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Introduction – Université Paris-Saclay
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Introduction – The Laboratory at CentraleSupelec
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6G Flagship @ Oulu, Finland
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Towards 6G



6G Vision
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Reconfigurable Intelligent Surfaces



RIS in 2018
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 Proposed and started working on reconfigurable intelligent
surfaces (metasurfaces) in 2018-2019 – Called RIS

Best Paper Award



Example of  RIS
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 Proposed and started working on reconfigurable intelligent
surfaces (metasurfaces) in 2018-2019 – Called RIS



RIS in 2023: The ANR PEPR Networks of  the Future
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https://pepr-futurenetworks.fr/en/home/
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RIS in 2024: World Economic Forum
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RIS for
Smart Radio Environments



Explaining Example (@CentraleSupelec)
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Explaining Example (@CentraleSupelec)
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Explaining Example (@CentraleSupelec)
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Explaining Example (@CentraleSupelec)

26… at the first sight, it seems simple …



Explaining Example (@CentraleSupelec)

27… but, it is not so simple … why ?



Explaining Example (@CentraleSupelec)

28uncontrollable multipath propagation



Explaining Example (@CentraleSupelec)

29uncontrollable multipath propagation



Explaining Example (@CentraleSupelec)

30uncontrollable multipath propagation



Explaining Example (@CentraleSupelec)

31… even worse for some users …



Explaining Example (@CentraleSupelec)

32How to solve the problem ?



Explaining Example (@CentraleSupelec)

33Option 1: Complex digital signal processing at the receiver (3G)



Explaining Example (@CentraleSupelec)

34Option 2: Ultra network densification (4G)



Explaining Example (@CentraleSupelec)

35Option 3: (massive) Multi-antenna transmitters and receivers (5G)



Explaining Example (@CentraleSupelec)

36Mindset of  options 1-3: Tx and Rx are adapted to the environment



Explaining Example (@CentraleSupelec)

37Rethinking wireless: Programming the environment through RISs

Metamaterial

?



Explaining Example (@CentraleSupelec)

38Rethinking wireless: Programming the environment through RISs

Metamaterial



Explaining Example (@CentraleSupelec)

39Rethinking wireless: Programming the environment through RISs

Metamaterial



Explaining Example (outdoor)
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M. Di Renzo et al., Proceedings of  the IEEE, 2022



Explaining Example (smart windows)
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https://docomo-openhouse.jp/2021/en/exhibition/022/



Long-Term: RISs  Transparent Films
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https://www.sekisui.co.jp/electronics/en/application/film.html



43

How to Shape the Electromagnetic Waves?



RISs: How it Works and Unique Features
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RISs: How it Works and Unique Features
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Reconfigurable Intelligent Surfaces (RISs)



RISs: How it Works and Unique Features

46

Reconfigurable Intelligent Surfaces (RISs)



RISs: How it Works and Unique Features
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Reconfigurable Reflecting Surfaces

Preflection ≈ Pincidence
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Why is RIS-aided Wireless
Fundamentally New?



RISs: How it Works and Unique Features
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Main features:
 No power amplifiers
 No digital signal processing
 No radio frequency chains

Preflection ≈ Pincidence

Reconfigurable Reflecting Surfaces



RISs: How it Works and Unique Features
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RISs: How it Works and Unique Features
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Great Interest from Industry



ETSI ISG-RIS (founding vice-chair)

53

 ETSI: European Telecommunications Standards Institute

 ISG: Industry Specification Group (ISG) on RIS – Approved on
June 8, 2021 by the Director General (kickoff: September 30, 2021)

“ Provide an opportunity for ETSI members to coordinate their pre-standards research efforts 
on RIS technology across various EU/UK collaborative projects, extended with relevant global 

initiatives, towards paving the way for future standardization of  the technology ”

60+ members



EU project RISE-6G (2021-2023)

