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In recent years, there have been significant breakthroughs in wireless coﬁmunication systems de-
sign based on the multiple-input multiple-output (MIMO) concept. MIMO technology is considered to
be a viable solution for next generation wireless communications. However, conventional MIMO eval-
vations suffer from limited practical relevance due to simplified assumptions, i.e., about the channel
fading model and parameters. Theoretical fading assumptions may yield poor design for actual propa-
gation conditions. In order to bridge the gap between theoretical and real-world performance, a better
understanding on how the channel affects the performance of MIMO systems is therefore required
to design robust wireless communications. Still, any design has not remain sufficiently to enable the
realistic channel adapted implementation.

In this thesis, we focus on the channel-aware performance evaluation and cost-effective wireless
communication system design. In the following chapters, we investigate the realistic Rician fading
based MIMO channel characteristics and propose several adaptations to improve system performance.
The main body of the thesis is organized as follows. Chapter 1 motivates our work and summarizes
contribution. Chapter 2 gives a background on wireless propagation, and supports the claims of signif-
icant gains achievable with MIMO communication systems in fading environment. Chapter 3 focuses
on the measurement-based, i.e., realistic, channel models that have recently been developed through a
extensive research effort. The realistic channel model capacity varying a wide range of scenarios with
the correlated azimuth spread (AS) and K-factor describes fhat the typical fading assumptions may
distort performance indications in actual channel environment. Chapters 4-7 present our optimized
system design based on the realistic fading channel. Chapter 4 is a background for quasi-cyclic low-
density parity check (QC-LDPC) code with its simplified parity check matrix structure. QC-LDPC
decoding combined with detection is then used in Chapter 7 to cancel interference and converge per-
formance. Chapter 5 discusses popular channel estimation approaches for estimating channel state
information (CSI). Both instantaneous CSI (ICSI) estimation and statistical CSI (SCSI) estimation are
investigated. Chapter 6 first evaluates conventional zero-forcing (ZF) and minimum mean square error
(MMSE) linear detection approaches for realistic Rician fading channels. To enhance performance
by efficiently using CSI, we then propose and analyze a new ZF detector accounts for estimated CSI

and can obtain better detection performance than the conventional ZF detector. According to the guar-
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anteed performance explaine& above, Chapter 7 presents the advanced achievable performance for a
combined MIMO with orthogonal frequency division multiplexing (OFDM) system in the realistic
channel model. We first exploit the receiver with an iterative processing. The adaptation for the iter-
ative receiver by iteratively combining detection and decoding, can reduce the unnecessary iteration
cost by considering the channel conditions. Then, an effort at transmitter is made. We also develop
our analyzed deterministic channel mean to transmitter precoding. Numerical results show similar
advantage by applying our new approach as that in detection. Finally, Chapter 8 considers a channel
encoder/decoder implementation design for a practical standard (IEEE802.11n) based system. The
synthesis implementation results show the benefit of our flexible and compatible design with lower
power consumption. Chapter 9 summarizes our results and concludes the remarkable improvement of

performance in realistic Rician fading. Possible future work is also suggested in this chapter.
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