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The computation of cell coverage regions for PCT (Personal Communication Telephone)
wireless communication system should be careful in the various problems such as, to decrease the
occurring hole or overlap, which is minimized cell and may will have the co-channel interference.

This thesis presents a design procedures of cell site for PCT in the 1,900 MHz frequency
band by using computer program. The parameters of program are the transmitter and receiver,
power of cell, the traffic communication, the surrounding environment condition effects and etc.,
which are in the function of frequency. The comparison between computational and measured
results is very relative high. Thus, it is verified that this designed program work properly and can
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MItATTIFOIdey a0l launiin
anu hvesmaiuduaa 40 dB
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AsnsHarsIdyy I CRC
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Inffarden udrdaligldusmsudazay
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A15197 2.2 NATTIUYBITZUY DECT

EREAGED WATFIU
A 1880-1900 MHz
mMAUANIININY FDMA/TDMA:
maiiamsgqwand TDD
SuTeITYYIN 10 °
SLYTHNTTHINTBINYY I 1728 kHz
snnudeadyanunoniuning 12
FHUAYBINITUOYAN GMSK
anusalumsdedeya 1152 kbps

msinsHadgygandos

ADPCM 9190151 32 kbps

mivaassvosdaynn lawniin
31971V UNTY 10 ms
mshsiayeedaya CRC
fdeugunie 10 mW
RFP %
.| cC RFP a7 PH
unn RFP
" psisun )/’/{
RFP CTA
- - é
M% uilng
RFP PH

a o A
ms IuSmseSudug

PSTN (Public Switched Telephone Network) - Tﬂsq‘u'meﬁwﬁﬁugmmmsmz
PH (Portable Handset) - 1n303 Insfiminnm

REP (Radio Fixed Part) - 0 15i3ngegiui

CC (Cordless Controller 150 Cluster Controller) - Q'I.lni a’x'mm;u'ﬁ'ma

CTA (Cordless Terminal Adapter) - gnstlezuufines'l¥ae

51/ 2.1 Tnseardravesssuy DECT
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4 o o
Tnsea¥1952uy DECT 2252noudae 10599 InsANyInAN1 (PH : Portable Handset)
y U8 - s 4 5w
dauvesgilnseinzuntimesyatemaliaty (CTA : Cordless Terminal Adapter) ieldd iy
g < A 4 ¥ A aa A - . i
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2.2.2.3 SYUU PACS

pacs sz Insiwd 1medmyanaiudians fianniulay wadaod Uszing
ansgowsnlull 1992 o lnmsaldanidesnhaunamtuszuy nsini eodau
yAfaLAzEsISHE 1aYszUY PACS szeunsaliuosée Fes feya uoznmundeulny

’5"]14’ﬁyiJﬂ151%\1']‘145]'181140'1?!1'5!»163511Uuﬂﬂﬂ'lﬂ'li

A15197 2.3 VIATTIHVBITZUY PACS

s1ezPYn MNIFIN
drunud 1850-1910 MHz(Uplink)
1930-1990 MHz (Downlink)

mAAMSININY TDMA
maliamsgmand FDD
$mIUTBITYY IV 8

LUTY TS INFDIT YYD 300 kHz
yHANTNOYAN n/4-DQPSK
uouRMNGvesTeIdRya N 120 MHz
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msnsHadgygoudos ADPCM 71§51 32 kbps
MITAAITVRITYRIN HUBAIYAD
$29170198AUN Y 2.5 ms
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Sfedundovesdoniign 800 mW
fadundoveuniosInsdni 25 mW
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v o a d I3 s
5. msihswadyanauieuvesuduiiviviesfuidaawadinauegan
(ADPCM : Adaptive Differential Pulse Code Modulation) fions1 32 kbps
- euszannmvssgumwidsslumsdioms
-5995ums 1daseeInsms G3
] @ o v [
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L@dB) = -10log(G,)-10log(G,)-20log (h,)-20log (h,)+40log(d)  (4.22)
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La = 20log|F(v) (4.25)
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Lg = 0 1<V (4.26)
Lq = 20log (0.5+0.62v) 0<v<] (4.27)
Lqg = 20log (0.5 exp (0.95V)) —;SUSO (4.28)
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Lot = -10+0.35phi 0< phi<35 891 (4.38)
Loi = 2.5+0.075(phi-35)  35<phi<55 89 (4.39)
Lo = 4+0.114(phi-55) 555 phi<90 84 (4.40)
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Option Explicit

