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Abstract: Massive MIMO (mMIMO) has been considered as one of the key unlocking technologies in 5G/6G wireless
communications. By means of large antenna arrays, high beamforming gain, improved spectral efficiency, and
extended coverage, mMIMO technology provides major advantages to support various emerging applications in the
next-generation communications systems. Single-stage digital beamforming (DBF) architecture is commonly used in
conventional MIMO systems with a limited number of antennas. However, DBF architecture requires a single power-
hungry radio frequency (RF) chain for each antenna. Thus, DBF architecture is no longer feasible/practical for the
mMIMO systems with large antenna arrays due to the significantly increased hardware cost/complexity and power
consumption. Two-stage hybrid beamforming (HBF) has been proposed as a promising architecture for reduced
hardware cost/complexity in mMIMO systems. The HBF architecture uses a low number of RF chains to interconnect
the analog beamformer and digital precoder/combiner.

This study proposes novel and practical HBF techniques for half-duplex (HD) and full-duplex (FD) mMIMO systems.
We aim to address a set of versatile objectives, such as sum-rate maximization, beamforming optimization,
interference mitigation, energy efficiency, and self-interference cancellation (SIC).
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