PROCEEDINGS OF ISAP 92, SAPPORO, JAPAN

NULTIPATH FADING EQUALIZATION BY AN ADAPTIVE ARRAY

Yimin Zhang

Department of Radio Engineering, Southeast University, China

1. INTRODUCTION

Because of the increasing needs
of mobile communications, it has
become a very important work to in-
crease the reuse of the frequency
resource. The improvement of fre-
quency reuse principally depends on
the reduction of the number of the
cochannel-reuse zones.

The multipath fading and the
cochannel interferences are the most
important factors that affect the
communication quality and limit the
efficiency of the frequency resources
in the cellular mobile communication
systems. So far, the diversity
technique has drawn great attention
because it can overcome the multipath
fading problem. However, the effect is
limited since it cannot contribute to
cancel the cochannel interference as
well as the less-correlated scattered
signals.

On the other hand, the excellent
performance of adaptive arrays in
suppressing interferences as well as
in equalizing multipath fading makes
it be a practically meaningful subject
to study the application of them to
mobile communications [1,2]. In this
paper, we report some results
achieved in the equalization
performance of adaptive arrays and
its application to mobile
communications that contributes to
increase the communication capacity.

1I. THEORETICAL ANALYSIS

In a mobile communication envi-
ronment, signals are propagated
pricipally by reflection and scat-
tering, and a multipath faded signal
can be simulated by the sum of

reflected and scattered signals [3,4].
In such a fading environment, the
received signal  usually forms a
Rayleigh distribution in a small
region, and its median forms a log-
normal distribution. To suppress the
effect of cochannel interferences,
the received SIR should be ensured to
exceed a given level called a
radiation frequency protect margin
(RFPM). Here, we assume that the base
stations are the same and the
propagation environment is uniform.
It is also assumed that the size of the
zones are identical. Thus, the
cochannel-reuse distance depends
only on the type of modulation and
the required communication reli-
ability. In a mobile communication
system as shown in Fig.l, the
cochannel reuse distance D is the sum
of Dy and Dz, and D: is determined by

Di _ ;o SIR/( @ x10)

Do 1 (1)

where SIR is in dB, and a is a factor
whose value is usually between 3 and
4 [5]. In this paper, we choose it 3.5.

Mobile st.

Fig.1 A mobile communication system

In this paper, only the equaliza-
tion of the Rayleigh fading Iis
discussed, so that the required RFPM
due to the log-normal shadowing is
assumed to be fixed. The experimental
results have shown that, by consi-
dering the log-normal shadowing,
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there should be another 8dB margin
above the median value of the SIR in
considering the presence of Rayleigh
fading [6]. Hereafter, this result will
be applied.

We will use a simple model in
considering the equalization by using
an adaptive array. The received
signal in a mobile station M is
expressed as the sum of the direct
signal d(t) and the reflected or
scattered signals r:(t), where, as is
often the case, d(t) may be absent.
Each of r:;(t) is considered to have
the similar waveform with d(t) while
its phase varies as the mobile station
moves. Without wusing an adaptive
array, the received signal, s:(t), is
given by

si(t) = d(t) + %F;(t)- (2)

After using an adaptive array, the
received signal, s=(t), is given by

s2(t) = W()[D(t) +3R:(D)],  (3)

where W(t) 1is the weight vector
determined by the LMS algorithm, and
D(t) and R:(t) is the received direct
and reflected signal vectors in the
array corresponding to d(t) and r:(t),
respectively. Also, ' denotes trans-
pose.

In the analyses, ldeal isotropic
antennas will be assumed as the
antenna array elements, and no mutual
coupling effect is considered.

