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EMPOWER in a nutshell
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• H2020-funded project targeting EU-US Collaboration for 
advanced wireless (B5G/6G)

• Mission: To accelerate the joint development between 
the EU and the US of advanced wireless platforms 
targeting the new connectivity frontiers beyond 5G

• Main Objectives:
• To establish common wireless R&D technology roadmaps at 

different time-scales covering scientific research, standards, 
spectrum and regulation.

• To orchestrate and support cross Atlantic collaboration on tools 
for advanced wireless platforms experimentation, evaluation and 
data management.

• To establish and sustain the growth of advanced wireless 
communities in Europe and USA through engagement of all 
stakeholders. This project has received 

funding from the EU’s Horizon 
2020 research and innovation 
programme under grant 
agreement No 824994

www.advancedwireless.eu

Focus 
here

http://www.advancedwireless.eu/


The EMPOWER Technology Roadmap
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• Purpose is two-fold:
1. Build a common knowledge for the EUUS wireless R&D communities on the future wireless 

research directions;
2. To help define areas of priority for EUUS to co-work on ahead of worldwide competition 

for B5G standards

• Roadmap was released annually in 2019, 2020, and 2021
• Final roadmap downloadable from EMPOWER: 

• Roadmap effort contributed actively to the incubation of ETSI RIS ISG
• It also contributed to ITU-R IMT-2030 Vision and Tech Trends draft 

report

https://www.advancedwireless.eu/sdm_downloads/deliverable2-5/

https://www.advancedwireless.eu/sdm_downloads/deliverable2-5/


EMPOWER Roadmap: Envisioned Services
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• Multi-Sensory	Extreme	Reality	(XR)	and	Haptics	

• Connected	Industries	and	Automation	

• Autonomous	Vehicles	and	Swarm	Systems	

• Extreme	Coverage	and	Reaching	the	last	Billion
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H2020 EMPOWER www.advancedwireless.eu ITU-R IMT2030 DRAFT
• Holographic	communication,	

tactile	internet	and	VR/AR-

based	sensing

• Industry	4.0,	fully	autonomous	

driving	and	navigation,	and	

smart	rail-systems

• UAV-based	systems,	integrated	

satellite	and	radar	networks

• Smart	cities	and	massive	IoT
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EMPOWER Roadmap: IMT-2030 Target Capabilities
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Wireless Capabilities

*Update based on ITU-R IMT-2030 DRAFT compared to initial EMPOWER roadmap



EMPOWER Roadmap: NET-2030 Target Capabilities
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Network Capabilities

Human operated

Service-based and slicing

limited to core/transport

100s Gbps and a few 

biillion devices

*Reference: Horizon Europe, Smart Networks and Services, 2021-2027

NET-2020 NET-2030

Automation

Flexibility

High network bandwidth

Data-driven and 
distribution

Centralized big-data based 

analytics in core and cloud

Service deployment time Few hours

Self-operating requiring human operators to only validate the decisions

Fine-grain flexibility based on micro-services and improved end-to-end slicing (core; transport; access; device)

Reduced by a factor of 10 compared to similar tasks in 2020, based on slice creation and instantiation on the fly

Supporting Terabits per second throughputs and trillions of devices

Supporting small-data based distributed analytics and distributed AI

Energy  consumption Moderate A significant energy reduction of network operation compared to 2020

EMF-awareness Moderate Support deployment in areas with challenging EMF limits (due to spectrum bands and network densification)

Security and trust Moderate Enhanced security based on cyber-physical integration; AI; and quantum keys

Determinism and 
Resilience

Limited to wired Extended to support deterministic and resilient networking for industrial wireless

Segregated terrestrial and 

satellite
Ubiquitous based on integration of terrestrial and non-terrestrial networks (satellites and HAPs)Coverage

Few tens of msLatency Enabling application to application response time in the few milliseconds range



EMPOWER Roadmap: IMT-2030 Technology Trends
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2021 2022 2023 2024 2025 2026 2027 2028 2029 2030Wireless Technologies

Spectrum Enhancements for up to 100 GHz;
New spectrum (6-7 GHz; 100-170 GHz)

New design for spectrum above 100 GHz;
AI-aided spectrum management; joint sensing and comms

New design for spectrum up to 300 GHz; 
Integrated sensing and comms

Backhaul/Access: (1) sub-6 
GHz; and (2) up to 100 GHz 

Massive MIMO Enhancements to beamforming for 
higher frequencies and multi-users

Larger antenna arrays (e.g. 512 or more) and super-
directivity at higher frequencies; Distributed and 

coordinated multi-point schemes.

