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Abstract

Code Division Multiple Access is a common wideband communication system, due to its
high data rates, bandwidth efficiency, multiple user services and securities. However, this
scheme doesn't treat channel problems perfectly. Hence, the Multi-Carrier (MC-CDMA) of
combining Orthogonal Frequency Division Multiplexing (OFDM) with CDMA is found,
using the advantages of both schemes. Further advantages can be achieved by combination
of MC transmissions with Direct Sequence (DS) CDMA, known as MC-DS-CDMA, which
is considered as one important technique for beyond third generation mobile wireless
systems. Actually, this technique has been adopted for CDMA2000 third generation
cellular standard.

The MC-DS-CDMA better compensates multipath fading problems of non-ideal channels
by using adaptive channel estimator filters. Furthermore, this scheme can suppress the
Multiple Access Interference (MAI) problem due to cross-correlation properties of its
spreading codes, by using adaptive receivers. Indeed, this performance is obtained under
certain conditions.

Channel status information are assumed to be perfectly known when considering a receiver
structure of a decorrelator along each carrier for suppressing MAI, followed by a Maximum
Ratio Combiner (MRC). Unfortunately, the channel coefficients are unknown and must be
estimated to compact these fading effects. In reality, the Kalman filter based channel
estimator works well in time varying fading channels. However, this requires the a priori
estimation of the autoregressive (AR) parameters. Based on the well-known Jakes model,
AR parameters can be obtained by first fitting AR process autocorrelation function to the
Jakes one and then solving the resulting Yule-Walker equations (YWE). But we have to
pay attention to the condition number of the autocorrelation matrix of this YWE, which
determines the accuracy of the solution.

Due to the band-limited nature of the Jakes Doppler spectrum, severe ill-conditioning
problems in solving YWE are unavoidable for all but very small AR model orders. For this
reason and for the sake of simplicity, we find previous studies focus only on first and
second order AR models. To avoid the ill-conditioning problem, a very small positive bias
is added to the main diagonal of the autocorrelation matrix in the YWE. Indeed, this can
remove band-limitation of the original spectrum.

As the ill-conditioning can be solved investigating the relevance of high order AR models
can be done, hence, better approximations to the Rayleigh fading channel could be
achieved. However, the higher AR model orders the higher computational costs. Thus, a
compromise between the model accuracy and the computational cost has to be found.

In this work we investigate high AR model orders using Kalman filtering based channel
estimator for a synchronous MC-DS-CDMA scheme in time varying fading channels.

Simulation results of BER performance for different channel estimators under realistic
Jakes fading channel is presented, which investigates the relevance of high AR model
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orders for retrieving transmitted data sequences using the Kalman filtering based channel
estimator.

Furthermore, we consider the high order AR models with known Doppler rates, or
equivalently, mobile speed, with different fading rate scenarios.

For the purpose of comparative study, we also carry out channel estimation by Least Mean
Square (LMS) and Recursive Least Square (RLS) channel estimators, followed by MRC.
Simulation results show that the Kalman filter based channel estimator provides better
results than those based on LMS or RLS, especially in high Doppler rate environments. In
addition, increasing the AR model order yields better modeling approximation to the fading
channel and provides lower BER. Furthermore, a fifth order AR model can provide a trade-
off between the accuracy of the model and the computational cost.
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