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ABSTRACT

In mmWave massive MIMO, the required number of radio frequency (RF) chains becomes impracti-
cal due to the expensive and power-hungry components such as variable gain power amplifiers, filters, 
mixers, and analog-to-digital/digital-to-analog converters (ADCs/DACs). A promising solution to this 
problem is reducing the number of radiofrequency (RF) chains by partitioning beamforming operations 
between the digital and RF domains, known as hybrid beamforming (HBF), while still achieving the near-
optimal performance of the fully digital beamforming systems with much-reduced hardware complexity. 
This chapter reviews different HBF techniques for massive MIMO in 5G and radar systems. The basic 
HBF structures and their algorithm design is presented in the context of a point-to-point MIMO hybrid 
beamforming system. Then, some recently proposed HBF techniques for 5G and beyond networks are 
investigated, followed by a discussion about the benefit of HBF in MIMO radar systems.

INTRODUCTION

Recently, millimeter-wave (mmWave) massive multiple-input multiple-output (MIMO) systems have 
emerged as a promising solution to enhance the network capacity and coverage of the new generation 
cellular networks (Marzetta, October 2010; Rusek, 2013; Hoydis, 2013; Busari, 2018). On the one hand, 
the mmWave can provide a considerable bandwidth; on the other hand, the significant gain of the massive 
arrays can compensate for the attenuation of the mmWave channel. Traditional MIMO-beamforming 
systems require a dedicated radio frequency (RF) chain for each antenna element to achieve optimal 
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beamforming performance. However, in mmWave massive MIMO, the required number of radio fre-
quency (RF) chains becomes impractical due to the expensive and power-hungry components such as 
variable gain power amplifiers, filters, mixers, and analog-to-digital/digital-to-analog converters (ADCs/
DACs). A promising solution to this problem is reducing the number of radiofrequency (RF) chains by 
partitioning beamforming operations between the digital and RF domains, known as hybrid beamform-
ing (HBF), while still achieving the near-optimal performance of the fully-digital beamforming systems 
with much-reduced hardware complexity (Sohrabi, F., Yu, W., 2016; El Ayach, O., 2014; Alkhateeb, 
A., 2014, 2015; Liang, L.,2014; Ni, W., 2017; Hefnawi, M., 2019; Kebede, T., 2022). In HBF, the RF 
analog beamformer is typically limited to applying phase shifters only to each array element, while 
digital beamforming with complex weighting vectors can be applied on each RF chain. Figure 1 shows 
a general hybrid configuration that connects Na antenna elements to Nd RF chains, where Nd<Na, using 
an analog RF beamforming matrix built from only phase shifters.

Figure 1. Hybrid beamforming

Figure 2. Architectures of analog beamformers: (a) Fully-connected; (b) partially-connected



 

 

26 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/mimo-hybrid-beamforming/317783

Related Content

Not Just Playing Around: The MoLeNET Experience of Using Games Technologies to Support

Teaching and Learning
Rebecca Petley, Jill Attewelland Carol Savill-Smith (2012). Wireless Technologies: Concepts,

Methodologies, Tools and Applications  (pp. 1429-1442).

www.irma-international.org/chapter/not-just-playing-around/58850

Converged Fi-Wi Passive Optical Networks and Their Designing Using the HPON Network

Configurator
Rastislav Róka (2019). Paving the Way for 5G Through the Convergence of Wireless Systems (pp. 150-

184).

www.irma-international.org/chapter/converged-fi-wi-passive-optical-networks-and-their-designing-using-the-hpon-

network-configurator/219143

Overload Detection and Energy Conserving Routing Protocol for Underwater Acoustic

Communication
Manel Baba Ahmed (2022). International Journal of Wireless Networks and Broadband Technologies (pp.

1-24).

www.irma-international.org/article/overload-detection-and-energy-conserving-routing-protocol-for-underwater-acoustic-

communication/304386

Lifetime Maximization in Wireless Sensor Networks
Vivek Katiyar, Narottam Chandand Surender Soni (2011). International Journal of Wireless Networks and

Broadband Technologies (pp. 16-29).

www.irma-international.org/article/lifetime-maximization-wireless-sensor-networks/55879

An Overview of Wireless Sensor Networks: Towards the Realization of Cooperative Healthcare

and Environmental Monitoring
Thomas D. Lagkasand George Eleftherakis (2014). Handbook of Research on Progressive Trends in

Wireless Communications and Networking (pp. 317-339).

www.irma-international.org/chapter/an-overview-of-wireless-sensor-networks/97850

http://www.igi-global.com/chapter/mimo-hybrid-beamforming/317783
http://www.irma-international.org/chapter/not-just-playing-around/58850
http://www.irma-international.org/chapter/converged-fi-wi-passive-optical-networks-and-their-designing-using-the-hpon-network-configurator/219143
http://www.irma-international.org/chapter/converged-fi-wi-passive-optical-networks-and-their-designing-using-the-hpon-network-configurator/219143
http://www.irma-international.org/article/overload-detection-and-energy-conserving-routing-protocol-for-underwater-acoustic-communication/304386
http://www.irma-international.org/article/overload-detection-and-energy-conserving-routing-protocol-for-underwater-acoustic-communication/304386
http://www.irma-international.org/article/lifetime-maximization-wireless-sensor-networks/55879
http://www.irma-international.org/chapter/an-overview-of-wireless-sensor-networks/97850

