
Emerging and Transformative Trends in AI/ML Applications for 6G Networks and Services| E. Calvanese Strinati | ETSI AI Conference

ETSI AI Conference 
2025

EMERGING AND TRANSFORMATIVE 
TRENDS IN AI/ML APPLICATIONS 
FOR 6G NETWORKS AND SERVICES: 
INSIGHTS FROM ACADEMIA

10/02/2025

Presented by:
Future Wireless Systems Scientific 
and Innovation Program Director, CEA-Leti
6G-GOALS, 6G-DISAC, 6G-ARROW Coordinator

emilio.calvanese-strinati@cea.fr



Emerging and Transformative Trends in AI/ML Applications for 6G Networks and Services| E. Calvanese Strinati | ETSI AI Conference

THE ROAD TO A GLOBAL “BRAIN”

“When wireless 
is perfectly applied, 

the whole Earth 
will be converted 

into a huge brain” Nikola Tesla
1926
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WHAT  WE HAVE BEING TARGETING SINCE 2G

C =  BW  x   n    x    log2 (1+SNIR)

Shannon Channel Information Capacity 

Capacity 
(bits/seconds)

Radio channel 
Bandwidth (Hz)

Signal to Noise + 
Interference Ratio

Number of uncorrelated 
signal paths

Note that this is the Shannon capacity for single user AWGN channel under infinite 
code lengths assumption. This formulation is not valid with other types of channels.
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HOW 5G ACHIEVED THE X1000 FACTOR IMPROVEMENT

C =  BW  x   n    x    log2 (1+SNIR)

Shannon Channel Information Capacity 

Capacity 
(bits/seconds)

Radio channel 
Bandwidth (Hz)

Signal to Noise + 
Interference Ratio

Number of uncorrelated 
signal paths

• Spectrum Management
• Carrier aggregation
• New mmW Spectrum 

• (Ultra Massive) MIMO
• Network densification
• Small cells
• RIS

x10 x10 x10x1000

Spectral efficiency:
• Beamforming & high dBi antennas
• new modulations & coding schemes 
• new waveforms, full-duplex
• RIS
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GENERATIONS OF CONTENT BLIND COMMUNICATIONS

Current content-blind transmit-without-understanding approach: 
Data is transmitted without any prior understanding of how informative it is 
(semantic) to the receiver or useful (pragmatic) for the end-goal of communications

Current content-blind transmit-without-understanding approach: 
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GENERATIONS OF CONTENT BLIND COMMUNICATIONS

Current content-blind transmit-without-understanding approach: 
Data is transmitted without any prior understanding of how informative it is 
(semantic) to the receiver or useful (pragmatic) for the end-goal of communications

Current content-blind transmit-without-understanding approach: 

like pressing keys randomly! TARGET: Data volume & (ultra) communication reliability
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Sub-THz
Communications

ULTRA-RELIABLE CONTENT BLIND 6G TECHNOLOGY PILLARS

Calvanese Strinati, E., et al. “Toward 6G: From New 
Hardware Design to Wireless Semantic and Goal-Oriented 
Communication Paradigms”. ESSCIRC 2021
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ULTRA-RELIABLE CONTENT BLIND 6G TECHNOLOGY PILLARS

Sub-THz
Communications

Integrated 
Communication &

Sensing

Source: "Integrated Sensing and Communication for 6G: 
Ten Key Machine Learning Roles“, Umut Demirhan and A. 
Alkhateeb, in IEEE Communications Magazine, 2022.

Calvanese Strinati, E., et al. “Toward 6G: From New 
Hardware Design to Wireless Semantic and Goal-Oriented 
Communication Paradigms”. ESSCIRC 2021
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Sub-THz
Communications

Integrated 
Communication &

Sensing

New materials & 
Intelligent antennas

ULTRA-RELIABLE CONTENT BLIND 6G TECHNOLOGY PILLARS

Calvanese Strinati, E., et al. “Toward 6G: From New 
Hardware Design to Wireless Semantic and Goal-Oriented 
Communication Paradigms”. ESSCIRC 2021 Source: "Integrated Sensing and Communication for 6G: 

Ten Key Machine Learning Roles“, Umut Demirhan and A. 
Alkhateeb, in IEEE Communications Magazine, 2022.
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AI/ML technologies to 
design the next gen air 
interface & new 
compensation techniques 
for HW limitations