'Constants
Public PI As Single
Public fullAngle As Single

Public fMainForm As frmMain

Sub Main()
PI=4 * Atn(1)
fullAngle = PI * 2#
Set fMainForm = New frmMain
fMainForm.Show
End Sub

'This is the main subroutine where the ray-tracing starts
Sub compute(sch As Schema, frm As frmCompute)
Dim angleStep As Single
Dim currentAngle, prevReflectionAngle As Single
Dim counter, numberOfReflections As Integer
Dim isec As Intersection
Dim directSection As Section
Dim origSection As Section
Dim reflectedSection As Section
Dim currentRay As Ray
Dim prevReflectionPoint As Point
Dim i As Single
Dim dl, d2 As Single

Dim refl As Boolean

Do While sch.successRays.Count > 0

sch.successRays.Remove 1
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Loop
'First we test direct ray from trasmitter to receiver
Set directSection = New Section
directSection.setSection sch.transmitter.position.x, _
sch.transmitter.position.y, _
sch.receiver.position.x, _
sch.receiver.position.y
Set isec = closestSectionIntersection(sch, directSection)
If (isec Is Nothing) Then
'Direct ray 1s possible
Set currentRay = New Ray
currentRay.addSection directSection
sch.addSuccessRay currentRay

End If

"Now let's beam around...

angleStep = fullAngle / sch.maxNrOfBeams

currentAngle = 0#

For counter = 1 To sch.maxNrOfBeams
frm.txtCurrentBeams = counter
frm.txtSuccessRays = sch.successRays.Count

frmCompute.Refresh

Set currentRay = New Ray
Set prevReflectionPoint = schi.transmitter.position

prevReflectionAngle = currentAngle

For numberOfReflections = 1 To sch.maxNrOfReflections

frm.txtCurrentReflactions = numberOfReflections

frmCompute.Refresh

Set origSection = New Section
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origSection.setSectionByAngle prevReflectionPoint.x, prevReflectionPoint.y,
prevReflectionAngle, 1000
Set isec = closestSectionIntersection(sch, origSection)
'Here we test whether receiver received the signal
If receiverIntersection(sch.receiver, origSection) Then
If isec Is Nothing Then
origSection.setSection origSection.pl.x, origSection.pl.y, sch.receiver.position.x,
sch.receiver.position.y
currentRay.addSection origSection
sch.addSuccessRay currentRay
Exit For
Else
d1 = distance(origSection.pl.x, origSection.pl.y, sch.receiver.position.x,
sch.receiver.position.y)
d2 = distance(origSection.p1.x, origSection.pl.y, isec.p.x, isec.p.y)
If d1 <=d2 Then
origSection.setSection origSection.pl.x, origSection.pl.y, sch.receiver.position.x,
sch.receiver.position.y
currentRay.addSection origSection
sch.addSuccessRay currentRay
Exit For
End If
End If
End If

Ifis¢c Is Nothing Then
Exit For
"End If
origSection.setSection isec.s1.pl.x, isec.sl.pl.y, isec.p.x, isec.p.y
currentRay.addSection origSection
prevReflectionAngle = reflected Angle(isec)

Set prevReflectionPoint = isec.p



Next numberOfReflections
' If currentRay.sections.Count > 0 Then
' sch.addSuccessRay currentRay
! End If
currentAngle = currentAngle + angleStep
Next counter

