Figure 5-2 is the flow chart of the foregoing basic requirenents.
When these basiec requirements are applied, the optimum route
plan for the domestic satellite systen in Thailand turas out to
be the compound route plan consisting of the satellite system
plus the terrestrial radio system for part of the route.

By this route plan, 129 stations out of the 469 objective
stations of this Study are to be incorporated in the terrestrial
radio systenm.

The study of cable system application, including entrance cable,
shares the same philosophy as the terrestrial system study in
Part IV 3-4. (Refer to Table 5-2.)

The rouste plan formulated by the basic routing requirenments
clarified in the foregoing is shown in Figure 5-3. An exanple
of circuit assignument diagram for satellite systeam appears in
Figure 5-%4. The channel accommodation plan for the same four

aréas as of the terrestrial system route plam is shown in Figure
5-5.

3-2 CcChannel Plan
3-2-1 Scale of Domestic Satellite System in ‘hailand

(1) Number of Earth Stations
The number of sites required for Rural Leng Distance
Public Telephone Service by the satellite systea is, in
the first half of the Project period, 350 rural earth
stations and one master earth station. The similar
nunber in the latter half of the period is 194 rural
earth stations and one master earth station, excluding
146 stations where the equipnent replaceaent to
facilitate the incorporation to the terrestrial radio
systen is expected pursuvant to the introduction of

telephone exchange in and after 1994.
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Figure 5-2 Basic Philosophy of Route Plan for Satellite Systen
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(2} Traffic Volune

Forecasted traffic volume originating from rural earth

stations is:

1984 406,0 Exlt, (1.19 Erl./RS)
1989 560.0 Brl. (1.65 Erl./RS)
1994 275.5 E¥l. {1.42 Erl./RS)

The decrease in 1994 is because, in that year, not a few
objective stations of the service will be transferced to the
terrestrial radio system aad only the small scale rural

earth stations will continue to be operated by the satellite

systen.

{3) Number of Speech Channel Units to Be Instaltied in Rural
Earth Stations
The total number of speech channel units to be installed in

rural earth stations is:

1984 1,144 CHU (3.35 CHU/RS)
1989 1,413 CHU (4.16 CHU/RS)
1994 749 CHU (3.85 CHU/RS)

The nunber of channel units appearing above is the number of
speach channel units only. In addition to these speech
channel units, two channel units per rural earth station are
required. One is for signal transoission/receiving toffron
the master earth station, and the other for eagineering

service channel (order wire).
3-2-2 Channel Capacity Required for Satellite

{1) For Speech Channel
Rural earth stations are scattered all over Thailand. They
nunber as many as 340 in the first half of the Project
period and 194 in the latter half. To apply the satellite
systea to Rural Long Pistance Public Telephone Service is to
use the satellite as a kind of subscriber line
concentrator. The busy hour traffic from earth stations
will vary from station to station. The chanael capacity

required for the sateliite depends upon the variation of
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(2)

busy hour traffic from one rural earth station to another.
This is the key point for economic operation of the domestic
satellite systen.

In this Study, the station to station busy hour variation
could not be fully ascertained, However; it cannot be
considered that any two rural earth stations share exactly
the same busy hour, so that the busy hour variation
coefficient is set at 0.8 whereby to obtain the channel
capacity required for the satellite.

Based on the busy hour variation coefficient of 0.8, the
busy hour traffic that passes the satellite is calculated to
be

1984 406.0 x 0.8 = 324.8 Erl.
1989 560.0 x 0.8 = 448.0 Erl.
1994 2715.5 x 0.8 = 220.4 Erl.

When the grade of service is set at 1/100, the number of

speech channels required for the satellite is calculated to
be

1984 349 c¢h
1989 474 ch
1994 242 ch

Meanwhile, the number of channels shown above is equal to
the number of speech channel units to be installed in the
master earth station.

This relationship is explained ia FRigure 5-6.

For Data Channel

The DAMA systen introduction necessitates data channels for
sending and receiving of necessary information between each
rural earth station and the master earth station, besides

the speech channels.

In case the FM-SCPC modulation system is adopted, it is
considered that the data channel with the working speed of
approximately 2,400 BPS will be employed. Conceraing the
burst format for data transmission, there is no internaional

standaxd. Therefore, on the assumption that
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- Rural Earth Station
!
1
) No. of Stations 350/350/7194
¥]
N Ovg. Traffic in Erl. 406.0/560.06/275.5
1
/ No. of channels 1145/Y413/ 749
!
i
i
Traffic volure to be loaded
in the busiest hour in Frl.
324.81448.0/220.4%
A
1
\
1
1
\
\
A
Y
A
y — Master Earth Station
{Ban Saphan 5i}
Terxiz. Traffic in Erl. 324.8f/448.0/220.4
No. of channels 359SA4T4[242
Satellite
Note 1. Figures are for 1984/1989/169%
Note 2. No. of channels indicated does not include the data

channeis for derand assignment control, and the

engineering scervice channels.

Figure 5-6 Trafiic Flow a2nd Channel Plan for bDorestic Satellite System
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the 120 BPS or thereabouts is necessary for the burst which
will comprise front guard, carrier detection, bit
syachronization, data, check code and back guard, and in
consideration of the fact that the traffic volume from one
rural earth station may sometimes be small, it is so
arranged that one data channel be comnonly used by 30 rural
earth stations,

Hence, the number of necessary data channels is 12,
Although it is possible to vreduce the number of data
chaannels in accordance with the reduction of the number of
vural eacth stations, the arrangewent this time is to
maintain 12 data channels at all times. For, reducing the
nunber of data channels requires the data alteration of the
PAMA system, and, moreover, a rural earth station, if
withdrawn from the vural sites where the terrestrial radio
systes will be introduced, may be used for another area

where telephone service will not be provided even then.

