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1. INTRODUCTION
Diversity reception is one of the most effective techniques available to

overcome the deep fading in mobile radios. The most common diversity scheme
at the base station is space diversity!”. In this scheme, two antennas are
arranged in the horizontal plane. Vertical space diversity has advantages over
horizontal space diversity from the viewpoint of area required on the antenna
tower platform. Past studies on vertical space diversity were limited to
examinations of high antennas‘?3). No study has been reported on low
antennas.

This paper theoretically and experimentally investigates vertical space diversity
for both high and low land mobile base station antennas. The optimum antenna
spacing to yield the maximum diversity gain is also given.

2. CORRELATION CALCULATION MODEL

In a base station employing vertical space diversity, two antennas are utilized
with a spacing H as shown in Fig. 1. The #2 antenna (lower antenna) height is
Hbt. The correlation coefficient p_of the received signal envelopes can be
expressed by®
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where G,(6) and G,(0) are radiation patterns of the two antennas, § is the wave
number, = is the complex conjugate, and P(B) is the distribution of incoming
waves. The source extent of incident fields due to a single mobile unit is thought
to be limited to a small area whose radius is R and separated by a distance L from
the base station. For P(0), the following Gaussian distribution is often
employed‘?.

P(0)=exp{—(0—0)/2S" V(2nS?, (2)

where 6,is the direction of the principal incoming waves. The standard deviation
S indicates the spread width of incoming waves, and this is nearly the same as
tan”' (2R/L).

3. DIVERSITY EFFECT

Correlation coefficient and antenna spacing: Calculated correlation
coefficients for various antenna spacing and standard deviations of incoming
waves are shown in Fig. 2. Measured data are also plotted in the same figure, as
indicated by black ( Hpt=45m ) and white ( Hpt=15m ) circles. The field
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experiments were carried out at 1.5GHz in a Tokyo business district where the
average building height is approximately 15m. Each antenna was composed of 4
dipole elements and the beam width of the vertical and horizontal plane were
10° and 180°, respectively. Prior results for Hpt = 35m at 900MHz!? are also given
in Fig. 2. The measured results are on average of the correlation coefficients
over the range Tkm<L<6km. Experimental results for Hpt=45m at 1.5GHz and
for Hpt =35m at 900MHz agree well with the theoretical results at a standard
deviation of $=0.4°, and show the independence of the frequencies. For a
Hpt = 15m, on the other hand, the measured correlation coefficients are about
one third those for Hpt =45m. The effective S for Hpt = 15m is considerably larger
than that for Hpt =45m. At a small pe, pe=0.2 is considered the distinguishable
lower limit, to maintain the accuracy of measured correlation coefficients.
Judging from pe >0.2 values, standard deviations of 0.9°<5<1.2° can explain the
measured data. The spread angle of incoming waves for low antennas is three
times that for higher antennas.

Correlation coefficient dependence on distance from the base station:Variations
in the correlation coefficients of distance L between the base and mobile stations
are measured for Hpt=45m and 15m, and for antenna spacing H=20 and 12
wavelengths, as shown in Fig. 3. For Hpt=45m, the correlation coefficients
increase with distance L. This is because the distribution angles of incoming
waves (=S) are considered to become smaller as L increases.

For Hpt = 15m, the correlation coefficients becomes very small and show no

dependence on distance L. If scatterers are located near the base station,
correlation coefficients will be reduced.
Effective antenna gain dependence on antenna height: To measure effective
antenna gain, the reference antenna was placed at a constant height of 45m.
The measured antennas were lowered from Hp¢ between diversity branches as
shown in Fig. 1. The measured effective antenna gain is depicted in Fig. 4 for
Hpt=45m and 15m. The gain difference between Hpi=45m and 15m is 6dB
when H =0. This is considered to be reasonable, judging from the extrapolation
of the Okumura curve® to Hpt = 15m. The effective antenna gain at Hpt =45m
deviates within * 1dB with the variation of H. On the other hand, for Hpt=15m,
the effective antenna gain decreases with increasing H. The rate of decrease is
approximately expressed as -0.25dB/(H/A).

The received signal level difference of 3dB, resulting in a diversity gain
reduction of about 2dB‘®, is considered acceptable. In Fig. 4, reduction of 3dB in
the effective antenna gain corresponds to an antenna spacing of within 10
wavelengths, for Hpt = 15m.

4. CONCLUSION

A field experiment on vertical space diversity of a base station was carried out
at 1.5 GHz in a Tokyo business district. For relatively a high antenna (45m), the
measured data agree well with prior results measured at 900MHz, and with the
calculations.

Measurements for a low antenna, nearly as high as the surrounding buildings,
were made for the first time in this study. The correlation coefficients are
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considerably smaller than those for the 45m-high base station antenna.
Moreover, the received signal levels for the lower antenna decreased about 6dB
compared with those for the 45m-high antenna. Consequently, it was clarified
that antenna spacing of less than 10 wavelengths is needed in order to achieve
sufficient diversity effects.
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