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Introduction

The BEYONDS project aims to establish a fully European supply chain for RF-SOI technology, en-
abling new RF domains for sensing, communication, 5G, and beyond. It is a technology-driven
initiative that gathers significant European actors across the entire value chain—from materials,
semiconductor technologies, designs, and components to systems. The project strives to inte-
grate mobile broadband (5G), the Internet of Things (loT), and automation connectivity for self-
driving cars into a single technology platform based on advanced SOl technologies manufactured
in Europe, namely RFSOI and FDSOI.

BEYONDS5 addresses critical challenges such as Europe’s under-representation in the 5G compo-
nent and device market, cybersecurity concerns, and reliance on external supply chains. By build-
ing a strong and secure European value chain for 5G networks, the project contributes to Eu-
rope’s industrial resilience and technological independence, ensuring the protection of critical
infrastructure and advancing digital transformation.

TU Dresden contributes to two tasks: “Task 3.4, 5G Digital Beamforming SoC” and “Task 4.4, 5G
Low Power Digital Beamforming Base-Station.”

Original Task and Scientific Status

The subproject at TU Dresden focuses on energy-efficient mmWave systems for connected com-
munication and autonomous mobility. Key objectives include the development of baseband al-
gorithms, digital predistortion (DPD) techniques, and the integration of custom RFICs and FPGA-
based processing into a functional 39 GHz demonstrator.

The project addresses challenges in signal quality, energy efficiency, and scalability for massive
MIMO systems. A major theoretical contribution is the development of an optimal DPD frame-
work based on a generalized eigenvalue formulation, applicable across RF, wireline, and optical
domains.

Course of the Project

The progression of the BEYONDS subproject at TU Dresden can be structured into three main
phases:

Phase 1: Concept and Architecture Definition (2020-2021)

e System-level simulations of mmWave massive MIMO transmission chains

e Definition of architecture and specifications for the baseband SoC and RFIC interfaces

e Initial testing of high-speed serial transceivers on FPGA platforms

e Early exploration of digital predistortion (DPD) strategies and baseband algorithm design
Phase 2: Implementation and Integration (2022)

e |Implementation of DPD algorithms and digital resampling filters

e Development of a custom high-speed serial communication protocol between FPGA and
RFIC



e Integration of time-critical components (e.g., filters) on the RFIC and flexible components
(e.g., precoders, DPD) on the FPGA
e Collaboration with Lund University, KTH, and Ericsson for demonstrator integration and
system-level co-design
Phase 3: Demonstration and Validation (2023-2025)
e Fabrication of the RFIC using GlobalFoundries’ 22FDX FD-SOI technology
e Establishment of a dedicated mmWave laboratory at TU Dresden for testing and training
e Finalization of the demonstrator architecture and validation of real-time 39 GHz opera-
tion with dynamic beam steering
e Presentation of the fully functional demonstrator at the final review meeting in Lund,
Sweden (May 2025)

Main Results

Technical Achievements:

e Real-time 39 GHz beamforming demonstrator with dynamic beam steering (see Figure 1)
e Custom high-speed serial interface between FPGA and RFIC

e Modular architecture supporting future scalability and research

Scientific Contributions:
e Publications on DPD optimization and energy efficiency analysis in MIMO systems [1], [2],

[3].

e Diploma theses on beamforming and hardware accelerators.

Collaborations:

e Joint development with Lund University, KTH, Ericsson, CEA-Leti, IMEC, and MKR-IC
e Contributions to the Hexa-X project and other EU 6G initiatives

e Educational impact through student theses and workshops
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Figure 1: Final version of the BEYOND5 demonstrator showcasing a fully functional mmWave transmitter and re-
ceiver system. The setup features a custom RFIC fabricated in GlobalFoundries’ 22nm FDX FD-SOI technology.
OFDM signals are generated on the FPGA, up converted to 39 GHz by the RFIC, transmitted over the air, received,
and demodulated. The real-time operation enables dynamic beam steering, allowing users to observe signal ap-
pearance and disappearance as beams are directed.



Conclusion

The BEYONDS project has successfully demonstrated the feasibility of energy-efficient mmWave
systems using a hybrid RFIC-FPGA architecture. TU Dresden’s contributions in algorithm develop-
ment, system integration, and demonstrator realization have advanced the state of the art in
digital beamforming and RF system design. The project outcomes support Europe’s strategic
goals in wireless communication and semiconductor innovation.
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