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Preface

With the rapid development of broadband wireless communication techniques and
increasing popularity of bandwidth-hungry multimedia applications, the industry
faces significant challenge to meet the rapid expansion of wireless service
requirements and users’ Quality of Experience (QoE) due to the spectrum resource
scarcity. On the other hand, there are widely witnessed low efficiency of static
resource management mode, unbalanced spectrum resource distribution problem in
real-world wireless networks, and additionally the distinguished resource acquisi-
tion abilities for distinguished wireless users. To address the related issues, dynamic
spectrum sharing technologies have been leveraged as an effective approach to
improve the wireless resource utilization and users’ QoE for future broadband
wireless networks, which is the focus of this book.

The book starts with an overview of the current state-of-the-art research litera-
ture about the efficient wireless resource utilization by leveraging the dynamic
spectrum sharing technology. By utilizing spectrum access opportunities located in
cellular frequency bands, a novel cognitive radio enabled dynamic overlay spec-
trum sharing framework with external sensors, i.e., external sensing agents, is
developed. The opportunistic cellular frequency-band sharing is formulated as a
dynamic resource demand—supply matching problem, and accordingly a fast dis-
tributed spectrum sharing algorithm is developed to solve the resource matching
problem. Furthermore, WhiteFi Infostation is engineered, which is dedicated for
Internet-based vehicular media streaming by leveraging Geolocation database
enabled TV White Spaces (TVWS) spectrum sharing. After demonstrating the
empirical observations of unique TV White Spaces spectrum features and analyzing
the real-world TVWS data collected from Geolocation database, an optimal TVWS
network planning is proposed for deploying WhiteFi Infostation with the objective
of maximal network-wide throughput of TVWS sharing networks. The proposed
TVWS network planning jointly considers the multi-radio configuration and the
channel power tradeoff, which can be realized by decentralized Markov approxi-
mation. In addition, a location-aware contention-free multi-polling TV White
Spaces access scheduling scheme is introduced for vehicular media streaming,
which takes into account both the realistic vehicular application requirements and
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the dynamics of wireless channel conditions. Furthermore, the book investigates
how to support the wireless multimedia networking applications while satisfying
Quality of Services (QoS) guarantees by leveraging the dynamic TV White Spaces
spectrum access technique. Accordingly, services with distinct secondary spectrum
requirements are characterized and the resource bidding behaviors of secondary
users are formulated based on their corresponding service classes, which can shed
light on the design of practical bidding strategy for database-assisted TV White
Spaces spectrum trading market. In addition, a double-phase dynamic spectrum
allocation scheme is developed to support prioritized services such as real-time
multimedia applications. In this way, better service can be provided to the sec-
ondary users with higher priority while achieving significant improvement of
revenue. Finally, this book is closed with some open issues for further researches in
next generation wireless access networks with the aim of efficient spectrum
utilization.

We would like to thank Drs. Ning Zhang, Ning Lu, Miao Wang, Nan Cheng,
and Khadige Abboud from Broadband Communications Research Group (BBCR)
at the University of Waterloo, Profs. Bo Liu and Lin Gui from Shanghai Jiaotong
University, and Dr. Fan Bai from General Motor, for their contributions in the
presented research works. Special thanks are also due to the staff at Springer
Science+Business Media: Susan Lagerstrom-Fife and Jennifer Malat, for their help
and support throughout the publication preparation process.

Waterloo, Canada Haibo Zhou
Shanghai, China Quan Yu
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Chapter 1
Introduction

The ever increasing growth of wireless users’ need for staying connected digitally and
particularly the ubiquitous Internet access are attributing to the growth of bandwidth-
hungry wireless applications, which creates a huge demand for wireless spectrum as
well. Spectrum is the fundamental foundation of modern wireless networks. How-
ever, the currently existed wireless communication networks are mainly characterized
by the static spectrum utilization policy, which leads to spectrum scarcity problem
in wireless networks and significant challenge to support diverse bandwidth-hungry
wireless applications in the foreseeable future. To break the spectrum scarcity bottle-
neck and enable the wireless connectivity with high Quality of Service (QoS) guar-
antee, dynamic sharing technology of wireless spectrum has been leveraged as an
effective way to improve the spectrum utilization and improve the QoS of wireless
users. Technically, dynamic spectrum sharing technology has received significant
attentions since it can allow wireless users to dynamically share the allocated spec-
trum on a “do no harm” basis, which will lead to more efficient spectrum utilization
without affecting the existing legacy systems.

