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1) Long and punctuated evolution

2) What is to be done of 6G 

3) 6G dinamics

All along the technological watch-tower:



Electronic communications in flux (all over again)::.

An example: 5G

 performance: data rate 10x, latency 10x, device density 10x, energy efficency 3x 

 assignment: large auctions for frequency use rights (~ 700 MHz, 3,6 GHz, 26 GHz)

 deployment: Asia > North America > Europe > South America > Africa

Evolution



Successive (partially overlapping) waves of transformation::.

Evolution



Successive (partially overlapping) waves of transformation::.

Evolution

Use cases for 5G:

enhanced broadband

(eMBB), 

ultra-reliable and low 

latency (URLLC), 

massive machine type 

comms (mMTC)



Successive (partially overlapping) waves of transformation::.

Evolution



6G?

Evolução

Next wave



6G?

Evolução

Ondas de transformação::.



No just tech: telecoms as a market process

Some structural breaks

 US: 1982 break up of AT&T + 1994 spectrum auction

 EU: 1987 Green Paper + 1998 liberalization of voice telephony and infrastructure

 from monopoly, public ownership, national isolation…

 … to oligopoly (small numbers market), collective dominance (tacit collusion) vs dynamic competition (investment + innovation)

 pro-competitive deregulation + independent regulators

 Effective competition (creating!)

 Essential facilities such as ducts and poles (asymmetric remedies!)

 SNIPP test (small but significant and non-transitory increase in price)

 Competition on infrastructure vs Competition over access

Some architectural reconfigurations

Some major concepts



| 2. six gee



What?



WP 5D is responsible for the overall radio system aspects of the terrestrial component of International Mobile Telecommunications (IMT) system.
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When?



Who?!

ATIS launched initiative in 2020

First results in 2020: technological areas, 

applications, 

conditions

“Building the 

Foundation for North 

American Leadership 

in 6G and Beyond”



How?!

The defining 6G Flagship project 

Hexa-X-II for Europe (2023-2025, 

second phase).

To design a system blueprint 

aiming at the sustainable, 

inclusive, and trustworthy 6G 

platform. Now includes 44 

organisations.

Fostering Europe’s technology 

sovereignty in 6G leading to 

conception and standardisation 

around 2025.

Hexa-X and Hexa-X-II aim to 

establish Europe as a 6G leader.



3GPP is planing Release 18 and is set on 

developing Release 19 with specification for 

“5G-Advanced”.

3GPP declared on 23 December, 2024, that 

is now about to kick-start the process 

leading to the 6G standards.

How?!



| 3. going on



Start (2009) 2015

Take-off 2019

This results are subject to 
revision.

Joint work with
Marta Sacavém and
Bruno Damásio (Nova IMS)



International participation: 
Really up from 2018



Country weights

International knowledge diffusion

International participation: 
Really up from 2018



Production and protagonism



Institutional leadership



Produção individual de conhecimento



Technological cobbwebb: three groups



Case study: Brasil in the knowledge networks



Case study: Brasil in the knowledge networks



Technological trajectories



Strategic themes



| ... conclusions



 Decade-by-decade pulse

 2023 marks na institutional turning-point for the 6G future

 So far the innovation process reveals:

• Explosive growth since 2019
• Extended geography of scientific and technical contributions
• China with large volume and quite central in international partnerships
• Very influential private Nordic organizations
• Recent attention to non-terrestrial networks and robotics
• Substantive directionality of the strategic theme of security (resilience, integrity)


