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Research and Innovation for Sustainable and 
Secure 6G Technologies

• Development of Key 6G Technologies
• Demonstration of the Technologies‘ Application to selected Use Cases
• Open Test-/Development Infrastructure
• Contribution to the Development of an Open 6G Ecosystem
• Support and Promotion of Young Researchers 



HHI Open Source Testbed

O-RAN Framework, RAN/Core Software Frameworks, Virtualisation and HPC, …

O-RAN Test and 
Development Environment
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Testbeds and Infrastructure
6G-RIC



Labs, Test Environments, and 6G-RIC Showroom

Open Interfaces (OAI, O-RAN) for Test and Demonstration 5G Campus Network: German Heart Center at Charité

Applied Research in Medicine

In Kooperation mit 5GMedCamp (BMWK)

Station H1N1

500 m² 6G-RIC Showroom (HHI, Lanolinfabrik)

Testbeds and Infrastructure
6G-RIC
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Bits per kWh!

Higher spectral efficiency
More advanced signal 
processing

Higher energy 
consumption

Higher density
More hardware

Higher energy 
consumption

Larger bandwidth
Sub-THz communication

Higher energy 
consumption! ! !

Throughput Increase: Potential Energy Crunch
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• Central Unit (CU) can be easily 
virtualized

• 5-10% of the processing 
requirements in the BBU

• Distributed Unit (DU)
• provides the real-time functions of 

the lower layers
• 90-95% of the processing 

requirements in the BBU

• Virtualizing the DU is challenging!

Network Computing: Virtualization and Cloudification

Energy efficient, real-time signal processing and network computing!

Intelligence per kWh!
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Example: Virtualized Real-Time Machine Learning-based NOMA

Processing time (cf. MATLAB 40 seconds)

Matthias Mehlhose, et al.: Real-Time GPU-Accelerated Machine Learning Based 
Multiuser Detection for 5G and Beyond, IEEE Access, 2022

Co-Design of Hardware and Software is essential

Use of Hardware Accelerators
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6G-RIC: Paradigm Shift in System Design 
Transition towards 6G: Extended design dimensions

Energy 
consumption

Data 
acquisition

Network 
computing

6G-RIC // 19.06.23 / Slawomir Stanczak / 8

Energy efficiency as an integral part of the hardware and software design



Sub-THz Mobile Access
How to achieve the throughput increase in an energy-efficient way?
Energy-efficient transceiver architectures and radio access network design!

Steerable beamforming antennas: Key component of sub-THz and vital part of the 6G-RIC 

Intelligent Reflecting Surfaces / Radio Environments
Key 6G technology or a hype?

Advantages in selected scenarios, but low-complexity, real-time configuration is key! 

Data Acquisition: Semantic Communication

Goal-oriented unification of information generation, transmission and usage/control!

Communication links are not bit pipes!

Semantic communication (6G-RIC 
viewpoint): “The provisioning of the right 
and significant piece of information to 
the right point of computation (or 
actuation) at the right point in time.”

Embedded Security
Security by design?

System security with open interfaces; Post-quantum security; PHYSEC

Autonomous Convergent Networks
Impact of 6G Technologies on Network Operation and Architecture

Enabling sub-THz Mobile Access via cell-free operation and distributed intelligence

Network as a Sensor
What level of integration of communication and sensing?

Tight integration of sensing and communication or coexistence? 

Beamspace processing for intrusion detection in industrial automation 

6G-RIC 
Technology Innovation Areas (TIAs)
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Sub-THz Mobile Access
How to achieve the throughput increase in an energy-efficient way?
Energy-efficient transceiver architectures and radio access network design!

Steerable beamforming antennas: Key component of sub-THz and vital part of the 6G-RIC 



Why Sub-THz mobile access?

