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Abstract

The steep growth in the mobile data traffic has gained a lot of attention
in recent years. This growth is mainly the result of emerging applications,
multimedia services, and revolutions in the device technology. With current
deployments and radio resources, operators will not be able to cope with
the growing demands. Consequently, there is a need to either provide new
resources or increase the efficiency of what is available. Proposed solutions
for accommodating growing data traffic are based on improvements in three
dimensions: efficient use of radio resources especially the spectrum, technology
advancements, and densifying the current infrastructure. In this thesis, we
focus on the spectrum dimension. Providing more spectrum is a long-term
process. However, increasing the spectrum usage and efficiency can be put
rapidly in practice. We discuss potential solutions in the area of spectrum
sharing. Among enabling technologies to facilitate spectrum sharing, we
consider the cognitive radio and device-to-device (D2D) communications.

In order to gain from sharing the spectrum, systems need to somehow deal
with extra sources of interference. In the first part of the thesis, we consider
a primary-secondary sharing model in cognitive radio networks. We employ
the cooperative communication method in order to facilitate the access of
the secondary system to the licensed spectrum of the primary system, and
therefore increase the spectrum usage. The cooperation between the two
systems is formed provided that it is beneficial for the primary system. In this
way, the primary users' quality-of-service can be preserved while at the same
time the secondary users can access the spectrum. This cooperative approach
prevents both systems from concurrent transmissions. As a consequence, the
need for interference control techniques are eliminated. We evaluate different
models and transmission schemes and optimize the corresponding parameters
to quantify the gain resulting from cooperative spectrum sharing.

In the second part of the thesis, we consider spectrum sharing within
one system between different types of users. This is done in the context of
D2D communications where close proximity users can transmit directly
to each other. For this type of communications, either dedicated resources
are allocated or resources of the cellular users are reused. We first study
the feasibility of cooperation between D2D and cellular users and identify
the scenarios where it can be beneficial. Then we take on a challenging
problem which guarantees the gain from the D2D communication, namely the
mode selection. For this problem, we characterize the decision criteria that
determines if D2D communication is gainful. Next, we focus on the problem
of interference in D2D communications underlaying cellular networks, where
the same spectrum is reused in the spatial domain. In such scenarios, the
potential gain is determined by how the interference is managed, which in turn
depends on the amount of available information at the base station. The more
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information is required, the more signaling is needed. In this part of the thesis,
we address the trade-off between the signaling overhead and the performance
of the system and propose a novel approach for interference control which
requires very little information on the D2D users.
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