(3) Number of Channels Required for Satellite
As the result of the preceding (1) and (2) studies the

number of channels required for the satellite will be

1984 349 &+ 12 = 361 ch
1989 474 + 12 = 486 c¢h
1994 242 + 12 = 254 ¢h

For engineering service {order wire), idle channels are

assigned.

3-3 PALAPA Transponder

The Tndonesian comnunication satellite, PALAPA I, was
launched in 1976. At present, two units, one operational and the
other spare or backup, are in the geostaticnary satellite
oxbits. They are located at 83° and 76°, East Longitude,
respectively. Anteanna coverage and GfT coatours are shown in
Figures 5-7 and 5-8, respectively. They cover five ASEAN
countries. The satellite attitude and position on the orbit are
periodically regulated from the master earth station. Each

satellite vnit holds 12 transponders, each having 36 Miz
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transmission bandwidth. The 6 GHz broad band receiver unit holds
the spare system though the output unit holds no spare system.
The design life span of the PALAPA satellite is seven years.
Pigure 5-9 and Figure 5-10 present the PALAPA satellite radio
frequency arrangement and functional block diagram, respectively.

Nine transponders (Channel Hos. 1 —~ 8 and No. 11 of the
operational satellite vnit) are used for domestic communication
in Indonesia. 1Idle transponders of the spare satellite unit will
be leased to the ASEAN countries. At present, the Philippines
uses half transponder by lease,

The long term lease rates for PALAPA satellite transponders
are as follows:

For a minieun period of 1 year @ US$850,000 per year
For a minimun period of 3 years: US$800,000 per year
For a mininum period of 5 years: US§750,000 per year

The partial transponder lease rate is proportionate to the
bandwidth used.

In case of trouble with any leased transponder of the spare
satellite unit, the operation will be switched over to another
transponder of the same satellite unit. Whea all transponders of
the spare satellite unit come into trouble, the operation will be
switched over to the transponders of the operational satellite
unit. Iadonesian authorities will do their uttost for smooth

functioning of such energency arrangement.
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PART V1 Detailed Transmission Route Study
and Field Survey






PART VI Detailed transmission Route Study and Pield Survey

1.

General

This Part VI carries out the sampling review of the UHF systen desiga
so far made by TOT and the confirmation thereof by the field survey
findings. The establishment of design eriteria and the system performance
estimation are also made. Furthermore, studies are conducted for the
typical RF channel arrangenent plan with respect to the UHF system as well
as the radio system configuration and the capacity of power plants
tequired.

The route plan for the cable system that constitutes part of the
terrestrial system is illustrated on a map of a scale of 1 ro 50,000.

The site selection for earth stations of the projected domestic
satellite system, design criteria for carth stations, and systen
per formance are also described. Regardiog the radio interference fron
earth stations, the forecast was made, using an extra-large capacity
copputer, and the methodology of forecast and the result obtained are
introduced in this Part VI.

In the detailed system study by sampling, consideration is made in
order that the design procedures, calculation results, drawings and

related data will be fully usable to TOT.
Terrestrial Radio Systen

2-1 TOT Survey Result Review and Field Survey

In accordance with the Scope of Work arrangemeant with TOT, the
Study Tean has carried out a detailed review of UNF systea route
plan, path profiles and systea designs in the vepresentative four
areas with a total of 75 radio stations. These four areas have been
picked up from TOT's prelininary study of the UNF systea plan, for
which TOT has carried out the survey for the whole districis of
Thailand. The four areas are the Chiangnai area (northern area),
Ayutthaya area (central area), Nakhon Ratchasipa area (northeastern

area) and Phun Phin area (southero area). Figure 6-1 is the detailed
study Flow chart.
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The four areas were selected, based on the agreement between the
Study Team and TOT to the effect that a review be made by the Study
Team on TOT's survey result, with major emphasis on the following
subjects:

1) Site sclection

in mountain
district -

Chiangrai area

2) Radio frequency
interference -

Ayutthaya area

3) Site selection
in plain land -

Nakhon

Ratchasina area Survey at Samuil Island
4) Over-the-sea propagation path design -~ Phun Phin area

The detailed review of TOT's study result anrd the corroborative field
survey by the Study Team were carried out according to the following

basic principles:

{1) 10T would vearrange im good order the findings in its detailed
investigations and deliver those data to the Study Team. Based

on those data, the Study Tean would make its own detailed study.

{2) For the terrestrial radio system desiga, the Study Team would
propose to TQT what it considered to be optical, based on its
experiential data, This proposal would be discussed jointly by
the Study Team and TOT Evon the technical viewpoint in order to

have the final design methodology agreed upon between both

paxties,
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(3)

(4)

(s5)

findings in the review of
TOT study result and in
the newly conducted field

survey:

1)

(2)

System performance determined by the mutual discussion between
the Study Team and TOT should satisfy the relevant CCITT/CCIR

recommendations or conform with other authoritative standard.

Efforts should be made to achieve the system construction
econony by reducing the number of repeater stations to the

possible minimun with the adoption of over-the~horizon systen

also.

Field survey itens should iaclude, besides technical
investigations, the interviews with local inhabitants (community
survey) to know the telephone demand among them, in order to use
information obtained as refereace data for forecast and

financial evaluation. (Refer to Part 111-5.)