Sub-6GHz 5G NR

• 𝐵 ≈ 100 MHz
• 𝑀 ≈ 16 streams/km2

• SE ≈ 4 − 6 b/s/Hz

Sub-6GHz 6G

• 𝐵 ≈ 100 MHz
• 𝑀 ≈ 800

streams/km2

• SE ≈ 8 − 12 b/s/Hz

Sub-THz 6G

• 𝐵 ≈ 30 GHz
• 𝑀 ≈ 16 streams/km2

• SE ≈ 1 − 3 b/s/Hz

100x 
capacity?

o Sub-6GHz: very challenging

• SE close to practical limit caused by hardware 
imperfections

• Problematic interaction between  M and SE 
caused by interference

• In practice, capacity must be split among 
many low rate users

o Sub-THz key issue: energy consumption 

• Low SE sufficient for 100x capacity (and 100x 
single-user rates)

• Low SE very useful for energy efficiency

Achieving a 100x increase in capacity

Spectral efficiency (SE) is neither needed nor welcome
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Cross-domain approaches enable synergetic gains

o Heterointegration of semiconductor technologies

o Modular (“partially connected”) hybrid phased arrays

o Alternative analog technologies (e.g., lens, IRS) 

o Low SE simplifies hardware components (PA, A/DC, etc.)

• Constant envelope modulation (QPSK)

o Measurement/validation of sparse beam-space channel 

• Single-carrier waveform + simple EQ likely enough
Efficient beam-alignment / tracking is key

Energy efficiency (EE) is key

How to avoid excessive energy consumption?
The 6G-RIC way
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Indoor measurements at 160 GHz/4GHz Validation 

o Single-carrier, 𝑁-taps linear 
MMSE equalizer
• Mostly no equalization needed
• Worst-case channels: 5-6 taps 

are sufficient to mitigate most 
inter-symbol interference

o Measurements approximate real 
sub-THz radio channels after:
• Two-sided beam alignment (LoS) 
• Sinc-like Nyquist pulses
• Phase and freq. offset compensation
• Timing synchronization

Basic Idea 
o Low target spectral efficiency 
o Directivity decreases delay spread

• channel becomes essentially flat
• simple equalization possible

Sub-THz Mobile Access
Flat effective channel and validation using measurements
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Publication Demonstration: World's first long-range D-Band system with analog beamforming

Sub-THz Mobile Access
The first demonstrator at ICC in Rome



C. E. Shannon and W. Weaver,  1949:

The technical problem: 
§ symbols conveying information should be reliably 

transmitted to the recipient;
The semantic problem:
§ the meaning conveyed by the transmitted symbols 

should accurately reflect the intentions of the 
sender;

The effectiveness problem:
§ The conduct of the system in response to 

communications should be effective in 
accomplishing a desired task.

Historically, focus on the „technical problem“ 

Semantic Communication

Beyond the technical problem of communication: escaping the „Shannon Trap“! [Popovski et al.]

The search for meaning

It fails to meet the needs of new networked intelligent systems

Communication model as considered by C. Shannon, 1948 
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Data Acquisition: Semantic Communication

Goal-oriented unification of information generation, transmission and usage/control!

Communication links are not bit pipes!
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Semantic communication (6G-RIC viewpoint): 
“The provisioning of the right and significant 
piece of information to the right point of 
computation (or actuation) at the right point 
in time.”



Example of Goal-Oriented Communication
Connected Robotics and Autonomous Systems (CRAS)

Chair Prof. Jörg Raisch
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Neuromorphic Processing for Energy-efficient Edge Intelligence 
Spiking Neural Networks (SNNs) for Edge Intelligence: A Perfect Match?
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Why Neuromorph. Processing?
§ energy-efficiency  (~ pJ per 

spike)
§ low latency, event-based 

processing
Interest from Industry:
§ Intel (LOIHI)
§ IBM (TrueNorth)
§ Prophesee & Sony 

(Neuromorphic Vision)
§ Brainchip (AKIDA)
§ Spinnaker (EU Brain Project)
§ SynSense



Thank You! 6G-RIC Position Paper 

Toward 6G: 

Key Directions and Research Questions

6G-RIC Position Paper

• poses key research questions

• defines the research scope of the 6G-RIC

• basis for whitepapers and magazine papers

Published in Nov. 2022


