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Abstract

In short distance communication technique like Ultra-Wideband (UWB) communi-
cation the log-normal fading model is a generally accepted channel model. In this
thesis, we begin by proposing an alternate numerical approach to evaluate average
symbol error probability in a log-normal channel. Average symbol error probability
for maximal ratio combining Rake receiver in UWB multi-path channel is evaluated
using the proposed numerical approach. It is shown that the proposed method is more
general with comparable accuracy. We then propose multi-hop decode-and-forward
relaying for range extension of UWB system using non-coherent transmitted reference
UWRB receiver. Distribution of individual hop signal-to-noise ratio is approximated by
a log-normal distribution and subsequently end-to-end average bit error rate is evalu-
ated analytically. It is found that the performance improvement in average transmit
signal-to-noise ratio is not equal as the number of hop increases. It decreases with
increase in hop number in the line-of-sight channel.

In an energy constrained multi-hop relaying network, the end-to-end quality-of-
service must be optimized. Hence, joint optimization of power allocation and relay
location is proposed for amplify-and-forward relaying over independent log-normal
channels. The proposed optimization method maximizes the end-to-end average
signal-to-noise ratio. It is observed that joint optimization can even outperform
instantaneous signal-to-noise ratio based power allocation. Subsequently, joint op-
timization of power allocation and relay location is proposed for decode-and-forward
relaying using the same system model of amplify-and-forward relaying. Optimization
is now carried out in order to minimize the outage probability and end-to-end average

bit error rate. All the optimization problems reformulated from the original problems



are shown to be convex except for the optimization of relay location in minimizing
outage probability at the low signal-to-noise ratio scenario. It is then solved using
properties of concave minimization. It is observed that performance improvement in-
creases with increase in link unbalance and distance based allocation is most effective
in performance improvement.

Relaying not only increases the area of interception it can even provide diversity
benefit to the eavesdropper. Thus, towards the end of the thesis, a dual-hop amplify-
and-forward system is considered in Rayleigh fading channel with an eavesdropper.
We consider maximal ratio combining and selection combining diversity by the eaves-
dropper. Closed-form expressions for upper, lower bounds and approximate secrecy
outage are derived. In order to achieve the same performance of selection combining,
maximal ratio combining requires relatively higher signal-to-noise ratio at lower rate.
It is also interesting to observe that either one of the dual-hop link can equally limit
the secrecy outage performance.

Relay selection can further improve the secrecy outage performance. Secrecy out-
age probability of optimal, traditional and suboptimal relay selection schemes is eval-
uated for a dual-hop regenerative multi-relay system in Rayleigh fading channel. Par-
tial relay selection schemes are introduced. An optimal relay selection scheme is
proposed which does not require any instantaneous channel information. Improve-
ment in eavesdropper link quality affects the secrecy outage more when the required
secrecy rate is low. It is also interesting to observe that either of the source-relay or

the relay-destination link quality can equally limit the secrecy outage performance.
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