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Preface

The use of multiple antennas at the transmitter and receiver of a wireless commu-
nication system, otherwise known as multiple-input multiple-output (MIMO), has
been one of the most significant milestones in the field of wireless communications
in the past few decades. MIMO offers several advantages to wireless communi-
cations systems, including increased diversity and an increased throughput using
the same bandwidth as single-antenna systems. Presently, wireless communica-
tions standards supporting several megabits-per-second in throughput have been
developed and are in use in many consumer products. However, despite these
advantages, the complexity of the signal detection at the receiver in a MIMO system
is exacerbated as a result of the multiple interferences at each receiver antenna.
The maximum likelihood (ML) detector, which offers the optimal bit error rate
performance, has a prohibitive complexity that scales exponentially with the number
of antennas and is not suitable for hardware implementation.

Several algorithms have been proposed in the literature to implement MIMO
signal detection with low complexity. These include linear detection algorithms,
such as zero-forcing and minimum mean squared error, as well as non-linear
detection schemes, such as lattice-reduction-based techniques and also tree search
detection. The main objective of this book is to provide a broad overview of
these algorithms while highlighting their VLSI implementation aspects. Given the
importance of low power consumption in modern communications, we will pay
special attention to the notable techniques proposed in the literature to achieve
low-power and low-complexity hardware implementations of MIMO detection
algorithms. Furthermore, we will provide hardware design examples and results,
supplemented with several MATLAB code examples, which we hope will help
the reader quickly gain an understanding and appreciation of this very interesting
research topic.

Bristol, UK Ibrahim A. Bello
Southampton, UK Basel Halak
February 2022
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Chapter 1
Introduction

1.1 Chapter Overview

The chapter is organised as follows. In Sect. 1.2, MIMO technology is introduced.
In Sect. 1.3, we will discuss the basic setup of a multiple-antenna wireless system.
In Sect. 1.4, we will discuss MIMO detection generally and present an overview
of prominent MIMO detection algorithms. In Sect. 1.5, we will present the design
flow for the algorithm-to-hardware conversion, which will be used throughout the
book. In Sect. 1.6, we highlight a number of design tradeoffs to be considered when
implementing the MIMO detector in hardware. The overview of the book and scope
of the work is presented in Sect. 1.7. Finally, the chapter is concluded in Sect. 1.8.

1.2 Introduction

One of the main bottlenecks of the capacity of a wireless communication system
is the channel bandwidth. The relationship between the channel capacity and the
bandwidth is captured in the famous Shannon–Hartley channel equation as follows
[1]:

C = B log2

(
1 + S

N

)
, (1.1)

where C represents the channel capacity in bits per second, B denotes the bandwidth
in Hertz, and S

N
is the signal-to-noise (SNR) ratio, which is a dimensionless ratio

of the signal-to-noise power. It is clear that if the channel bandwidth can be
increased, then the channel capacity, or the maximum data rate at which a wireless
communication could occur at an arbitrarily low error rate, could be increased as
well. Since bandwidth is both limited and expensive, there is a clear motivation to
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