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In this dissertation, we propose multi-rate coding schemes for Gaussian multiple access channel.
In multiple access communication systems, multiple users attempt to communicate simultaneously,
at various transmission rates, with a common receiver through the multiple access channel, even in
the presence of Gaussian noise. In our coding schemes, the same encoder is employed for each
user, and different rate transmissions is realized by adjusting the parameter of the encoder. We
analyze the decoding performances of our coding schemes, and obtain the optimal coding
parameters, which gives the maximum sum rates and approach the theoretical limits of the channel.
The proposed coding schemes support multimedia services, and avoid employing multiple
channel encoders to implement the multi-rate transmission.

This dissertation is constituted by six chapters.

In Chapter 1, we review the fundament of channel coding and decoding for Gaussian multiple
access channe]l (MAC). In multiple access communication systems, from practical consideration,
it is required for users to employ the same encoder for supporting multi-rate transmission. We
briefly introduce our basic idea for the multi-rate transmission, and give the main research results
of this Ph. D. work.

In Chapter 2, we review coding and decoding of the repeat accumulate (RA) codes. RA codes
are a class of the simplest forms of LDPC (low density parity check) codes that provide
capacity-approaching performance over point-to-point Gaussian channel. Moreover, RA encoder
can provide various rates by varying its coding parameter, i.e., the repeat number, and thus plays
an important role in our multi-rate transmission.

The Chapters 3, 4, and 5 are the central parts of this dissertation.

In Chapter 3, we introduce a multi-rate transmission in two-user multiple access communication
systems. Each user employs the same RA encoder but with different parameters, i.e., the repeat
numbers, in the encoder. At the receiver, we perform a belief propagation (BP) decoding on a
single factor graph, where at sum (two-user superimposed signals) node, the maximum a priori
(MAP) detection is carried out. We develop a univariate fixed point analysis to obtain a system
equation array of parameters of RA codes. This makes possible to represent the parameters of RA
codes explicitly as functions of the fixed point. We find the optimal parameters of RA codes that
give the maximum sum rate. Numerical results show that our optimized two-user multi-rate RA
code is superior to the conventional equal rate code in maximum sum rate, and approach the
Shannon limit.



In Chapter 4, we introduce a multi-rate transmission in multi-user multiple access

communication systems. We equally divide X users into multiple groups, and users in identical
group has a same transmission rate. For each user, we employ a RA code serially concatenated
with a spreading to implement various rates by adjusting both repeat number in RA encoder and
length of spreading in spreader. Here the spreading is to lower the rate and thus to combat the user
interference, since an increase in the number of users results in very serious multi-user interference.
At the receiver, we perform a joint iterative BP decoding (IJD) on a single factor graph, where at
sum (multi-user superimposed signals) node, the elementary signal estimation (ESE) is carried out.
We develop a bivariate fixed point analysis to obtain the optimal parameters (repeat numbers) of
RA code and spreading lengths, which give the maximum sum rate. With the increment of groups,
the maximum sum rates of our optimized multi-rate code increase, and approach the Shannon
limit, and exceeds those of conventional equal-rate transmission.
Instead of pure IJD above, in the receiver we perform hybrid interference cancellation (HIC)
decoding, where successive interference cancellation (SIC) is employed between the groups, and
pure IUD is employed within the group. The HIC scheme provides much lower decoding
complexity than the pure IJD scheme with little degradation in the maximum sum rate, and
outperforms the pure SIC scheme.

In Chapter 5, we also consider the multi-rate transmission in the multi-user systems but with the
SIC decoding in the receiver. The SIC decoding has lower decoding complexity, compared with
1JD and HIC schemes. We give the optimal rate and power profile and provide the sum rate which
are close to the Shannon limits.

In Chapter 6, conclusion of the dissertation is given. We have proposed the multi-rate coding
schemes for the multiple access channel, and analytically gave the maximum sum rates which
approach the theoretical limits of the channel. The proposed multi-rate coding schemes support
multimedia services in practical communication systems.



