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Attenuation measurements were implemented at L-band (1.5 GHz) in southeastern Australia during an 11-day
period in October 1988 as part of a continuing examination of the propagation effects due to roadside trees and
terrain for mobile-satellite service. Beacon transmissions from the geostationary ETS-V and IPORS satellites
were observed. The Australian campaign expanded to another continent our Mobile Satellite Service data base
of measurements executed in the eastern and southwestern United States regions. An empirical fade distribution
model based on U.S. data predicted the Australian results with errors generally less than 1 dB in the 1-20%
probability region. Directive antennas are shown to suffer deeper fades under severe shadowing conditions (3 dB
excess at 4%), the equal-probability isolation between co- and cross-polarized transmissions deteriorated to 10
dB at the 5 dB fade level, and antenna diversity reception may reduce unavailability of the system by a factor of
2-8.

Nomenclature
d = antenna separation, m
F = fade depth exceeded, dB
P = percentage of distance travelled, %
P0 = single antenna probability distribution
Pd = dual antenna probability distribution
0 = elevation angle, deg

Introduction
OBILE satellite systems are expected to provide tele-
phone and data communications to private, commer-

cial, and government vehicles, especially in rural, low-
population-density areas where terrestrial cellular services are
unavailable. In designing these future mobile satellite systems,
communication engineers require information on fade statis-
tics associated with shadowing and multipath propagation due
to roadside obstacles and terrain.

To obtain data of this type, the authors previously1 7 em-
ployed transmitter platforms, such as stratospheric balloons,
remotely piloted aircraft, helicopters, and the INMARSAT B2
geostationary satellite, at ground locations in the eastern and
southwestern U.S. regions. The objectives of the earlier mea-
surement campaigns were to assess the statistics of fades under
the following variable conditions: roadside obstacles, moun-
tainous and flat terrain, elevation angles, side of roads and
directions driven, seasonal effects, and unshadowed vs shad-
owed line-of-sight conditions.

The Australian campaign offered the opportunity to deter-
mine fade statistics for a continent having different types of
foliage and terrain. It also enabled a broadening of a limited
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fade data base involving satellite platforms.5'8'9- Measure-
ments of transmissions radiated from the Experimental Tech-
nology Satellite (ETS-V) were predominantly accessed, al-
though signals emanating from the Pacific Ocean Region
Satellite (IPORS) were also received over a significant number
of runs. Unlike the previous tests, the Australian experiment
enabled the following: 1) high- and low-gain antennas were
used over repeated runs, 2) transmissions from two different
satellites allowed probing fade variability with different azi-
muthal and elevation directions, and 3) cross-polarization sig-
nal levels were measured during selected runs.

In this effort we present fade statistics based on data
selected from the campaign total of 1436 km of roads sam-
pled. The culled data set corresponds to 460 km of roads and
encompasses 36 runs, a run representing a particular stretch of
road with consistent parameters over which measurements
were obtained and cataloged. Results pertaining to the follow-
ing are exhibited: 1) fade distributions for different road types
and differing densities of roadside obstacles (trees and utility
poles), 2) overall average fade distribution and comparison
with a previously derived empirical model, 3) distributions for
opposite directions of driving, 4) fade distributions for dif-
ferent mobile antenna patterns (high-gain vs low-gain), 5) fade
distributions for different satellite transmitter platforms, 6)
cross-polarization fade statistics, and 7) simulated diversity
gain improvement. Statistics associated with urban driving are
not discussed, as terrestrial cellular systems are expected to be
available at such locations.

Experimental Aspects
Transmitter and Antenna Systems

The experimental parameters are summarized in Table 1.
Left-hand circularly polarized (LHCP) beacon transmissions
from ETS-V, radiated with an effective integrated radiated
power (EIRP) of 25.9 dBW, were received at a frequency of
1545.15 MHz. Elevation angles ranged from 51 deg in Sydney
to 56 deg in Coolangatta; the azimuth was -2 deg. Although
most of the selected measurements are for this satellite (28
runs, 446 km), measurements from IPORS (EIRP of 20 dBW)
are also included for a significant number of runs (10 runs, 68
km). These right-hand circularly polarized (RHCP) transmis-
sions were received at a frequency of 1541.5 MHz, elevation of
40 deg, and azimuth of 45 deg in Sydney.
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Tabie 1 Summary of salient transmitter and receiver system parameters