Sub-THz
Communications

Integrated 
Communication &

Sensing

Edge AI/ML to offer 
processing and data fusion 

capability close to applications 
requirements

New materials & 
Intelligent antennas

ML to optimize the use of RIS 
and enable on demand 

selective KPIs optimization 
(EE, secrecy, resources 
reuse factors, EMF …)

ML/AI to optimize 
• data processing 

& transmission
• network 

operation & 
orchestration

ULTRA-RELIABLE CONTENT BLIND 6G TECHNOLOGY PILLARS

Calvanese Strinati, E., et al. “Toward 6G: From New 
Hardware Design to Wireless Semantic and Goal-Oriented 
Communication Paradigms”. ESSCIRC 2021 Source: "Integrated Sensing and Communication for 6G: 

Ten Key Machine Learning Roles“, Umut Demirhan and A. 
Alkhateeb, in IEEE Communications Magazine, 2022.
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C =  BW  x   n    x    log2 (1+SNIR)

Shannon Channel Information Capacity 

Capacity 
(bits/seconds)

Radio channel 
Bandwidth (Hz)

Signal to Noise + 
Interference Ratio

Number of uncorrelated 
signal paths

• Spectrum Management
• Carrier aggregation
• New mmW Spectrum 

• (Ultra Massive) MIMO
• Network densification
• Small cells

x10 x10 x10x1000

Spectral efficiency:
• Beamforming & high dBi antennas
• new modulations & coding schemes 
• new waveforms, full-duplex

6G technology should provide application grade reliability, 
sustainability & be AI-Native?

WHY TO TARGET (AGAIN) THE X1000 FACTOR WITH THE    
AI-NATIVE 6G?
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6G CAN DO IT DIFFERENTLY  – 3 PARADIGM SHIFTS FOR 6G
#1 Goal Oriented Communications
From: Data-oriented & content-blind communications
To: Goal-oriented effective transmission where communications 
are shaped to achieve a goal or to accomplish a task
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#2 Wireless Communication Environment Shaping
From: Fight uncontrollable “dictated by nature” propagation environments 
To: Engineer & Shape on-demand “favorable” wireless communication 
environments with Reconfigurable Intelligent Surfaces

6G CAN DO IT DIFFERENTLY  – 3 PARADIGM SHIFTS FOR 6G
#1 Goal Oriented Communications
From: Data-oriented & content-blind communications
To: Goal-oriented effective transmission where communications
 are shaped to achieve a goal or to accomplish a task
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#2 Wireless Communication Environment Shaping
From: Fight uncontrollable “dictated by nature” propagation environments 
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6G CAN DO IT DIFFERENTLY  – 3 PARADIGM SHIFTS FOR 6G
#1 Goal Oriented Communications
From: Data-oriented & content-blind communications
To: Goal-oriented effective transmission where communications 
are shaped to achieve a goal or to accomplish a task

#3 AI-native Semantic Communications 
From: Moving content-blind raw data
To: Share only what cannot be deduced or inferred by (Generative)AI (w/o GO)
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6G CAN DO IT DIFFERENTLY  – 3 PARADIGM SHIFTS FOR 6G
#1 Goal Oriented Communications
From: Data-oriented & content-blind communications
To: Goal-oriented effective transmission where communications 
are shaped to achieve a goal or to accomplish a task
#2 Wireless Communication Environment Shaping
From: Fight uncontrollable “dictated by nature” propagation environments 
To: Engineer & Shape on-demand “favorable” wireless communication 
environments with Reconfigurable Intelligent Surfaces

#3 AI-native Semantic Communications 
From: Moving content-blind raw data
To: Share only what cannot be deduced or inferred by (Generative)AI (w/o GO)
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AI-NATIVE SEMANTIC AWARE 6G TECHNOLOGY PILLARS

AI/ML technologies to 
design the next gen air 
interface & new semantic 
compensation techniques 
for HW limitations tolerance

Sub-THz
Semantic

Communications
Integrated Semantic
Communication &

Sensing

Edge AI/ML to offer processing 
and data semantic fusion 

capability close to applications 
requirements

Semantic Intelligent 
antennas

ML to optimize the joint 
semantic and wireless 

channels on demand 
selective KPIs optimization

(Edge) Generative AI & 
Semantic AI Intertwining

Edge AI/ML processing & 
reasoning close to data
Semantic Comms to 

compress and train while 
communicating

Source: Calvanese Strinati, E, et al. ”Towards Distributed 
and Intelligent Integrated Sensing and Communications for 
6G Networks. arXiv preprint arXiv:2402.11630 
https://arxiv.org/abs/2402.11630. 18 Feb 2024.

