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channel state information for than ten
milliseconds ahead.

However, its adaptive implementations to avoid the
matrix inversion have not been investigated in detail.
This paper presents the performance comparison
among the various adaptive prediction algorithms for
the LRP purpose. The adaptive QAM transmission
schemes with utilizing the agorithms are thus
proposed for the use in the FDD-based adaptive
transmission under the scenario of flat Rayleigh fading
channels. The scheme is aso built with the pilot
symbol assist modulation and the speed zone detection
techniques. The adaptive modulation schemes by
utilizing the speed zone detection lead in performance
improvement in the selection of the optimal prediction
order under the different mobile speeds. The efficacies
of the schemes are presented through the simulation
study.

Asindicated in Figs. 1-2, we may need the margins of
6.25 dB, 7.75 dB, and 9.00 dB to meet the target BER
equal to 107 at the mobile speeds equal to 30 kmvhr,
60 km/hr respectively. It implies the importance of
Doppler frequency parameter for the switch level
selection. Fig. 1.3 plots the performance with the
different prediction order of adaptive RLS LRP
algorithms when the mobile speed is 30 km/hr. Given
a particular carrier frequency, it implies that there
exists an optimal prediction order at a particular speed.
Clearly, the Doppler frequency information also
determine the selection of the optima prediction
order.

We had provided the performance reference for

the design of the FDD-based adaptive transmission
systems. The adaptive LRP algorithm using the
standard RL S algorithm provides the best performance
in terms of the M SE performance index.
The adaptive LRP algorithms using RLS or mVSLMS
are more robust than FSLMS against Gaussian noise.
The adaptive LRP using mVSLMS is an excellent
candidate scheme if considering the trade-off between
the performance and complexity. Furthermore, the
model order can be optimally selected by estimating
the Doppler frequency. Using the proposed adaptive
prediction agorithm to the adaptive QAM
transmission systems, we find that the more
complicated RLS-based agorithm offers the best
performance. Numerical results also reveal the
importance of the Doppler frequency information on
the selection of the optimal prediction order and the
switching levels.
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Fig. 1-1. The proposed adaptive modulation system.
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In this project, we will derive optimal
synchronous frequency-domain  spread OFDM-
CDMA receivers and evaluate their performance.

Optimal detection of a wideband signal like that
generated by a OFDM-CDMA transmitter calls for fast
and accurate channel estimation so that data
demodulation can be accomplished. Many channel

estimation proposals have been reported and evaluated.

A survey of the existing estimators concludes that the
model-based least-square fitting (MB-LSF) algorithm
can serve our application well. Since the 2-D block
selecting of MB-LSF is critical to its performance, we
will study how the system performance is affected by
the 2-D block selection and obtain the optimal system
parameters. The MB-L SF algorithm does not need the
matrix inversion operation and channel statistics like
the channel correlation matrix and the noise power
level. Moreover, MB-LSF is independent of the block
length used while for the conventiona LMMSE
method larger block size means larger matrix size and
more cumbersome matrix inversion. We assume that
the orthogonal Walsh codes are used by the system as
the spreading codes.

The numerical examples given below assume a
synchronous OFDM-CDMA system with a bandwidth
of 20 MHz and 64 subchannels--the same as the
processing gain. We use the family of Walsh codes as
our signature codes. Different Doppler spread of
fading channel is investigated, but we assume perfect
synchronization of carrier frequency. For example,
Doppler spread of the fading channel as the carrier
frequency 5GHz at mobile speed of 50km/hr is 200Hz.
The channel issetup as Tablel.

[y Thodany iy i
il b (]

TABLE
PAPAMETERS OF A TWO-TAP STATIC CHANNEL MODEL

The numerica performance of  synchronous
OFDM-CDMA systems employing an MB-LSF
channel estimator will demonstrate that non-perfect
channel estimation resultsin MAI even if synchronous
orthogonal Walsh codes are used. As mentioned
before, we model a 2D channel response block by a
quadratic surface. The ensuing numerical examples
assume that Lj= 68 and L,,= 1, 8 or 64. Since 20 MHz
is a large bandwidth which is the standard of IEEE
802.11a, the channel response in frequency domain
will vary seriously due to selective fading. We have to
choose proper L;and L, such that the model is suffice
for accurately representing the true channel responses.

Fig. 4-1 plots the system performance with perfect
channel knowledge. Since we use the orthogona code
(Walsh code) as the spreading code, there is no MAI
when perfect CSl isavailable.

Fig. 4-2 shows the system with QAM modulation
and L,= 1. Fig. 4-3, Fig. 4-4, and Fig. 4-5 plot the
system performance when L,= 1, 8, 64, respectively.
As the channel estimator with alarger L, tends to yield

smaller noise-induced error but larger modeling error.
Thus at low SNRs where the bit error rate (BER) is
primarily caused by noise, larger L,, brings about better
BER performance while at high SNRs BER is mainly
due to the modeling error, a reverse trend is noticed.
We conclude that the choice of L, is a tradeoff
between modeling error and the noise-induced error.

Fig. 4-1. Performance of synchronous OFDM-CDMA
systemswith QAM  modulation and perfect CSI.

i

+ il
=

-

Fig. 4-2. Performance of synchronous OFDM-CDMA
systems with QAM and L,=1.
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-

Fig. 4-3. Performance of synchronous OFDM-CDMA
systems with 16QAM and L,=1.



Fig. 4-4. Performance of synchronous OFDM-CDMA
systems with 16QAM and L=8.

Fig. 4-5. Performance of synchronous OFDM-CDMA
systems with 16QAM and L, = 64.
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