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Abstract-Recently, there are of great interests on employing stra-
tospheric platform as a new means of providing IMT-2000. One
important issue that has not been much investigated is the propa-
gation characteristic of its link. This paper aims at evaluating the
impact of elevation and azimuth angles variation to the propaga-
tion mechanism in urban environment for mobile communication
link. In order to examine the propagation loss experienced by this
system in urban area, we developed the building block model and
the ray tracing tool for simulation. We then apply the ray tracing
tool with respect to the angle variations. As a result, propagation
loss as a function of elevation and azimuth angles is obtained. We
compared the result with a physical-statistical model for verifica-
tion. Finally, link budget analysis and estimation to the required
transmitted power at several transmission rates for the applica-
tion of IMT-2000 is observed. Different scenario, which means
different azimuth angles clearly show the critical limitations for
mobile communication using a concept of stratospheric platform.

I. INTRODUCTION

Currently we have two well established methods for provid-
ing wireless communication services. Those are the traditional
satellite and the terrestrial systems. In recent years, a novel
wireless concept that has been attracting much the attention is
proposed. It is based on aerial vehicles operating in the stratos-
phere located at around 17-22 km above the ground known as
stratospheric platform (SPF) or high altitude platform station
(HAPS) [1]-[3]. With this concept, we are able to exploit much
the advantages and at the same time overcome the shortage of
both the traditional systems. The most important advantages of
employing SPF are high elevation angles, broad coverage, low
propagation delay, low-cost operation, easy and incremental
deployment, and ability to move around in emergency situation
[1]. However, immature airship technology, stabilization, and
onboard antenna technology are also challenging [4]. SPF is
expected to avoid some limitations of the traditional systems.
Those are in the sense of a huge number of base stations
required by the terrestrial system, limitation of the minimum
cell size on the ground involved in GEO satellite system, and
suffer from handover problem faced by LEO/MEO satellite
system. With these great advantages of SPF, the ITU has
allocated the spectrum to this system at 2 GHz for 3G mobile
systems [5], 48/47 GHz for the usage worldwide [6], and 31/28
GHz for certain Asian countries [7].

As the designing and developing ofthe SPF is now being in
progress, the potential applications have been proposed and
studied. Some of them are broadband fixed access, digital
broadcasting, remote sensing and earth observation, and the
next generation of mobile communication. Frequency reuse is
definitely required in order such a system to deliver high
spectral efficiency by a large number of spot beams. A method
of improving the sys-tem capacity of broadband services has
been evaluated in [8]. The cellular structure on the ground was
proposed to be the solution of an application of frequency reuse
[9]. An efficient cellular structure by means of an onboard of
antenna array is also examined in [10]. By making use of
frequency reuse, SPF system will suffer from the main problem
of interference that can reduce the system capacity. Some of
the studies related to interference experienced by SPF system
have been evaluated in [11]. Joint system between SPF and
terrestrial system has also been examined [12] as well as
integration of SPF within UMTS terrestrial network [13].

The detail propagation path loss model for the case of SPF
is essential in order to improve the results of the
aforementioned studies. Although line of sight (LOS) situation
is expected to be the most predominant link in SPF
communication, however non-line of sight (NLOS) situation
should also be evaluated. Therefore, both LOS and NLOS
propagation model is required to be investigated. In this paper,
we examined the propagation path loss model for mobile
communication employing the SPF by taking an example in
urban environment using ray tracing algorithm. Our previous
work has investigated the performance of SPF communication
in comparison with LEO satellite system. In this study fade and
non-fade duration derived from measurement is incorporated to
our simulation environment [14]. We have also studied channel
characterization of the SPF link and evaluated its performance
[15]. The channel parameters that were obtained from
measurement are then used to evaluate the SPF channel
performance. However, an experiment has been carried out
only in a semi-urban environment. Propagation channel model
in the city for the case of SPF system in which the mobile
station (MS) mostly exists almost has not been reported.
Therefore, this paper proposed the propagation model that
examines the impact of elevation angles variation against the
propagation mechanism in urban environment for mobile
communication link served by the SPF system.
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Fig. 1 Geometrical parameters of stratospheric platform

