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IF WE COULD SAY LESS BUT UNDERSTAND MORE?

6G-GOALS: THE SEMANTIC & GOAL-ORIENTED 
COMMUNICATIONS OPPORTUNITY

WHY6G-GOALS
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GENERATIONS OF CONTENT BLIND COMMUNICATIONS
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Shannon’s approach (The technical problem): 

How accurately can the symbols of communication be transmitted?    

TARGET: Data volume & (ultra) communication reliability
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x’transmission of symbols

Source Destination

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: 
WHY
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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 fast-content-blind transmit-without-understanding approach: 

like pressing keys randomly! TARGET: Data volume & (ultra) communication reliability

WHY
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Source: E. Calvanese Strinati and Barbarossa.,“6G Networks: Beyond Shannon Towards Semantic and Goal-Oriented Communications”. Computer Networks Journal, Feb. 2021.

1. Level A: How accurately can the symbols of 

communication be transmitted?    

(The technical problem)

SEMANTICS & EFFECTIVENESSWHAT6G-GOALS
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Source: E. Calvanese Strinati and Barbarossa.,“6G Networks: Beyond Shannon Towards Semantic and Goal-Oriented Communications”. Computer Networks Journal, Feb. 2021.

1. Level A: How accurately can the symbols of 

communication be transmitted?    

(The technical problem)

2. Level B: How precisely do the transmitted 

symbols convey the desired meaning?    

(The semantic problem) 

SEMANTICS & EFFECTIVENESSWHAT6G-GOALS
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Source: E. Calvanese Strinati and Barbarossa.,“6G Networks: Beyond Shannon Towards Semantic and Goal-Oriented Communications”. Computer Networks Journal, Feb. 2021.

3. Level C: How effectively does the received 

meaning affect conduct  in the desired way?     

(The effectiveness problem)

1. Level A: How accurately can the symbols of 

communication be transmitted?    

(The technical problem)

2. Level B: How precisely do the transmitted 

symbols convey the desired meaning?    

(The semantic problem) 

SEMANTICS & EFFECTIVENESSWHAT6G-GOALS

The broad subject of communication 

can be organized into three levels 
[Shannon, Weaver,  49]
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Knowledge

sharing
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effect of semantic information exchange

semantic exchange of symbols

transmission of symbols

Source: E. Calvanese Strinati and Barbarossa.,“6G Networks: Beyond Shannon Towards Semantic and Goal-Oriented Communications”. Computer Networks Journal, Feb. 2021.

SEMANTICS & EFFECTIVENESSWHAT6G-GOALS
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WHAT6G-GOALS (KEY PROJECT’S CONCEPTS)

Objective: Lay the theoretical, algorithmic and 
operational foundations of a AI-Native semantic 
communication and networking paradigms

Understand-then-transmit

Communicate (or protect) only 

what cannot be deduced or 

predicted by AI to:

- Send less but understand more

- Facilitate knowledge sharing, 

between heterogeneous/distributed 

AI devices

- Stimulate reasoning between AI 

rather than ensuring high bit 

accuracy of shared (raw) data
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What if … I can Read it … can you?WHAT
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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.

What if … I can Read it … can you?WHAT
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6G can do it differently  – 2 paradigm shifts with AI

#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

WHAT
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#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

6G can do it differently  – 2 paradigm shifts with AI

#2 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)

identify the relevant needed information to recover the meaning intended by 
the transmitter(s) and/or to attain the goal at the receiver(s)

But focusing rather on the actual effect that the received information has on 
performing an action!

Targeting inference/intelligence reliability rather than blind bit-fidelity

WHAT
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HOW6G-GOALS

Incorporating semantic, pragmatic, and goal-oriented
communication aspects

• AI-empowered semantic data representation, sensing, 
compression and communication

• Time-sensitive communication over wireless links

• Sustainability via technologies enabling new wireless services with 
higher efficiency

STUDY NEW FONDATIONAL PRINCIPLES
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HOW6G-GOALS PROPOSED ARCHITECTURE

AI-native 6G system tailored for semantic 

and goal-oriented communications

Semantic plane that enhances both the 

user plane and the control plane

Open RAN to effectively handle semantic 

communications on a large scale

New intelligent semantic network 

functions responsible for semantic 

communication and resource management

Coexistence & inter-operability with 

semantic-agnostic systems
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HOW6G-GOALS DO WE EXTRACT, REPRESENT & USE 
SEMANTICS?

Causal representations Generative AI

We use and study the term “semantic” in a very general sense :

any structural (topological), statistical, or causal relationship within the data to be

communicated, assessed in relation to the desired reconstruction metric or desired

actions to be taken at the receiver side.
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HOW6G-GOALS DO WE EXTRACT, REPRESENT & USE 
SEMANTICS?

Reasoning through Semantic Communications Pragmatic communications

6G-GOALS : enable learning and reasoning via pragmatic communications, incorporating causal semantic

data representations, and considering mismatches of languages/logics/models and semantic rules between

sender(s) and receiver(s) & ensuring backward compatibility with legacy (data-driven) systems.
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Semantic Communications gains: Experimental 
resultsFactor 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.
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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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HOW6G-GOALS PROOF OF CONCEPTS #1: 

IN-LAB DEMOS FOR SEMANTIC-ORIENTED COMMUNICATION 

PoC implementation of the delivery of large deep neural network models over wireless links

• Point-to-point scenario:

• the transmitter models the edge server wherein the trained model is available

• the receiver (a mobile terminal): requests to download the model on-demand to carry out 

inference tasks locally within desired latency & energy budgets

• The In-LAb PoC will bring technology to a TRL 4 maturity

Goal: the recovered model can still serve its intended inference goal with high accuracy (robustness)
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HOW6G-GOALS PROOF OF CONCEPTS #2: 

SEMANTIC & GOAL-ORIENTED ENABLED COLLABORATIVE ROBOTS

Trial at Toshiba UK Industrial Premises Goal: To develop E2E robot control 

techniques that use semantic 

communication to exchange 

sensing data, and allocate tasks 

with a Goal-Oriented approach

Target: to reduce communication 

overhead while improving energy 

efficiency

The demo trial will bring technology to a TRL 5 maturity
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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-Nativetraining the model INCREMENTALLY over time
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Thank you!

ALOHA

For offline questions:

emilio.calvanese-strinati@cea.fr : Project Coordinator

paolo.dilorenzo@uniroma1.it : Technical Manager

LinkedIn 6G-GOALS group

https://www.linkedin.com/gro

ups/12877810/

Website: 

www.6g-goals.eu

mailto:emilio.calvanese-strinati@cea.fr
mailto:paolo.dilorenzo@uniroma1.it
https://www.linkedin.com/groups/12877810/
http://www.6g-goals.eu/

