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Abstract

The demand for higher data rate from wireless devices is currently
growing at an exponential rate and this growth is attributable to the
proliferation of sophisticated devices such as smart-phbnes and tablet
computers that are enabled for broadband services. In order to cope with this
traffic demand trend, operators and service providers are considering
integrating OFDMA-based femtocells on the existing cellular network. A
femtocell is a low-power, user-deployed indoor base station that backhauls users
data to the core network through a broadband connection, while OFDMA
(Orthogonal Frequency Division Multiple Access) is an air-interface technology
with unique qualities for supporting high spectral efficiency. Base station
deployment in current cellular systems is usually preceded by a detailed
network planning and optimization procedure. Femtocells, however, will be
deployed in an ad hoc manner, thus making pre-deployment planning and
optimization procedure in femtocell networks challenging which could
consequently lead to coordination and interference problems.

This thesis addresses some of the major technical problems that have
delayed' the widespread deployment of femtocells. It is very difficult to centrally
coordinate a large number of femtocells in a network. It is even more difficuit
when the femtocells are randomly deployed by end-users who lack RF (radio
frequency) technical skills. Femtocells are, however, devices foreseen of being
capable of addressing the challenges associated with the delivery of true
broadband services to end-users in the current cellular age. Hence, resolving
technical issues delaying femtocell's widespread deployment is inevitable and it
is the focus of this thesis. Particularly, this thesis provides feasible solutions to
coordination and interference problems and the performance of the solutions
are examined through system level simulations. ’ »

Chapter 1 of this thesis discusses the history of cellular technology and
also the current cellular trend. In the chapter, multi-tier networks and

~ interference are briefly introduced. The chapter also contains our contributions

and the outline of the thesis.

Chapter 2 of this thesis describes interference mitigation and base
station coordination methods in muiti-tier networks. Coordination is necessary
for appropriate resource distribution among co-tier and cross-tier base stations.
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Interference is tightly linked to coordination such that poor inter-cell
coordination could result in interference. Coordination can either be achieved
in a centralized or in a distributed manner. Due to the expected large number of
femtocells that will be deployed and also due to the unorganized manner of
femtocell deployment, distributed coordination will be more suitable for
femtocell networks than its centralized counterpart. .

Chapter 3 of this thesis considers resource partitioning problem. A good
resource partitioning method ensures that each user in the network receives a
fair portion of the network resources. We solve resource partitioning problem in
Fractional Frequency Reuse (FFR) using mathematical tools. Our method focuses
on modeling network resource partitioning parameters in a way that jointly
achieves macrocell user fairness and femtocell user maximum throughput.
Giving special attention to the maintenance of user fairness in macrocell
networks is of paramount importance since the probability of unfairness among
users in this network is high partly due to the largeness of the coverage area of
the macrocell; the largeness of the coverage area widens the margin between
the reception qualities of users that are faraway from the base station and those
located near the base station. Besides, the larger the population size of users
sharing the limited radio resources is, the higher the probability of having an
unfairly served user(s); and this is the case of the macrocell. In the case of
femtocells, access to some sub-bands of the frequenéy spectrum by the
femtocells is prohibited in an effort to reduce the potential interference that
their '(femtocells) deployment introduces to the macrocell tier. Hence,
maximizing femtocell throughput is necessary to minimize the throughput
degradation impact that the imposed spectrum access restriction has on them
(femtocells). Keeping these two aims (i.e., macrocell user fairness and femtocell
throughput maximization) in mind, we developed a resource partitioning
technique for a multi-tier OFDMA-based network and the results obtained serve
as important references for the deployment of OFDMA-based multi-tier systems.

Chapter 4 of this thesis discusses femtocell-to-femtocell interference
mitigation. Mitigating femtocell-to-femtocell interference is important but
effectively doing so is challenging due to the unplanned/unorganized manner of
deployment of this type of base station. An optimal approach to interference
mitigation in femtocell networks would require a centralized controller which
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may be practically challenging considering the associated computational

complexity and the size of control traffic involved when the network size is large.

Hence, a distributed approach is more promising. We developed a
femtocell-to-femtocell interference mitigation scheme that relies on cooperation
among closely located femtocells. In our scheme, femtocells are grouped into
clusters and cluster-heads of each cluster coordinate network resource usage by
its cluster members. Two variants of the proposed cluster scheme are

" investigated, nameI\(the fair cluster scheme and the greedy cluster scheme,

respectively. A third scheme, autonomous scheme, is used as benchmark with
which the performance of our proposed cluster scheme is compared. System
level simulations were performed during which the network density and the
users-to-base station separation distances were varied. The results of
simulations show that the throughput performance of our proposed fair cluster

'scheme is superior to that of the greedy cluster scheme and is also superior to

that of the autonomous scheme under all network densities considered. The
greedy cluster scheme also showed superior throughput performance compared
to the autonomous scheme in all cases of low to medium network densities. The
results of varying the user-to-base station separation' distance again showed
that fair cluster scheme yields superior throughput performance compared to
the other two schemes (i.e.; the greedy cluster scheme and the autonomous
scheme). The proposed greedy cluster scheme showed throughput performance
improvement on the autonomous scheme at fairly large user-to-base station
separation distances but the improvement disappeared as network density
increased. i

Chapter 5 of this thesis considers femtocell-to-macrocell interference
mitigation. Cross-tier interference between the macrocell and the femtocell
layers is one of the most important issues that must be addressed in order to
prevent the deployment of femtocells from degrading the performance of legacy
macrocell networks. We developed an interference mitigation scheme in which a
batch scheduling procedure was designed for the macrocéll, while a power
control procedure was designed for the femtocell. The batch scheduling
implemented at the macrocell is based on a modification of the standard
proportional fair scheduling scheme. For clarification, “batch” in this context
denotes muitiple TTIs (Transmission Time Intervals). Scheduling resources in
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batch at the macrocell allows the surrounding femtocells to be able to predict
the future resources that will be used by the macrocell such that, interference
mitigation through femtocell power control is enhanced. System level
simulations were conducted, and throughput results showed the effectiveness of
our scheme at reducing femtocell-to-macroceli interference. Our scheme also
improved network-wide fairness while conforming with the LTE standard
specification that prohibits macrocell-femtocell direct coordination.

Chapter 6 of this thesis contains the general conclusions and future
work. The chapter also discusses how all the schemes proposed in Chapters 3
through 5 can coexist in the same network. In this thesis, preference is given to
the distributed coordination method since it is more suitable than the centralized
coordination method for ad hoc-like networks such as femtocell networks in
which detailed pre-deployment RF planning and optimization is challenging.
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