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Abstract

The number of users connecting to the Internet has been rapidly increasing. A
significant proportion of these users connect to the Internet through various wire-
less access networks. Each of these wireless networks is controlled by a service
provider (SP). These SPs offer diverse quality of service (QoS) to the users for
a price. In the presence of overlapping coverage areas, the SPs compete over
the common group of users using the price charged by them as a tool to attract
users and maximize profits. This results in a scenario of price competition among
wireless SPs. The analysis of such price competition is of interest to the users,
SPs, regulators, and network designers. The price competition can occur between
SPs using the same technology (homogenous SPs) or among SPs with asymmetric
access networks (heterogenous SPs). The demand of the users connecting to the
SPs can be modeled as homogenous or heterogeneous based on the varying QoS
requirements of the users and their ability to pay for the same.

In this thesis, we consider multiple wireless SPs operating in an overlapping
coverage area. Initially, we analyze the price competition of wireless local area

network (WLAN) SPs in the presence of heterogeneous user demand. Analytical
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expressions are derived for the Nash equilibrium (NE) price vectors, social welfare,
and price of anarchy (PoA) for the case of duopoly of WLAN SPs. For the case of
more than two WLAN SPs (oligopoly), a suitable framework for calculation of the
above parameters is presented. It is found that, while in one extreme monopoly
leads to very high revenue for WLAN SPs with minimal consumer surplus, in
the other extreme unregulated duopoly/oligopoly leads to high consumer surplus
at the cost of minimal revenue generation for the competing SPs. Thus, price
regulation is proposed in the WLAN market for equitable distribution of the
surplus amongst the SPs and users.

Again, we consider multiple heterogeneous SPs (like WLAN and cellular) with
overlapping coverage areas. Such SPs do not have dynamic access to complete
information about the user demand. We present a novel probabilistic framework
for modeling network selection behavior of mobile users in the presence of het-
erogeneous wireless networks. The proposed framework utilizes the price charged
and utility obtained at the SPs for obtaining the network selection probabilities,
even in the presence of multi-homing users. Explicit analytical expressions for the
transition and steady state network selection probabilities of the users are derived.
Further, network level parameters like call blocking probabilities and throughput
are obtained in terms of the steady state probabilities. It is shown that the prices
and utilities at the heterogeneous SPs have considerable impact on the overall
network performance.

Next, we consider WLAN SPs’ duopoly price competition with uncertainty



in users’ network selection. The uncertainty is modeled by the proposed novel
framework. In the presence of such uncertainty, the price competition game of
WLAN SPs is analyzed and the existence of Bayesian NE is proved. Using the
PoA as a metric of efficiency for social welfare maximization, it is shown that an
increase in competition does not result in significant losses in efficiency. Compared
to a monopoly, an unregulated duopoly of WLAN SPs is recommended as it results

in a more equitable distribution of surplus amongst the SPs and users.

vi



Table of Contents

Acknowledgements

Abstract

Acronyms

List of Figures

1 Introduction

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Introduction . . . . . ...
User Utility . . . . . . . ..
Modeling Wireless SPs” Competition . . . . . .. ... ... ...
Modeling Users’ Network Selection . . . . . ... ... ... ...
Related Work . . . . . . .. ..o
Motivation . . . . . . . ...
Key Contributions . . . . . ... ... ... ... ... ... ...

System Model . . . . . . . . . . .. ... ... ..

vii

ii

iv

xil



1.9

Organization of Thesis . . . . . . . . . . ... ... .. .. .... 19

Analysis of WLAN Service Providers’ Price Competition in Pres-

ence of Heterogeneous User Demand 22
2.1 Imtroduction . . . . . . . ..o 22
2.2 User Demand Distribution . . . . . .. ... .. ... ... .... 24
2.3 Price Competition Analysis . . . . ... ... ... ... ..... 28
2.4 Surplus Analysis . . . . ... 36
2.5 Numerical Results . . . . . . . ... ... ... .. 40
2.6 Summary . .o 42

A Probabilistic Approach to Modeling Users’ Network Selection

in Presence of Heterogeneous Wireless Networks 47
3.1 Introduction . . . . . . .. ... 47
3.1.1 User Utility Model . . . . . .. ... ... ... ...... 49
3.1.2  Mobility Model . . . . . .. ..o 52
3.1.3 Service Model . . . . . ... ... 53

3.2

3.3
3.4
3.5
3.6

Proposed Probabilistic Framework for Modeling User Network Se-

lection . . . . . .. 54
Network Transition Probabilities. . . . . . ... .. .. ... ... 29
Steady State Network Selection Probabilities . . . . . . .. . . .. 65
Network Level Analysis . . . . . . . .. ... .. ... ... .... 68
Numerical Results . . . . . . .. .. .. ... ... 71

viil



3.7 Summary . ... ...

4 WLAN Service Providers’ Price Competition

in User Demand

4.1 Introduction . . . . . . ... ... ... ...
4.2  Markov Model for User Network Selection . . .
4.3 Steady State User Demand Distribution . . . .
4.4 Bayesian Price Competition Game . . . . . ..
4.5 Efficiency Analysis . . . .. ... ... ... ..
4.6 Numerical Results . . . . .. .. ... ... ...

4.7 Summary . . ... ...

5 Conclusion and Future Work

5.1 Contributions of this Research . . . . . . . . ..

5.2 Future Work . . . . . . . . ... ...

Bibliography

1X



	TH-4428.pdf

