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Combined Hybrid Beamforming and Spatial Multiplexing for
Millimeter-Wave Massive MIMO Systems
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Abstract Recently, as required wireless communication traffic increase, millimeter wave mobile technologies that can
secure broadband spectrum are gaining attention. However, the path loss is high in the millimeter wave channel. Massive
MIMO system is being researched in which can complement the path loss by beamforming by equiped large-scale
antenna at the base station. While legacy beamforming techniques have analog and digital methods, practical difficulties
exist for application to massive MIMO systems in terms of system complexity and cost. Therefore, this paper studies
a hybrid beamforming scheme for massive MIMO system in the millimeter wave band. Also this paper considers spatial
multiplexing scheme to serve multi-users with multiple received antennas. Gains of the beamforming and the spatial
multiplexing schemes are evaluated by analyzing the spectral efficiency.
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Fig. 1. Multi—user Massive MIMO system model
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Table 1. System parameters
Parameter Value
Carrier frequency 28 GHz
System Bandwidth 100 MHz
Subcarrier spacing 60 kHz
The number of slots per a subframe 4
The number of symbols per a subframe | 56
FFT size 2048
mmWave channel model 3GPP TR 38901
Scenario UMi
The number of users 2,4, 6, 8 10
UE distribution (horizontal) Uniformly
BS transmit power 30 dBm
The number of BS antennas 16, 32, 64, 128
BS antenna configuration 4X4, 4X8, 8X8,
URA (N, % N,) 8X16
The number of UE antennas 1, 2, 4 (ULA)
Antenna element spacing A2
Scheduler PF
Channel estimation Perfect
Feedback CSI RI, PMI, CQI
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