End Sub

'"This function checks whether two sections intersect each other.
'If there is intersection, it gives back the coordinates of intersection,
‘otherwise it gives Nothing value
Private Function sectionIntersection(sl As Section, s2 As Section) As Point
'"These are coefficients of two equastions
Dim al As Single
Dim bl As Single
Dim c1 As Single
Dim a2 As Single
Dim b2 As Single
Dim c2 As Single

Dim x As Single
Dim y As Single

Dim p As Point
Dim condl, cond2, cond3, cond4 As Boolean
Dim d, Dx, Dy As Single 'determinants

Dim eps As Single

eps = 0.01 'confidency value

al =-sl.p2.y +sl.pl.y

bl =sl.p2x-sl.plx

cl =(sl.pl.y *bl) -sl.pl.x * -(al)

100



a2 =-s2.p2.y +s2.plLy
b2 =s2.p2.x -s2.pl.x
c2=(s2.pl.y *b2) -s2.pl.x * -(a2)

d=al *b2-bl *a2

If d = 0# Then
Set sectionIntersection = Nothing
Exit Function

End If

Dx =bl *c2-cl *b2

Dy=al *c2-cl *a2

x=-(Dx/d)

y=([Dy/d)

'Now we check whether the solution lays on the sections
If sl.pl.x <=sl.p2.x Then
If (s1.pl.x - eps <= x) And (x <=sl.p2.x + eps) Then
condl = True
End If
Else
If (s1.p2.x - eps <=x) And (x <= sl.pl.x + eps) Then
condl = True
End If
End If
I£ST.1;1 .y <=sl.p2.y Then
If (sl.pl.y - eps <=y) And (y <=sl.p2.y + eps) Then
" cond2 = True
End If
Else
If (s1.p2.y - eps <=y) And (y <=sl.pl.y + eps) Then

cond2 = True
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End If
End If
If s2.p1.x <=s2.p2.x Then
If (s2.pl.x - eps <= x) And (x <= s2.p2.x + eps) Then
cond3 = True
End If
Else
If (s2.p2.x - eps <=x) And (x <= s2.pl.x + eps) Then
cond3 = True
End If
End If
If s2.pl.y <=s2.p2.y Then
If (s2.pl.y - eps <=y) And (y <= s2.p2.y + eps) Then
cond4 = True
End If
Else
If (s2.p2.y - eps <=y) And (y <= s2.pl.y + eps) Then
cond4 = True
End If
End If
If cond1l And cond2 And cond3 And cond4 Then
Set p = New Point
p.setPoint x, y
"We got the solution
Set sectionIntersection = p
Exit Function
End If
Set sectionIntersection = Nothing

End Function

'This subroutine finds the closest intersection between

'one of the sections of the blocks and a section of a wave beam if any
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Private Function closestSectionIntersection(sch As Schema, s As Section) As Intersection
Dim i, j As Integer
Dim currentBlock As Block
Dim currentSection As Section
Dim intersections As Collection
Dim p As Point
Dim isec As Intersection

Dim d, dmin As Single

Set intersections = New Collection
Fori= 1 To sch.blocks.Count
Set currentBlock = sch.blocks.Item(i)
For j = 1 To currentBlock.limiterSections.Count
Set currentSection = currentBlock.limiterSections.Item(j)
Set p = sectionIntersection(s, currentSection)
If Not (p Is Nothing) Then
Set isec = New Intersection
Setisec.p =p
Setisec.sl =s
Set isec.s2 = currentSection
intersections.Add isec
End If
Next j

Next 1

If intetsections.Count = 0 Then
Set closestSectionIntersection = Nothing
Exit Function

End If

'Now find which intersected section is the closest one

Set isec = intersections.Item(1)
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dmin = 10000
Set closestSectionIntersection = Nothing
Fori=1 To intersections.Count
Set isec = intersections.Item(i)
d = distance(isec.s1.pl.x, isec.s1.pl.y, isec.p.x, isec.p.y)
If d > 0.01 Then
If d < dmin Then
Set closestSectionIntersection = isec
dmin=d
End If
End If
Next i

