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Europe’s FEM Vision for 6G FR3 

Strategic Objective: 
 
 
 
Develop a European sovereign 
Front-End Module (FEM) 
ecosystem for 6G FR3 (7–15 
GHz),  
 
enabling: 
• high-capacity wireless 

infrastructure,  
• scalable massive MIMO,  
• Integrated Sensing and 

Communications (ISAC),  
• future AI-native radio systems. 
 

Why FR3 Matters 
 
 
 
FR3 combines: 
• higher capacity than FR1 

(<6 GHz),  
• better coverage and 

energy efficiency than 
FR2/mmWave,  

• suitability for:  
o cellular evolution,  
o Fixed Wireless Access 

(FWA),  
o sensing and radar 

integration.  
FR3 is considered a key 
global 6G deployment 
layer. 
 

Key Technological 
Challenges: 
 
 
• 20–30× higher processing 

complexity vs current FR1 
systems  

• Integration of hundreds of 
TRx chains and potentially 
>1000 antenna elements  

• Heterogeneous integration 
of:  
o CMOS / FD-SOI,  
o GaN,  
o SiGe,  
o RF SOI, 
within advanced System-in-
Package (SiP) architectures  

• Thermal management and 
packaging constraints  

• Energy-efficient 
beamforming and mixed-
signal integration 

 

European Strategic 
Priorities: 
 
 
• Strengthen European 

telecom and 
semiconductor 
sovereignty  

• Develop European know-
how in RF System-in-
Package integration  

• Align SNS and Chips Joint 
Undertaking roadmaps  

• Prepare transfer toward 
pilot lines:  
o APECS,  
o FAMES,  
o WBG  

• Enable downstream 
industrialization of 6G 
FEM technologies 

 

Realistic Near-Term Focus 
Current SNS/Chips JU actions 
target: 
 
• subsystem-level innovation,  
• architecture validation,  
• RF and mixed-signal 

demonstrators,  
• TRL4/TRL5 integration 

platforms,  
• controlled laboratory 

validation.  
 
The goal is to: 
 
de-risk technologies and 
architectures before large-scale 
industrial deployment. 
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Scope 

 

The SNS activity is expected to cover:  
 

• FEM detailed design for FR3 Operations (7-15 GHz), (200 MHz channels), fulfill ITU 2030. 
The design includes FEMs for beamforming and support of ICAS;  
 

• In-lab testing and validation under controlled (e.g. cabled) conditions.  
 

• Address two designs (e.g. CMOS and FDSOI based, with e.g. GaN for the PA/LNA part).  
 

• massive MIMO antenna array systems (AAS) in a compact form factor. Up to 1000 
antenna elements can be integrated in the same size as the current 3.5 GHz massive 
MIMO AAS used in current 5G networks.  

 reuse of existing 5G cell sites for 6G FR3 deployments.  
• Two highly use cases that dimension the FEM radio design - SBFD/ISAC and HBF/TDD.  

 
• The chipset building blocks will have to cover a plethora of functions, such as baseband 

and data conversion (including RF DAC and RF ADC for the lower part of FR3), beam 
forming ICs, analog front-end ICs (Mixers/PA/LNA/TRX-Switch), etc.  
 

• Depending on the antenna fan-out and needed output power level, a combination of 
CMOS technology (e.g., 22FDX) and GaN/Si is envisaged.  
 

• Limited budget (12M€) => small but strategic fabrication activity may be envisaged to 
make it possible to validate sub-systems and the initial integration/packaging 
approach.  
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Microwaves Laboratory 
Lab Subject 
 
Microwave Theory. Waveguides. 
Antennas. Microwave applications. 
Elements of Electronic Optics and 
their applications. (ID 219, ΠΔ 671, 
8-10-1975) 
 

Lab Administration 
 
Director: G. Kyriakou, Professor 
Building Β, Office 2.04, tel. +30 
25140 79592 
Members: 
G. Kyriakou, Professor 
T. Kaifas, Professor 
 

Contact Details 
Address: Democritus University of 
Thrace, Department of Electrical and 
Computer Engineering, 
Panepistimioupoli of Kimmeria, 
Building B, Microwaves Laboratory, 
67100, Xanthi, Greece 
Tel.: +30 25410 79503 
Secretariat: Building B, 2nd floor, 
Office 2.02 
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Facilities and Measurement Equipment 
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Microwaves Lab FR3 Focus                                                                    Antennas  
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Antennas + Beamformers  
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Power Amplifier 
 

 

Studies 
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Proposal: Modular FR3 RF Front-End Testbed 
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Thank You! 
Democritus University of Thrace (DUTH) 
Department of Electrical & Computer Engineering (DECE) 
Microwaves Laboratory (MWLab) 

Modular FR3 RF Front-End Testbed 

Contact 

• Georgios A Kyriakou, Professor, Director of the Microwaves Laboratory, gkyriak@ee.duth.gr 

• Theodoros Kaifas, Assistant Professor, tkaifas@ee.duth.gr 

Open for Collaboration 

FR3-RFTB aims to contribute to the development of practical and scalable FR3 RF Front-End technologies for future European 6G 
ecosystems. 

We welcome discussions with: 

• industrial partners, 

• research organizations, 

• semiconductor ecosystem stakeholders, 

• SNS and Chips JU aligned initiatives. 


