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Abstract

Demand for wireless broadband has increased tremendously over the past few years.
Due to the spectrum scarcity problem in the licensed bands, cognitive radio (CR) could
be employed to provide broadband services to the users. In this dissertation, the issues of
efficient broadband coverage involving CR network (CRN) in urban and rural areas are
addressed. In rural areas, a significant fraction of the population is deprived of broadband
access due to the problem of connectivity. The unique challenges in enabling rural con-
nectivity are sparsity of population locations and modest income of the villagers, which
induce low return on investment to the conventional cellular network providers. Due to
scarcity of spectrum resource, communication over unused TV bands, called white space
access (WSA), is being considered as a possible solution. In the first part of this disserta-
tion, to provide mid-haul connectivity to rural users, a novel cluster-based WSA network
architecture and the associated protocols are proposed for efficient rural broadband cov-
erage. Via analytical study, the proposed architecture is demonstrated to be cost-effective

and energy-efficient, while being scalable at the same time.

In the urban scenario, cellular and other dynamic spectrum bands in GHz range are
exploited for CR operation. Here, the primary user (PU) activity is more agile, and CRs
need to sense the channel intermittently for dynamic spectrum access (DSA). In energy-
constrained CRNSs, the choice on single-channel access (SCA) versus multichannel ac-
cess (MCA) is critical for energy saving and sustainable network operation for DSA. In
the second part of this dissertation, energy efficiency of switched MCA and fixed SCA is
studied and compared in CRNs. In MCA, a secondary user (SU) switches channel with
certain probability whenever it encounters a busy channel. In SCA on the other hand,
the SU stays on the same channel for its usage and waits for its availability. Via an an-
alytical framework the channel utilization and energy efficiency is derived for the two
schemes. From the results PU traffic dependent optimum switching probability is exam-
ined in MCA and the regime of PU activity dynamics where SCA outperforms MCA is

investigated.

In the third part of this dissertation, a class of energy-efficient single-channel DSA
(SC-DSA) protocols is proposed for SU communication over one PU channel. The pro-
posed variants of SC-DSA can be optimized with respect to different back-off strategies
and SU packet lengths. Via Markov chain models and numerical analysis, the optimal

SU packet length and inter-sensing time are derived for optimal SU performance in the



SC-DSA variants. The protocol performance is evaluated in terms of SU goodput, SU
energy efficiency, and PU collision ratio. Adaptability of the proposed SU operation pro-
tocol in practical scenarios is tested over cellular GSM band as well as over ISM band
carrying real-time video over IP based PU traffic. Performance studies demonstrate that
the proposed protocols offer significantly high channel utilization while keeping the PU
collisions below an acceptable threshold. An outline of the proposed protocol operation,
wherein the protocol adapts to the changing PU traffic load for optimized spectrum access
performance, is also given.

Finally, to enhance the last-mile CR solution in urban/sub-urban/rural areas, in the
last part of the dissertation, a new paradigm called cognitive multihoming (CM) is intro-
duced, which alleviates the spectrum scarcity problem in the cellular networks. In CM, a
CR-enabled base station transmits to the users simultaneously over the licensed cellular
bands and PU bands in CRNs. The CR aspect incurs lower transmission cost, however
at the expense of higher energy consumption due to intermittent channel sensing. On the
other hand, transmission via licensed cellular network (LCN) is expensive because of its
licensing premium. Performance of the proposed CM is analyzed in two scenarios. In
the first scenario multiple real-time (RT) and non-RT users request unicast downlink con-
tent from the network, while in the second scenario multiple CM users request scalable
video content from the network. To minimize the transmission cost while meeting the
users’ energy and received video quality constraints, sensing duration and transmission
rate over CRN, transmission rate over LCN, and network selection for retransmission of
lost packets are adjusted. Optimal resource allocation and call admission control algo-
rithm is proposed for the two scenarios. The proposed scheme is compared with the cases
where a user operates over a single network, either LCN or CRN. The system perfor-
mance results indicate that the proposed CM strategy significantly decreases the cost to
the users as well as serves a higher number of users.

The solutions proposed in this dissertation aid in capacity enhancement of the present
bandwidth-constrained wireless networks as well as offer energy-efficient network perfor-
mance. Via extensive analytical formulations, deeper insights into the protocol operation
in CRNs have been developed which would be useful in wide application areas, such as,

rural broadband access, cellular broadband networks, and CR sensor networks.
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