FPollowing are the

TOT field survey has
so far been conpleted
for approxinately 160
stations out of a

total of 422

scheduled rural sites Contact Test at Doi Inthanon Site
and 47 scheduled
nobile exchange stations. For the remaining stations, only the

map study has been conpleted,

Many of rural sites where T0T has so far completed the field
survey do not have the locations finally decided. Hovever, the
nost part of rural sites are scheduled to be constructed in
plain land towns so that, wherever in the towns their final
locations may be, the radio propagation will in no way be
disturbed.

|
i
o
|



(3)

(4)

The UHF route plan made by TOT is considered to be generally
acceptable as it is based on the experience of site selection
for the existing microwave system. However, when the UHF band
radio propagation characteristics are taken into account in
system design, greater system operation economy can be realized

with the elimination of through repeater stations, for instance.
As regards the telephone demand forecast in and after 1989 for
this Project, there is need for reinvestigation aimed at demand

forecast readjustment. (Refer to Part III-5.)

In the following Chapter 2-2 through Chapter 2-5 appears the

detailed study result for the terrestrial radio systenm.

2-2 Design Criteria Establishment and System Performance Estimation

2-2-1

Determination of Radio Station Location and Antenna Height

Froa the optimum transmission route obtained in Part IV-2
{refer to Figure 4-1) the four areas, i.e., Chiangmai area,
Ayutthaya area, Nakhon Ratchasima area and Phun Phin area, have
been picked up 2nd the locations of all 75 radio stations inm
these four areas have been plotted on the map of a scale of 1 to
50,000. The coordinates have been read out and from their values
the basic propagation path paraneters, including path distance
and azinuth, have been calculated with the aid of a small sized,
prograrmable calculator. A caleulation exanple appears in Table
6-1. The typical revised path profile maps are shown in Figures
6-2 through 6-5.

For the antenna height determination criteria, the following

have been decided as the result of technical discussion with TOT:
(1) To use &/3 for coefficient of effective earth’s radius (K).

(2) To set the minimum antenna height at 30 @ in urban and plain

areas and 15 m at mountain-top repeater statioas.
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Table 6-1 PROPAGATION

Fath No.

PATH DATA /2 3516-1
Site P Site @ n
Ayutthaya - Nakhon Luang
Map No. 5137 Iv _ Hap No., S137_1V__
h4.30]
55.4
184.1 Q
| 167.3 179.3
(04.25)
{100.33|ke0.35) (100, 4d
Long-1(D.MS) 100. 3000 Long-1{D.MS) 100. 3500
Long-2(D.M5) 100. 3500 Long-2 {D.HS) 100. 4600
Lati-1(D.MS) 14.2000 Lati-1{D.MS) 14.2500
Lati-2(D.M5) 14.2500 Lati-2{D.MS) 14, 3000
X 1-2(m=m) 179.9 X 1-2{ea) 179.3
X 1-0(mm) 158.8 X 1-0{e3) 55.4
Y 1-2{r=m) 134.0 Y 1-2{=a) 184.1
Y 1-0(mn) 45.3 Y 1-0{rn) 102.3
Long. (D.HS) 100.3425 Long. {D.MS) 100.3633
Lati. (D.MS) 14.2114 Lati. {D.MS) 14. 2747
G.Elevation 5 (m) G.Elevation 4 (m)
Frofile No. 5 - 3516 — 1 Type of Path L/S (5o reflection)
) Antenna Height & Diffraction Loss
o -
e
}\\ d (k) 12.7
oy dl  (kn) 5.5
35 ho () 35.0
hgl (n) 5.0
| T hg2 (m) 4.0
5.5 }—== hal  (m) 33.0
~———{12.7 }
Path Distance & Aziruth hal (=) 38.0
ha? () 38.0
ng-P (D.MS) 100.3425 (k = 4/3)
ti-P (D.MS) 14.2114% Lp (=) 40,2
Long-Q (D.HS) 100.3633 Rs (o) 32.2
ti-Q (D.MS) 14.2747 Cs (=) 5.2
u 0.16
d (km) 12.7 M 8.
(k = 1) L1450 = 10 dB
& P-=Q(DP.HS) 17.3556 U 0.14
& Q+P(D.MS) 157.3627 H 9.
1.499.9=12 48
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Table 6-1 PROPAGATION PATH DATA (2/2)

Path Ko,

3516--1
Site P Site Q T
v Ayutthaya Nakhon Luang
Reflection Area(011A-1/3) Varfation of Reflection Loss{0}1A-3/3)
f (HKz) 900.00 L 1.060
K 1.333 K 2° 1.333
hgl (B) 5.0 K ot 3.000
hg2  (w) 4.0
d (kﬂo 12.7 Il
ot e
ha?’ (m) 38.0 :
r
hr (n) 5.0 Let! (dB) 4.5
Lr*¥ (dB) -4.3
he (=) Lr 27 (dB) -3.9
dl  (m) 6.4 -
a2 () 6.3 :::i g;
¢  (D.KS) 0.1857
Tl (k) 5.9 14
Dv 0.94 er (_dB)
LY (dB)
fe 0.7 Le * (dB)
$r  (dep) 180.0 -
LT Biﬂ(dB) 5.6 hal determined 38 ()
Lt pax{dB) 10.5 ha? determined 1g (o)
Reflection Loss(011A-2/3) Height Pattern
TR el L R na D
hal (o) 38.0 E B .
Lr60a(dB) 8.6
55 2.8
50 -0.7
45 -2.8
40 -4.0
35 4.6
30 4.5
25 -3.9
20 -2.6
15 -0.5%
10 2.7
ha? (m) 38.0 AR B b Tk s 32} hal ()
Lr60n(dB) 7.9 i
55 2.5 i
S0 -0.9 -
&5 -2.9 i
40 -4.0 ]
35 4.6 ;
30 4.5 %;
25 -3.9 It
20 —La '=;'n'z. At
15 _(2, ; 54 b i 10

Lr Pattern at P (4B, ha2’ =38 =)
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(3) To set path clearance at the obstruction point at 5 w when

the path distance is 30 km or less and at zero when the path
distance exceeds 30 km.

