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Abstract

There is a restriction on the transmit power of secondary users (SUs) in underlay cog-
nitive radio networks (CRNs) due to the interference temperature constraint imposed
by the primary receiver (PRx). Multi-hop relaying is an efficient strategy to increase
the coverage area in scenarios with per node transmit power constraints. Cooperative
multi-hop relaying with cluster of relays in each hop, can be employed to enhance the
performance of CRNs by exploiting the broadcast nature of the wireless channel. In
this dissertation, we present a detailed performance analysis of various path selection
schemes for cooperative/cluster-based multi-hop CRNs with decode-and-forward (DF)
relays. Both peak-power and peak-interference constraints are imposed on the transmit
powers of SUs, and Rayleigh fading is assumed for the channels between various nodes
present in the system.

At first, we analyze the performance of cooperative multi-hop CRNs with fixed DF
relays using the optimal-path-selection. This scheme chooses a multi-hop path with
the best end-to-end equivalent signal-to-noise-ratio (SNR). The optimal path selection
requires global channel-state-information (CSI) for choosing the best path, which over-
burdens radio frequency chains of transceivers. In order to reduce the CSI overhead, an
ad-hoc routing scheme called max-link-selection is studied. This scheme selects a path
with the best received SNR in each hop except last two hops. For the final two hops of
transmission, a path that maximizes the equivalent SNR of these hops is chosen. The
performance of both these schemes is evaluated in terms of their outage probability,
symbol-error-rate (SER), ergodic rate, and diversity order.

In underlay CRNs, with peak-interference-constraint, transmitting power of an SU

is a function of its channel gain to the PRx, which is a random variable. By exploiting
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this unique characteristic of CRNs, we propose and analyze a novel ad-hoc routing
scheme for cooperative multi-hop CRNs with selective DF relays, which is termed as
best last highest transmitting power rest (BLHTPR) scheme. Here at each hop, the
relays whose received SNR exceed a predefined threshold form a set called as decoding
set. In the BLHTPR scheme, a relay with best transmitting power is selected from
each decoding set except in the last hop, whereas a relay with the best SNR to the
destination is selected from the final decoding set. Next, we study the performance
of a cooperative multi-hop CRN with best last arbitrary rest (BLAR) routing scheme
that selects a relay arbitrarily from the decoding set in each hop except in the last
hop, where a decoding relay with the best SNR to the destination is chosen as in the
BLHTPR. We analyze the performance of both these schemes, and compare them with
that of the max-link and optimal path selection schemes.

With serial multi-hop relaying, the number of time slots taken for conveying the
source’s data to the destination equals to the number of relaying hops. As a result, the
data throughput of the multi-hop relaying declines with increasing number of hops.
To circumvent the implied loss in data throughput due to multi-hop relaying while
improving the coverage area, we propose two incremental relaying (IR) schemes with
selective DF relays. The first scheme, namely, IR based highest SNR (IR-HSNR)
scheme chooses a relay from each decoding set with best SNR to the PRx. The second
scheme, referred to as the IR based highest transmit power (IR-HTP) protocol picks
a decoding relay with highest available transmit power at each hop. For both of these
protocols, it is assumed that a dedicated error free one bit feedback link is available
from the destination to all other nodes in the considered system. This feedback bit
informs whether the destination has received a sufficiently strong signal or not during
the current relaying hop. The status of the feedback bit decides whether to use the
relays in the succeeding hop or not. It is demonstrated through numerical results
that the throughput performance of the IR-HSNR is superior to that of the IR-HTP,
whereas the latter has lower implementation complexity. Furthermore, we show that
throughputs of both these IR schemes outperform that of the existing relay selection

schemes without IR.
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