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Abstract

Abstract

In 5G-Advanced and 6G communication systems, millimeter-wave (mmWave)
Massive MIMO technology is crucial for enhancing spectral efficiency. However,
traditional fully analog and fully digital beamforming face significant technical
bottlenecks. Hybrid beamforming provides a practical trade-off between performance and
cost through joint analog and digital baseband processing. The conventional Orthogonal
Matching Pursuit (OMP)-based hybrid beam optimization algorithm, which performs
steering vector matching globally, suffers from high computational complexity and is
prone to "pseudo-peak" errors under strong clutter interference, leading to target loss. To
address these issues, this thesis investigates beam optimization design methods for large-
scale array MIMO systems and attempts to improve traditional beamforming algorithms.

Firstly, this thesis establishes physical layer spatial array models, including Uniform
Linear Arrays (ULA) and Non-Uniform Linear Arrays (NULA), and evaluates the
performance of fully digital, fully analog, DFT codebook-based, and conventional OMP
algorithms.

Secondly, addressing the limitations of the global blind search in conventional OMP,
an improved algorithm based on Target Sector Constrained OMP (TSC-OMP) is explored.
By integrating spatial prior information to construct a localized overcomplete dictionary,
TSC-OMP reduces redundant dimensions during RF chain allocation. Simulation results
indicate that this algorithm lowers computational complexity while reasonably
approaching the theoretical upper bound of the fully digital architecture.

Finally, a Python-based visualized experimental platform for large-scale MIMO
beam optimization is implemented, enabling interactive physical parameter configuration
and one-click multi-algorithm evaluation. Furthermore, a preliminary exploration of end-

to-end beam prediction based on deep learning is conducted based on existing literature.

Keywords: Massive MIMO; Hybrid Beamforming; Orthogonal Matching Pursuit (OMP);

Target Sector Constraint; Robustness Analysis; Non-Uniform Linear Array.
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DA bl BB S A ) — OB IR AR . AR, FEFEA(0)F

FEGIRITEAR . BV 5 BRI Ko FESERRMN Y, REFES AR — B 5E A
RRAEWE, Kk A4(0) 5EIEE 5 1R E IAE .
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