54



Collaboration with Orange Labs
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Collaboration with Orange Labs
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Collaboration with Orange Labs
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Orange: https://mastermedia.orange-business.com/publicMedia?t=pmVrAN57IS



Collaboration with Orange Labs
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Collaboration with Huawei Sweden
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Collaboration with Huawei Sweden
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Hangzhou, China (30° 16’ 58.8” N, 120° 9’ 21.6” E)



Collaboration with Huawei Sweden
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Hangzhou, China (30° 16’ 58.8” N, 120° 9’ 21.6” E)

Current 5G network deployment:
Rate @ Cell-edge = 0.96 bps/Hz (3.5 GHz)
Rate @ Cell-edge = 0.13 bps/Hz (28 GHz)



Collaboration with Huawei Sweden
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Hangzhou, China (30° 16’ 58.8” N, 120° 9’ 21.6” E)

Current 5G network deployment:
Rate @ Cell-edge = 0.96 bps/Hz (3.5 GHz)
Rate @ Cell-edge = 0.13 bps/Hz (28 GHz)

Shannon’s limit: 
3.46 bps/Hz (10 dB)

<<
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Hangzhou, China (30° 16’ 58.8” N, 120° 9’ 21.6” E)

Current 5G network deployment:
Rate @ Cell-edge = 0.96 bps/Hz (3.5 GHz)
Rate @ Cell-edge = 0.13 bps/Hz (28 GHz)

Shannon’s limit: 
3.46 bps/Hz (10 dB)

<<



Collaboration with Huawei Sweden
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Number of  RIS (0.67 x 0.67 m2) per BS
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Collaboration with Huawei Sweden
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7.4 RISs  + 20 dB



Collaboration with Huawei Sweden

69

Number of  RIS (0.67 x 0.67 m2) per BS

SN
R

 [
d

B
]

7.4 RISs  + 20 dB
cell-edge users = worst-case users
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Collaboration with Huawei Sweden
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SNR distribution without the RISs



Collaboration with Huawei Sweden
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0 dB

SNR distribution without the RISs



Collaboration with Huawei Sweden
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SNR distribution with the RISs



Collaboration with Huawei Sweden
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10-15 dB

SNR distribution with the RISs



Size 1 at 28 GHz = 0.33x0.33 m2 Size 3 at 28 GHz = 0.67x0.67 m2

Collaboration with Huawei Sweden
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Today:
46% of  

users get a 
good signal

With RIS:
95% of  

users get a 
good signal



Collaboration with China Mobile
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4 dB to 7 dB 
gain



Collaboration with China Mobile
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RIS for 6G



RIS for 6G
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RIS @ Académie des Sciences

https://www.academie-sciences.fr/pdf/rapport/2021_07_12_rapport_5G.pdf
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RIS @ Académie des Sciences

https://www.academie-sciences.fr/pdf/rapport/2021_07_12_rapport_5G.pdf



RIS for 6G
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RIS @ Académie des Sciences

https://www.academie-sciences.fr/pdf/rapport/2021_07_12_rapport_5G.pdf



RIS in 2023: The ANR PEPR Networks of  the Future
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https://pepr-futurenetworks.fr/en/home/
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What’s Next?



Stacked Intelligent Metasurface
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SIM

Breakthroughs

(1) From digital to analog radio

 complexity, power

(2) AI-based data processing

massive computing

(3) Multifunction device

 com., sensing, computing



From Digital-Domain to Wave-Domain Processing 
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wave-domain processing



Example: Efficient Transmitters
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Example: Efficient Transmitters
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Example: Prototype
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Example: Prototype

90



91

Towards 6G
The New Challenges of  a Wireless Future

Marco Di Renzo
France-Nokia Chair of  Excellence in ICT

CNRS Research Director – Head of  the iPhyCom group
Laboratory of  Signals and Systems (L2S) 

CNRS – CentraleSupélec – Paris-Saclay University
Paris, France

marco.di-renzo@universite-paris-saclay.fr

French Institute of  Finland
Helsinki, Finland
November 7, 2024