End Function

*This function calculates the reflected angle in an intersection (reflection point)
Private Function reflectedAngle(i As Intersection) As Single
Dim incomingSectionAngle, reflectorSectionAngle As Single

Dim debugStr As String

incomingSectionAngle = i.s1.vectorAngle

reflectorSectionAngle = i.s2.vectorAngle

If reflectorSectionAngle > PI Then
reflectorSectionAngle = reflectorSectionAngle - PI

End If

reflectedAngle = 2 * reflectorSectionAngle - incomingSectionAngle

End Funetion

'Distance between two points
Public Function distance(x1 As Single, y1 As Single, x2 As Single, y2 As Single)
distance = Sqr((x2 - x1) * (x2 - x1) + (y2 - yD) * (y2 - y1))

End Function
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Private Function receiverIntersection(r As receiver, testSection As Section) As Boolean
Dim s As Section

Dim p As Point

receiverIntersection = False
Set s = New Section
s.setSection r.position.x - r.radius, r.position.y - r.radius, r.position.x + r.radius, r.position.y -
r.radius
Set p = sectionIntersection(s, testSection)
If Not (p Is Nothing) Then
receiverIntersection = True
End If
s.setSection r.position.x - r.radius, r.position.y + r.radius, r.position.x + r.radius, r.position.y +
r.radius
Set p = sectionIntersection(s, testSection)
If Not (p Is Nothing) Then
receiverIntersection = True
End If
s.setSection r.position.x - r.radius, r.position.y - r.radius, r.position.x - r.radius, r.position.y +
r.radius
Set p = sectionIntersection(s, testSection)
If Not (p Is Nothing) Then
receiverIntersection = True
End If
s.setSection r.position.x + r.radius, r.position.y - r.radius, r.position.x + r.radius, r.position.y +
r.radius
Set p = sectionIntersection(s, testSection)
If Not (p Is Nothing) Then
receiverlntersection = True
End If

End Function
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Public Function radianToDegree(r As Single) As Single
radianToDegree = 180 /PI * r

End Function
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The computation and experimental results for cell coverage
regions for a PCT system

Phichet Moungnoul, Nutkamon Namuang, Manoon Sukkasem and Tawil Paungma
Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok,10520, Thailand.

ABSTRACT

The new Personal Communication Telephone
(PCT) service in Bangkok (Thailand) is provided
by Telecom Asia Co., Ltd., a concessionaire of the
Telephone Organization of Thailand (TOT). A field
trial with 100,000 subscribers was currently being
carried out. The designation of cell coverage
regions for PCT should be planned carefully to
allow in the occurrence of various problems such
as to decreasing holes and selecting sufficient cell
power in each area.

This paper presents the design procedures of
cell sites for PCT in the 1900 MHz frequency band
using a computer program. The parameters of the
program are the transmitter power and receiver
sensitivity of the cell, the communication traffic
and the surrounding environment conditions which
effect the function. The computation and
measurements should be tested for three different
areas, area A (Silom Rd.), business area with high
density of users and high rise buildings, area B
(Ratchadapisek Rd.), urban area with medium
traffic on a tree lined main road and area C
(Bangna-Trad Rd.), express way with medium and
high speed vehicle movements. The results will be
described in this paper.

1. INTRODUCTION

In September 1996 one of the speediest and
most dramatic advances in Thai infrastructure was
completed. The installation and operation of 2.6
million telephone lines in greater Bangkok by
‘Telecom Asia Co., Ltd. for the TOT was the result
of superb co-operation among many different
agencies, both public and private. Because of this
achievement, Bangkok’s ratio of telephone lines
per 100 persons rose from 14 to 50, a level
equivalent to other great ccsmopolitan cities in the
world. The quality and character of telephone
service in general were greatly affected, as new
forms of telecommunications followed in the wake
of this massive change in the scale of Bangkok’s
‘capacity to communicate.

