Doppler, 

polarization, beamforming, 

OFDMA

HARQ, timing advance, SR + 

BSR reporting, RACH

AM, UM, TM 

=> timer adaptations

Security, in-sequence data & 

duplication => timer adaptations

QoS flow => new QoS profiles

NTN specific applications

(optional) 

Mobility, reporting, link control, 

Ephemeris info, RRM adaptations

Cross country border coverage, 

Earth fixed timing advance, RAN 

type signaling

Bharat 6G 202611
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5G NTN MOBILITY SCENARIOS – BASELINE HANDOVER

Bharat 6G 2026

5G NR baseline handover procedure: Inter-gNB procedure

1. Measurement reports

2. Handover request

3. Handover request ACK
4. RRC reconfig (Handover)

5. DL & UL sync (RACH)

6.RRCReconfiguration complete

Admission 

control

UE switches to new cell, 

PHY  sync via RACH & 

connection interruption

0. Neighbor cell list + 

Measurement report config

Handover decision based on 

measurement results

12
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5G NTN HANDOVER EXAMPLE (CHO)

Bharat 6G 202613
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Evaluate CHO conditions

CONDITIONAL HANDOVER – SIGNALING PLANE

UE Source gNB Target gNB AMF UPF

3. Handover request

6. RRC 

reconfiguration

(CHO config)

8. Handover completion

Other 

potential 

target gNBs

User data flow

0. Mobility control information provided by AMF

1. Measurement control and reporting

2. CHO decision

4. Admision control5. Handover request ACK

7. RRC reconfiguration

complete

Detach from source gNB & 

sync to target gNB

8a. Handover request ACK

8b. Status transfer

User data flow
8c. Handover cancel

User data flow (early data fowarding active) 

Bharat 6G 202614
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ROHDE & SCHWARZ SOLUTIONS
SUPPORT FOR THE WHOLE SATELLITE ECOSYSTEM 

Components and systems 

for satellite ground stations
Test solutions for satellite 

components and antennas

Satellite monitoring and link 

planner solutions

Rohde & Schwarz 14.07.2025 IMM 25

User Equipment Test and

End2End simulations

Field test

QoS monitoring
Bharat 6G 202615
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30 MIN SATCOM ANTENNA TESTING BREAKTHROUGH

Bharat 6G 2026

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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XR DEFINITION AND TECHNICAL TERMS TO REMEMBER

Bharat 6G 2026

Extended reality XR

MOTION TO PHOTON (M2P) LATENCY

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

Source: Samsung

Source: Qualcomm

DEGREES OF FREEDOM (DOF)

DEGREES OF MEDIA 
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R&S®CMX500 
5G One Box Signaling Tester

R&S®ATS1800C 
Compact 3GPP-compliant OTA chamber for 5G NR mmWave signals

Cloud 

XR

Edge

Server

IP connection

XR Client

App

CARRIER-GRADE LAB-BASED TESTBED FOR EXTENDED 
REALITY (XR) FROM AN END-TO-END (E2E) PERSPECTIVE

“XR Testing App”

Full automation of the XR testbed via 

R&S®CMsequencer1), incl. XR Testing App

remote control

Bharat 6G 202619
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Photonics

Bharat 6G 2026

MAIN TECHNOLOGY PILLARS
Integrated sensing 
and communication

FR3 / Giga-MIMOAI -RANNTN The Metaverse and
eXtended Reality (XR)

Security & 
Trustworthiness

Enhanced Duplex
Open networks and 

distributed computing
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6G FOR AI
CONCEPT FOR TESTING QOS OF AI-AS-A-SERVICE

Bharat 6G 2026

AI Client App

AI as a service (Edge 

or Cloud)

• Complex computing 

services

• Video rendering

• Services requiring 

access to big data

IP connection

Data to client app

Request or 

Audio/Video sent to Server  

MOS score,

Latency, throughput

• AI based User 

Interface

• Picture, Audio 

processing

• Agentic AI services 

Video and Audiot streamed to client app

radio connection

CMX500

-RF impairment

-Network traffic 

emulation 

Cloud Services
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THANK YOU TO THE AI-RAN ALLIANCE 
GIVING STRUCTURE TO AI APPLICATIONS

