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FROM 5G TO 6G
FIRST, SOME OBSERVATIONS…
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IMT-2030 capabilities and usage scenarios
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IMMERSIVE COMMUNICATIONS 
WHAT DO WE NEED? NEW TYPE OF DEVICE?!?

“A hologram display over a 

mobile device (one micrometer 

pixel size on a 6.7-inch display, 

i.e., 11.1 Gigapixel) form-factor 

requires at least 0.58 Tbps.” 
Source: Samsung 6G White Paper

Bharat 6G 2024

https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
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► Increased performance to 

enable the Metaverse! 

Anywhere! Anytime!

CONTINUING THE THOUGHT EXPERIMENT: WHAT KPI’S ?
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360°

4k/30fps

HD video

3D 360°

8k/30fps

HDR10 video

3D, 6-DoF

8k/90-120fps

HDR-next video

~10 to 50 Mbps

~50 to 200 Mbps

~200 to 5000 Mbps

< 30 ms

< 1 ms

< 10 ms

Data rates*)

Latency*)

Users are totally immersed in a 

simulated digital environment or 

a digital replica of reality.

MR includes all variants where 

virtual and real environments 

are mixed.

Virtual Reality Mixed Reality

Augmented Reality

AR is one such variant, where digital 

information is overlaid on images of

reality viewed through a device. 

*) User experience data rate and latency
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Reconfigurable 
Intelligent
Surfaces

Security & 
Trustworthiness

Full-duplex 
communication

RESEARCH AREAS FROM A T&M PERSPECTIVE

Ultra-massive
MIMO

New network topologies, 
distributed computing

Multiple access, 
new waveforms,
channel coding

A high-level overview on 

all these research areas 

is provided in one of our 

#THINKSIX video. 

Don’t miss it!

Photonics, Visible
Light Communication
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Joint communication 
& sensing

THz communication, 
and “FR3”

Artificial Intelligence 
and Machine Learning

Bharat 6G 2024

https://www.youtube.com/watch?v=mv0EYJhnncw
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Photonics, Visible
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THz communication, 
and “FR3”

Link to video
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https://www.youtube.com/watch?v=mv0EYJhnncw
https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-a-simple-to-use-setup-for-investigating-signals-in-the-d-band-video-detailpage_251220-1286884.html
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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

Spectrum for 6G: 
“FR3” and THz

The Metaverse and
eXtended Reality (XR)

Artificial Intelligence 
and Machine Learning
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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

R&S®CMX500 
5G One Box Signaling Tester

R&S®ATS1800C
RF shield box

Cloud 

XR

Server

IP connection

XR Client

App

5G connection to 

Motorola Edge 

smartphone

Rendered on 

Cloud XR server

“Please meet ‘Friday’!”

USB-C connection

5G-enabled AR-animated call
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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*) 6G-ANNA research project, Ahmad Nimr, et all,  “Gearbox PHY – Flexible HW/SW architecture
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Continuing the thought experiment: Enabling the metaverse! 
Anywhere, anytime! – but How?
► We need a more adaptive Physical layer! And why is that required?

► The change of access scheme goes along with another observation when switching “G’s” –

We typically change the PHY from an odd to an even “G”:

 1G to 2G  analog to digital

 3G to 4G  TDMA/FDMA/CDMA to OFDMA

 5G to 6G  OFDMA to ???
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Non-uniform cell coverage*) Non-uniform user distribution*) Non-uniform data usage over time*)
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SENSOR

DATA

ACTION

THINGS

DATA

DATA

ML/AI

ACTION

Towards the immersive

experience delivered 

by the metaverse?
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JOINT COMMUNICATION AND SENSING (JCAS)
USE CASE EXAMPLES

Bharat 6G 202411

Gesture detection & 

control

Enhanced radar & 

safety

Intrusion & proximity 

detection

Man machine interworking 

& safety zones

Remote health  

monitoring
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JOINT COMMUNICATION AND SENSING
DIFFERENCES IN PERFORMANCE INDICATION

Transmit Signal

Reflected Signal

Transmit Signal

Radar Target

(Reflector)
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Communication Channel

Sensor Channel

KPIs

KPIs
• Throughput

• Voice, video quality

• RF performance / linearity → EVM

• Power / Spectrum

• Detection

• Accuracy

• Resolution

• Speed

• Distance

• Angle

• RCS
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THz communication, 
and “FR3”

Artificial Intelligence 
and Machine Learning

Reconfigurable 
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distributed computing
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A high-level overview on 
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Don’t miss it!

