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ABSTRACT

The performance of a mobile MIMO-OFDM system de­
pends on the ability of the system to accurately account for
the effects of the frequency-selective time-varying channel
at every symbol time and at every frequency subcarrier. In
this paper, a vector formulation of the Cramer-Rao bound
(CRB) for biased estimators and for functions of parame­
ters is used to find a lower bound on the estimation and
prediction error of such a system. Numerical simulations
demonstrate the benefits of multiple antennas for channel
estimation and prediction and illustrate the impact of cali­
bration errors on estimation performance when using para­
metric channel models.

1. INTRODUCTION

Channel estimation is a central problem in the design of
mobile multiple-input multiple-output (MIMO) orthogonal
frequency division multiplexing OFDM, or MIMO-OFDM,
systems [1,2]. Since the MIMO-OFDM channel varies in
both time and frequency, performance will depend on the
ability of the system to accurately account for the effects
of the variable channel at every frequency subcarrier and at
every symbol time. Channel estimation in MIMO-OFDM
systems is typically carried out using pilot symbols or tones
to obtain estimates for a given subset of the time-frequency
locations, followed by interpolation and prediction to de­
termine the channel for the remaining times and frequen­
cies [3-5]. Situations when it is advantageous to predict the
channel include bridging the gap between the channel es­
timates and the current channel state, adaptive modulation,
and power control.

This paper studies the theoretical performance of pilot­
based channel interpolation and prediction for frequency­
selective, time-fading, wireless MIMO-OFDM channels via
the calculation of bounds for the interpolation and predic­
tion error of the channel. Such bounds can serve as a stan­
dard for evaluating various estimation and prediction tech-
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niques and may indicate characteristics that are necessary
for optimal estimation and prediction performance. Our
analysis of these bounds demonstrates that (1) better esti­
mation and prediction performance can be obtained using
MIMO systems, (2) parametric channel modeling is advan­
tageous in terms of estimation and prediction performance,
but (3) the presence of array calibration errors quickly de­
grades the performance of the parametric approach and ne­
cessitates the use ofa more robust model. The lower bounds
are derived using a vector formulation of the Cramer-Rao
Bound (CRB) for functions ofparameters, in a manner sim­
ilar to previous work by [6-8]. A first bound assumes a
model that employs directions of departure (DODs) and di­
rections ofarrival (DOAs) at the transmit and receive arrays,
respectively. Instead of DOAs/DODs, the second bound
uses a more robust spatial-signature representation. A com­
parison of the bounds highlights the advantages of using
DOD and DOA information, and indicates how much cal­
ibration error may be tolerated before those advantages are
lost.

The paper is organized as follows. Section 2 introduces
the DOD/DOA and spatial-signature-based channel models.
The performance bounds on the interpolation and prediction
error are derived in Section 3. Numerical simulations of the
bound are examined in Section 4, and concluding remarks
are given in Section 5.

2. CHANNEL MODEL

The models considered in this paper are ray-based channel
models, i.e., the models assume that that the signal at the
receiver is a sum of a finite number of copies of the trans­
mitted signal, each copy experiencing its own attenuation,
delay, and Doppler. The channel matrix at a particular time
and frequency is given by

L

H(w, t) = L o'lar,la[lej((wc-W)Tl-Wd,lt) (1)
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