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What is new with 6G?

= 4G: Video and Internet (Smartphone)

= 5G: Machine-to-Machine Communication

= 6G: put the human in the center - Extension of the
human intelligence and the human capabilities
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What are the 6G drivers?
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Figure 1 A vision of 6G

(Source: Hexa-X project)

K. Trommler, M. Hafner, W. Kellerer, et al.: Six Questions about 6G — White Paper. Bayern Innovativ / Minchner Kreis, 2022.
K. Trommler, M. Hafner, W. Kellerer, et al.: Six Insights into 6G. Bayern Innovativ / Minchner Kreis, 2022.
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Science meets Entrepreneurship

= Results from fundamental scientific projects - consider early how to
= Sustain the created knowledge
= Boost impact towards industry

= Impact through
= Publications
= Patents
» Educated engineers

= Startups = golden way
= Business-ready technologies
= Know-how and value creation in Germany/Europe
= Technology sovereignty
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BMBF 6G Research Hub 6G-life

« Started August 15, 2021
« 70 Million € for 4 years
« 58 Principal Investigators + 156 researchers

« 6@G: focus is on humans and their communication and
interaction with machines and the virtual world >
holistic research on innovative concepts for scalable
communication, novel methods, flexible software
concepts and adaptive hardware

« Four key performance indicators: Latency, Resilience,
Security and Sustainability

 Digital Sovereignty and Digital Transfer
« 10 Million € for Start-ups
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holistic research on innovative concepts for scalable
6G-life Overview communication, novel methods, flexible software concepts and
adaptive hardware

KOMMUNIKATION

B d A < < t -
L Campus-Netze Mobilfunk / HAP Taktiles Internet Quan.elvw :
Networks kommunikation

 Four key performance indicators: Latency, Resilience,

Security and Sustainability
[ Laty

Robotik, Materialien,
Sensoren / Aktuatoren

Nach-
haltigkeit

Sicherheit Resilienz

Kiinstliche In-Network Computing

Intelligenz

Joint Sensing, Localization T S Betriebssysteme
and Communication = METHODEN und Compiler
Informationstheorie
Protokolle
Mikroelektronik Codecs Anwendungen
HARDWARE SOFTWARE
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6G-life Innovation Areas

Scalable
Communication

communication network
architectures including

e Cellular networks with
Campus and HAP
extensions

* Tactile Internet

* Quantum
Communication

« Body Area Networks

 Molecular
Communication
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Innovative
Methods

novel methods for
communication networks
based on

Post Shannon
Communication

Al for network control
and new services

Al & Digital Twins
Protocol and codec
design for Human-
Machine Collaboration

Flexible
Software

networks are dominated by
SW

* In-network computing
and ORAN

« 6G application in virtual
worlds (digital twins and
holograms)

« Low latency and energy
efficient compiler/OS
design
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Adaptive
Hardware

Novel hardware concepts for
future needs and
applications

 New materials for
robotics and humans in
virtual worlds

« Joint sensing and
communication

» Flexible energy saving
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6G-life use case examples: Industry
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Passivity-Based Skill Motion Learning for robotic
(dis)assembly
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Haptic Device Shared Autonomy Module

Shared autonomy in teleoperation

Folie 8
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6G-life use case example: Healthcare

Testbed remote-surgery

Testbed semiautonomous telerobotic examination suite
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Demonstration of
haptic-based teleoperation between Dresden and Munich
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6G Perspective of Mobile Network Operators,

Manufacturers.

and Verticals

Paul Schwentck®, Giang T, Nguyen 'Y, Holper Boche!, Wollgang Keflerer®, and Pk H P Fitzek Y
" Destsche Tebehom Chuss of Communication Netwoeks, TU Dresdes. Germany
! Haptic Comumsicstioon Systeins, TV Dresden, Germany
P Chair of Thecectical Information Techsology, TU Munich, Gersmany
¥ Chas of Communication Netwoeks, TU Mussich, Gy
¥ Centye for Tactile Intomet with Heeman e the- Loop 1CeT1)
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6G Perspective of Mobile Network Operators,
Manufacturers, and Verticals

