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Abstract

Cooperative communication is a promising technique for future wireless communication sys-
tems. It provides transmit diversity and improved capacity without implementing an actual an-
tenna array. In this way, it creates a virtual multiple antenna environment and allows the users of
a single-input single-output (SISO) system to exploit the advantages of a multiple-input multiple-
output (MIMO) system. It has been shown in literature that cooperative communication system
generally requires the destination receiver to have perfect knowledge of the channel gains of all
links in the network, for decoding of the data of the source. It is not feasible in a large wireless
network. In a cooperative communication system, it is very important to select a suitable for-
warding strategy at the cooperating node. The commonly used relaying protocols, available in
literature, are amplify-and-forward (AF) and decode-and-forward (DF). In AF protocol, the relay
node scales the received signal from the source and forwards it to the destination; whereas in DF
protocol, the relay decodes the data of the source before forwarding it to the destination. In a DF
based cooperative communication system, erroneous relaying of data leads to degradation in the
performance of destination receiver.

It is shown in the recent researches that a piece-wise linear (PL) decoder of the DF based
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SISO cooperative communication system works well for arbitrary constellations and provides
low decoding complexity. However, the average symbol error rate (SER) expression of the PL
decoder is not available in literature so far. In this work, we carry out the performance analysis
of the PL decoder for single-antenna based DF cooperative system and obtain a closed-form
expression for average SER utilizing arbitrary M/-QAM constellation. It is analytically shown
by using the derived SER that the PL decoder in a DF based cooperative system with one source-
destination pair and a single relay, achieves diversity of two.

In this dissertation, we derive a PL decoder for the DF based MIMO cooperative communi-
cation system utilizing an arbitrary complex-valued M -ary constellation, which performs close
to the ML decoder. The PL decoder requires the destination node to possess the average in-
formation of the source-relay links. The proposed decoder outperforms an AF protocol based
multi-antenna cooperative system. Further, we obtain a closed-form expression for the average
probability of error of the PL decoder using M -PSK constellation and a single MIMO relay. It
is analytically shown that the PL decoder achieves maximum possible diversity in multi-antenna
cooperative system with a single MIMO relay.

In advance wireless communication systems, multiple antennas are employed on a node for
achieving diversity gain and improved error performance. However, in some scenarios, the wire-
less terminals may not be able to support multi-antennas due to hardware limitation. In such
cases, single antenna nodes can share their resources in a multi-user/multi-relay environment to
achieve transmit diversity. Moreover, distributed space-time block codes (STBCs) can also be
applied to multi-node cooperative systems where each cooperating node transmits a single row

of the STBC designed for a co-located MIMO system. Therefore, the distributed STBC based
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cooperative communication system realizes a virtual MIMO system with distributed antennas.
In this dissertation, we analyze an ML decoder of the distributed Alamouti STBC for the DF
based cooperative system with two imperfect relaying nodes. We also consider a DF coopera-
tive system in which one out of two relays is in outage. A PL decoder for the DF cooperative
system with the distributed Alamouti code and one relay in outage is proposed. The PL decoder
provides approximately the same performance as that of the ML decoder with reduced decoding
complexity. We derive the pairwise error probability (PEP) of the ML decoder with BPSK con-
stellation. An optimized transmit power allocation for the relays is performed by minimizing an
upper bound of the PEP. It is shown by simulations that the ML decoder enables the DF proto-
col based cooperative system to outperform the same rate AF protocol based cooperative system

when both systems utilize the distributed Alamouti STBC.
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