The remainder of this chapter is organized as follows. In Sect. 1.1, we first intro-
duce the related research background. In Sect. 1.2, we describe the basic concepts for
dynamic sharing of wireless spectrum. Sections 1.3 and 1.4 discuss the research chal-
lenges of dynamic sharing of wireless spectrum and contributions of this Springer
book, respectively. Section 1.5 introduces the organization of this book.

1.1 Background

Spectrum is a potentially scarce resource for the fast development of wireless network
technologies. To well address the spectrum scarcity problem in specific geographical
regions and certain spectrum bands and especially to improve the QoS requirements
of wireless users [1-3], there are two types of emerging enabling dynamic sharing of
wireless spectrum technologies, i.e., cognitive radio (CR) enabled dynamic spectrum

© Springer International Publishing AG 2017 1
H. Zhou et al., Dynamic Sharing of Wireless Spectrum,
DOI 10.1007/978-3-319-45077-3_1



2 1 Introduction

sharing technology and database enabled dynamic spectrum sharing technology,
which are given as follows:

e CR enabled dynamic spectrum sharing technology. Through self-adaptive and
real-time interactions with the wireless environment, portions of the unused spec-
trum at a specific time or location can be identified/selected by users, shared with
other users, and exploited without interference with licensed user [4]. In this way,
CR enabled dynamic spectrum sharing technology can share the wireless spec-
trum resource in an opportunistic and self-adaptive manner [5, 6]. In addition, CR
enabled wireless users are equipped with reconfigurable system devices, there-
fore, the best spectrum band and the most appropriate operating parameters can
be selected and reconfigured by those wireless users.

e Database enabled dynamic spectrum sharing technology. Database enabled
dynamic spectrum sharing technology requires to query a database to determine the
spectrum availability and realize the dynamic sharing of wireless spectrum, which
obviates the need of spectrum sensing [7, 8]. Currently, database enabled dynamic
spectrum sharing technology mainly focuses on the TV broadcasting spectrum,
i.e., TV White Spaces Spectrum [9]. In such a database assisted dynamic spectrum
sharing architecture, the incumbents (primary licensed holders of TV spectrum-
band) can provide the database with the up-to-date available spectrum information
including TV receiver protection required transmission power parameters and TV
tower transmission parameters.

In the following, we will present the related concepts for two main proposed
enabling dynamic spectrum sharing technologies, respectively.

1.2 Basic Concepts

Cognitive radio enabled dynamic spectrum sharing technology has been coordinated
by the Federal Communications Commission (FCC) for the radio spectrum resource
usage and radio emission regulation [ 10]. For specific, The licensed spectrum holders
are called Primary Users (PUs) while Secondary Users (SUs) are defined as the users
who have no spectrum licenses but can dynamically utilize and access to the licensed
spectrum on a “do no harm” basis [11]. IEEE 1900 projects release a serial of new
standards in the areas of dynamic sharing of wireless spectrum research. Specially,
concepts, architectures and approaches of cognitive radio enabled dynamic spectrum
sharing have been extensively studied in the IEEE 1900.4 Working Group (WG) [12].

Figure 1.1 presents the concept of cognitive radio enabled dynamic spectrum shar-
ing [13]. For specific, when different wireless access terminals would like to utilize
the same frequency bands in the access networks, wireless access terminals can
make realtime and adjustable spectrum usage rules by leveraging the cognitive radio
enabled dynamic spectrum sharing technology to avoid the harmfully interfering
each other in a negotiated or non-negotiated way. As shown in Fig. 1.1, we define