AI on RAN
 Aims to enable new 

RAN services to 

enhance AI 

applications running 

at the network edge, 

to be able to offer new 

consumer and 

enterprise services 

and applications from 

the edge of the 

network

AI for RAN
 Focusing on the 

integration of AI into 

RAN to significantly 

enhance RAN 

performance, such as 

improving spectral 

and operational 

efficiency, optimizing 

radio resource 

management, and 

enabling predictive 

maintenance

AI and RAN
 Seeks to create a 

shared infrastructure 

between RAN and AI 

workloads, enabling 

concurrent resource 

utilization on this 

converged computer-

and-communications 

infrastructure

Rohde & Schwarz Jan 2026 Bharat 6G 202622
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AI FOR RAN IN 3GPP
LAYING THE FOUNDATION WITH 5G-ADVANCED

Bharat 6G 2026

► 3GPP Release 18: 5G-Advanced

 SA1-led study on model transfer (TR 22.874), SA2-led study on 5G system support for AI/ML-based 

services (TR 23.700-80), SA4-led study on AI/ML for media (TR 26.927) and an SA5-led study on AI/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 AI/ML, starting with four pilot use cases in 3GPP 

Release 18/19 to assess performance in comparison to conventional methods and specification impact

gNB UE gNB UE gNB UE

23
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MOBILE WORLD CONGRESS 2025
DEMO IMPRESSIONS

Bharat 6G 2026

► Interoperability testing of CSI Feedback Compression based on R&S CMX500

► Import and inference of ONNX-formatted decoder AI/ML models

► Addressed the concerns of 3GPP wrt testability and allowed CSI FB Comp to become a WI in Rel-20

Demoed @

24
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TOWARD AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER

Baseband processing (gNB perspective)
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

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
Neural Receiver

Custom 

Const.

WITH CUSTOM CONSTELLATION

Bharat 6G 202625
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Modulation scheme constellation aspects

Bharat 6G 2026

Reminder 16QAM But: every quadrant is identical

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, 

pseudo-random looking constellation

diagram, we may understand the

constellation position as kind of

reference signals

26
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TOWARD AN AI-NATIVE AIR INTERFACE FOR 6G
NEURAL RECEIVER WITH CUSTOM CONSTELLATION

Extension of the testbed towards End-to-End (E2E) learning capabilit ies

Custom constellation 

= super-imposed pilot 

sequence

Depending on actual DMRS 

configuration (pilot signal) up to 

14% gain in spectral efficiency 

Bharat 6G 202627
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END-To-End Constellation Learning

Bharat 6G 2026

► Joint End-to-End Learning (TX, wireless channel, RX) of 

custom constellation points and neural receiver

► AI/ML models learn constellation with superimposed pilots; 

joint optimization of neural receiver performance

► 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

From QAM16…

… to an AI/ML-learned

constellation

28
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THE NEXT STEP – TRENDS IN RESEARCH
DIGITAL TWINS FOR AI-RAN

Bharat 6G 2026

Demoed @

site-specific adaptation of a neural 

receiver model by ray tracing simulation 

to accurately characterize the wireless 

channel in the targeted deployment area

29
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BRING RAY-TRACING 
TO THE LAB

Bharat 6G 2026

RF Channel Modeler 
generates custom 
wireless channel models 
for laboratory testing of 
real 5G/6G hardware

Transition ray tracing 
simulation into fading 

profile using customized 
dynamic fading option

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

30
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IMPROVING UL PERFORMANCE WITH AI
COMBINE NEURAL RECEIVER AND DIGITAL POST-DISTORTION (DPoD)

Bharat 6G 202631
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EXAMPLE SHOW CASE
DPOD

Bharat 6G 2026

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.

32
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TESTING THE AI-NATIVE AIR INTERFACE
OVERVIEW OF TEST SOLUTIONS

Bharat 6G 2026

R&S testbed for hardware-in-the-loop validation of AI/ML neural receiver performance (e.g., AI/ML channel estimation, 

equalization, compensation of non-linear impairments) with RF digital twins for site-specific wireless channel emulation

Open Neural Network Exchange

R&S SMW200A Vector Signal Generator

RF Digital Twin for AI-RAN Testing

Site-specific channel emulation

leveraging raytracing

NVIDIA

SionnaRT

AI/ML-Learned Custom Constellations

Evaluation of learned constellations as a 

stepping stone to pilotless communication

R&S FSWX Spectrum Analyzer & Vector Signal Explorer SW

Import trained neural 

network (ONNX model)

