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Abstract

Cooperative communication has drawn a lot of attention due to its ability to extend
network coverage and increase the reliability and effective transmission rates of wire-
less communication. Data transmission from a source to a destination can be achieved
through cooperative diversity or multi-hop relaying using various relay selection tech-
niques which are shown to be efficient in using system resources. In a conventional
relaying network, the relay, without employing a data buffer, typically assumes a pre-
fixed schedule for reception and transmission. However, the prefixed scheduling of the
data reception and the transmission at the relay does not guarantee that the best of
the source-to-relay and the relay-to-destination links is utilized when a fading environ-
ment is present. In recent years, for cooperative networks, equipping data buffers at
relay nodes has been proven to offer flexible scheduling of data reception and transmis-
sion, and higher gain in terms of system throughput and diversity. Therefore, in this
thesis, we present a detailed performance analysis of various buffer-aided relay selec-
tion techniques which are proposed for cooperative networks with decode-and-forward
(DF) relays. We have adopted a Markov chain approach to analyze the state transition
matrix that models the evolution of the relay buffer status.

To begin with, we propose, for a dual-hop link with buffer-aided DF cooperative
networks, a relaying scheme which is based on giving a priority to the status of buffers
along with the highest channel gain of wireless links. We derive analytical expressions
for the outage probability and the average bit error rate. Expressions for the steady-
state distribution are also obtained, and through these expressions, it is shown that
states with the same probabilities can be clustered, thus reducing the size of the state

transition matrix. We propose a state-clustering-based method to obtain the reduced
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state transition matrix, which in turn reduces the computational complexity in obtain-
ing the steady-state distribution. Numerical results demonstrate that the proposed
scheme has better performance gain over the existing max-link scheme.

Multi-hop relaying is an important strategy for improved link performance and
increasing the range of communication, while the data buffers at the relays improve the
diversity advantage of the system. Thus, we analyze the performance of a buffer-aided
multi-hop relaying system using the max-link relay selection scheme for DF cooperative
networks. A generalized Markov chain approach is proposed to model the evolution
of buffer status for more than one cluster of relays. Closed-form expressions for the
outage probability and the average packet delay are derived. We also obtain analytical
expressions for the steady-state probability vector for a three-hop buffer-aided system.
Through these expressions, we observe that states with the same probabilities can
be clustered, thus reducing the size of the state transition matrix. Furthermore, we
propose a state-clustering-based method to obtain the reduced state transition matrix,
which is further used to derive an analytical expression for the outage probability with
reduced computational complexity. Numerical results are provided to investigate the
performance of buffer-aided multi-hop relaying networks.

The drawback with the existing max-link scheme in buffer-aided multi-hop relaying
networks is that the end-to-end average packet delay increases with increase in the
buffer size and the number of relays. To overcome this limitation, we propose, for multi-
hop DF cooperative networks, a novel virtual full-duplex relaying scheme, referred to
as center-partition max-link relaying, by using buffer-aided half-duplex relays. In this
scheme, we aim to select two independent available links for data transmission in the
same time slot, which, in turn, improves the overall performance of the system. The
performance of the system is analyzed in terms of outage probability and average
packet delay. The state transition matrix of the Markov chain is constructed and
its steady-state distribution is obtained to derive the outage probability. Numerical
results demonstrate that the proposed scheme provides significant outage performance
with reduced average packet delay as compared to that of buffer-aided multi-hop DF

relaying networks using the conventional max-link scheme.
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