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Preface

Wireless communications, especially in its mobile form, has brought us the freedom of mobility
and has changed the lifestyles of modern people. Waiting at a fixed location to receive or make a
phone call, or sitting in front of a personal computer to send an e-mail or download a video
program, has become an old story. Nowadays it is commonplace for people to talk over a cell
phone while walking on the street, or to download and watch a movie while traveling on a train.
This is the benefit made available to us by the successful evolution of wireless communications
over three generations, with the fourth generation being under way.

Throughout the evolution of wireless communications, enabling technologies have contin-
ued to mature and have strived to keep up with satisfying ever increasing customer service
expectations. As an example, the multiple-access technique which started from the analog
frequency-division multiple-access (FDMA) has evolved to digital time-division multiple-
access (TDMA) and code-division multiple-access (CDMA) and has advanced to the sophis-
ticated orthogonal frequency-division multiple-access (OFDMA). This in turn has made
possible affordable and ubiquitous multimedia services for a large majority of mobile users
in both consumer and business sectors.

Notwithstanding the precipitous development of wireless technologies, customers’ insatia-
ble desire continues for faster response, larger bandwidth, and more reliable transmission.
Unfortunately the desire cannot be easily satiated due to limitations in the wireless commu-
nications channels. First of all, the frequency spectrum available for wireless communications
is absolutely limited. In addition, the wireless channel characteristics fluctuate due to channel
loss, shadowing, and multipath fading phenomena. Furthermore, battery power is a key
limitation in mobile communications.

To overcome those limitations in wireless communications and thereby enhance the spectral
efficiency, significant research efforts have been exerted on the enabling technologies for the
past several decades. Such technologies include hybrid automatic repeat request (HARQ)
which combines ARQ and forward error-correction (FEC) techniques, adaptive modulation
and coding (AMC) which combines modulation and coding techniques, and various diversity
techniques in the time, frequency and space domains. In particular, the multi-input multi-
output (MIMO) technique is an important multiple antenna technology that takes advantage of
space diversity. OFDMA also uses the diversity effect to introduce resilience to multipath
fading.

Every time a new generation of wireless communications systems has emerged, it was
accompanied by the adoption of more advanced physical layer technologies to achieve
enhanced system performance. In the cases of the most recent wireless systems such
as Mobile WiMAX and other Advanced International Mobile Telecommunication (IMT)
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systems, all the above state-of-the-art communication technologies are incorporated as their air
interface technologies. With that, we have consumed all the affordable physical layer
technologies that communication engineers have discovered/developed to date. For further
enhancement of system performance, we can only resort to intelligent and optimal utilization of
the available wireless resources. Here comes the need for “wireless communications resource
management.” In essence, a next-generation wireless communications system can maximize
overall system performance only when it adopts the most advanced physical layer technologies
and optimizes the wireless resource management on top of those technologies.

Basically, wireless resource management determines the optimal use of wireless resources
according to the wireless channel information and the quality-of-service (QoS) requirements of
each user. Specifically, it refers to a series of processes that determine the time, order,
procedure, and the amount of wireless resources to allocate to each user in the wireless
communications system.

In the context of resource management, the most fundamental three wireless resources are
bandwidth, transmission power, and antennas: the available frequency spectrum (and associ-
ated channel bandwidth) is limited by both nature and license fees for operators acquiring
bandwidth to provision service. Battery power is limited for each mobile device and cost can be
an important issue for higher power transmission. Mobile devices are limited in size for placing
multiple antennas and need complicated space-time signal processing to operate.

Each available wireless resource is self-limited and the incremental improvement of a
wireless resource does not necessarily increase overall system performance. The problem
becomes more complicated in the multiuser environment since increasing the transmission
power of one user will usually increase interference to other users or to other cells. Thus it is
most desirable for wireless resource management to optimally use limited wireless resources to
maximize resource efficiency and overall system performance. In effect, optimally managed
wireless resources can significantly improve a channel’s data rate even with low bandwidth,
and also flexibly operate the wireless system, adapting to the channel characteristics and QoS
requirements.

This book is intended to provide comprehensive and in-depth discussions on wireless
resource management, covering a broad scope, from the provision of preliminary concepts and
mathematical tools to the detailed descriptions of all the resource management techniques. It
first provides preliminary discussions on the characteristics of wireless channels, basic
concepts for wireless resource management problem formulation, and basic mathematical
tools such as convex optimization theory useful for solving the wireless resource management
problems. Then, it deals with the four different types of resource management in each chapter,
namely, bandwidth management, transmission power management, antenna management, and
inter-cell resource management. The topics discussed in this book include scheduling,
admission control, power control, transmission power allocation, MIMO transmissions,
inter-cell interference mitigation, and handoff management, and so on.

The authors believe that the book will help readers gain a thorough understanding of the
overall and detailed picture of the wireless communications resource management and deepen
their insight into the mechanisms of performance maximization geared by wireless resource
management in next-generation wireless communication systems.

An important and useful supplement is available on the book’s companion website at the
following URL: www.wiley.com/go/bglee.
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