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Foreword

What is the most important emerging technology leading to high data rate wireless
services? With scarce wireless spectrum, the use of multiple antennas is becoming
the key foundation to achieve the requirement. My colleagues, Prof. Bai and Prof.
Choi have worked on this topic for many years. They have made good achievements
and published a number of papers within this topic. In this book, they share their
key findings.

With signal detection methods now representing a key application of signal
processing methods to communication systems, this book provides a range of
important techniques for signal detection when multiple transmitted and received
signals are available. In this book, various optimal and suboptimal signal detection
methods are explained in the context of multiple-input multiple-output (MIMO)
systems, including list decoding and lattice reduction (LR)-aided detection, while
various user selection schemes are also discussed within multiuser systems. Those
techniques are then analyzed using performance analysis tools.

With a carefully balanced blend of theoretical elements and applications, this
book is ideal for both graduate students and practicing engineers in wireless
communications. All the techniques introduced in this book are quite new. Further-
more, this book makes an easy-to-follow presentation from the elementary to the
profound level.

Beijing Quan Yu

Academician
Chinese Academy of Engineering
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Preface

In order to improve the spectral efficiency in wireless communications, multiple
antennas are employed at both transmitter and receiver sides, where the resulting
system is referred to as the multiple-input multiple-output (MIMO) system. In
MIMO systems, it is usually required to detect signals jointly as multiple signals are
transmitted through multiple signal paths between the transmitter and the receiver.
This joint detection becomes the MIMO detection.

The MIMO detection can be performed by an exhaustive search method for the
maximum likelihood (ML) detection. Unfortunately, although this method provides
the optimal performance, it is impractical for a number of real systems since its
complexity grows exponentially with the number of transmit antennas. For the case
of MIMO channels in cellular systems where the transmitter is a base station and
the receiver is a mobile terminal, since the receiver usually has a limited computing
power for symbol detection, the use of ML detection based on an exhaustive search
or those with high computational complexity becomes impossible. To avoid this
prohibitively high computational complexity, computationally efficient suboptimal
MIMO detection methods are investigated, including linear detectors that take
the signals from the other antennas as the interference; but, poor performance is
expected due to a high date error rate. Therefore, it is desired to develop MIMO
detection methods that have near optimal performance as well as low computational
complexity. In this book, we attempt to explain such low complexity MIMO
detectors.

So far, there are many existing books related to MIMO systems. To be different
from those books, our book focuses on low complexity MIMO symbol detection
itself. Although our book is very specific, we have adopted an easy-to-follow
presentation from the elementary to the profound level. Furthermore, we include a
number of recent research outcomes that are also useful for those experts in this area.

Our group has worked on the design of low complexity MIMO detection for
many years and has produced various new results on low complexity MIMO
detection with the ideas of list decoding and lattice basis reduction. In addition, as an
extension, multiuser MIMO and the corresponding strategies are also investigated.
This book includes not only our research outcomes but also other recent research
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X Preface

outcomes that could be very useful to practitioners and postgraduate students who
want to learn new outcomes of low complexity MIMO detectors in the field of
wireless communications.

This book systematically introduces the signal detection in MIMO systems. It
has been written for the reader who wants to become an expert from a beginner
in the field of MIMO detection. In addition, it is suitable for postgraduate students
who have some fundamental knowledge of wireless communications, and for R&D
personnel who works in MIMO area.

Beijing Lin Bai
Swansea Jinho Choi
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