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ABSTRACT

This research presents the allocated of cell station placement for personal communication
telephone (PCT) at the intersection area, by using Empirical Propagation Loss Model, which
consider the undergo reflections from ground and wall surfaces and diffraction from corners or
rooftops of building. This paper deals with the intersection for simulating the wave propagation
since it is the worst case, because these areas have the high traffic and high diffraction from
comners or rooftops of building. The results are compared with the measurement resource shown,
this method is more suitable for placement design of cell stations in service area coverage for

micro cell base station.
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LdB) = -10log(G,)-10log (G,)-20log (h,)-20log (h,)+40log (d) (3.22)
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La = 20log|F(v)| (3.25)
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ABSTRACT

This paper presents the propagation effect of building
corner in Non-Line-of-Sight path of PCT system by using
the model to consider the wave propagation in Non-Line-
of-Sight path to evaluate building corner attenuation. The
results will be used for placement design of cell stations
in service area coverage for Non-Line-of-Sight streets.

Keywords: PCT, PHS, Building Corner Effect

1. INTRODUCTION

By integrating three networks, namely, Public
Switched Telephone Network (PSTN), Personal Handy-
Phone System (PHS) as a Personal Communication
Telephone (PCT) service to be offered in the Bangkok
metropolis area. The PCT service was developed from
Japanese technology to adapt for using in Thailand. It
enables one number service (ONS).

Cell stations in PCT System are microcells, which
can be categorized by the purpose of usage into 2 types:
public mode cell station with the power of 20 mW and
200 mW and private mode cell station with the power of
10 mW. The coverage area of public mode cell station
has a radius varies from 50 to 300 metres depend on the
power of the cell station [1]. So, the signal are both
propagated along the line-of-sight (LOS) path and
reflected with the building into the non-line-of-sight
(NLOS) path. For the wave propagation from the cell
station to the receiver placed in the NLOS area, the
propagation will be reflected from the building in LOS
area. Especially, when the receiver is placed between 2
buildings, it may have many reflections in the
propagation path to the receiver which increase the
distance of propagation path between the cell station and
the receiver. It increases the path loss of the propagation.
This paper proposes an existing theory for calculating the
path loss in both LOS and NLOS paths.

2 WAVE PROPAGATION

The propagation from a cell station to a receiver can
be divided into 2 cases: line-of-sight (LOS) propagation
and non-line-of-sight (NLOS) propagation.

2.1. Propagation in Line-of-sight

To determine the path loss at any distance, Okumura
[3] proposed a curve, which is developed from measured

the data, to predict the path loss. This curve shows the
relationship between the height of the antenna and the
radius of coverage area. Next, Hata[4] transforms the
Okumura’s data into a simple equation. so that it will
easy to use, by defining that the average path loss at
distance 4 from the transmitter depending on the ratio of
d and the reference distance dg with the power of »

I8 d \R l)
Lptd)= [TIHJ (
Normally, it display in the unit of decibel as shown below
(d
L, (d)=L,(dg)+ 10nlog| ~] (2)
(40

The reference distance d, is the measured distance
from the antenna which generally equal to 1 kilometer for
macro cell. 100 meters for micro cell and 1 meter for
indoor cell, n is equal to 2.

4,
Lg(do)=Diog JT-': 0
A

In the case of LOS, the path loss £;(dp) at reference
distance can be determined from equation (3) where X is
the wavelength of operating frequency.

3

2.2 Propagation in Non-Line-of-Sight

The path Joss in the NLOS case due to the
surrounding buildings makes the LOS propagation of

distance dq then reflect and become the NLOS
propagation of distance d2as shown in Fig.1,
From
\ \ 20
A R
Pr_P’[Er-) ? (4)

The received power from a propagation path of distance
d, can be calculated from equation (4) where R is a
factor of total reflection of the path.

rR=R"(RY (8) (5)
For the electric field which is perpendicular to the
incidence

R($)= ol LR Pp=y.é (6)

sin(¢}+\/8—cos"}(¢)

Where
£=g, - 68004 (7
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From equations (4)-(6) are used for only 1 propagation
path. R;, D; where I = 1...k (k is the number of
propagation path) will be varied by the values of N, M, v,
& of each path.
where
v is the reflect angle between the incidence ray and
plane of surface in LOS path
& is the reflect angle between the incidence ray and
plane of surface in NLOS path
N is the number of reflection in LOS path
M is the number of reflection in NLOS path
D is the distance of the path (m)
P, is the transmission power (W)
P, is the received power (W)
g, is the permittivity of the reflected material
o is the conductance of the reflected material
(siemen/metre)
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Fig. 1: Model of NLOS propagation due to the reflected
ray in the path dq

Fig. 2: Q point intersection paths
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Fig. 3 Angle of reflection aoy and ay

Simplify the model of NLOS propagation, from fig. 2, Q
is the example of intersection point which the path must
be passed before moving into NLOS with no more
reflection. Fig. 3 shows the example of a», and a,, which
are the maximum and minimum angles for the path that
enters the NLOS path by reflecting just only 1 time on
path d,. The path with angle o is the path which passes
the Q point. It means that the mentioned paths above can
reach to the receiver. Distance and incidence angle of the
path that pass the Q point, which is the NLOS
propagation, will be estimated by a factor ¢; where o
and ay; are the maximum and minimum angle of the path
which pass the Q point.

