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Abstract

In a practical wireless communication system, a transmitter needs to adapt its trans-
mission depending upon the channel conditions, interference constraints, security con-
straints, etc. For this, the transmitter requires full channel state information (CSI)
which is difficult to achieve in practice due to bandwidth constraints and channel co-
herence time limitations. On the other hand, exploiting channel statistics or providing
partial CSI at the transmitter (CSIT) is practically more feasible. Therefore, quantized
feedback based precoding schemes are quite useful for next generation wireless com-
munication. In these schemes, instead of full CSI, index of the most favorable precoder
matrix is conveyed from receiver to transmitter over a low-rate feedback link. However,
due to the inevitable fading nature of the wireless feedback link, it is often unrealistic
to obtain error-free feedback bits at the transmitter. The spurious feedback information
drastically degrades the system performance. Thus, in this dissertation, we perform a
detailed performance analysis of imperfect quantized feedback based precoding schemes
over radio frequency (RF) and free space optical (FSO) communication systems. In
particular, we explore how these schemes can be used to reduce the performance gap
between orthogonal space-time block codes (OSTBCs) and beamforming with the help
of partial CSIT. Further, a thorough comparison between existing precoding schemes
with the proposed schemes is also performed. Moreover, we show that the considered
precoding schemes are helpful in improving the secrecy gain of wiretap systems.

At first, we analyze the performance of feedback assisted diagonal precoding scheme
over limited transmit antennas based RF-multiple-input single-output (MISO) commu-
nication system employing non-orthogonal STBCs and OSTBCs. The performance of

the proposed error tolerant scheme is evaluated in terms of pairwise error probabil-
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ity, bit error rate, and symbol error rate. Optimized transmit diagonal weights are
obtained by minimizing the derived closed-form expression of error probability /rate.
It is illustrated by numerical results that the proposed schemes remain insensitive to
feedback error in comparison to the best transmit antenna selection (BTAS) scheme.
Next, we propose a generalized diagonal precoding scheme for an arbitrary MISO sys-
tem employing imperfect feedback. A new signal-to-noise ratio (SNR) adaptive scheme
is also introduced which works very close to the BTAS scheme. Later, the error per-
formance and ergodic rate of the SNR adaptive scheme are analyzed over large-scale
multiple-input-multiple-output (MIMO) system. Further, we show that the proposed
scheme outperforms the other considered weighted and unweighted schemes in term of
all the investigated performance metrics.

An effective alternative to the existing RF communication and optical fibre com-
munication is FSO communication; as it provides the speed of fiber optic cable and
wireless connectivity. However, the performance of the FSO system is highly depen-
dent on the atmospheric conditions and misalignment errors. Therefore, quantized
feedback based beamforming schemes for an FSO MISO system under pointing error
are proposed for erroneous feedback information. It is deduced that similar to RF com-
munication, the proposed feedback based transmission schemes successfully achieve the
maximal diversity order despite imperfect feedback. Further, it also observed that the
proposed schemes provide noticeable coding gain under various atmospheric conditions
including misalignment error. Moreover, it is shown that the feedback based precoding
can be applied for attaining physical layer security. The secrecy performance gain is

analytically characterized for the proposed diagonal precoding scheme.
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