Satellite

Sampling rate
Data recorded

ETS-V

200 Hz (filter)
1 kHz
Quadrature detector outputs
200 Hz filter output
Vehicle speed
Time

IPORS

Azimuth at Sydney
Elevation at Sydney
Frequency
EIRP
Polarization

SNR low-gain copolarized
SNR high-gain copolarized

Receiver bandwidths

-2deg
51 deg
1545.15 MHz
25.9 dBW
LHCP

22.4 dB
32.4 dB

500 Hz (quad, detectors)

45 deg
40 deg
1541.5 MHz
20 dBW
RHCP

16.4 dB

Receiver antenna

Gain
Elevation pattern
Azimuth pattern
Polarization (ETS-V)
Polarization isolation
Polarization (IPORS)

Low-gain
crossed drooping
dipole

4dB
15 to 70 deg
omni
LHCP

RHCP

High-gain
helix

14 dB
45 deg (3 dB)
45 deg (3 dB)
LHCP, RHCP
>20dB

The low-gain receiving antennas (RHCP and LHCP) were
crossed drooping dipoles with 4-dB gain, azimuthally omni-
directional radiation patterns, and elevation patterns that were
relatively flat over the 15 to 75 deg interval. They were
mounted one at a time on the roof of the mobile unit 2 m
above ground and with fixed vertical pointing. The high-gain
antennas (RHCP and LHCP) were helixes with 14-dB gain
and 3-dB beam widths of approximately 45 deg along both
principal planes. These antennas were manually pointed
toward the satellite at the beginning of each run, thus restrict-
ing data acquisition to straight road sections.

Receiver and Data Acquisition System
Measurements were made with a receiver/data acquisition

system installed inside a passenger van operated by the Univer-
sity of Texas and shipped to Australia. The receiver had three
outputs with two noise bandwidths. Recorded were in- and
quadrature-phase detector voltages (noise bandwidth = 1
kHz) containing both amplitude and phase information for
propagation analysis and later playback in hardware simula-
tors. Also recorded was the output from a power detector with
predetection bandwidth of 200 Hz. This bandwidth was cho-
sen because it achieved a better signal-to-noise ratio (SNR) for
shadowing measurements and, at the same time, enabled the
reception of most Doppler-shifted multipath components
when driving at highway speeds.

During the experiment, the receiver utilized an automatic
frequency control circuit to keep the satellite line-of-sight sig-
nal in the center of the 200-Hz filter, thus eliminating fre-
quency variations due to instrument drift and Doppler shift
caused by satellite and vehicle motion. The maximum possible
Doppler shift of multipath components due to scatterers
straight ahead and behind the vehicle was ±130 Hz at the
maximum vehicle speed of 25 m/s. For satellite illumination
from the side, there was no Doppler shift of the direct signal,
and a 260-Hz receiver bandwidth (depending upon the satellite
elevation) would be required to receive all multipath compo-
nents. If the satellite illumination were to emanate from the
front or back, the direct signal would be shifted up or down by
some 70-100 Hz, respectively. The Doppler shifted multipath
components could, therefore, appear at maximum offsets of
230 Hz and 30 Hz relative to the direct wave. The narrow

receiver filter eliminated some of the multipath signals and,
because of the geometric linkage between signal direction and
Doppler shift, effectively made the azimuth pattern of the
low-gain antenna more directive.

Several factors combined to make the significant Doppler
shifts less than the computed maximum. The low-gain antenna
received scattered energy mainly from objects located within a
cone centered above the car, which intersected with scatterers,
such as trees or utility poles, mainly to the side of the vehicle,
as 1) no stationary scatterers were straight ahead or behind on
the road, 2) the low-gain antenna's gain drops off rapidly for
elevation angles less than 15 deg, and 3) the influence of scat-
terers diminishes with increasing distance.7 Comparisons of
cumulative fade distributions derived from the quadrature sig-
nals and the 200-Hz channel gave very similar results, con-
firming this argument. The high-gain antenna was always
pointed at the satellite and was less sensitive to multipath
reception from directions away from its axis, again reducing
the receiver bandwidth requirement.

The receiver system inside the van was connected through
data acquisition equipment to a personal computer. The L-
band data were sampled at a 1-kHz rate and stored on a mag-
netic disk in sequential records of 1024 samples. Vehicle speed
and time were recorded only once per second.