Calvanese Strinati, E., et al. “Toward 6G: From New 
Hardware Design to Wireless Semantic and Goal-Oriented 
Communication Paradigms”. ESSCIRC 2021
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WHAT IF … I CAN READ IT … CAN YOU?
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WHAT IF … I CAN READ IT … CAN YOU?

AI Semantic understanding 
of context and goals 
enable self-correction of 
inaccuracies & 
incompleteness in data 
and focus on meaningful 
informative information

When the order of words or 
characters changes, 

your brain still correctly 
interpret sentences.
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SEMANTIC COMMUNICATIONS GAINS: EXPERIMENTAL RESULTS
Factor 190+ in 

data compression

N Hello, P Di Lorenzo, E. Calvanese Strinati, ‘‘Semantic 
Communication Enhanced by Knowledge Graph Representation 
Learning’’, IEEE SPAWC, 2024.

x = Factor 190+ in 
data compression
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SEMANTIC COMMUNICATIONS GAINS: EXPERIMENTAL RESULTS
Factor 23 in 

AI training time reduction 
Factor 190+ in 

data compression

T Huttebraucker, M Sana, E. Calvanese Strinati, ‘‘Latent Space 
Alignment for Semantic Channel Equalization’’, ICMLCM 2024.
(Best student poster award).

N Hello, P Di Lorenzo, E. Calvanese Strinati, ‘‘Semantic 
Communication Enhanced by Knowledge Graph Representation 
Learning’’, IEEE SPAWC, 2024.



Emerging and Transformative Trends in AI/ML Applications for 6G Networks and Services| E. Calvanese Strinati | ETSI AI Conference

SEMANTIC COMMUNICATIONS GAINS: EXPERIMENTAL RESULTS
Factor 6+ in 

reduction of RIS active elements
Factor 23 in 

AI training time reduction 
Factor 190+ in 

data compression

N. Hello, M. Merluzzi, L. Sanguinetti, E. Calvanese Strinati , 
“Optimizing RIS Impairments through Semantic Communication”, 
IEEE Globecom 2024.

T Huttebraucker, M Sana, E. Calvanese Strinati, ‘‘Latent Space 
Alignment for Semantic Channel Equalization’’, ICMLCM 2024.
(Best student poster award).

N Hello, P Di Lorenzo, E. Calvanese Strinati, ‘‘Semantic 
Communication Enhanced by Knowledge Graph Representation 
Learning’’, IEEE SPAWC, 2024.
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AI-NATIVE SEMANTIC COMMUNICATION OPTIMIZATION OVER TIME

Transmitter-receiver is like a couple experiencing a 
relationship
Communication improves over time

Building an optimal language
Mutual learning and shared knowledge

First meeting
Introduce each other
Ask kindly with properly 
described request
Thanks the other one

Content Blind AI-Native

Communication 
to ask for bread
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AI-NATIVE SEMANTIC COMMUNICATION OPTIMIZATION OVER TIME

Transmitter-receiver is like a couple experiencing a 
relationship
Communication improves over time

Building an optimal language
Mutual learning and shared knowledge

First meeting Several months

Communication 
to ask for bread

Introduce each other
Ask kindly with properly 
described request
Thanks the other one

Know each other / brief 
introduction
Ask with described request
Brief thanks

Content Blind AI-Native
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AI-NATIVE SEMANTIC COMMUNICATION OPTIMIZATION OVER TIME

Transmitter-receiver is like a couple experiencing a 
relationship
Communication improves over time

Building an optimal language
Mutual learning and shared knowledge

First meeting Several months Several years

Communication 
to ask for bread

Introduce each other
Ask kindly with properly 
described request
Thanks the other one

Know each other / brief 
introduction
Ask with described request
Brief thanks

No introduction
Expect the other one to do the action
Ask with short request
No thanks

Content Blind AI-Native
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AI-NATIVE SEMANTIC COMMUNICATION OPTIMIZATION OVER TIME

Transmitter-receiver is like a couple experiencing a 
relationship
Communication improves over time

Building an optimal language
Mutual learning and shared knowledge

First meeting Several months Several years A whole life

Communication 
to ask for bread

Introduce each other
Ask kindly with properly 
described request
Thanks the other one

Know each other / brief 
introduction
Ask with described request
Brief thanks

No introduction
Expect the other one to do the action
Ask with short request
No thanks

Just able to hear the other one
Ask with a quick eye contact 
No thanks
Wait for the next eye contact

Content Blind AI-Native
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Thank you!

ALOHA
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