GPU-accelerated

Neural RX inference

5G NR Signal

Neural Receiver Performance Analysis

Integration of Neural RX into R&S instruments 

for hardware-in-the-loop performance analysis

Bring-your-own-model

Load trained custom 

constellations

Load time-variant

wireless channel

33
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R&S®CMX500 5G ONE BOX SIGNALING TESTER
SUPPORTS EXISTING (FR1) AND FUTURE (FR3) FREQUENCY BANDS

Bharat 6G 2026

► 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

IF unit (4…20 GHz)
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FSW

IF OUT

ZNA Ports 1 + 3

IF OUT

VNA: R&S®ZNA

6G – MIMO: ELECTRONIC STEERABLE ARRAYS (ESA)

DUT: 

256 elements

Dual-polarized 

feed antenna 

4x 

4x 

IF

Coupler

LOmmW 

Couplers or

Feed Antennas

IFF: R&S®ATS1800M

mmW H-pol demodulation analysis, 

distortion without demodulation and 

linearization, 

VSA: R&S®FSW43

IF H- and V-pol modulated signal

with 90 degrees phase shift in PAAM

VSG: R&S®SMW200A

LO
SG: R&S®SMA100B

Oszilloscope: R&S®RTO

Test concept for phased

array antennas (PAAM) 

and ESA antennas

Bharat 6G 202636
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Time-domain channel measurements for FCAS research
Characterization of Helicopter Rotor Blade Modulation in UHF and Microwave 
Bands

Bharat 6G 2026

Doppler Spectrogram CH53 Helicopter

Micro Doppler 

signature
Micro Doppler 

signature

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

Transmitter Tx

Receiver Rx

38
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ISAC - USE CASES

Bharat 6G 2026

Gesture 

detection & 

control

Enhanced 

radar & 

safety

Intrusion & proximity detection

Man machine interworking 

& safety zones Remote health  

monitoring

Communication link 

optimization

UE#1 UE#2

Detection & 

collision 

avoidance

Flooding

& disaster 

detection

39
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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

Bharat 6G 2026

► Wataru Yamada, Minoru Inomata, Nobuaki Kuno, Koshiro Kitao, Satoshi Suyama, et al. , Taro Eichler, 

and Wilhelm Keusgen, “Indoor Dynamic Channel Measurement for ISAC“, presented at ISAP 2025

► Received power decreases 

as number of people walking 

around the table increases.

► Fluctuation of power 

increases as number of 

people walking increases.

► Next step:

► Use AI for faster eval.

► Use phase and 

wideband info

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. 
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PRINCIPLES OF ISAC SENSING TESTING

Bharat 6G 2026

• Throughput

• Voice, video quality

• RF performance / linearity → EVM

• Power / Spectrum

KPIs

KPIs

• Detection 

Accuracy

• Resolution

Transmit Signal

Reflected Signal

Transmit Signal

Communication Channel

Sensor Channel

Object

(Reflector)

• Speed

• Distance

• Angle

• RCS

Attributes

41
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Towards 6G
Integrated sensing and communication

Bharat 6G 202642

Verifying JCAS technology

 R&S®AREG800A Automotive 

Radar Echo Generator for object 

simulation and the R&S®FE44S 

external frontends. 

 R&S®SMW200 to generate 

interference signals 

Object simulation:

speed, distance RSC

Interference simulator

R&S®SMW200A

R&S®AREG

42
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ISAC TEST SOLUTION IN PRACTICE
VERIFICATION OF TRACKING ALGORITHMS

Bharat 6G 2026

Source: Joint Nokia/R&S paper

43
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MULTI-LAYER MULTI-DIMENSION MULTI-BAND (ML-MD-MB) TOPOLOGY

Bharat 6G 2026

GEO

MEO

LEO

VSAT

indoorCore

cloud

IoT-NTN

Service link

Sidelink

NTN backhaul

UAV

control

LEO swarm
UAV swarm

Air interface

HAPS

LAPS

Inter-

satellite 

links

Air-to-ground
Multi-

connectivity

NR-NTN

Regenerative 

processing + 

MEC

AI
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SUMMARY

► Deployment of 5G networks is still ongoing to reach its full capabilities and deliver

on its promises

► Researchers in academia and industry have explored new technology components which 

will find their way into 3GPP specifications to make 6G networks and devices more 

efficient, intelligent, sustainable, and secure

► These new main technology pillars will enable the next step towards an immersive, 

pervasive, digital experience in a hyper-connected world

► Rohde & Schwarz is actively engaged in this phase of standardization and pre-

development, providing our expertise in test and measurement to make these ideas real

Bharat 6G 202645
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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)

Bharat 6G 202646


