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Abstract

Recently, to deal with the ever-increasing traffic demand, heterogeneous cellular net-
works (HCN), wherein macro-cells are overlaid with small-cells, have emerged as effec-
tive means to enhance network capacity. Small-cells are helpful in filling up the coverage
holes and providing extra data service in hot-spots with relatively low capital expendi-
ture (CAPEX). However, due to different cell densities and transmission power ranges
in tiers, spectrum allocation, cross-tier interference management, and load balancing are
critical issues in implementing HCN. For service provider (SP), network management in
terms of pricing and resource allocation in different tiers has become complex. To this
end, the first two parts of this dissertation aim at the resource allocation with economic
framework design in randomly deployed small-cells networks and two-tier heterogeneous

cellular networks.

The first part of dissertation examines a monopoly pricing scheme for randomly de-
ployed small cells, by proposing their profit model, which takes into account the average
data rate and user’s blocking probability. We further consider a dynamic traffic load on
small cells such that operational expenditure for downlink transmission power cost and
maintenance cost can be included in the profit model. Together with user surplus, we
examine downlink transmission power of maximizing profit, feasible price ranges, and

monopoly price based on some system parameters, e.g., pathloss.

In the second part of dissertation optimal bandwidth partitioning problem is studied
for two-tier heterogeneous cellular network with social welfare maximization (SWM) as
an objective. Spectrum is orthogonally partitioned between the tiers. Deployment of
cells in the two tiers (macro- and small-cell tiers) are modeled as spatial Poisson point

processes with different densities, and stochastic geometry is used to analyze the users’



association probability with macro-cell or small-cell based on the maximum signal-to-
interference-plus-noise ratio (SINR) association rule. In SWM, the unique optimal band-
width fraction is analytically obtained for the two tiers. To make the users indifferent
to tiers for services, two different pricing schemes are presented. To ensure feasibility
of pricing schemes, limits on operational cost factor are defined. Simulations validate
the analytical results. It is shown that, with orthogonal spectrum deployment, maximum
SINR association performs better than the flexible cell association scheme. The effects
of different system parameters on the association probabilities and optimal bandwidth
fraction are also addressed.

In the era of 5G with the goal of low-latency communication, Internet of Things (I0T),
and multi-service communication networks, users have different types of resource de-
mands, namely for real-time (delay-constrained) and elastic (delay-tolerant) traffic. Due
to heterogeneous service demands, where users have different quality of service (QoS) re-
quirement, optimal resource allocation to maintain the fairness while taking care of users
satisfaction level is a challenging problem. To address this issue, the third part of this
dissertation presents the resource allocation algorithm such that the utility-proportional
fairness among heterogeneous users can be maximized.

The last part solves two optimization problems which aim at utility-proportional fair-
ness maximization by optimizing power and bandwidth allocation among heterogeneous
users having real-time and elastic traffic. Noting that both problems are non-convex, local
optimal solutions in terms of bandwidth and power are found by alternating optimization
algorithm. Numerical results validate the analysis, represent schedulability and average
utility of real-time traffic user with respect to available resources, and compare utility

fairness performance of both schemes.
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