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1. TINTRODUCTION

It is essential to in-
vestigate the propagation
impairment of the Earth-
space paths of low elevation
angles in designing an
international satellite com-
munication link. To further
such investigation, a propa-
gation experiment using the
INTELSAT-V satellite is
being conducted in Japan.
The subjects being studied
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in the 11 GHz band ; atmos-
pheric scintillation in the
14 and 11 GHz bands; and the

site diversity effect. Some
results obtained so far are
described in this paper.

2. CONFIGURATION OF THE
EXPERIMENTAL SYSTEM

The whole experimental system is
shown in Fig. 1. The 14.274 CHz up-
link pilot signal is transmitted
from Yamaguchi, and the 11.474 GHz
down-1link pilot signal is received
at Yamaguchi and Hamada. 1In addition
to the pilot, an 11.452 GHz beacon
signal is also measured at these two
sites. Thus, the difference of the
received level variation between the
beacon and the pilot level can be
considered as the level variation in
the 14 GHz band. Beacon measurements
were also carried out in Ohita and
Okinawa as shown in Fig. 1. Concern-
ing received signals in the 11 GHz
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Fig. 1 Configuration of
Experimental System

band, co-pol, cross-pol levels and
the phase between them are being
measured in each site to obtain the
cross-polarization degradation data.
All the data, including the antenna
pointing data, status of PLL-
receiver, etc., were recorded on
magnetic tape in Yamaguchi.

3. RESULTS OF THE EXPERIMENT
3.1 Atmospheric Scintillation
Signal level variation has been

observed throughout the entire peri-
od of measurement. It is considered
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to be atmospheric 25 prm

scintillation, based
on the following

facts observed 20
under clear sky
conditions: 5

| L

(1) Level fluctua-
tions vary with
the elevation
angle of the
antennae;

(2) Level fluctua-
tions become
large in summer
and small in
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winter;

(3) The distribu-
tion of level
fluctuation is almost Gaussian;

(4) The power spectrum of signal
level variation is approximately
proportional to f (f: frequency)
as is expected for atmospheric
scintillation.

Figure 2 shows the diurnal vari-
ation of the received beacon level
fluctuation (11.452 GHz, Yamaguchi)
in February and August. The measured
r.m.s. values of the level fluctua-
tion clearly depend on the season and
averaged r.m.s, values, 0.83 dB in
August and 0.29 dB in February, are
comparable to estimated value of 0.56
dB for a year.
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Fig. 3 Cumulative Distributions of
11 GHz Fading at Yamaguchi,
Hamada, Ohita and Okinawa
(Single Site Statistics and
Joint-exceedance Statistics)
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Fig. 4 Duration Statistics of 11
GHz Fading in the Worst
Month

3.2 Rain Attenuation

Rain attenuation and atmospheric
scintillation were frequently ob-
served occurring simultaneously in
the measurement. Hereafter, they
are called 14 or 11 GHz fading.
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The cumulative distributions of
11 GHz fading are shown in Fig. 3.
Five months data, which have been
reduced here, include almost all the
large rain attenuation in the year
of 1983. The record-breaking heavy
rain at Hamada during the period
from 23 - 26 July, 1983 appears
clearly in the cumulative distribu-
tion curve.

Duration statistics of fading of
the Yamaguchi beacon level in the
worst month are given in Fig. 4.
that month, the total fading times
of the fading depths L of 3, 6, 10
and 15 dB were 2912, 862, 238 and 75
minutes, respectively. The fraction
of total fading times (%) of small
durations is rather large because of
the influence of atmospheric scin-
tillation.

It will be necessary to investi-
gate the detailed characteristics of
rain attenuation and atmospheric
scintillation separately. Several
methods, such as the moving average
procedure, by which the fluctuation
component due to atmospheric scin-
tillation is smoothed, seems to
provide good results.
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3.3 Cross-polarization

Figure 5 shows the results of
cross—-polarization measurement in
the 11 GHz band (circular polariza-
tion) at three sites. The top three
curves in the figure represent the
cumulative distributions (single-

site statistics) of
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11 GHz XPD at Yamaguchi,
Ohita and Okinawa (Single
Site Statistics and Joint-
exceedance Statistics)

Joint statistics for attenuation
and XPD will be required to provide
fundamental information for design-
ing a dual-polarized operation at
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Fig. 7 Duration Statistics of 11
GHz XPD (Polarization:
Circular)

frequencies of about 10 GHz. The
XPD-attenuation joint statistics
presented here are derived from the
11 'GHz data at Ohita.
the cumulative probability of XPD
under the condition that the fading
depth L at 11 GHz exceeds 5, 10 or
15 dB. The curve for L 2 5 dB is
somewhat different from other two
curves in that it indicates the pre-
dominance of a small depolarization
with XPDs greater than 20 to 30 dB.
This may be due to the fact that
severe atmospheric scintillation ex-
ceeding several decibels frequenrtly
occurs at such a low elevation angle
condition, which does not necessari-
ly induce severe XPD degradationms.

Figure 7 shows the duration
statistics of 11 GHz XPD for the
values of XPD (Xp) = 20, 15, 10 and
5 dB.
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Figure 6 shows

3.4 Site Diversity Effect

Joint-exceedance statistics of
the 11 GHz fading are shown as the
three curves in Fig. 3. The three
curves at the bottom of Fig. 5 repre-
sent the joint-exceedance statistics
of XPD between Yamaguchi, Ohita and
Okinawa. By employing the site
diversity with such a long separa-
tion, the residual depolarizations
are greatly reduced. Values of XPD
for 0.01%Z of a year are about 7 dB
in the joint XPD statistics between
Yamaguchi and Ohita, and 15 to 16 dB
between Yamaguchi and Okinawa and
between Ohita and Okinawa.

4, CONCLUDING REMARKS

Concerning the propagation ex-
periments in the 14 and 11 GHz bands
under low elevation conditions, re-
sults such as the cumulative time
distributions of 11 GHz rain attenu-
ation and XPD, duration statistics,
joint statistics of fading and XPD
and site diversity effect were de-
scribed here. Though the reduction
of data is being undertaken, more
effort as to the 14 GHz fading
statistics, atmospheric scintilla-
tion characteristics as well as the
analysis performed so far seems to
be important to clarify. the propaga-
tion impairments under low elevation
conditions.