Holographic beamforming; PAAs of 1024 
or more; Reconfigurable intelligent 

surfaces; AI-aided ultra massive MIMO

Centralized arch.; Up to 
256 AAs; Digital/Digital-
Analogue beamforming

Coding and Modulations Enhancements to LDPC/Polar + QAM; 
Early non-uniform constellations

AI-aided channel codes (e.g. LDPC/Polar/Read-Muller) for 100s of Gbps throughputs; AI-aided 
constellation shaping and non-uniform constellations with orders exceeding 256QAM

LDPC/Polar codes; Uniform 
constellations (up to 

256QAM)

Multiple Access Orthogonal T/F/C-DMA; 
TDD/FDD duplexing

Limited enhancements; 
Dynamic duplexing

Resurgence of non-orthogonal multiple access aided with AI;
Resurgence of in-band full duplexing aided with AI

Today

Waveforms OFDM-based with new numerology 
tailored to new frequencies

New waveforms to cope with (1) massive MTC (e.g. UFMC); (2) higher frequencies (e.g. Impulse-based); 
(3) positioning accuracy; and (4) low power and higher energy efficiency

OFDM-based with flexible 
numerology

Future

Low power
Power saving (3GPP); and 

wake-up radio (IEEE 
802.11)

Up to few 10’s of % increase in IoE 
device-life, handset standby time

Zero-Energy TRX operating with 10’s of nW;
Energy harvesting including backscattering

AI/ML assisted self-sustaining devices 
reaching power density of 0.1W/mm2; 

Wireless power transfer 

Positioning Solutions <1m; Ongoing 
specs (.11az, 3GPP)

Improved accuracy <20 cm based on 
cooperative techniques, high 

frequencies and angular separation

Improved accuracy <10 cm based on integration with sensing and RF fingerprinting; 
Integration with non-terrestrial networks; and use of AI

Multi-connectivity
Dual connectivity  (e.g. 

3GPP); Dual-access (3GPP-
WiFi)

Integrated access (licensed and 
unlicensed; 3GPP and WiFi);

IAB enhancements

Multi-access-based multi-connectivity (terrestrial and non-terrestrial);
(Wireless and optical wireless); AI-aided multi-access management



EMPOWER Roadmap: NET-2030 Technology Trends
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Network Technologies

Edge native computing Edge+5G integration; Inter-edge 
interworking and federation; Support for mobile and power-constrained edge hosts AI-powered solutions and Apps; Seamless 

integration across domains and tech
Edge-cloud solutions; Ongoing 
specifications (ETSI MEC/3GPP)

Deterministic and 
reliable networking

Support for wireless (e.g. private 
networks) 

Extended support for reliability and availability over wireless (e.g. IETF RAW); 
Enhanced determinism and time sensitivity to support time-critical (tactile) internet Apps

Deployed in wired networks; 
Specified in IETF and IEEE 802.1

Automation and 
Network AI/ML

AI-powered network control including 
for non-real time RAN management

Zero touch management; Small-data based distributed 
analytics and distributed AI for control and user planes

Full automation and distribution end-to-
end including on-the-device

Big-data based management 
solutions (OSS/BSS); Ongoing 

specifications (3GPP, ETSI)

Today

Virtualization Orchestration of Core Services; 
Improved runtime perf.

Service continuity, elasticity and portability of virtual 
networking functions (VNF) in the core and RAN

Extensions for VNF support on board 
constrained mobile devices

SDN and NFV enablers; Mature 
specifications (e.g. ETSI NFV)

Future

Non-terrestrial 
networks

Separate systems (GEO/LEO); 
Ongoing specification for 

future integration (e.g. 3GPP)

Convergence with terrestrial (e.g. 
virtualization, edge, slicing, latency)

Seamless integration with terrestrial (unified 
connectivity, extreme coverage)

Extensions for support of massive 
miniaturized (nano) satellites and HAPs

Quantum Internet Preliminary research started in 
IETF Single hop experiments Multi-hop deployments but with low # of Qubits Initial roll out of larger scale networks 

with higher # of Qubits

Distributed ledgers
Cloud-based solutions; Early 
specifications (e.g. ETSI PDL, 

SAI)

Blockchain for network data 
management and security Blockchain for support of distributed networks, distributed AI, and distributed Edge

Slicing Key feature in 5GS; Ongoing 
specifications (3GPP)

Improved control of distributed 
resources, and inter-slice interworking Support for “on the fly” slice creation, instantiation and scaling

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030



Next Steps
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• Whilst EMPOWER project has officially ended, the roadmap 
update and dissemination continue ...

• Focus ahead is given for supporting the IMT 2030 and NET 2030 
requirements in NGMN, HEU 6GSNS, ATIS NGA, and ITU-R.

• Strong interest in supporting efforts at ETSI for roadmapping 
and pre-standards activities similar to ETSI RIS ISG paving the 
way towards 6G.



The Networking Channel
https://networkingchannel.eu/
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• An online platform between 
EMPOWER, US PAWR, and 
ACM Sigcomm, for the global 
wireless networks research 
community to meet and 
share the latest on research 
trends, tools, platforms, etc.
• Started in March 2021 to host 

fortnightly webinars quite 
popular with the community

https://networkingchannel.eu/

