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Fig. 3 Beam pattern response
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full-band in terms of convergence speed and cancellation qual-
ity. This confirms that the reduction of the number of adaptive
processors achieved by the new structure does not result in any
degradation in the performance of QMF-MSAB.

05 . 1
004
he)
2
€
803
€
£
-0-’0-2
3
01
(o} " s N L N
0 1 2 3 4 3 S 6 7 8
iterations (x107)

Fig. 4 Convergence properties
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Conclusions: In this Letter, a modified QMF-based multirate sub-
band adaptive beamforming technique (QMF-MSAB) has been
presented. The new technique offers considerable reduction in
hardware requirements while at the same time maintaining the
superiority of the multirate/sub-band approach over full-band
beamforming.
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Frequency domain model for standard
simulation of wideband radio propagation
for personal communications

M.H. Alj, A.S. Parker and K. Pahlavan

Indexing terms: Mobile radio systems, Telecommunications

Recently, the Joint Technical Committee (JTC) has proposed a
time domain model for simulation of the statistical wideband
characteristics of the indoor and outdoor radio propagations for
personal communication applications. The Letter presents a
method to find an equivalent AR model for the channels
characterised by the JTC. Since the AR model requires fewer
parameters to represent the channel, it is easier to implement with
custom blocks available in standard signal processing software
packages. To compare the results of simulation from the JTC and
the AR model, the cumulative probability distribution function
{CDF) of the RMS delay 1T,,,, is used.

Introduction: For computer aided design and evaluation of wire-
less communication systems, a statistical model for the simulation
of the wideband characteristics of the radio channel is necessary.
There are two basic models to simulate the multipath characteris-
tics of the radio channel: time domain models [1] and frequency
domain models {2]. Time domain models assume that the channel
impulse response is in the form of a time-varying discrete trasver-
sal filter, whereas frequency domain models are based on repro-
ducing the frequency response of the channel that is realised by an
autoregressive AR process. It has been shown that the efficient
reproduction of the channel frequency response can be achieved
with an AR model using only a few poles [2]. The frequency
domain AR model has fewer parameters tha the time domain
model and it is easier to be implemented in block oriented soft-
ware.

In this Letter we show a method to find a surrogate model to
channels proposed by the Joint Technical Committee (JTC) that
has adopted the time domain approach. t.ys is taken as the
parameter to verify that both AR and JTC models are equivalent.
This is justified by the fact that T,y is the parameter which
decides the bit rate of the channel.

JTC and AR models: The JTC has developed a model for simula-
tion of radio propagation in indoor and outdoor environments
used for personal communication applications. The goal of the
JTC is to provide a practical radio propagation model used in
radio link simulations [3}. This model assumes that the channel is
wide-sense stationary uncorrelated scattering (WSSUS) and it is
characterised by a profile represented by a wideband tapped delay
line (TDL). Different classes of indoor and outdoor environments
are represented by separate profiles. Each profile is described by a
table providing the delay between the taps, average tap power and
the spectrum of the tap gain variations. In this way the multipath
spread and the Doppler spectrum of the signal is shaped for differ-
ent environments.

This Letter shows how to find an equivalent AR model for a
given JTC profile such that both models have an equivalent CDF
of Tgys. The channel profile can also be described in the fre-
quency domain by using an AR model [}]. The frequency response
is interpreted as the output of an AR process. The poles of the
AR process are obtained by solving the Yule-Walker equation for
the channel frequency response. To develop the model, we first
determine the location of the poles for each measurement and then
we find the statistics of the location of the poles over a set of
measurements. To simulate the frequency response of the channel
in one location, we generate the poles according to the measured
statistics and we drive a AR process using these poles with a
WGN. The output of the AR process is interpreted as the repro-
duction of the frequency response of the channel [1].

In this Letter we show the possibility of finding poles and their
statistics of an AR model from a JTC profile. This way the chan-
nel can be simulated with the statistics of the location of the poles
using the AR model rather than a table describing delay and the
statistics of the arrival of the paths.
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Method for mapping: To find the equivalent AR model for a given
JTC profile we need to map the table describing a JTC profile in
the time domain to the location of the poles of the AR model in
the frequency domain. The JTC table provides samples of the
delay power profile |4(t,)}* at certain T, in the time domain. There-
fore, the samples of the frequency correlation function of the
channel frequency response are given by

N

R(k) =3 h(m)Pe™# ©

i=1
The Yule-Walker equation [1] can be set up according to the
expected order of the AR model as follows [4]:

R(0) R(1) - RM-)ra R(1)

R(-1) RO - BRM=2)|| a R(2)

RA-M)R@-M) - R(0) Ilau R(M)
M<s (@)

where the a;s are the coefficients of the AR process. These coeffi-
cients are related to the location of the poles of the process by the
following equation:
1 R 1
P = a1
1-— Z aiz-i =l (1 piz~1)
=1

3)

where p,, i = 1, 2, ..., p are the poles of the process. Using eqns.
1-3 we can map the JTC table in the time domain to the location
of the poles of the AR process in the frequency domain.
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Fig. 1 Outdoor urban-ch i-B and residential-chi I-C low
delay RMS using JTC and AR models

Result and discussion: Outdoor urban-channel-B and indoor resi-
dential-channel-C, with low antenna [3] is taken an example to
illustrate the method explained in the preceding Section. If we
solve eqns. 1-3 we obtain the following poles for a third order
model:

p1 = 0.9239 + j0.0156, p, = 0.2885 + j0.5787 and
p3 = —0.4293 — j0.4259

Fig. 2 shows the CDF of the delay RMS generated for the AR
model and the JTC model. It is obvious that the case suffers con-
cavity mismatching. This problem can be solved by adding a small
complex Gaussian random variable to the poles [1]. Fig. 2 shows
the results for various standard deviations (STD) of 0.05, 0.07 and
0.1 to pole p,. Obviously, when STD = 0.1, it gives the closest fit
to the JTC model. To achieve a desired Doppler spectrum, as
defined in the JTC model, we must shape the spectrum of the
complex Gaussian noise that drives the AR process by a shaping
filter. This filter has the desired Doppler spectrum by adjusting the
gain for each channel impulse response. Fig. 3 depicts the com-
plete system that can be equivalent to the JTC model.

T spectrum R Fourier
%%%E's%‘ |——{shaping&9) crr‘:gg‘r?\[el 2tru nsSrm
generator f"ée(‘g)( 1R) ) H(E.2)

G(t,f)

spectuly shaped | channel
Gaussianprocess frequency
response
Gegltf) Htt)

channel time
response snap -
shot h{t.7)

Fig. 3 Autoregressive (AR) frequency domain model

Conclusion: It was shown that it is possible to find an equivalent
AR frequency domain model from a JTC time domain model. The
CDF of the T gy Was taken as the criterion to examine the close-
ness of the results of simulations obtained from the AR and the
JTC models. It was found that at least three poles for the AR
model are necessary to closely fit the results of simulations. How-
ever, the tails of the CDFs of the AR model diverge from the
results of simulation using the JTC model. This problem has been
solved by introducing a Gaussian randomness to one of the poles
of the AR model.
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