II. SPF SYSTEM GEOMETRY

The geometry of SPF system is described in Fig. 1. SPF is
positioned at an altitude h (point C) with the sub-platform point
(the point vertically below the intended platform location) is in
point B. In Fig. 1, point A denotes the position of a user served
by the SPF having elevation angle a. Point 0 represents the
earth center and R is the earth radius. From the principle of
trigonometry we can express

OA OC OC (1)
sin/, sin (90 + a) cos a

si/? R h(2)sinA = R~ cos a.(2
Ri h

Assuming the earth surface is perfect sphere, the arc AB
indicates the radius (d) of SPF coverage on the ground and
might be expressed through the following equation

AB=R y. (3)
Let consider the triangle OAC, the total angle of the triangle is
1800 so that angle rcan satisfy this equation

r=900 -Ji-a. (4)
With substitutions of (2)-(4), we are able to rewrite the radius
of the SPF coverage in (5) and it is shown graphically in Fig. 2.

d =R'Cos-' C Rcosa~ -a} 5
R+h )

According to the above geometrical analysis, the SPF at 20 km
altitude has the capability to cover an area on the ground up to
504 km in radius for 00 of elevation angle.

III. GEOGRAPHICAL DATA SURVEY

In this section, we present in part of the site survey result of
the building height and visibility. Extensive series of survey
were conducted inside three areas of the Tokyo Prefecture (i.e.
Shinjuku, Shibuya, and Asakusa) and inside Kiryu area of the
Gunma Prefecture. The cumulative probability of building
height distribution among those areas is obtained and demon-
strated in Fig. 3. We observed that Shinjuku represents as an
area in which the probability of building height distribution is
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Fig. 2 Radius of SPF coverage (vertical axis on the logarithmic scale)

highest compared with the other areas. From surveys we also
observed an average of building height as well as building
density [pieces/kM2] and the result is depicted in Table 1.

TABLE I AVERAGE BUILDING HEIGHT AND DENSITY

Area

Shinjuku
Shibuya
Asakusa
Kiryu I1-

Average building
height [m]

25.5
25.0
22.1
19.1

I
Building density

[pieces/kin2]
290
200
580
7

During the field tests we also examined the visibility in a
step of 100 intervals of elevation angle. The visibility is
defined as the ratio of propagation path in LOS situation to the
total situation (both LOS and NLOS situation) at each
elevation angle from MS's perspective to the SPF. In Fig. 4,
the markers (triangles, diamonds, squares, and circles)
demonstrate the result of experiments for the visibility of
Asakusa area. The lines (solid, dashed, dotted, and dashed-dot)
illustrate an approximation of the visibility by equation as a
function of elevation (a) and azimuth (0) angle through the
following expression

p, (a,O) = (sina) 0-o' ; -0°00[(sina) si ; 0 =300,600,900,
(6)

where 0=00 is in the positive y-axis direction and 0=900 is in
the negative x-axis direction explained in Fig. 5. We found that
the visibility is a decreasing function against azimuth angle.
The same behavior of visibility is also observed for the other
areas i.e. for Shinjuku, Shibuya, and Kiryu. However, due to
limited space we left the data for evaluation and do not
presented in this paper.