Telecom Asia is therefore committed in 1997 to
the process of transforming its basic telephone in
accordance with this age of personal wireless
communication. The company’s networks are
undergoing restructuring to make them one of the most
state-of-the-art in the world, base on PHS microcell
wireless systems and Intelligent Network (IN)
technology that will allow subscribers to take basic
their telephones with them. This new service is called
PCT or Personal Communication Telephone[1], and
represent one of the most advanced basic telephone
services in the world - achieved first in Thailand, and
conceived by Thai engineers. The PCT service, a
wireless basic telephone network system that allows
users to carry their handset outside their home.

2. PCT NETWORK

The cell site in the cellular system is reduced in
size progressively. Presently, cell sites are about 2-3
kilometers radius for increasing the quantity of users
because as the cell size are reduced, the number of cell
size has to increase to cover the same given area, hence,
more channels are available. Current technology
enabled the utilization higher frequency and tend to go
higher and higher up the spectrum with time. The
reduction in cell size of the cellular system involve a
higher investment due to the cell sites increasing.
Alternatively, cell stations can be installed in principle
working areas such as along the roads and inside the
buildings. The PCS system and its derivatives such as
PACS (Personal Access Communication System[2],
DECT (Digital European Cordless Telephone)[3] and
PHS (Personal Handy-phone System) systems.[4]
Thailand has adopted the PHS system, being
technology from Japan, and called it PCT.[5]

The Telephone Organization of Thailand (TOT)
granted a permission to Telecom Asia Co., Ltd. (TA) to
provide PCT service in the Bangkok Metropolitan area,
while the Thai Telephone and Telegraph company
(TT&T) provides the same to other areas. The PCT
system utilized the 1900 MHz (1895-1918 MHz)
frequency band and it is divided into 77 channels as
show in table 1.

The first ten channels communicate with PCT in
transceiver mode, while the next 27 channels are used
inside building as Wireless Automatic Branch
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Exchange (WPABX). The frequency uses in
experiment and calculations in this paper was 1910

MHz.

Table 1 Frequency planning in PCT system.

Channel | Frequency(MHz) Type of work
1-10 1895.150-1897.850 Direct
(Each signal communicatio
channel was 300 n between PS
. kHz apart) to PS
11-37 | 1898.150-1905.950 To
(Each signal communicate
channel was 300 within
kHz apart) buildings as
WPABX*
38-69 | 1906.250-1915.550 To
(Each signal communicate
channel was 300 with the pubic
kHz apart) service
70-77 | 1915.850-1917.950 | For channel
(Each signal controlling of
channel was 300 the providers
kHz apart)

* WPABX: Wireless Private Automatic
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Table 2 Properties of PCT cell station

Property Type for using

Frequency area 1.9 GHz
(1895.15-1917.95MHz)

Working characteristic TDMA/TDD

Signal channel quantity/RF | 4

wave

Modulation method p/4 QPSK

Passing voiced signal code | 32 kbps ADPCM

Bit rate of controlling | 384 kbps

signal

Output power CS:10,20,200,500 mW
PS :5-10 mW

Bank of carrier 300 kHz

Antenna characteristic Omnidirectional dipole
antenna

The architecture of the PCT network for public
is illustrated in Fig. 1. It consists of three networks as
PHS, PSTN (Pubic Switched Telephone Network) and
IN (Intelligent Network). The main purpose in linking
these networks together is to enable the PCT to
share the same number of the line phone number.

