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Abstract

This thesis studies some fundamental aspects of wireless systems with partial
channel state information at the transmitter (CSIT), with a special emphasis
on the high signal-to-noise ratio (SNR) regime. The first contribution is a study
on multi-layer variable-rate communication systems with quantized feedback,
where the expected rate is chosen as the performance measure. Iterative
algorithms exploiting results in the literature of parallel broadcast channels
are developed to design the system parameters. Necessary and sufficient
conditions for single-layer coding to be optimal are derived. In contrast to the
ergodic case, it is shown that a few bits of feedback information can improve
the expected rate dramatically.

The next part of the thesis is devoted to characterizing the tradeoff between
diversity and multiplexing gains (D-M tradeoff) over slow fading channels with
partial CSIT. In the multiple-input multiple-output (MIMO) case, we introduce
the concept of minimum guaranteed multiplexing gain in the forward link
and show that it influences the D-M tradeoff significantly. It is demonstrated
that power control based on the feedback is instrumental in achieving the D-
M tradeoff, and that rate adaptation is important in obtaining a high diversity
gain even at high rates.

Extending the D-M tradeoff analysis to decode-and-forward relay channels
with quantized channel state feedback, we consider several different scenarios.
In the relay-to-source feedback case, it is found that using just one bit of
feedback to control the source transmit power is sufficient to achieve the
multiantenna upper bound in a range of multiplexing gains. In the destination-
to-source-and-relay feedback scenario, if the source-relay channel gain is
unknown to the feedback quantizer at the destination, the diversity gain
only grows linearly in the number of feedback levels, in sharp contrast to an
exponential growth for MIMO channels.

We also consider the achievable D-M tradeoff of a relay network with the
compress-and-forward protocol when the relay is constrained to make use
of standard source coding. Under a short-term power constraint at the relay,
using source coding without side information results in a significant loss in
terms of the D-M tradeoff. For a range of multiplexing gains, this loss can be
fully compensated for by using power control at the relay.

The final part of the thesis deals with the transmission of an analog
Gaussian source over quasi-static fading channels with limited CSIT, taking the
SNR exponent of the end-to-end average distortion as performance measure.
Building upon results from the D-M tradeoff analysis, we develop novel upper
bounds on the distortion exponents achieved with partial CSIT. We show that
in order to achieve the optimal scaling, the CSIT feedback resolution must grow
logarithmically with the bandwidth ratio for MIMO channels. The achievable
distortion exponent of some hybrid schemes with heavily quantized feedback
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is also derived. As for the half-duplex fading relay channel, combining a
simple feedback scheme with separate source and channel coding outperforms
the best known no-feedback strategies even with only a few bits of feedback
information.
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