IV. DESCRIPTION OF THE MODEL

A. Stratospheric Platform Ray Tracing Model
We developed the model for outdoor propagation

evaluation for the block of 8 buildings given in Fig. 5 (top
view) and Fig. 6 (side view). The model to be presented has
been selected to represent the suitable area over which it closes
to the characteristic ofAsakusa area. The SPF is varied along
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Fig. 4 Visibility for Asakusa area

with elevation angle from 50 to 900 in a step of 10. Three differ-
ent azimuth angles were examined those are 900, 600, and 450.
Buildings in the model are assumed to have the same height
(hb= 20 m) and the same width (wb=25 m), but vary in length.
All street width (w5) of 35 m is assumed to be equal in the mo-
del under consideration (slightly wider than real street in Asa-
kusa). The MS has 1.5 m in height and is located at the center
of the street (din=w,12) between building 1 and building 2 (point
A) with the ray impinging the MS from an arbitrary direction.
Frequency of 2 GHz has been suggested for the SPF-IMT-2000
services [5] and hence we used this frequency for simulation.

The ray tracing tool we developed follows an approach
model proposed by F. Tila [16], but we included diffraction
mechanism effects from building rooftops. The mechanism is
found to be important for the case of low elevation angle. The
model employs a number of virtual transmitters located around
the area under test in order to overcome the difficulty of apply-
ing the ray launching methods for the large separation such as
from the SPF to the MS. The generation of virtual transmitters
is repeated when the elevation angle is changed.

We employ nine categories of ray to be included in our
simulation. These ray categories are line of sight, single
reflection from building, single reflection from street, double
reflection from building to street, double reflection from
building to building, diffraction from rooftop of building,
diffraction from rooftop and single reflection from building,
diffraction from rooftop and single reflection from street, and
diffraction from rooftop and double reflection from building to
street. Rays outside the above categories are assumed to leave
the target and terminated from the simulation environment.

SPF (6450)

SPF (6--600)

*35 z

SPF (6¢900)

1 5 1 2

* 85 -
Fig. 5 Top view of the model under test (unit in meter)
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Fig. 6 Side view of the model under test

Diffractions from the building vertical corner are not consi-
dered in this work and will be taken into account for future
work. Since all surfaces in real propagation environments are
finite, also edges and corners have to be considered. When a
radio wave encounters an edge of a large object, part of the
wave appears to bend into shaded areas behind the edge and
this mechanism is called diffraction. It is more important at low
frequencies including 2 GHz, and hence we included in simula-
tion. Table 2 shows electrical parameter that is used in ray tra-
cing simulation throughout the prediction in this paper. Buil-
dings are assumed to be made of concrete, where -r and a are
dielectric constant and conductivity, respectively. In the pre-
diction, two situations were observed, those are LOS situation
and NLOS situation (when the direct ray is obstructed by the
building nearby the MS position). As a result, we are able to
obtain the power impinging the MS separately from direct LOS
ray, multipath scattered power (total power from rays except
direct LOS ray), and the total complex vector summation.

TABLE II
ELECTRICAL PARAMETERS USED IN TIHE RAY TRACING SIMULATION [ 17]

£r ai[Q--m]
Building 3 0.005
Street 15 7

B. Analytical Model
To compute loss power when the rays intersect with an

object we used geometrical optics (GO) and uniform theory of
diffraction (UTD). UTD is an extension method of a GO to
include diffraction. Both transmitting and receiving antennas
are assumed to be an isotropic antenna with a 0 dBi gain.
Therefore, an electric field of ray arriving at the receiving
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antenna is calculated using the following formulas for direct
ray (ELoS), reflected ray (ER), and diffracted ray (ED),
respectively.

e -jgdoELOS = E°
do

_ e
ER = EO R

S1 + S2

ED E° D S e
s s(s+s3)

(7)

(8)

(9)

where ,6=k22 denotes the propagation constant, EO represents
an emitted electric field from transmitter, do corresponds to the
direct path length, s1 indicates the distance from the source to
the reflection point, S2 is the distance from reflection point to
the receiver, S3 represents the path length from the source to the
diffraction point, and s is the path length from diffraction point
to the receiver. R represents a Fresnel dyadic reflection coeffi-
cient and D denotes the dyadic finite conductivity edge dif-
fraction coefficient. These two coefficients follow the general
formulation presented on [17]. Finally, respective rays for
each ray category were added at the MS and expressed as
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Ei = YEj,
j=1

where Ej is the received electric field of thejth ray for ith cate-
gory. We assumed the ray tracing algorithm employed in the
paper considers up to 9 ray categories as mentioned above. Al-
though the precision can be improved by additional ray catego-
ry such as double diffraction in combination with multiple ref-
lections from wall and street, however we have to compensate
by computational complexity and therefore it is actually time
consuming. In this work, the total electric field contribution
consists of vector summation of 9 ray categories expressed by