Photonics, Visible
Light Communication
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Joint communication 
& sensing

Bharat 6G 2024

https://www.youtube.com/watch?v=mv0EYJhnncw
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CAN MACHINE LEARNING SUPPORT, EVENTUALLY REPLACE, 
TODAY’S SIGNAL PROCESSING ALGORITHMS?

So what potentially comes next? AI -native air interface for 6G?!
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► Initial research and experiments state, “It can!” – How can we initially prove this?

Modem (baseband processing)

For PHY/MAC the initial 6G research  focusses mainly on the receiver

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 Ongoing since some timeOngoing research
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MACHINE LEARNING BASED SIGNAL PROCESSING HAS 
THE POTENTIAL TO IMPROVE TODAY’S PERFORMANCE
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Hardware setup

Today’s receiver 

architecture and 

algorithms

Ideal
(“Perfect knowledge about 

the channel’s behavior”)

Neural receiver
(Machine Learning-based)
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AI-NATIVE AIR INTERFACE FOR 6G?
WE ARE ONLY AT THE BEGINNING!
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First 

promising 

results

Several research 

projects investigate 

the remaining non-

trivial challenges

Rohde&

Schwarz will 

continue to 

provide its 

expertise
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Multi-layer multi-dimension multi-band (ML-MD-MB) topology

GEO

MEO

LEO

VSAT
indoorCore 

cloud

Feeder link

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

Bharat 6G 2024

Unified networks, outlook to 6G
17
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distributed computing
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new waveforms,
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A high-level overview of 

all these research areas 

is provided in one of our 

#THINKSIX videos. 
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Photonics, Visible
Light Communication
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Reconfigurable 
Intelligent
Surfaces

https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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ADJUST THE CHANNEL – ALONG WITH THE SIGNAL

► The classical approach to maximize reception 

quality:

 Adapt s(t) transmission scheme to target 

channel h(t), e.g., CP-OFDM for the multipath 

channel, carrier frequency, and bandwidth, 

pre-coding/equalization, modulation and coding 

schemes, etc.

► IRS offers an adaptation of channel h(t) to 

maximize reception quality.

Bharat 6G 202419

𝒓 𝒕 = 𝒉 𝒕 𝒔 𝒕 + 𝒏(𝒕)
https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html

https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html
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INTELLIGENT REFLECTING SURFACES
OPERATION IN A NUTSHELL
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Sources: https://www.free6gtraining.com/2020/12/communications-using-intelligent.html and https://www.youtube.com/watch?v=9cBn5piI9Ms
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https://www.free6gtraining.com/2020/12/communications-using-intelligent.html
https://www.youtube.com/watch?v=9cBn5piI9Ms
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INTELLIGENT REFLECTING SURFACES
DESIGN AND EVALUATION
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Source: Design and Evaluation of Reconfigurable Intelligent Surfaces in Real-World Environment by Georgios C. 

Trichopoulos, Panagiotis Theofanopoulos, Bharath Kashyap, Aditya Shekhawat, Anuj Modi, Tawfik Osman, 

Sanjay Kumar, Anand Sengar, Arkajyoti Chang, and Ahmed Alkhateeb

Bharat 6G 2024
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MULTI-ANGLE IRS ASSESSMENT SETUP
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FP 3

F
P

 1

Quiet zone

FP* = Feed or Probe
FP Angle

FP1 0°

FP2 30°

FP3 90 °

FP4 150°

Turning of RIS allows

any impinging wave angle

*Any FP can be used either as

feed for impinging wave or

probe for reflecting wave.
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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
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-licris
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-licris
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-anna
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-anna
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/komsens-6g
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/komsens-6g
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-adlantik
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-adlantik


Rohde & SchwarzRohde & Schwarz

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

Spectrum for 6G: 
“FR3” and THz

The Metaverse and
eXtended Reality (XR)

Artificial Intelligence 
and Machine Learning

Bharat 6G 2024

RESEARCH AREAS FROM A T&M PERSPECTIVE

A high-level overview of all these research areas is provided in one of our #THINKSIX videos 
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https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-takeoff
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/6g-takeoff
https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html
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ROHDE & SCHWARZ SUPPORTS 6G RESEARCH GLOBALLY
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Academia & Research Alliances & Organizations
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