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Constrained Higher Order Statistics Based Multiuser Detection

Ping Liu

Dept. of Electrical Engineering
Arkansas Tech University

Russellville, AR 72801

Abstract

In this project, we will investigate higher order statics (HOS) based approaches to blind
multiuser detection in an uplink CDMA system in the presence of unknown multipath chan-
nels. Since system information is embedded in the statistics of the received data vector, it is
thus possible to retrieve them from the received data and then construct optimal receiver to
detect the desired symbols. To remove user ambiguity and guarantee detection of desired user’
symbols, some constraints on the receivers are imposed, resulting in constrained HOS based
multiuser detection. Existing approaches in this category have shown some limitations. First,
the convergence problem remains largely open. Second, most approaches consider detection of
only one user at one time, which might be ineffcient for uplink communications. In this project,
we will develop globally convergent approach to detect either one user’s symbol or all users’
symbols simultaneously. Performance analysis in terms of convergence, channel estimation mean-
squared-error, detector’s bit-error-rate will be studied. Extensive simulations involving different

communication scenario will be conducted to verify the proposed approaches.

I. OBIJECTIVE

The research goal is summerized into the following two aspects:
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« For detection of a single user, we will try to solve the convergence problem by proposing
new constraints and deriving closed-form solution for our proposed approach.
« Then we will consider detection of all users simultaneously by applying cross-cumulant

properties among different users’ symbols.

II. SIGNIFICANCE

In the field of multiuser detection, considerable recent research has been focused on higher
order statistics (HOS) based solutions, since second-order statistics (SOS) criteria in most cases
do not suffice for the complete separation of the sources due to the existence of a unitary matrix
ambiguity. The HOS approaches can be divided into two categories. One is to consider only the

user of interest, such as in downlink CDMA systems. With the given spreading codes of the

- desired user, the detector is forced to satisfy a set of linear constraints such that the signals of

only the desired user is detected [5], [7], [6], [8], [9], [5], [10]. The other one is to design a
bank of detectors to recover all user’s signals, such as in base stations. In the second category, to
ensure that each detector detect the signals of a distinct user, multistage successive cancellation
(MSC) [1] or a Gram-Schmidt orthogonalization on the detectors [3] are implemented.
However, existing approaches have shown some disadvantages. In the first category, [8]
exhibits local minima and inability to optimally combine signal components from different paths.
The approaches [9], [5] are batch iterative algorithms based on a batch processing of a block of
data. Their global convergence has not been established analytically. Our previously developed
CMA-based method [7], [10] requires proper initialization for the constraint vector. In the second
category, the MSC approach [1] might suffer from error accumulation in the final solution, due
to imperfect subtraction of the detected signals in previous stages, while the Gram-Schmidt
orthogonalization [3] performed at each step imposes some computational complexity. At the
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end of detection, the user ambiguity due to the position rotation is still unavoidable in those

approaches. Motivated by the facts, we plan to develop new schemes for detecting either one or

all users at the same time. Convergence issues will be mainly tackled in our research.

(1]
[2]
(3]
(4]

o

[6]
(7

(8]

9
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