9

ETot = E Ei.
i=l

Finally, the total propagation loss (L) is expressed as

L = 20log A ET A
4'zT ~E0
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Fig. 7 Predicted path loss for the model under test(12)

From (12), now we can demonstrate the propagation path loss
for the above-mentioned model as a function of elevation and
azimuth angle and presented in the following section.

V. PROPAGATION RESULT AND COMPARISON WITH PHYSICAL-
STATISTICAL MODEL

There is no measurement result for the propagation loss in
urban environment for the case of SPF until now. Therefore we
compared our ray tracing results with an approach model of the
physical-statistical model proposed in [18] for verification. The
model allows predictions to be made for systems operated in
the areas where direct measurements are unavailable. The
model also employs a simple approach and thorough analysis.
We apply the model to the same building block as described in

Figs. 5 and 6 by making the scale to the SPF geometry.
The ray tracing simulation result is presented as a total

propagation loss obtained from the calculation of direct LOS
ray and multipath scattered rays of received electric field by
vector summation using (10)-(12). Figs. 7 (a), (b), and (c) show
the numerical result of propagation path loss prediction in
different azimuth angles, those are 900, 600, and 450,
respectively. In LOS region, path loss curve is obtained from
direct and single ground or wall reflected ray. However, in
NLOS region the rays come from reflected, rooftop diffracted
and combination of diffracted-reflected rays. Note there is no
direct ray in a NLOS region. Azimuth of 900 demonstrates to
be the worst scenario of propagation path loss due to building
blockage. When MS in the shadow region associated to some
particular elevation angles, the diffraction from rooftop is a
major contributor to the received electric field. As a result, the
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propagation path loss dramatically increases to the value of the
order of 20 dB or more compared with the LOS region.
Considering the SPF coverage illustrated by (5), an average
propagation path loss value is displayed in Table 3 for different
azimuth angles. In Table 3, the propagation path loss was
presented in an average value for the three regions within the
coverage. Region 1 is a coverage with elevation angle greater
than 450 (within 20 km horizontal distance from sub-platform
point). Region 2 is an area within elevation angle between 450
and 150 (correspond to horizontal distance between 20 km up
to 75 km), and region 3 is the rest of the coverage (from 75 km
up to 194 km in horizontal distance).

TABLE III
AVERAGE PATHLOSS [dB] vs ELEVATION ANGLE FOR A MODEL IN FIG 5

Azimuth [deg] Elevation angle [deg]
Region I Region 2 Region 3
>45 45>x>15 15>x>5

90 121.6 142.3 172.8
60 121.1 138.3 152.6
45 121.2 135.6 151.4

From the results we observed that azimuth angles have a
little effect in high elevation angle such as in region 1. How-
ever azimuth angles have much an effect to the propagation
loss in low elevation angle such as in region 2 and region 3.
We observed that propagation loss in region 2 and 3 is decreas-
ing as azimuth angle also decreases.

The results also show a very good agreement between ray
tracing model and physical-statistical model for the scenario of
O-900 in all elevation angles. In LOS condition, we observed
the propagation loss obtained by using ray tracing model is
about 3 dB lower than that by the physical-statistical model in
all scenarios. This is due to we include the reflection from the
ground and may be reflection from the building as well. In the
NLOS condition, we noticed the results of both models are of
little different. For both scenarios of O-600 and 0450, our ray
tracing model exhibit higher received power level for low
elevation angle (i.e. ao<200), while a very good agreement of
both models can be observed for elevation angle higher than
200. This is due to in our ray tracing model the contribution of
the reflection and the diffraction rays and their combination are
considered. However the physical-statistical model has
considered only diffraction from rooftop of the building.

