
6G-life: 
Cutting-edge research for 6G communication networks 
with a focus on human-machine collaboration
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4 BMBF Research Hubs
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BMBF 6G Research Hub 6G-life

• Started August 15, 2021

• 70 Million € for 4 years

• 58 Principal Investigators + 156 researchers

• 6G: 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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6G-life team
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Startups - currently 20+ interactions

Sensors HMI Robotics Communication Cloud Computing
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Entrepreneurial Education 
and Startup Support

TUM with CDTM and TUM Venture Labs

• Trend Seminar 
„The Future of Communication Technologies“ 
in Feb-April 2023

• Course
„Business Modeling & Prototyping“ –
Master students work on ideas of doctoral students/postdocs

• MOOC Entrepreneurship in the era of 6G
open to all 6G-life researchers
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6G-life StartUp Contact Point
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BMBF 6G Research Hub 6G-life

Image sources: TUM MRI, TUM LTI, TUM, TUD, 5G Campus, CeTI

Industry 4.0 
and 
healthcare
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6G-life use case examples: Industry

Passivity-Based Skill Motion Learning for robotic 
(dis)assembly

Framework of relocating the robot controller in the cloud  

Shared autonomy in teleoperation

Teleoperation cell: GUI + movement 
tracking controller /haptic controller 
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6G-life use case example: Healthcare

Testbed semiautonomous telerobotic examination suiteTestbed remote-surgery

Testbed context-sensitive patient monitoring

Robotic surgery Remote expert
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BMBF 6G Research Hub 6G-life

direct fiber link

Image sources: TUM MRI, TUM LTI, TUM, TUD, 5G Campus, CeTI

Industry 4.0 and 
healthcare
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Demonstration of 
haptic-based teleoperation between Dresden and Munich
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Overview

• 6G-life overview

• Use cases

• Research results (some examples – not complete at all)

• Post Shannon

• In-network computing

• Digital Twin

• Joint Communication & Sensing

• Molecular communication
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6G-life Overview

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

holistic research on innovative concepts for scalable 
communication, novel methods, flexible software concepts and 
adaptive hardware
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6G-life Innovation Areas

Scalable
Communication

communication network
architectures including

• Cellular networks with
Campus and HAP 
extensions

• Tactile Internet
• Quantum 

Communication
• Body Area Networks
• Molecular 

Communication

Innovative 
Methods

novel methods for
communication networks
based on

• Post Shannon 
Communication

• AI for network control 
and new services

• AI & 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

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



Wolfgang Kellerer
ZdN - 07.09.2023

Folie 17

SW
OS/Compiler

HW

SW

OS
HW

6G-life 
high-level 
system
architecture

classic
quantum

molecular

3D network node

virtual network
„a 6G slice“



Wolfgang Kellerer
ZdN - 07.09.2023

Folie 18

SW
OS/Compiler

HW

SW

OS
HW

6G-life 
high-level 
system
architecture

classic
quantum

molecular

3D network node

virtual network
„a 6G slice“

Post-Shannon: Semantic 
(goal-oriented) 

Communication for 
Control
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Goal-Orientation in Networking: Control Application

• Conventional transport layer (TL)–

occupy bandwidth

• Network actually delivers a transport

service 

• Application performance can 

deteriorate due to inefficient network

sensor controller

Semantic (goal-oriented) communications:

- design of network algorithms

w.r.t. application goals

- effects of real network on the

application performance

Design control- and congestion-aware transport layer scheme
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Goal-Oriented Transport Layer for Control

• Controller estimates plant state based on available delayed observations, applied control inputs 

minimize control cost

• Control- and congestion-aware transport layer (TL) at the sensor side admits/discards each sampled 

status update

Shape input traffic to the network to prioritize most relevant updates and minimize 

the adverse effects of the network congestion on application performance
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• Extensive experimental study with industrial 

IoT Zolertia ReMotes (802.15.4 for MAC and 

PHY)