Oy — Oy
)\ ey ) | (8)
3 T

The factor ¢, is the ratio of number of waves that enter
the NLOS path where ¢; <=1. This factor can be use in
¢ach path which passes the Q point. Fig. 2, for the path
with no reflection in LOS, ¢; will be equal to 1. Path loss
equation L, for the model of NLOS is

NS 26
Li= -Dog‘[]{;(%) 7?2@[. ,gol_S-I (9

When the receiver moves along the NLOS path, the
equation of average path loss can be calculated from

+d1
&
AL, (11)

where Ly can be calculated from the free space
propagation equation as

A
=|Dog | — 12
be gt{%1 (

L, is the path loss in NLOS path

A is building’s corner attenuation calculated from L,
L, is the path before passing the corner

L, is the path after passing the corner

B is slope in the NLOS path
dq is the distance from cell station to the corner

do is the distance along the NLOS path
k  is the number of paths

L, =L, +a+(1B)iog (10)

ECTI-CON 2005
The 2005 ECTT Internationdl Conference

L e 0 iR



3 EXPERIMENT AND RESULTS

The experiment of this paper is made at Siam Square
where the map is shown in Fig. 4. The cell station is a
transmitter with of 20 mW power, omni directional
antenna and processing gain of 4 dBi. The receiver is
PHS and measures the signal strength from control
channel (CCH) number 75 at the frequency of 1917.35
MHz [1]. The data is collected every 1 meter along the
path. The results have been plotted and compared with
the result from the calculation of equation (2) in case of
LOS path and equations (5) to (11) for case of NLOS
path.

Path P1 is a LOS path with a distance of d, = 80
meters. Path P2, P3, P4 are NLOS path which P2 has the
distance of d; = 25 metres and d> = 90 metres, P3 has the
distance of d, = 80 metres and d> = 60 metres, P4 has the
distance of d; = 55 metres and d> = 50 metres
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Fig. 4: Map of Siam Square

The path loss calculation in equation (2) defines d,
equal to 100 meters and increases the value d by 1 m.
until it equals the distance of each path at the frequency
of 1917.35 MHz.

In the calculation of equation (5)8), let define g, =3
[6], o = 100 (for the building o >> 1)[7] and using the
frequency of 1917.35 MHz. Other variables needed for
these equations are defined as shown in table 1, which is
obtained from developing a model of 2 propagation paths
(Ray No.I and 2) as shown in Fig. 4.

From the results of calculation as shown in table 2,
the NLOS path loss (LAafter the corner)) of path P3 is
highest because the distance d, of this path is highest.
Then, the angle & of reflection path from the building into
the NLOS path is wider than paths P2 and P4. When the
angle 8 is wide, the number of reflections in the path
increases (as shown in fig. 1). So, the distance of
propagation path is much more higher when the distance
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of NLOS path added with the distance of LOS
propagation path and becomes the value of D. Finally, the
value of D is high, so the path loss is high. Table 1, the M
value of Ray No. | in path P4 is more higher than in path
P3 in the situzon that d, of Path P3 is less than dl in
Path P4. The road in path P4 is narrow, so the number of
reflection in NLOS path increases. But, when added with
the distance of LOS path, the D value of P3 still higher
than P4, so (L, (after the corner)) of P3 is high than of P4.
The attenuation from building

Table 1: Parameters for calculation

Path P2 Path P3 Path P4
Ray No. I 2 1 2 ! 2
g 0° 40" o 15t o | g
J 750 50 85 752 81 | 67¢
N 0 1 0 1 0 1
M 11 3 28 13 32 9
D(m) 224 110 507 277 447 | 183
®, L ons 1 [loos | 1 [ OF
Table 2: Calculation of propagation loss from building
corner
o) Ly (before L, (after y
corner ) corner)
P2 23.5376 dB 6.1 dB 17.4376 dB
P3 32.4610dB | 16.82 dB 15.6410 dB
P4 26.3093dB | 11.043dB | 15.2663 dB

As shown in table 2, the attenuation in path P2 is
highest, because the road in path P2 is widest, so the
reflection of propagation in NLOS path of path P2
increase the value of D dramatically. Then, the difference
between (L (after the corner)) and (Ly(before the corner))
is high. In case of P3 and P4 their roads in the LOS path
have the same width. P3 has a higher distance in LOS
path (d,), but P4 has narrow road in NLOS path which
increase the value of M and distance of propagation path.
So, the. difference between (L (after the corner)) and
(L{before the corner)) of P3 and P4 are close to each
other.

Next, to use the attenuation from table 2 for
calculating the value of L, by using equation (9) with B =
4 [8] and plot the data to compare with the measured data
which are collected from the NLOS path. Fig. 5 shows
signal strength in the LOS propagation path from
calculation and measured data, when compared with
NLOS propagation path. Figs 6-8 show that the signal
strength decreases after passing the corner due to the
obstacle of the building. The slope of NLOS propagation
path is higher than the slope of LOS propagation path.
Because the reflection with the building increases the
distance of propagation path, this affect to increase the
path loss too. Fig. 4, it can be noted that the location of
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the cell station in this experiment is in the middle of the
road. It is easy for us to simulate the propagation path. In
practical, the cell station will be located above the
sidewalk. The experiment makes z little effect to the
angle of incidence for NLOS propagation path. The
height changement of cell station, It effects only with
LOS propagation path, but the effect with NLOS
propagation path is very little. So the building corner
attenuation change nothing from height changement and
location from middle of the road to the sidewalk.
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4. CONCLUSION

From the results of the experiment, the signal strength
decreases after passing the corner of the building and the
slope of NLOS is higher than LOS propagation path. It
comes from the effect of reflection. From the results of
calculation, the factors which seriously affect the
attenuation is the width of the road. The changing in
heights of cell station effect only the LOS propagation
path, but it effects a little with NLOS propagation path.
So, to improve the cell station, it should increase the
transmission power or the processing gain.
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