The unfaded signal level was determined from the data it-
self. It was taken to be the average level of the signal observed
while driving in a location that produced minimal multipath
and no shadowing; all the data reported are relative to that
level. ETS-V had unshadowed SNR values of approximately
22 dB (low-gain antenna) and 32 dB (high-gain antenna),
IPORS had a SNR of 16 dB (low-gain antenna used only). In
an effort to examine data uncorrupted by noise, only signal
levels with an SNR margin greater than 7 dB were used in the
analysis.

Road Features
The characteristics of roads over which attenuation data

have been examined are summarized in Table 2. The column
headings are defined as follows:
RUN# = an identifying number for a particular stretch

of road and measurement configuration
DIST = the total road distance over which data were
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obtained for this run, km
DIR =the azimuth direction to the satellite refer-

enced to the vehicle direction, deg
ENV =the road environment characterized as fol-

lows: first letter (H = hilly, M = mountain,
R = rolling), second letter (R = rural, S =
suburban)

OBS =the type of roadside obstacles characterized
as follows: T—trees, U—utility poles

SAT = satellite platform (ETS-V or IPORS)
GAIN =gain of receiving antenna (HIGH = high-

gain, LOW = low-gain)
POL = polarization received (CO = copolarization,

X = cross-polarization)
FADE(1%) =fade in dB exceeded at the 1% probability

level
The vehicle heading, DIR, represents an average direction.

The roads sampled generally have a number of twists and
bends, resulting in variable local azimuths to the satellite. For
roads having multiple type obstacles, such as both trees and
utility poles, the categorization is also given in terms of which
obstacles dominated. For example, TU implies the dominance
of trees with a lesser number of utility poles alongside the
road. Where the road types have multiple characteristics, such
as rolling-rural or mountainous-rural, we specify these by RR
and MR, respectively.

Measurements were made along suburban and rural roads
in the Sydney area and southeastern Australia in nonconti-
guous blocks of about 30-70 km. Two major vegetation
zones10 were traversed in the experiment: forests along the
coastal roads and woodlands (woodland and low-open wood-
land) further inland. Forests ranged from dry sclerophyll
(most runs), in which the crowns of trees do not touch each
other, to tropical rainforest (run 385), in which the leafy
crowns of the trees intermingle. The dominating tree genus in
the forests was Eucalyptus. The landscape, of course, has been
modified by road construction. Other than tree types, more
similarities than differences existed between apparent roadside
conditions (tree heights, densities, setbacks) in Australia and
the eastern United States.

Fade Distribution Results
Figures 1-4 show measured fade results. Attenuation levels

are expressed in dB, relative to the unfaded reference power.
Although only positive values of fades are shown in the
graphs, negative values (signal enhancements) were also mea-
sured. Since they do not degrade the transmissions, they have
not been plotted. The distributions are presented with the or-
dinate depicting the percentage of the distance over which the
attenuation exceeded the abscissa (fade) level. As the speed
was generally maintained constant over each of these runs, the
ordinates also represent the percentage of time the abscissa