(4) To calculate the height pattern in case the strong reflected

wave exists on the propagation path and determine the

optinum antenna height in due consideration of the variation

OfK(KzltO3)-

(5) To consider the height of obstaclie, such as trces or

buildings, in the neighborhood of the radio station when

deteraining the antenna height, in case the propagation path

is the mountain diffraction path.

A list of antenna heights in the four areas, calculated by

the above criteria, appears in Table 6-2,

antenna tower height in the four areas is 46 m.

2-2-2 Systea Performance Estimation

{1) Allowable Noise and Noise Distribution

The noise objectives established in Part II-4 are to be

distributed as follows per radio hop:

Allowable median noise: 2,000 pWop for single hop

2,000 p®0p ~— Radio link
{s/tp = %57 dB) 1,540 pWop
(58.1 dB=O0p)

— MUX noise
460 pRop
{63.4 dB=20p)

~ 166 -

— Thermal noise 1,000 pWOp
at RX input (60 dBx=0p)
— Equipment 100 pWop
thermal noise (70 dBop)
-~ Intermodutation 200 pWOp
noise (67 ¢Bx:0p)
— Inter ference 240 puop
noise (66.2 dBoOp)

~— Echo & propagation HNegligible
distortion noise

Meanwhile, the average



Table 6~2 List of Anteana Heights for 4 Areas (1/3)

Radio Path

Antenna Height (w)

{Ayutthaya arca)

3516-1 Ayutthaya ~ Nakhon Luang
~2 Nakhon Luang - Ban Phrack
-3 Hakhon Luang - Maharat
~4 Ayutthaya - U-Thai
~5 Ayutthaya - Bang Ban
~6 Bang Ban — Bangpa Han
~7 Bang Ban - Phak Hai
-8 Ayutthaya - Sena
-9 Sena - Bang Sai
~10 Sena - Lat Bua Luang
-11 Ayutthaya - Ban Si

(Nakhon Ratchasina area)

4421-1 Nakhon Ratchasima - Non Sung
-2 Non Sung ~ Phi Mai
-3 Phi Hai - Chum Phuang
=% Chun Phvang - Prathai
-3 Bua Yai - Xhong
~6 Nakhon Ratchasima - Nen Thai
=7 Non Thai - Khan Sakae Saeng
-8 Ron Thai - ban Khun That
~9 Hakhon Ratchasima - Chakkarat
-10 Chakkarat - Huai Thalaeng
~11 Kham Thale So - Nakhon Ratchasima

-12 Si XKiv - Sung Noen

38 - 38
33 - 33
33 - 33
&3 - 43
33 - 33
33 - 33
33 - 33
45 - 33
33 - 33
33 - 33
33 - 33
50 - 33
33 - 33
33 - 33
33 - 33
40 - 43
55 - 33
33 - 33
43 - 43
55 - 63
63 - 58
33 - 35
33 - 33
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Table 6-2

List of Antenna Heights for 4 Areas (2/3)

Radio Path

Antenna Height (w)

~13 Pak Then Chai - Chok Chai

~14 Pak Tong Chai - Khon Buri

-15 Khon Buri - Sa Pratheep

-16 Sa Pratheep - Saeng Sang

(Chiangnai area)

5313-1 Chiangmai - Ban Pak Thang

-2 Ban Pak Thang - Doi Chiang Dao

~3 Dol Chiang Dao - Doi Pha Hong

-4 Doi Pha Hoang — Fang

-5 Fang -~ Hae Al

-6 Doi Chiang Dao — Chiang Dao

~7 Doi Chiang Dao - Doi Mu Soe

-8 Dol Hu Soe - Phrao

-9 Mae Rin -~ Chiangnai

—-10 Hae Rity - Mae Taeng

-1l Chizngnai - San Sai

-12 Chiangmai - Doi Saket

-13 Doi Saket - San Kan Phaeng
~14 Chiangnai - San Patong

~15 San Patong - Ban Non Hai
-16 Ban ¥oa Hai ~ Hot

~17 Hot - Doi Pae Po Mak

~18 Doi Pae Po ¥ak - Khao Huai Bon
=12 Xhao Huai Bon - Oakol

-20 San Patong — Hang Dong

43 - 48
38 - 38
38 - 68
63 - 713
40 - 15
360 - 18
18 -~ 18
18 - 33
33 - 33
18 - 33
13 - 18
18 - 33
68 - 40
68 - 57
38 ~- 33
35 - 33
33 - 33
40 - 58
8 - 78
50 - 45
63 -~ 48
48 ~ 86
63 - 78
60 - 33

368 -




Table 6-2  List of Antenna Heights for 4 Arecas (3/3)

Radio Path

Antenna Height ()

~21
-22

-23

-10

-11

-12

-13

~14

Ban Hon Hai - Chom Thong

Doi Pae Po Mak — Doi Tao

San Patong ~ Doi Inthanen

Hae Chaen - Doi Inthanon

Doi Inthanon -~ Sa Moeng

Phin area)

Phun Phin (R) — Don Sak

Don Sak - Ko Samui

Pon Sak - Ko Phangan

Phun Phia {Tex) - Kanchanadit
Phun Phin (Tex) - Tha Chang
Chai Ya - Tha Chana

Phun Phin (R) - Khiri Ratthanikhon
¥hiri Ratthanikhoa - Ban Takhun

Khiri Ratthanikhoa — Phanon

Ban Na San Khian Sa

Ban Na San

Ban Na Doen

Ban Na San

Wiang Sa
Ban Na San - Prasaeng

Phun Phin {Tex) - Phua Phin (R)

30 - 33
15 - 33
40 - 33
58 - 58
58 - 33
10 - 33
33 - 33
53 - 33
47 —- 43
36 - 33
45 - 33
10 - 35
58 - 33
63 - 43
55 - 63
55 - 48
43 - 33
58 - 33

25 - 10
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(2)

(3)

%50 dB in the case of mountain diffraction path. For short
term noise, no specification is provided. Suffice it to say
that the 99.9% value is estimated as a reference value for

systen design.

