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“These four renowned experts deliver a comprehensive yet curated treatment on the modeling and
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Preface

Since 2010, our knowledge of coverage and capacity in heterogeneous cellular networks

(HetNets) has expanded rapidly, primarily through analytical results using stochastic

geometry. Most of these results assume that the locations of the base stations in a

given tier of the HetNet are the points of a homogeneous Poisson point process (PPP).

This modeling assumption was made for mathematical tractability, and the coverage

results for a single tier were determined to be about as pessimistic (relative to the real

coverage in real-world deployments) as the regular hexagonal lattice location model was

optimistic (Andrews, Baccelli, & Ganti 2011).

However, since 2013 we have obtained results showing the fundamental importance

of the PPP model to the analysis of real-world deployments in two ways: (a) the set of

propagation losses to the typical location in an arbitrary network deployment converge

asymptotically to that from a PPP deployment of base stations; (b) long before this

convergence is reached, the coverage results for a PPP deployment can be employed to

obtain very accurate approximations to the coverage results for various regular deploy-

ments.

This book provides the first detailed expository treatment of these results, and

includes additional exact analytical results on coverage for certain special non-PPP

deployment models. We expect the book to be of interest to researchers in academia and

industry, and anyone interested in the application of stochastic geometry to problems

in communication. HetNets are an important component of future cellular network

standards (LTE Release 12 and later),1 and the theoretical results in the book are

illustrated with examples of their application to transmission scenarios specified in the

LTE standard.

Although we have made every effort to make the book self-contained, the reader

will benefit from having had some prior exposure both to the theory and techniques

of stochastic geometry, and to their application to the derivation of coverage results

for PPP base station deployments. For an introduction to stochastic geometry with

emphasis on wireless communications, we recommend Haenggi’s Stochastic Geometry

for Wireless Networks (Haenggi 2012) at the introductory level (a condensed version of

which is available in Chapter 3) and the two volumes of Baccelli and Błaszczyszyn’s

Stochastic Geometry and Wireless Networks (Baccelli & Błaszczyszyn 2009a, 2009b)

for a comprehensive treatment at the advanced level. Note that both references rely on

1 See Appendix B.
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x Preface

mathematical results from a measure-theoretic treatment of stochastic geometry, such

as that found in Chiu et al. 2013. For a simplified treatment of some of the results on

coverage and capacity in PPP network deployments in Chapter 5, the interested reader

is referred to Mukherjee (2014), which does not require knowledge of measure theory.

Knowledge of 3GPP-LTE is not required, but familiarity with the LTE standard will

help the reader in understanding the applications of the results presented in the book. An

outline of the different releases in the LTE standard and the features relevant to HetNets

in each one is provided in Appendix B.
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Notations

∼ distributed as

2F1(a, b; c; z) Gaussian hypergeometric function

α slope of path loss model (path loss exponent)

δ = 2/α

B[0,1] the Borel σ -algebra on [0, 1]

τ SINR threshold

Ŵ(z) gamma function

γ(z, a) lower incomplete gamma function

�, � PPP of base station locations

�̃, �̃ PPP of received powers from the base stations of the PPP � or �

x scalar

x vector

x a point of a point process

A matrix

X random variable

fX(x) probability density function of X evaluated at x

X random vector

fX(x) joint probability density function of X evaluated at x

	(·) intensity measure

I interference power

K intercept of path loss model

ℓ(·) path loss function

Lx propagation loss between the user at the origin and the base station x

LX(s) Laplace transform of X evaluated at s: E[exp(−sX)]

N the space of all sequences

Nϕ counting measure of ϕ

ν Lebesgue measure

ϕ a point pattern

B set or event

1B(·) indicator function of the set B

E[X] expectation of the random variable X

P(B) probability of the event B, also equal to E[1B]

R the set of real numbers, also written (−∞, ∞)

R+ the set of nonnegative reals, also written [0, ∞)

R++ the set of positive reals, also written (0, ∞)
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3GPP Third Generation Partnership Project

ASAPPP approximate SIR analysis based on the Poisson point process

AWGN additive white Gaussian noise

BLER block error rate

CapEx capital expenses

CCDF complementary cumulative distribution function

CDF cumulative distribution function

CoMP coordinated multipoint

EFIR expected fading-to-interference ratio

GPP Ginibre point process

HetNet heterogeneous cellular network

IA interference alignment

ICIC intercell interference coordination

ICSC interference cancellation and signal combination

IIC independent interference cancellation

iid independent and identically distributed

ISR interference-to-signal ratio

LTE long-term evolution

LTE-A long-term evolution-advanced

MIMO multiple-input multiple-output

MISR mean interference-to-signal ratio

MRC maximal ratio combining

pgfl probability generating functional

PPP Poisson point process

RDP relative distance process

REB range expansion bias

SC signal combination

SER symbol error rate

SIC successive interference cancelation

SINR signal-to-interference-plus-noise ratio

SIR signal-to-interference ratio

SISO single-input single-output

SNR signal-to-noise ratio

STINR signal-to-total-interference-plus-noise ratio

STIR signal-to-total-interference ratio

UMTS universal mobile telecommunications system

ZFBF zero-forcing beamformingxiv
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