392

408

Table 2 Listing of runs with road types and characteristics

Run#

322*
330
331
336*
341*
342*
343
344
354*
346
347*
348*
357
359*
362
364

365
366
367
368
369
370
371
372

377*
379*
380*
383*
385*
390*
391*

DIST,
km

6.6
3.5
4.8

41.9
3.5
8.1
2.4
2.6
5.6
4.2
5.2
3.7
1.8
1.5
1.6
1.5

1.7
1.6
1.7
1.6
1.7
1.6
1.6
1.7

3.6
49.8
60.9
33.0
73.5
56.0
55.3

DIR,
deg

315
260

80
275
45
45

265
85

350
135
315
170
50

230
230
230

140
50

320
230
50

140
230
320

180
325
350
330
100
265

85

ENVa

RS
RR
RR
MS
RR
RS
RS
RS
RR
RR
RR
RR
RS
RS
RS
RS

RS
RS
RS
RS
RS
RS
RS
RS

RR
HR
RR
HR
HR
HR
HR

OBSb

TU
UT
UT
TU
T
TU
T
T
T
T
T
T
UT
TU
TU
UT

UT
UT
TU
UT
UT
TU
UT
UT

T
T
T
T
T
T
T

SAT-GAIN-POL

ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO

IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO
IPO-LOW-CO

ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO
ETS-LOW-CO

FADE(1%),
db

10.0
6.7
2.8

10.6
10.7
13.2

>15.0
>15.0

14.5
8.8

13.1
11.1
2.6

10.2
4.2
6.4

5.5
2.1

> 9.0
3.1
2.1

> 9.0
1.6
8.5

15.0
10.9
11.8
13.1
14.0
12.5
10.9

55.0

1.7

310 HR IPO-LOW-CO

280 RS UT ETS-HIGH-X

> 9.0

394
399
406

4.6
5.0
1.8

260
80

280

RR
RR
RS

UT
UT
UT

ETS-HIGH-CO
ETS-HIGH-CO
ETS-HIGH-CO

6.5
1.9

>15.0

23.5

409 1.8 265 RS ETS-HIGH-CO 24.2
alst letter: H = hilly, M = mountain, R = rolling; 2nd letter: R = rural, S = suburban.
bT = tree, U = utility pole, in order of relative frequency of occurence.
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Fig. 1 Cumulative fade distribution functions for rural and subur-
ban runs, with trees and/or utility poles causing shadowing of the sig-
nal from ETS-V.

ERS MODEL (USA DATA)
AUSTRALIAN DATA (403 km)

5 10
FADE LEVEL (dB)

Fig. 2 Comparison of combined Australian tree runs with the em-
pirical roadside shadowing model derived from U.S. data.

fade values were exceeded. The distributions show fade levels
from 0 to 20 dB at 1-dB increments over the percentage range
1-100%. As mentioned previously, fades for the "low-gain
mode" were calculated up to 15 dB, and those for the "high-
gain mode" up to 25 dB, resulting in a 7-dB SNR at both
limiting values.

Worst-Case Fade Levels
Figure 1 presents the fade distributions of individual runs

marked with an asterisk in Table 2. These runs are character-
ized as follows: 1) they were made in rural or suburban areas,
2) they all show fades due to trees and utility poles of 10 dB or
more at the 1% probability level, and 3) they represent mea-
surements made with ETS-V in the low-gain mode. Excluded
from this data set are two runs (343 and 344) along an approx-
imate 2.5-km stretch of a suburban road lined on both sides
with overhanging dense trees, where the vehicle passed
through a virtual tunnel of vegetation, resulting in extreme
shadowing. The distributions for these runs are presented in
Figs. 3 and 4 and are described in a following section.

A quantitative physical interpretation relating the individual
curves to specific measured roadside parameters is complex
and has not been possible; the roads have varying densities of
trees and utility poles along their sides with different setbacks,
and also a variable local azimuth to the satellite due to bends
in the roads. The worst-case distribution shown in Fig. 1 (run
377) has an average 45 deg azimuth direction. The road winds

along a small river, and makes large local direction changes.
The many trees along this narrow road have only minimal set-
backs, and their branches frequently extend over the road.
The smallest level fade distribution (run 322) has an azimuth
of 315 deg, which is between the maximum and minimum
shadowing geometry. The trees along this wide multilane road
are not very close to its edge. We note that fades exceed values
from 10 to 15 dB and 1 to 8 dB at the 1 and 10% probabilities,
respectively.
Comparison with ERS Model

A model has been derived empirically from 640 km of mea-
surements in central Maryland, employing both helicopter and
the MARECS-B2 satellite transmitter platforms.5 It represents
the average fade statistics for various road types comprising
predominantly tree and some utility pole roadside obstacles. It
includes different sides of the roads driven, as well as different
directions of travel relative to the line of sight propagation
path.

The empirical roadside shadowing (ERS) model has the fol-
lowing form:

F = - M - M P ) + J 3 (for20% > P > 1%) (1)

where the slope is

M = 3.44 + 0.0975 • 0 - 0.002 • 92 (2)

oeee0RUN343 (LO-GAIN/2.4 km)
———RUN409 (HI-GAIN/1.8 km)

LO-GAIN/3.5 km)
HI-GAIN/4.6 km)

5 10
FADE LEVEL (dB)

Fig. 3 Distributions of fades measured with a low- and a high-gain
antenna for extreme and moderate shadowing conditions.