Branch Exchange
. ]
1 |[Sebsorioer and Intelligent Network ; 1 PHS Network
service | 1
I {|Administration []
1 1 1 ] | |
M
[ | SSQL SN - T — — e el 2 r 1
I by
1 : I ration and] Statistics | ! W i | | 1
1 Slc)r;/tx:c : I aintenance IFilc : a I 1
Server 1 1 [ | Mapl
1 t{| Element 'w 1 i 1
1{{Management| ' ]
1 Heocpapd  t HE I L 1
i : i BT | . 3 PHS [ ]
P Server
i ISCWiCC Node Cunuuﬂcnl = &AL@ | | 1 1
3 . L4 1 1 1
$ w
1 Resourc ‘r— 1 ! '
1 1 1 1
' % L 1 Remote '
N X - ' SW Unit
e e e O W - - l ~ l
INAP| |EIl, ISUP
| ] ] 1
. 1sup 1 ! 1
' 1 1 1
' 1SUP ! ! '
[ | ] 1
: " 1 ' '
' PSTN ! Personal Station - PS '
PSTN : Public Switched Telephone Network PHS : Personal Handy-Phone System
PCT : Personal Communication Telephone HLR : Home Location Registor
ISUP : Integrated Service User Part INAP : Intelligent Network Application Protocol
VMS : Voice Mail System MAP : Mobile Application Protocol
BRI : Basic Rate Interface SQL : Structured Query Language
CS  : Cell Station PS  :Personal Station
SN : Service Node TCP/IP : Transmission Control Protocol/Internet Protocol

Fig. | Architecture of the PCT System
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The chain-like layout pattern of cell stations of the
PCT system is installed at a height not exceeding
4.5 meters on electric pole on every road as shown
in Fig. 2 and the details of cell station as shown in
table 2.

Fig. 2 Cell station of the PCT system installed
on the electric pole.

3. PLANNING

To plan PCT for public usage along the
roads in Bangkok Metropolitan. Cell layouts have
to be considered, the distance of cell station must
be appropriate for efficient performance. In case of
cells being too far, there would be call drops while
on the other hand when the cells were too close, it
would cause of interference. The PCT cell stations

dBuv
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layout is illustrated in Fig. 3 as shown for the Thai PCT
cell station layout which employed 2 carriers per area
because if all channels were occupied (3 channels/cell)
in the 1% carrier, PCT will search for the 2" catrier to
handover. Handover will be triggered by the signal
strength level or S/N ratio of more than 10 percent.
Naturally, the signal strength level and S/N ratio are
inversed proportionally. The hand-in cell must have a
signal strength more than that specified in order to
complete the handover, otherwise the call will drop.

4. EVALUATION OF CELL STATIONS
VICINITY

The evaluation of distance between cell stations
could be calculated from attenuation. In this paper the
1* equation had been used for general calculation
assuming that there was no obstruction when compared
with the 2" equation which belong to Okumura[6] and
Hata[7] equation as used in the tests in Japan. The cell
layout of the PCT system is mainly along the side of the
roads. Therefore, the communication path between the
PCT and cell stations seems to be no obstacle. So in this
paper, the 2™ equation is adopted and adapted to suit to
the condition. The 3" equation established from the
results of measurements and a given beginning value of
output signal loss at 38.4 dB (about 93.6 dBuV) which
is the value of CS for 1 meter distance and uses
grammar slope at 30.5 which was the value of Tokyo
suburban,

300 m, ——p»

————300 m. »“

300 m.

e

80-93.6

O)

Hand-in level

Z©

©

®

30 -
Hand-out level /

/

25
16 /

N\

ZARN

CS 2 t
Handover

CS4

CS3 t
Handover

Fig. 3 Principle of PCT cell station planning
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L(dB) = 32.44 + 20log f, + 20log d )
L(dB) = 69.55 + 26.16log f.

+(44.9 - 6.55log heg)log d

- 13.82log hpS - a(hps) @)
L(dB) = 38.4 + 20log f,.

+(30.5 - 6.55log heg)log d

-13.82log hyg - a(hp) 3)
athpg) = [1.1log f-0.7}hp-[1.56l0g f - 0.8] @)

where L
f. = Carrier frequency used in PCT

= Path loss (in dB)

system (about 1910 MHz)

hg = Cell station antenna height

h

d

ps

in meters(about 4.5 meters)
Personal station antenna height in

meters (about 1.5 meters)
= Distance (in kilometers) from cell
station to personal station

From the calculation, the relationship
between signal level and distance is shown in

Fig 4.
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Fig. 4 Relation of signal level and distance.