[11. COMPUTED RESULTS

First, we give a design example of
the cochannel-reuse distance in the
absence of an adaptive array. It is
assumed that the output signal-to-
noise ratio (SNR) and the output SIR
are required to exceed 10 dB in the
probability of 95%. Consider the con-
dition where 3 waves of the desired
signal and 3 waves of a cochannel
interference signal are present, as is
shown in Fig.2, and all the waves are
assumed to arrive from the horizontal

directions. Then, without using an
adaptive array, we get the output SNR
and the output SIR as Fig.3. In this
case, we obtain that the required
input SNR of the direct wave is 17.1
dB and the required median input SIR
is 20.4 dB. Therefore, the resulted
D/R ratio 1is 7.47 (including the
consideration of the additional RFPM

of 8dB required for the log-normal
shadowing).

Fig.2 Propagation model 1

Next, consider the case where a
3-element LMS adaptive array is used.
A circular antenna array is used and
the radius of the circle is 0.5 wave-
length., In Fig.4, it is seen that, after
the equalization by the adaptive
array, the wvariation of the output
SNR becomes very small, and no
serious fading is observed. Therefore,
the performance of the receiver Iis
much improved by using the adaptive
array through the equalization of
multipath fading.

In Fig.4, we note that the output
SNR and SIR after using the adaptive
array are much greater than that are
required. Therefore, to obtain the
same output SNR and SIR as Fig.3, the
required input SNR and the median
input SIR is 7.0 dB and 11.7 dB,
respectively. Simply, a 10.1 dB reduec-
tion in the input SNR means a 10.1 dB
reduction of the transmitter power,
and, from egn.(1), a 8.7 dB reduction
in the median input SIR means a 43.6%
reduction in the D:;/Ds. In this case,
the original D/R is 7.47 without the
adaptive array, and with it the D/R
ratio becomes 4.65. Therefore, the
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communication capacity become 2.58
times that of the original.

Next, we consider the case where
the degrece-of-freedom (DOF) of the
array is less than the number of
reflected signals. In practical situa-
tions of a mobile communication envi-
ronment, there would be a number of
reflected waves, although some of
them may be of lower power as others.
Therefore, it will be interested how
the adaptive array performs in the
cases where the DOF of the array is
less than the number of the reflected
waves.

We still use the same model as
discussed above except adding two
reflected waves of the desired signal,
as is shown in Fig.5. Without using the
adaptive array, as Flig.6 shows, the
received signal shows more serious
fading than that in Fig. 3, and the
level that the output SNR exceeds
with a 95% probability is 8.7 dB and it
is 8.8 dB for the output SIR.

Fig. 5 Propagation model II

After using the same 3-element
array, the received signal is greatly
improved, as in Fig.7. The level that
the output SNR exceeds with a 95%
probability is 21.7 dB and it is 19.7 dB
for the output SIR. They are 13.0 dB
and 10.9 dB higher compared with the
results without using the adaptive
array. An interested lact seen here is
that the adaptive array is still very
effective when the number of the
arrival waves is greater than that of
the array elements. It means that it is

sufficient if the adaptive array can
change the amplitudes and / or the
phases of only a few of the arrival
waves, so that the total received
signal is avoided from a null. How-
ever, to get better equalizing per-
formance, it is necessary that the
array elements be properly arranged
to reduce the spatial correlation.

IV. CONCLUSIONS

The equalization of multiputh
fading in mobile communications by
using an LMS adaptive array Iis
discussed and the main attention is
paid to the increase of the commu-
nication capacity. The results show
that an adaptive array is very
effective in equalizing multipath
fading, and the number of array
elements is not necessary to be very
large. This fact results the improve-
ment of the communication quality and
the Increase of the communication
capacity.
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Fig. 3 Output SNR and output SIR without uslng adaptlve array (Input SNR=17.1dB, Input SIR=20.4dB)
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Fig. 4 Output SNR and output SIR with using adaptlve array (lnput SNR=17.1dB, Input SIR=20.4dB)
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Fig. 7 Output SNR and output SIR In the presence of 5 deslred waves with using adaptive array
(Input SNR=17.1dB, Input SIR=20.4dB)
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