3GPP Feature and Study Item list: Rel-15-17: Study
on Communication for Automation in Vertical Domains;
New radio, Non-Orthogonal Multiple Access; Satellite;
TLS; Edge computing; network slicing;

3GPP Feature and Study Item list: Rel-18: Satellite;
IoT; UAV; Sidelink; Proximity; Location and Positioning;
Smart Energy; Ad hoc Group communication; Enhanced
Network Slicing; eXtended, augmented, and virtual real-
ity; Railways; Tactile and multi modality communication
services; Self-organising Networks;

3GPP Feature and Study Item list: Rel-19: Integrated
Sensing and Communication; Metaverse; Network Shar-
ing; AI/ML Model Transfer; Robots; Energy considera-
tions

TABLE I: Overview of different technologies for 6G with respect to costs, energy consumption, latency, and security.
1 / Ll - tremendous impact, T / | - great impact, /* / *\, - small impact, — - no impact

Technology Costs | Energy | Latency | Security 5G/6G
In-Network Computing and OpenRAN Ny — W 1 Not 3GPP. started now
Joint Communication and Sensing d d — — Release 18
Post-Shannon Theorie — N} N T 6G
Quantum Communication " T i 5 T 6G
Molecular Communication L 34 1K) — 6G

Paul Schwenteck; Giang T. Nguyen; Holger Boche; Wolfgang Kellerer; Frank H. P. Fitzek
6G Perspective of Mobile Network Operators, Manufacturers, and Verticals In: IEEE
Networking Letters, pp. 1-1, 2023.
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Entrepreneurial Education [Eirrerr

TECHNOLOGIES

and Startup Support
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TUM with CDTM and TUM Venture Labs TRENDS SEMINAR

o Trend Seminar PRESENTATION

,The Future of Communication Technologies”
in Feb-April 2023

« Course
,Business Modeling & Prototyping” -
Master students work on ideas of doctoral students/postdocs

0

. ey u ‘ VENTURE
« MOOC Entrepreneurship in the era of 6G NextGen Ventures LABS
Open to a” 6G-||fe resea rchers Entrepreneurial Perspectives on 66

« New lecture series (Ringvorlesung) on
,6G and entrepreneurship” in summer semester 2024
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- CENTER FOR
BUSINESS MODELLING DIGITAL TECHNOLOGY
& PROTOTYPING AND MANAGEMENT

10 weeks online léarming journey

saif-paced, but during a4 dafinad pariod of tima
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Startups - currently 20+ interactions

* Communication Cloud Computing
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Examples for successful collaboration with Startups

5G Campus Network@TUM

TUM Campus Garching
Informatics (FMI)
and ZE|

m

TUM Carl-Zeiss-Strasse

MIRMI (Robot Lab) '/(P ‘\\ W =
A

\

mm

TUM Georg-Brauchle-Ring
Munich Inst. of Robotics and
Machine Intelligence [MIRMI)
(Robot Lab)

10 indoor and 4 outdoor
base stations (MIMO)

O I i\le Robotics

Flexible ROS-based
plug-and-play robotics kits
with sensors and
communication modules
Here: AGV platform for context-based handover

_ ‘ o |
z}uuhl‘r'r!aggrx":::alion Networks ,_ Setup Of experlmental
‘;‘t’:’“",“" e T o platform with
’ LiFi base stations
and receives in our lab =
O - | TUT A B Wolfgang Kellerer 10 indoor base stations ™ € 6G-Jife
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6G-life & BMBF Startup Connect: Launchhub42

= BMBF lauched a special call for startup support (~ EXIST programme) specialized for startups
in the are of communication and networks

= BMBF ,StartUp Connect” lA“N(H

» 6G-life operates an incubator platform ,Launchhub42“

= March 21/22, 2024: kick-off event in Berlin H“Bé}@
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6G-life StartUp Contact Point
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Thank You!
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