i RUN390 (51 DEG ELEV
• RUN392 (40 DEG ELEV

ERS MODEL
(40 DEG)

0 5 10
FADE LEVEL (dB)

15

Fig. 4 Test of the empirical roadside shadowing model's elevation
angle scaling against measured fade distributions for ETS-V and
IPORS satellites at 40- and 51- deg elevation.
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and the offset is
B = -0.443- 9 + 34.76 (3)

Figure 2 combines the fade histograms for the 15 individual
runs of Fig. 1 into a single fade distribution (dashed line) com-
prising 403 km of roads. Also plotted (solid line) is the fade
distribution, as predicted by the model. It is valid over the
probability interval from 1% to 20%. We note that the maxi-
mum difference between the two distributions is less than 2 dB
at the 14% probability level. The distribution depicted in Fig.
2 corresponds to 0 = 51, and is given by

F= -3.21 • + 12,2 (20% >P> 1%) (4)

The closeness of the two results, although based on mea-
surements made in different continents, represents a dramatic
validation of the ERS model.

Distributions from Low- and High-Gain Receiving Antennas
During the campaign, nine repeated runs were implemented

in which high- and low-gain receiver antennas were used for
satellite measurements. The characteristics of these antennas
are summarized in Table 1. Figure 3 shows typical high- and
low-gain fade distributions. In the case of unusually heavy
shadowing alluded to earlier, we note that the high-gain
antenna experiences consistently deeper fading than the low-
gain system. The fade differential increases from 0 dB at the
median to approximately 3 dB at 4% of the distance traveled.
We explain this slight increase in attenuation for the high-gain
case as follows. The attenuations for both antenna cases are
due to a combination of tree absorption of the direct energy
and scattering of energy out of and into the antenna beam.
When the beam is narrower, less power is received via the scat-
tering mechanism. Conversely, the low-gain, azimuthally
omni-directional antenna receives more scattered multipath
contributions, and the averaged received power is enhanced.
Whether this additional power has to be treated as noise or ad-
ditional signal power depends upon its delay relative to the
direct signal path. The high-gain antenna nevertheless, has 10
dB more gain, and the net power received by it is still signifi-
cantly higher than that for the low-gain system (i.e., 7 dB
more at 4% probability). This preserves the better SNR ob-
tained with the high-gain antenna and its resulting systems
performance advantage. The other pair of curves corresponds
to a run that was shadowed only occasionally, with the fades
caused by shadowing and multipath from isolated trees and
utility poles. Insignificant fade differences existed between the
low- and high-gain cases (i.e., less than 1 dB). Both of the
cases demonstrate that the dominant cause of fading is shad-
owing along the line-of-sight, as opposed to multipath from
ambient scatterers.

20
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«zo 15-

o
GQ
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o
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K

EQUAL-PROBABILITY ISOLATION
RUNS 406(LHCP) AND 408(RHCP)

~1.8 km, HIGH GAIN ANTENNA

5 10
FADE LEVEL (dB)

15

,!d=10m
d=8m
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5 10
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15

Fig. 6 An empirically derived family of curves of the DIF(F,d) as a
function of fade depth F and for antenna separations tf from 1 to 10 m.

Comparison of ETS-V and IPORS Measurements
Figure 4 compares repeated runs along the same road of

measurements made with both the ETS-V and IPORS satel-
lites. The fade levels for the IPORS measurements are
observed to be always larger than those for ETS-V. The ERS
model [Eqs. (1-3)] predicts that this result should occur
because the elevation angle of IPORS (40 deg) is less than that
for ETS-V (51 deg).

The IPORS fade is shown to exceed that of ETS-V at the
3% probability level by 2 dB. Figure 4 is based on data taken
over a 55-km tree-lined road in the hills to the west of Sydney.
This road was generally west-to-east, but made many turns
following the contours of the landscape. Added to this figure
are the median cumulative distribution functions predicted
from the ERS model. For both satellites, the errors are less
than 1 dB over the percentage range of validity (20%-1%).
The elevation angle dependence is well represented by the
model.

