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THz Communications: what does it take to be the next Wireless Frontier ?

Ambitious but tangible vision translated into 
well-defined use cases, challenges and KPIs

HW+SW design, system integration,
impairments, real-time processing, reliability

Channel/interference/system models,
network information theory, waveform design



THz unique challenges

3



TERRANOVA: a THz system concept based on co-design

4



THz communications network 
use cases and architecture

5



6

Re-thinking wireless fundamentals

❑ Path loss in THz regime
❑ Extreme bandwidth
❑ Distance-dependent bandwidth
❑ Environment/weather impact
❑ Pencil-beam wireless access
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Re-thinking wireless design

❑ Misalignment and blockage-aware wireless access
❑ Pencil beam based Initial Access, MAC, multiple access
❑ Caching for latency and load balancing improvements
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Real-time THz Beamforming
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Real-time THz Beamforming Demo

• Real-time estimation of the inserted phase shifts
w.r.t. reference (AE-0)

• Continuous operation with almost identical
communication quality (SNR) irrespective of the
Rx rotation

• Best paper award in EuCNC 2020



10

100 Gb/s Real-Time THz Wireless Demo
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100 Gb/s Real-Time Fiber-Optic / THz-Wireless Demo
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Long-Range THz Wireless Transmission Demo
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Are we there yet?
Major THz challenges tackled?

✓ Distance and frequency dependent performance/ design

✓ Range and coverage in the THz regime

✓ Co-design of signals and protocols

✓ Co-design of optical and wireless

✓ Analytical, algorithmic and experimental proof-of-concept for THz

? Blockage, misalignment, mobility, agility, reconfigurability, reliability



TERRANOVA
Terabit/s Wireless Connectivity by THz innovative technologies 

to deliver Optical Network Quality of Experience in Systems B5G

ict-terranova.eu

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 761794



ARtificial Intelligence Aided 
D-band Network

for 5G long term Evolution

ARIADNE is a three years Research and Innovation action / project under the EU program Horizon 2020 (Grant Agreement no. 871464 ) started on 1 November 2019

contact@ict-ariadne.euict-ariadne.eu ict-ARIADNE 



ARIADNE Pillars and Objectives
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ARIADNE System Concept and Use Cases
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Use Case 1: Outdoor backhaul/fronthaul 
Use Case 2: Advanced NLOS connectivity based on RISs
Use Case 3: Adhoc connectivity in moving network topology



Beyond Shannon Communication System 
Architecture
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Source: M. Di Renzo et al., "Smart Radio Environments Empowered by Reconfigurable Intelligent Surfaces: How It Works, State of Research, and The 
Road Ahead," in IEEE Journal on Selected Areas in Communications, vol. 38, no. 11, pp. 2450-2525, Nov. 2020, doi: 10.1109/JSAC.2020.3007211.

By jointly optimizing the transmitter, the
receiver, and the environment, the channel
capacity of a point-to-point wireless
communication system can be further
improved.



A RIS-based Wireless Architecture
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A RIS-based Beyond Shannon Communication 
System Architecture

20Source: M. Di Renzo et al., "Smart Radio Environments Empowered by Reconfigurable Intelligent Surfaces: How It Works, State of
Research, and The Road Ahead," in IEEE Journal on Selected Areas in Communications, vol. 38, no. 11, pp. 2450-2525, Nov. 2020



AI/ML-powered Network Architecture

Other examples include:
• Channel modelling 
• Beamforming and tracking algorithms
• RIS behaviour modelling, design/optimization
• Resource allocation or route finding/scheduling
• Blockage, misalignment impairments mitigation
• Wireless nodes and RISs placement and association

Example -
Blockage 
prediction
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A roadmap to 6G

Novel System Concept 

Re-thinking fundamentals Technology breakthrough integration 

THz
Next 

Wireless 
FrontierBeyond Shannon Reconfigurable Intelligent Surfaces 



Thank You!

aalexiou@ieee.org
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