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Preface

As a key technology in 4G-LTE, heterogeneous networks effectively extend the
coverage and capacity of wireless networks by deploying multiple low power small
base stations on top of the conventional macro base stations. The deployed small
nodes differ in transmission power and processing capabilities, leading to new
challenges in mobile association, interference management, and radio resource man-
agement. In this book, we consider downlink communications in a heterogeneous
cellular network with high transmit power macro evolved Node Bs and low transmit
power small evolved Node Bs.We provide an in-depth look on the key issues that
could affect the performance of heterogeneous networks and present schemes that
can effectively tackle these issues. In particular, we discuss the issue of unbalanced
traffic load among the macro evolved Node Bs and small evolved Node Bs caused by
the transmit power disparity and present a load-balancing based mobile association
scheme to balance the traffic load among the macro evolved Node Bs and small
evolved Node Bs. We explore the issue of high intra-cell interference received by
the user equipment associated with the small evolved Node Bs from the high power
macro evolved Node Bs and introduce a fractional frequency reuse scheme with
proper power control to help reduce interference at user equipment that are the most
vulnerable to such intra-cell interference. We investigate radio resource allocation
issues for heterogeneous networks with intracell cooperation and propose a resource
allocation framework that could achieve the maximum capacity with proportional
fairness among user equipment. For each of the investigated issues and presented
solutions, we also present numerical results to demonstrate the effectiveness of the
proposed solutions in tackling the problems and improving network performance.

Logan, USA Rose Qingyang Hu
Omaha, USA Yi Qian

vii






Acknowledgements

First of all, we would like to thank all the students and post-doctoral researchers
in both our research groups at Utah State University and University of Nebraska-
Lincoln, who have worked on the related research topics and contributed to the
research activities as well as helped to draw all the figures in this book. Secondly,
we would like to thank all the reviewers for their dedicated time in reviewing
this manuscript, and for their valuable comments and suggestions for improving
the quality of this book. Finally, we appreciate the advice and support of the staff
members from Springer, for putting this book together.

This work was supported by US National Science Foundation (NSF) grants
ECCS-1308006 and ECCS-1307580.

ix






Contents

1 Introduction .......... ... 1
References ......ooouuiiii i 4
2 Heterogeneous Network Model and Preliminaries........................ 7
2.1 A System Model for Heterogeneous Networks..................o.o... 7
2.2 Mobile Associations in Heterogeneous Networks...................... 9
2.3 Enhanced Inter-cell Interference Coordination
in Heterogeneous Networks ......... ..o, 10
2.4 Intra-cell Cooperation in Heterogeneous Networks .................... 12
References ......ooouuiiii i 15
3 Mobile Association for Heterogeneous Networks ......................... 17
3.1 Mobile Association Scheme Based on Load-Balancing
with Full Frequency Reuse ..........ccoooiiiiiiiiiiiiiiiiiiiiiiiiiins 17
3.2 Mobile Association Scheme Based on Load Balancing
with Partial Frequency Reuse....................ooooo. 25
3.3 Online Mobile Association Algorithm ............................ 27
3.4 Performance Results and Discussions.....................oooeeeeee... 28
3.5 SUMMATY ..ot 34
REfEIENCES ..ottt e 34

4 Interference Management in Heterogeneous Networks

with Fractional Frequency Reuse .........................ooii, 37
4.1 Problem Formulation .............ccuiiiiiiiiiiiiiiiiiiiiiiiiiiieees 37
4.2 Optimal Resource Allocation Algorithm ............................... 40
4.3  Performance Results and Discussion............ccoeevviviiiieiinenenne. 47
L N 11511 11 1 50
REFEIENCES . ..ottt e 50
5 Radio Resource Allocation in Heterogeneous Networks.................. 53
5.1 Intra-cell CoMP Scheme and Communication Model ................. 53
5.2 The Optimal Resource Allocation Framework ......................... 56
5.3 An Asymptotically Optimal Radio Resource Allocation Scheme ..... 59

xi



xii Contents

5.4 Performance Results and DiSCUSSION..........covviiiiiiiiiniiiineeinnn.. 73
5.5 SUMMAIY ..ottt e 77
R OIENCES .. v 77

6 Conclusion ...ttt 79



	Preface
	Acknowledgements
	Contents