Co- and Cross-Polarization Measurements
Consecutive ETS-V measurements along a road shadowed

by many trees were made with co- and cross-polarized high-
gain antennas. Although these measurements were not made
at the same time, we nevertheless may derive a statistical mea-
sure of the isolation at the different fade levels by defining the
"equal-probability isolation" as the ratio of the cross-pol-
arized to the copolarized signal levels at equal probability
values. In Fig. 5, the equal-probability isolation correspond-
ing to probabilities of 15%-3% are plotted as a function of
the copolarization fade. We note that the isolation is 17 dB at
the 1-dB fade level, and monotonically reduces to 0 dB at the
12-dB fade level. We may conclude from these results that fre-
quency reuse systems employing dual polarizations from the
same satellite are impractical because of poor isolation caused
by multipath scattering into the cross-polarized channel. A
discussion of the merit of frequency reuse with spatially sepa-
rated satellites is beyond the scope of this paper.

Antenna Diversity Improvement
A convenient descriptor for characterizing the improvement

in communications for a space diversity configuration is the
diversity improvement factor (DIF) defined by

DW(F,d)P0(F)/Pd(F) (5)

Fig. 5 The equal-probability polarization isolation for frequently
shadowed conditions as a function of the copolar attenuation.

where P0 (F) represents the single terminal probability distri-
bution at the fade depth F, and Pd(F) represents the joint
probability distribution for an antenna spacing d along the
driving direction, assuming the same attenuation F is exceeded.
We found, for instance, that DIF(8,1) is approximately 3,
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which implies that, when the antennas are separated 1 m, the
equivalent time over which the fade margin of 8 dB is exceeded
is three times greater for the single terminal system as com-
pared to diversity pair operation. Hence, assuming an 8-dB
fade margin and a 6-min total "downtime" for the single ter-
minal case, the outage for the diversity system would only be 2
min.

A least-square estimate of DIP was derived from the 403-km
data base comprising Fig. 2 and found to be

DIF(^F) = 1 + [0.2- +0.23]- F (6)

In Fig. 6 are plotted a family of curves depicting DIF as a
function of fade depth for antenna separations between 1 and
10 m. We note that with increasing separation for any given
fade depth the rate of improvement of DIF diminishes.

Summary and Conclusions
The Australian campaign has provided an opportunity to

validate a fade distribution model developed from U.S, mea-
surements5 with data obtained on a different continent. It has
also made it possible to investigate new concepts hitherto not
examined, namely, 1) the advantages of diversity operation, 2)
the practicality of employing frequency reuse from mobile sat-
ellite systems, and 3) the effects of antenna directivity on fade
distributions.

Specifically, the results demonstrate the following:
1) The fade statistics due to roadside trees and utility poles

along rural or suburban roads in Australia are typical of those
in the U.S., with similar densities of roadside obstacles.

2) The overall average fade distribution of 15 typical runs
(Fig. 1), which exhibited fading of 10 dB or more at the 1%
level, was found to agree with the fade distribution predicted
by the ERS model5 to within 2 dB over the probability level
range of 1%-20% (Fig. 2).

3) Using an antenna with more gain under the severe shad-
owing condition resulted in more fading than was observed
with a less directive antenna. For the example shown (Fig. 3),
approximately 3 dB more attenuation at 4% probability
resulted. The more directive pattern had about 45-deg beam-
widths along the principal planes (14-dB gain), and the less
directive system had an azimuthal omni-directional pattern,
with a 60-deg beam width in elevation (4-dB gain). Although
there is a fade increase for the more directive system, this is
more than offset by the significant gain improvement for the
system. The higher gain system also resulted in longer nonfade
durations.

4) Comparison of fade distributions along the same section
of roads employing the ETS-V and IPQRS satellite transmitter
platforms demonstrated deeper fades for the latter platform.
These results are consistent with the fact that the IPORS eleva-
tion angle (40 deg) was significantly smaller than that for ETS-
V (51 deg). Enhanced shadowing at the smaller elevation
angles results in increased attenuation. The measured results
were also found to be consistent with the ERS model (Fig. 4).

5) Frequency reuse by simultaneously transmitting opposite
sense polarizations does not appear to be a viable option for
Mobile Satellite Service communications, since depolarization
due to obstacles in the vicinity of the line-of-sight reduces the
isolation to unacceptable levels (Fig. 5).

6) A theoretical analysis suggests that unavailability can be
reduced by a factor ranging from 2 to 8, if two antennas are
employed in conjunction with a more elaborate receiver (Fig.
6). The degree of difficulty in achieving this improvement de-
pends on the receiver implementation.
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