Equipaent Parameters

Equipment parameters used in the system design are as

follows:

Transmission capacity 24 ¢h, 120 ch

900 MHz

37 dba

35 kHz r.n.s.fch (24 ch)
100 kHz v.m.s.fch (120 ch)
12-108 kHz (24 ¢h)
60-552 kHz {120 ch)

7 dB

1.5 #Hz (24 <h)

5 XHz (120 ch)

-95 dBa (24 ch)

-90 dBa (120 ch)

Radio frequency

Transmnitting power

Frequency deviation

Baseband frequency

Noise figure

IF bandwidth

-y

Threshold level

Equipzeat thermal neise : 100 p¥Op
Equipnent intermodulation
noise 1 200 pROp

MUX equipnent noise 80 pwop (SG TR)
80 Pwop (G 1R)

300 pkop (CH TR)

Koise Calculation

Yedian noise in the radio section iacluding carrier
multiplex equipment is calculated by the following
expressions

Np=Rta*Hte+H- + N.

where

in it * Hpm

NP : Total noise (psophonmetrically weighted)

H__: Thermal noise

ta a
Nta = 10

where a =-£29—:I%£§Lél
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! Equipment thermal noise

N
te
N, ¢ Fquipment intermodulation noise
LFPY Interference noise
N ¢ Carrier multiplex noise

Signal to thermal neoise ratio, S/Nta, can be obtained by

the following expression:

SR, = By~ Iy
=P -F1 20 log (Solfp) + 141.6 + Kemp - L
where
F : Figure of merit (dB)
P.: Transmitting power {dBa)
F : Noise figure (dB)
$,: Frequeacy deviation (kHz r.m.s./fch)
fp: Highest baseband frequency (kiz)
Keap: Enphasis improvenent factor (= & dB)
Ln: Ret loss between transmitter and receiver (dB)

(4) Fropagation Loss Calculation
From Figure 6-6 the additional propagation loss te the free

space loss can be obtained.

(5) Threshold Margin

The objective threshold margin on each path is 33 dB or wmore.

(6) sShort Term Noise Calculation

Fading depth, Ay (99.9%), is obtained by the following

expression to estimate short tera noise, L S8 (99.9%2):

Ap (99.9%) = 10 log L x f (dB)

where

L : Path distance (kn)

f : Radio frequency (GHz)

A system performance calculation exaaple by the foregoing
conditions appears in Table 6-3. The list of systea performances

for the four areas appears ia Table 6-%.
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fable UHF SYSTEM PERFORMANCE CALCULATION

Path No.

U PO P!

6-3 (900 MMz, 24=ch/120 ch, 5 W/ 50-4 ) 3516~ L
Statfon P Ayutthaya T.R Station O Nakhon Luang T.%
Path Type: L/S (ae reflection), ¥Mt=—Diffraction P Q
Antenna Helght X ha " 38 g |
Antenna Type & Size (Yagi,Parabolic) 1.8 1.8 _
Antenna Gain Ga dBi 21 21 i
Feeder Type H20 H20
Feeder Length if m L 48 48
Feeder Loss(ha + 10) x ALf Lf dB 2.5 2.5
Antenna Height at P hal ™ 38.0
Antenna Height at Q ha2 0 38.0
Path LoOSS o
Path Bistance é km 12.7
Free Space Prepagation Loss Lo a8 113.6
Additional Propagation Loss{50%) La dB 15.0
Total Propapation Loss{50%) ip ds 123.6
Required Antenna Gain Ga dB 39.6
Antenna Gain at P Gal dBi 21.0
Antenna Gain at Q Ga2 dBi 21.0
Branching Loss 1b dB 5.0
Feeder Loss at P Lfl dB 2.5
Feeder Loss at Q L2 dB 2.5
Net Loss(508%) in (i }:] 9.6 "
ledian Noise(50%)
Figure of Merit Fo dB 160.0
Signal/Therral Noise S/kta | dB 68.4
Thermal Noise Nea ]pWop 145.0
Equiprent Therral Noise Nte |pWOp 100.0
Interzedulation Noise Nim pROp 200.0
Interference Roise Nif | pWop 240.0
Radio Link Roise Npr pROp 685.0
Carrier Multiplex Noise Npiz pROp 460.0
Total Noise Np pHOp 1145.0
Signal/Total Noise( = 57/50 dB) __|S/¥p 4B 59.4 |
Short Period Noise(99.9%)
Fading Depth Af | 4B 11.0
Signal/ihermal Noise S/Kta dB 57.4
Thermal Noise Nta |p¥Op 1820.0
Radio Link Noise Kpr |pwip 2360.0
Total Noise Np |pvop 2520.0
Sigral/Total Noise S/Np dB 55.5
Fading Margin
Tx Ouiput Power Pt dBx 37.06
Rx Input Level{50) Pri dBn -54.6
Threshold Level Pth dBm -90.9
Margin to Threshold(502)( = 33/2348)|Hth dB 15.4
Program No. Antenna Gain(aBi) Feeder Loss(dB/uw)
120 ¢ch, 5 W : T301 14 ele. Yagi 15 RG-17 fu 0.14
24 ch, 5 W : T3I02 1.2 &f Para, 18 F13 0.091
24 ch, 50 ¥ : T303 1.8 " 21 F20 0.052
2. " 23.5 A20 0.048
Hux Noise(pWop) 3.0 " 26 A39 0.026
CH G SG6 §G 6 CRB-1R 4.2 " 28.5
150+40440 + 404404150 =~ 460 6.0 " 32
8.0 " 34.5




Table 6-4 List of Systen Performances for 4 Areas (1/3)