5.COMPARISION OF SIGNAL
ATTENUATION BETWEEN
CALCULATION AND TESTS
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The testing measured signal level from 200 mW (23
dBm) cell staticn, NEC ID No.010820921, installed at
Ladkrabang a district of Bangkok. The result is shown
in Fig. 5.

-20 - : — 112
-30 : -4 102

Signal Strength (dBm)
Signal Strength dB (uV/m)

=100 102
~H10f T Hand out N
RO :
10° 10} 10? 10°
Distance (m)

416

12

Fig. 5 Comparison of attenuation signal between
calculation and measurement.

The comparison is shown that the derived value
from the 1 ® equation has more deviation from the
measured value. By using the Okumura and Hata
equation, the distance would be too short because of the
assumption of no obstruction in the 1* equation, while
the 2™ equation is used for the city with many hidden
buildings. The value of the 3" equation comes closed to
the measured value, so it is very appropriate for PCT
planning.

6. FIELD TRIAL

Cell stations for field trial were set up in three
areas. For city area for high traffic field trial, Silom
road was selected with an expected high density of PCT
users. Twenty mW cell stations were set up on electric
poles 4.5 meters above the ground. Measurements were
made every 10 meters. The average signal level
measured by a NEC CP6H3E1-2A field strength meter
is shown in Fig .6.

The other areas were measurements on
Ratchadapisek road and Bangna-Trad road in the same
way as on Silom road but the cells stations were
changed from 20 mW to 200 mW for extend cell size
more suitable to use at speed 30-60 kilometers per hour.
The results are shown in Fig. 7 and Fig. 8.
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Fig. 6 Signal strength curve for PCT system on Silom road.
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Fig. 7 Signal strength curve for PCT system on Ratchadapisek road.
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Fig. 8 Signal strength curve for PCT system on Bangna-Trad road.
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7. CONCLUSION

The comparison between the computed
value from the 3™ equation and the measured value
appeared to be very closed. The 10 dB difference in
measured value could be due to fading. It means
that it can be adjusted the new installation area
again and it is also used the calculated value for
basic planning. The approximate cell coverage is
300 x 2 = 600 meters for one carrier cell layout, or
using 300 meters for 2 carriers layout. Handover
will be done at a 290 meters distance, but hand-in
will be done about 200 meters .In case of no new
cells to hand-in, the calling will fall off about 600
meters from the cell. By the way, it is necessary to
allow a 10 percent reduction in distance to
compensate the signal fading.

The results of the signal test on Silom road
showed that the signal level was always higher than
30 dBpV (the signal level used for handover).
There had only one spot which had traffic lights, so
cell stations could not be installed there. This
section was intersection expectations, but still
worked well. To get more than 40 dBpV would
increase antenna gain or installing more cells which
could be placed in building near the crossroad.

The results of the signal test on
Ratchadapisek road using 200 mW cells layout 300
meters apart to get two carriers per area, see Fig. 7
showed that the signals power was always higher
than 30 dBuV and there had only one spot that
power lower than 40 dBuV. The output of CS6
was lower than usual, so this cell should be
changed. The diagram shows that the signal was
not accurated because of the environment and the
traffic jams.

On Bangna-Trad road is very wide and
have the expressway construction with very thick
concrete so the measured signal was so weak.
However most of signal were higher than 40
dBuV. Also a CSI position improvement is still
necessary.

-
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The expectation was decreased as per the first
equation. The results seem to confirm on this equation.
Although the actual installation used about 270 meters
instead of 300 meters as per the measurement at
calculation, this would increase the signal level about
10 dBpV. If the distance should be expanded to 300
meters on a small road and 270 meters on a large road,
the cells would be more reliable.
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