This propagation loss prediction actually depends on the
model under consideration. These results could give much con-
tribution to the analysis of co-channel interference experienced
by the MS (downlink interference) or the SPF (uplink inter-
ference). This because of the propagation path losses are pre-
dicted more realistic compare to only assuming as a free-space
path loss. For example, we will be able to calculate co-channel
interference experienced by the MS that is receiving signal
from wanted platform (say located at 800 in elevation) but also
suffer from unwanted platform signal (say located at 200 in
elevation). Whereas we found in a previous work the inter-
ference analysis for the case of IMT-2000 is based on a free
space path loss assumption [1 1]-[13]. We will show the result
of propagation path loss prediction to calculate required trans-

mitted power at the SPF through the link budget analysis pre-
sented in the following section.

VI. LINK BUDGET ANALYSIS

This section presents link budget analysis for the next
generation of mobile communication digital CDMA-based
such as IMT-2000. The required bit energy per noise power
spectral density can be expressed as [19],

Eb PT Gt Gr (13)
NO Rbk TOL(a,9) LOML

where Rb is the information rate in bits per second, To is
receiver temperature in degrees Kelvin, k is Boltzmann's
constant, LO is cable, connector, and combiner losses, ML is
the link margin, and L(ai, 0) is a propagation path loss as a
function of elevation and azimuth angle obtained in Section 5.
In this analysis we evaluate the required transmitted power for
different classes of services of the 3rd generation multimedia
application [20]. The parameters involved in the calculation are
displayed on Table 4.

TABLE IV
IMT-2000 SPECIFICATIONS AND SYSTEM PARAMETERS USED IN THIE CALCULATION

Item Specification
Frequency [GHz] 2
Information rate [kbps] 8, 12.2, 16, 64, 144, 384, 2000
SPF antenna gain [dBi] 30
MS antenna gain [dBi] 0
Boltzmann's constant [J/K] 1.3 8xIo-23
Temperature's chamber [K] 290
Link margin [dB] 15.4
Cable, connector, & other losses [dB] 2
Eb No [dB] Max. 7.9

The results are presented in Figs. 8 (a)-(c) for different
scenarios, which means different azimuth angles those are 900,
600, and 450, respectively. We observed in Fig. 8 (a), the
required transmitted power for different scenarios is almost
similar. This means in region 1 the required transmitted power
at SPF is not much affected by the azimuth angle. However in
Figs. 8 (b) and (c) the required transmitted power is dependent
to the azimuth angle. Region 3 shows the worst scenario
particularly for the azimuth angle of 900. In this case, the
required transmitted power was too high and may unable to be
implemented for the SPF mobile communication system. For
that case, the required transmitted power would have to vary
between 31.2 W (8 kbps) up to 7.80 kW (2 Mbps).

VII. CONCLUSIONS

This paper has demonstrated the ray tracing tool to examine
the propagation path loss for a model ofurban site mobile com-
munication based on stratospheric platform. We developed the
building block model, in which its geometry is based on the
field survey of typical urban environment for evaluation. Si-
mulated propagation path loss experienced by this system has
been evaluated for various angles in terms of elevation and
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azimuth of the stratospheric platform as seen by the user. We
have also shown the prediction result obtained by the physical-
statistical model for comparison with our result. A very good
agreement can be observed especially for the scenario of 900
azimuth angle. Furthermore, the required transmitted power by
the stratospheric platform has been examined through the link
budget analysis at the standard transmission rates for the
application of IMT-2000. The critical required transmitted
power in the model is observed for region 3 that the azimuth
angle is 900. Such highly required transmitted power may not
be able to be implemented in mobile communication employ-
ing the concept of the stratospheric platform.
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