Radio Path S/Np (50%) | s/w, (99.92)
B dB dB|
(Ayutthaya area)

3516~1 Ayutthaya - Nakhon Luang 59.4 55.5
—2 Nakhon Luang - Ban Phrack 60.1 54.17
~3 Rakhon Luang - Maharat 59.8 54,7
-4 Ayutthaya - U-Thai 59.3 53.8
=-5 Ayutthaya - Bang Ban 59.4 55.4
-6 Bang Ban - Bangpa Han 59.7 55.2
-7 Bang Ban - Phak Hai 59.6 54.1
-8 Ayutthaya ~ Sena 59.2 52.8
-9 Sena - Bang Sai 59.2 55.4
~10 Sema - Lat Bua Luvang 59.5 52.9
~11 Ayutthaya - Ban Si 59.0 53.1

(Nakhon Ratchasima area)

4421-1 Nakhon Ratchasima — Non Sung 59.1 51.6
=2 Non Sung - Phi Mai 59.7 51.8
-3 Phi Mai — Chua Phuang 59.3 52.1
-4 Chua Phuang -~ Prathai 60.1 53.1
-> Bua Yai - Khong 59.2 52.8
~6 Nakhon Ratchasima -~ Non Thai 59.6 52.9
~7 Non Thai - Xhaom Sakae Saeng 60.7 54.8
-8 MNon Thai -~ Dan Khua That 60.3 51.3
-9 Nakhon Ratchsina - Chakkarat 59.7 52.4
~-10 Chakkarat -~ Huai Thalaeng 60.5 53.3
-11 Xham Thale So - Nakhon Ratchasina 59.4 53.6
-12 Si Kiu ~ Sung Noen 59.5 54.6
-13 Pak Tong Chai ~ Chok Chai 60.3 54.8
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Table 6-4 List of System Performances for 4 Areas (2/3)
—— - . -
Radio Path s/, (50%) s/hg (99.9%)
dB dB
—-14 Pak Tong Chai - Khon Buri 59.4 50.9
~15 Khon Buri - Sa Pratheep 60.3 53.9
~16 Sa Pratheep ~ Saeng Sang 60.4 55.2
(Chiangaai area)
5313-1 Chiangmai - Ban Pak Thang 60.4 51.7
~2 Ban Pak Thang - Doi Chiang Dao 61.2 54.0
=3 Doi Chiang Dao - Doi Pha Hong 6.9 48,8
-4 Doi Pha Hong - Fang 60.4 52.6
-5 Fang - Mae Ai 60.4 55.0
-6 Doi Chiang Dao - Chiang Dao 52.6 53.4
~7 Doi Chiang Dao - Doi Mu Soe 61.3 51.7
-8 Doi Mu Sce - Phrao 60.1] 56.1
-9 Mae Rim - Chiangwai 59.2 55.2
-10 Maec Rim - Mae Taeng 60.4 53.5
-11 Chiangmai - San Sai 59.5 55.1
~12 Chiangmai - Doi Saket 59.5 54.3
—13 Poi Saket - San Kam Phaeng 60.4 55.8
~14 Chiangmai - San Pateng 62.4 50.8
~15 San Patong - Ban Non Hai 59.9 51.5
~16 Ban Non Hai - Hot 60.1 51.2
~17 Hot - Doi Pae Po Mak 61,2 50.4
~}8 Doi Pae Po Mak ~ Khao Huai Bon 61.5 51.3
~19 Khao Huai Bon - Omkoi 60,2 56.6
~20 San Patong - Hang Dong 59.2 55.7
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Table 6-4

List of System Performances for 4 Aveas (3/3)

Radio Path 8/n, {50%2) S/Np (99.9%)
dé8 db
-21 Ban Non Hai - Chon Thong 60.2 57.0
~22 Doi Pae Po Mak - Doi Tao 60.4 55.1
~23 San Patong - Poi Inthanon 59.9 51.3
~-24 Mae Chaem ~ Doi Inthanon 60.5 5.5
=25 Doi Inthanon - Sa Moeng 55.3 43.5
{Phun Phin area)

7711-1" Phun Phin (R) - Don Sak 60.1 49.2
-2 Don Sak - Ko Sauui 39.8 50.4
-3 Don Sak - Xo Phangan 60.3 50.7
-4 Phun Phin (Tex) — Kanchanadit 59.5 52.1
-5 Phun Phin (Tex) - Tha Chang 59.1 52.%5
-6 Chai Ya - Tha Chana 59.2 3.1
~7 Phun Phin (R) - Khiri Ratthanikhom 59.8 50.7
-8 Khiri Ratthanikhoo -- Ban Takhun 60.1 53.8
-% Khiri Ratthanikhom - Phanon 60.5 54.0
—10 Ban Ha San - Khian Sa 59.4 53.4
~i1 Ban Na San - Ban Na Docm 59.7 56.2
—12 Ban Na San - Wiang Sa 59.2 52.9
~13 Ban Na San - Prasaeng 59.7 53.0
-14 Phun Phin (Tex) - Phua Phin (R) 61.2 60.6
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2-2~3 Radio Frequency Assignaent Plan

Radio frequency assigament must be accomplished in such a
way that noise due to radio interference between radio links will
be smaller than the allowable value. Radio interference includes
the following types:

1) Co-channel interference

2) Adjacent channel interference

3) Transmitter spurious interference

4) Receiver spurious interference

5) Interference due to intermodulation

6) Transmitter to receiver interference
Out of these types of interference, types (1) and (5) require
special consideration in the case of radio links that use UHF
band.

Since antenna directivity characteristic in UHZ band is
inferior to that in SHF band, it is inevitable to use different
radio frequencies between stations that do not have the
interference radiowave attenvated to a great extent by
intermediate obstacle. 1In this Project, 10 or so differeat vadio
frequencies per avea are required for transaitting and receiving,
respectively.

