SpringerBriefs in Electrical and Computer
Engineering

For further volumes:
http://www.springer.com/series/10059


http://www.springer.com/series/10059




Yongkang Liu * Xuemin (Sherman) Shen

Cognitive Resource
Management

for Heterogeneous
Cellular Networks

@ Springer



Yongkang Liu Xuemin (Sherman) Shen

University of Waterloo Department of Electrical

Waterloo, ON, Canada and Computer Engineering
University of Waterloo
Waterloo, ON, Canada

ISSN 2191-8112 ISSN 2191-8120 (electronic)
ISBN 978-3-319-06283-9 ISBN 978-3-319-06284-6 (eBook)
DOI 10.1007/978-3-319-06284-6

Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014937897

© The Author(s) 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work. Duplication of
this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)


www.springer.com

Preface

Smartphone fever along with roaring mobile traffic poses great challenges for
today’s cellular networks. In general, cellular operators and vendors promise to
provide seamless mobile access to end users. However, given the temporal and
spatial variations of the ever increasing smartphone user demand, they feel obligated
to deploy cellular access nodes in a more flexible and intelligent way, e.g., plug-to-
play, self-organized, and cost-effective. Therefore, various types of small cells are
being adopted indoors and outdoors to complement macrocells in cellular hotspots
and blind zones. Designed by different purposes of operations, macrocells and
small cells show heterogeneous characteristics, which requires new techniques to
solve the challenging coexistence issues including interference management, cell
coordination, and interworking.

In this Brief, we exploit cognitive radio techniques to improve spectrum uti-
lization and perform flexible network management in the heterogeneous cellular
network (HetNet) formed by macrocells and small cells. Background and literature
survey of HetNet and cognitive radio techniques are first presented in Chap. 1.
We then introduce an open cell management framework in Chap.2, namely as
cognitive cellular network management (CCN), which is mainly aimed to improve
spectrum utilization and mitigate co-channel interference in HetNet. In Chap. 3,
we investigate in wireless backhaul for flexible deployment of small cells, which
requires smooth and reliable communications with the network controller even if
wired portal is not available. Instead of static spectrum allocation, overlay spectrum
reuse fits such need better, which accommodates the backhaul traffic by fully
utilizing the intermittent spare spectrum resources with small spatial prints. An
opportunistic routing protocol for wireless backhaul is presented along with the
introduction of joint channel and relay selection. In Chap.4, we further address
on the coexistence issue between macrocells and small cells. When small cells
are loosely controlled due to limited bandwidth in dense deployment, the effective
allocation of radio resources becomes challenging. We propose a distributed QoS-
aware cognitive MAC scheme which facilitates users in small cells to find available
resources in an opportunistic way so that they can transmit at higher power for better
link quality while maintaining tolerable interference to macrocell transmissions.
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In addition, a penalty approach is used in backhaul to secure the effectiveness of
power allocation in the transmission channels. Finally, we summarize the Brief and
provide future research directions in Chap. 5.

We would like to thank our BBCR colleagues at the University of Waterloo for
their valuable comments and suggestions on the Brief. We would also like to thank
the Springer Editors Susan Lagerstrom-Fife and Jennifer Malat for their great help
in getting this Brief published. This research work was financially supported by
NSERC, Canada.
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