• Zero-wait policy combined with basic event-

triggering outperforms conventional TL 

schemes

• Use ACKs to augment controller estimation 

and improve relevance assessment 

Goal-Oriented Transport Layer for Control: Experimental Study

[SECON 2023 full paper and demo]
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SW
OS/Compiler

HW

SW

OS
HW

6G-life 
high-level 
system
architecture

classic
quantum

molecular

3D network node

virtual network
„a 6G slice“

In-network 
Computing
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In-Network Computing example: Oakestra

Oakestra provides (open-source) lightweight orchestration of containers/unikernel 
virtualization services in multi-tenant edge infrastructures 

[USENIX ATC 2023]
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SW
OS/Compiler

HW

SW
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HW

6G-life 
high-level 
system
architecture

classic
quantum

molecular

3D network node

virtual network
„a 6G slice“

Digital Twins
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AI and Digital Twins

3D-Scanning
Foundations & ML Approaches

representation learning for scenes, motion spaces, humans 
prior-based tracking and prediction

speech recognition, reservoir computing
feature and structure extraction, CAD retrieval

Capturing of Body, Hand 
and Tongue Motion, Speech 

with age variability Avatars and Parametric Models for Digital Twins of 
Humans with Cloths and real-time tracking

frameworks for immersive 
AR/VR environments

Digital Model of Environment with Structure 
Extraction and Dynamic Updates

Petri nets and motion grammars for 
robotic frameworks

exploit dedicated hardware
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SW
OS/Compiler

HW

SW

OS
HW

6G-life 
high-level 
system
architecture

classic
quantum

molecular

3D network node

virtual network
„a 6G slice“

Sensors and 
Actuators

Joint 
Communication 

and Sensing
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Joint Communications and Sensing

Radar-camera
activity sensing

JCAS hardware: 75% blocks taped-out

JCAS python library: simple and 
scalable interface for simulation 
of complex RF channels

Positioning and health monitoring using mm-wave radar
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Sensors & Actuators

Haptic Rendering on Actuator Wearable

Haptic Sensing on 
Flexible Wearable

Digital Avatar 
Interaction

Memristor CNN 
Processing

6G-life Enabled Remote Affective Touch Transmission Hardware and System

Novel Sensors and Actuators
Olfactive Sensor Robot Integration Fluidic Soft RobotHaptic Drum StickNano Generator
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high-level 
system
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quantum
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3D network node
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Molecular 
Communication
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• Bio-nano-machines (BNMs) need to communicate to achieve complex tasks

• Controlled and efficient information exchange 

• Large number of different types of BNMs

Internet of Bio-Nano-Things for future medical use cases

TX1

TX2

TX3

MC Networks
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• Separate different information sources and targets 

(locations, biomarkers, vital signs, TX types etc.)

MC Networks need Multiple Access

TX1

TX2

TX3

Information 
sources

TX1: 101110…
TX2: 001001…

Information 
sinks

TX3: 000100…
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Simplified Communication Scenario: NOMA

Passive spherical 
receiver (RX)

Point
transmitters 
(TXs)

Free diffusion in 
unbounded space

Modelled as mean and variance 𝜆(𝑡) of a time-varying Poisson
distribution
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Successive Interference Cancellation for the MC Channel

Example: 3 TXs have sent a 1 over the channel

Assumptions:
• On-off-keying with predefined pulse magnitude
• Synchronization, i.e. all TXs send at the same time
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Preliminary Results – Performance Analysis

• Influence of distance constellation Bit Error Probability
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Preliminary Results – Performance Analysis

• Influence of distance constellation

TXs closer to the RX

Effect 1 Effect 2

Lower BEP

TXs closer to each other

Higher BEP

Equilibrium point

TX-RX distance Emitted molecules
Optimization 
parameter?

NOMA TDMA, MDMA, …

Bit Error Probability
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6G Perspective of Mobile Network Operators, 
Manufacturers, and Verticals

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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Thank You!

www.6g-life.de