Study of TOT's RF channel arrangement plan (808.2 to 873.7
HHz and 900.5 to 958.5 MHz) has revealed that the number of RF
chaanels that can be used in one area is 8 or thereabouts, and
this nuober is not sufficient in this Project. Therefore, the
TOT plan mentioned above has to be altered to such RF channel
arrangeaent as shown in Figure 6-7. This channel arrangement
uses 790 to 960 MHz frequency band,

Whea assigning these radio frequencies anong radio links,

attention nmust be paid to the following poiats:

(1} In principle, one Primary Center area constitutes one zone.

Either frequency group, L or M, is assigned to each zone,

(2) Dpitferent frequency groups are used between adjacent zones.
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Group L Group H

odd | Even Odd Even
(Mz) (CH Ro.)  (Cif No.)(Milz) (Mz)(CH No.)  {CH No.)(}z) o0
) - 290 iz L.
792.5 1A
‘ "%r_—?n 795.0 2.5 iz}
797.5 3A -%F-*’*A 800.0
802.5 SA—1__6a s05.0
807.5 7A —| ’
—-8A 810.0 812.5 9A - -
617 5 114 __F-ma 815.0
o —12A 820.0
822.5 13A =4__ ., crs 0
827.5 15A “’i-—-ma 8300
835.0 1B -~ N
- 28 837.5 42.5 %z
[/ e
::2'3 3§ ~=4B  B42.5
4 - ——
850.0 75 __ 6B 847.5
-85 852.5 855.0 9B ~d _ron 8575 1
860.0 11B --4}__12'3 862-5
$65.0 138 — )
870.0 158 ---F—:ZE :;’Z?
817.5 la— o 42.5 MMz
s § -
222'5 i —%h—ﬂna 885.0
39:'2 ;: j}——ﬁa $90.0
=8a 895.0 897.5 9a ~d o —-L
902.5 lla -— 123 0050
907.5 13a = 1:.8 91(‘)"0
o a -
N2.5 153 1 10 915.0 —r
920.0 1b — .1 922.5
925.0 3b — o
930.0 Sb __p—4b 927.5 25.0 Miz
9350 Ib . f—6b 932.5
) “L.8b 937.5
gfo.o % 1 _job 952.5 5.0 Mic}
©-01b T b 9475 2.5 Milzy
950.0 13b — e
—14b  952.5 e 3
955.0 15b — 2.5 H1
t——-lfib 957.5 -
i 3 9360 }ﬂiz—'—

Note : A and B or a and b of channel nusber should be cormbined

and uscd for traonsnitting and receiving and vice versa.

Figure 6~ 7 Radio Frequency Channel Arrangenent in 900 Miz Band
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(3)

(4)

(5)

(6)

In case the odd and even numbers of RF channels are commonly
uvsed in one zone, mininmum spacing between RF channels which

are used at one station nust be 5 MHz,

Consideration uust be made so that interference due to
intermodulation will not take place between RF channels

which are used at one station.

It is essential to calculate interference noise volume of
each radio link and nmake sure that the noise voluie is below

the allowable limit.
Transmitting and receiving frequencies to be used at the
same radio station should be 25 HHz or more apart even where

they are mutually nearest.

The radio frequency assignment plan applicable to Ayutthaya

area, for example, is presented in Figure 6-8.

2-3 Study of Power Plant

2-3-1

Power Plant Type

In order to know the capacity of esseatial load

{communication equipment load) at each station to be constructed

in

this Project, the essential load analysis has been made for 75

stations in the four sanple areas.

The result of analysis is as follows:

Type of Station Essential Load
TC/SC/PC (4) 1,000 - 3,600 ¥
Hultiplex terminal (21) 500 - 1,100 W
Single terminal (43) 400 - 900 W
Baseband repeater (7) 400 - S00 W

In this Project, power plant will be installed at 639

stations. Out of them, 518 stations can have commercial power

supply for 24 hours. Usually, when comercial power is

available, the commercial power plus battery (BATI) floating



\_ Ban Phraek

e

Maharat

Bangpa Han

Phak Hai Nakhon Luang

I8 U-Thai
—_— ——

Avutthava

Legead

Lat Bua luang

T Radio freguency channel nunber
—— Newly plammed radio link (120 ch/900 MHz
Systen)
_— Newly planned radio link (24 ch/900 Mz
Systen)
Secondary Cenler
e Mobile Exchange
FY Rural Long Distance Public Telephone

Service Site

Figure 6- 8 Frequeney Assignment Plan for Ayutthaya Area
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systen is adopted. This systea is to float BATT with cowsercial
power while it is being rectified and supplied to the load. In
this Project, the adoption of this systen is advisable., For
power supply to 121 stations (70 terminal stations and 5t
repeater stations) where comszercial power is unavailable for 24
hours, various systems can be considered. Power supply systeas
to small capacity load now in corsson use are as follows:

1) Solar battery systen;

2) Tueruoelectric generator systen;

3) EG plus BATT floating system.

1) and 2) are suitable for power supply to load of up to
300 H. then the load power exceeds 300 W, it is economical to
use 3) system. Therefore, the adoption of EG plus BATT floating
systen even in case the corcercial power supply is unavailable is
preferable in this Project. Waen this system is adopted, it 1is
advisable to install two EG units so that they can operate
alternately at weekly intervals, for imstance,

Out of 639 stations where dc power source is to be instalied
tn this Project, 147 are the existing radio stations. Each of
these 147 stations is equipped with a standby engine genevator
even if commercial power is available. On the other hand, out of
492 stations to be newly constructed, 371 can expect commercial
power supply, but this commercial power supply is subjéct to
failure due to supply systen trouble, electric work aad so
forth. Fact-finding at several places disclosed that 10 ninutes
to one hour power failure would occur froa time to tice.

