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Abstract

In recent years, the main trend in wireless communications has been shifted
from voice transmission to data-centric communication. This shift has caused
an increase in the data rate requirements for future wireless communication
systems. These requirements result in need for large bandwidth. Being a
limited and thus expensive resource, wireless spectrum needs to be used
efficiently. For higher spectral efficiency, new transmission techniques as
well as new dynamic spectrum-allocationpolicies are needed. Cognitive
radio is a promising approach for increasing spectral efficiency of wireless
systems. By exploiting advanced signal processing techniques and sophisticated
transmission schemes, cognitive radio devices allow to serve new wireless
users within the existing crowded spectrum. Typically, a cognitive radio
network is installed in parallel to an existing primary network, a legacy owner
of the spectrum. The cognitive radio network adapts to its electro-magnetic
environment in order to limit or even avoid the disturbance to the primary
network. This thesis focuses on the underlay cognitive radio paradigm, which
assumes that both the primary network and the ad hoc cognitive radio network
operate within the same time and frequency band, as well as at the same
geographic location. The cognitive network is able to estimate the interference
caused to the primary network by means of channel training and possible
feedback. This knowledge is then used to adjust the cognitive network’s
transmissions in such a way that the disturbance to the primary network is
below some acceptable threshold. In the first part of the thesis, we discuss the
multi-hop line cognitive networks, in which the information content before
reaching its destination passes through several hops from node to node within
the cognitive network. In this way, transmission power at the source terminal
may be decreased, thus producing less interference to the primary network.
Moreover, the powers at each terminal within the cognitive network may be
optimally allocated so that the interference constraint at the primary network
is satisfied. This power allocation can be realized in both centralized and
decentralized ways, depending on the available information about the channel
state. We discuss both of these allocations subject to different interference
constraints employed at the primary network. In the second part of the thesis,
we discuss the reliability of transmission within the line cognitive ad hoc
networks in terms of outage probability and diversity. We also illustrate the
benefit of network coding for such networks and provide a heuristic algorithm
for optimal scheduling. In the final part of the thesis, we study the uplink relay-
assisted cellular cognitive radio scenario. Both, the cognitive network and the
primary network, contain a set of multi-antenna users that communicate with
a corresponding base station. The users create mutual interference and hence
limit each other’s performance. Using certain mathematical tools originally
developed within the field of statistical physics, we are able derive a closed-
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form expression for the ergodic mutual information for arbitrary channels
inputs, which enables characterization of the achievable rate region of such
scenario.
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