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1. INTRODUCTION

In order to overcome severe multipath fading encountered in urban areas,
space diversity reception can be an effective remedy [1]1[2]. On the other
hand, the authors have found that antenna pattern diversity reception (APDR)
can reduce fading remarkably by the antenna pattern effects in addition to the
ordinary diversity effects.

This paper discribes the outline of APDR and the experimental results on
improvement of fading as well as transmission bandwidth obtained by a proto-
type four-branch APDR with variable multi-threshold switching (VMTS) strategy.

2. PROTOTYPE APDR SYSTEM WITH VMTS
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2.2 FADING IMPROVEMENT EFFECTS OF DIRECTIVE ANTENNA

Precise analyses of propagation structure in urban areas revealed that
ray-theoretical waves are dominant on streets [3][4]. Because of this, a
directive antenna achieves three fading improvement effects, i.e. fading
reduction in signal strength, gain in mean signal strength and elongation of
fading period, due to separation of multipath components [5].

2.3 CORRELATION CHARACTERISTICS OF APD BRANCHES

Four diversity antennas showed the following correlation characteristics
in downtown Kyoto.

(1) Short-term fading correlation coefficients between any two of the
four branches are nearly zero in average and rarely exceed 0.4,

(2) Long-term fading also shows diversity effects, Correlation coeffi-
cients between branches are about 0.5 in average and about 0.9 at maximum,
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2,4 VARIABLE MULTI-THRESHOLD SWITCHING STRATEGY

Conventional single-threshold switching diversity system loses diversity
gain at low signal strengths (6], and a fixed threshold system suffers from
performance degaradation due to long-term fading, VMTS can overcome these
disadvantages by adaptively setting multiple switching thresholds below the
mean signal strength,

MTS works as follows [7]. When an instantaneous signal strength drops
across a threshold, the branch in use is switched to a new branch, At the
same time, the threshold is switched to a new one so that the signal strength
of the new branch is just above the new threshold.

Fading improvement almost same as that of selection diversity reception
is attainable with MTS using a single recsiver, VMTS reduces the frequency of
branch-switching as compared with the single-threshold or selection strategy.
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Fig.3 Measured cumulative probability distritbution (CPD)

3.2 TEST RESULTS

i) Fig.3 (a) shows cumulative probability distribution (CPD) including
short-and long-term fading measured on Shijo street (1.5 km). Fig.3 (b) is the
average and standard deviation of short-term fading (every 30 m section) CPD's
over the test course, compared with the theory. From Fig.3 (b), large diver-
sity gain for short-term fading is achieved by VMTS.




ii) Table 1 shows a mean distance
between branch switching on each street, Table 1 Mean distance betweeen

Switching frequency 1is reduced to one branch switching in meter

third or a quater of that of selection

strategy. NAME OF -PROTOTYPE SELECTION
iii) Mean signal strength, fading STREET APDR STRATEGY

depth (50%-90%) and mean FDL are shown

in Fig.4, taken for each 10.5 m section HORIKAWA 3.3 0.80
on two representative streets, comparing KARASUMA 1.4 0.50
with those measured by an omni-~ KAWARAMACHI 1.2 0.35
directional antenna without diversity SHIJO 1,2 0.28
reception denoted by broken lines, Im-  OIKE 1.2 0.29
provement in mean signal strength is not MARUTAMACHI 1,2 0.32

very much, but those in fading depth and
mean FDL are marked. The improvement of mean FDL is more than 1 dB in average
for offset frequency of 100 kHz.

4, CONCLUSION

A prototype four-branch APDR system with VMTS has shown a good perform-
ance in field tests to improve fading and transmission bandwidth, as well as
to reduce fading speed and branch-switching frequency. This system is expected
to be useful for the future digital mobile communication,
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