This fact notwithstanding, it is not advisable from the
viewpoint of Project cost ecencay to have ati 371 stations
equipped with standby engine generators. Instead, it will be
preferable to have trailer type engine generators, which can be
drawn by maintenance vehicles, distributed anong 35 Maintenznce
Centers except the Bangkok Maintenance Center. An average of one
such trailer type engine geaerator should preferably be assigned
to each maintenance center.

The ac power requireaent at each station to be newly
constructed in the four sample areas is calculated to be 1.8 -~

6.9 kVA. Therefore, the capacity per unit of trailer type engine
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generators to be assigned to the 3% Maintenance Centers can be

safely calculated to be 7.5 kVA, barring few exceptions.

2-3-2 Power Plant Capacity

Power plant capacity has been calculated by the following

conditioas:

(1)

(2)

(3)

(4)

(5)

Holding time of storage battery should be four hours at the

attendeéd station and eight hours at the unattended station.
Storage battery should be of lead acid type.

Battery should be charged by the maximum 12 hours charging

rate current.

Rectifier should be of half-redundant type and should have

capacity large enough to endure the charging current or the

load current, whichever the larger.

Since the ac load at each statiem in the four sample areas,
wvhere comiercial power is unavailable, is in the range of
4.2 - 6.9 kVA, each engine generator unit should have
capacity of 7.5 kVA.

Figure 6-% and Figure 6-10 are the charts by which to obtain

the required battery capacity and rectifier capacity to meet the

total dec load. Power plant capacities of 57 stations in the four

sanple areas, calculated by the foregoing conditions, are shown
in Table 6-5.

Typical Radio Systenm Configuration and Site Layout

Figure 6-11 presents typical terrestrial radio systeam

configuratica. Figure 6~12 and FRigure 6-13 cavcy typical site layout

and equipnent floor layout, respectively, for the terrestrial radio

systea.
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List of Power Plants for &4 Aveas (1/4)

(Nakhon Ratchasima area)

Nakhon Ratchasima

Khon Buri
Prathai

Ron Thai

Khong

Chun Phuang

Pan Khun That
Kham Thale So
Kham Sakae Saeng

Huai Thalaeng

Table 6-5
] Total D¢
Station
Load (W)
- — !
(Ayutthaya avea)
Ayutthaya 2563
Bang Ban 1070
Lat Bua Luang 510
Maharat 780
Nakhon Luang 1070
Ban Phraek 330
Bangpa Han 830
Bang Sai 7390
Phak Hai 750
U-Thai 780
Ban $i 830
Sena 950

2167
360
440
680
780
970
440
440
440

440

Battery Rectifier AC Load (kVA) B
Cap.{Ah) | Cap.(Ax2) Essentiad Non-ess.| Total
1200 150 13.3 [Existing | 13.3
600 50 4.5 1.7 6.2
290 30 2.7 2.4 %5.1
400 40 3.6 1.7 5.3
600 50 4.5 1.7 6.2
500 50 4.5 1.7 6.2
500 50 4.5 1.7 6.2
400 40 3.6 1.7 5.3
400 49 3.6 1.7 5.3
400 40 3.6 1.7 5.3
500 50 4.9 1.2 6.2
500 50 4.5 1.7 6.2
1600 160 8.9 [Existing 8.9
290 30 2.7 1.7 5.4
290 30 2.7 1.7 4.4
400 40 3.6 1.7 5.3
400 40 3.6 1.7 5.3
500 50 4.5 1.7 6.2
290 30 2.7 1.7 4.4
290 30 2.2 1.7 4.4
290 30 2.7 1.7 4.4
290 30 2.7 2.1 4.8

— e

Rote: Figure with * park shows that the station requires engine generators
(7.5 kvA x 2).

—_—



Table 6-5 List of Power Plants for 4 Arcas (2/4)
. Total DC | Battery Rectifier AC Load {kVA)
Station

Load (¥} | Cap.(Ah} | Cap.(Ax2)|Essential] Non-ess.l Total
Saeng Sang 440 2990 30 2.7 2.1 4.8
Sung HNoen 510 290 30 2.7 1.7 4.4
Chakkarat 560 290 30 2.7 2.1 4.8
Hon Suag 1620 600 50 4.5 1.7 6.2
Phi Mai 740 400 40 3.6 1.7 5.3
Chok Chai 390 210 20 1.8 1.7 3.5
Bua Yai 600 290 30 2.7 Existiog 2.7
81 Kiu 370 210 20 1.8 [Existing 1.8
Pak Tong Chai 580 290 30 2.7 [Existing 2.7
Sa Pratheep 390 210 20 1.8 2.8 *4.6
(Chiangmai area)
Chiangnai 3564 1400 150 13.3 Existing 13.3
Mae Ai 440 290 30 Z2.7 1.7 4.4
Onkol 440 290 30 2.7 2.8 *5.5
Doi Tao 440 290 30 2.7 Z.4 %5.1
Fang 1000 500 50 4.5 1.7 6.2
San Sai 510 230 30 2.7 1.7 4.4
Doi Saket 920 500 50 4.5 1.7 6.2
Phrao 780 400 40 3.6 2.4 *6.0
Mae Taeag 780 400 40 3.6 2.1 5.7
Chiang Dao 780 400 40 3.6 1.7 5.3
Sa Moenag 510 290 35 2.7 2.4 *5.1
Mae Rim 520 560 50 4.5 2.1 6.6
Hot 950 500 50 4.5 2.1 6.6

Note: Figure with * mark shows that the station requires engine generators

(7.5 kVA x 2},

- 186 —




Table 6-5

List of Power Plants for 4 Areas (3/4)

Total BC | Battery Rectifier AC Load (kVA)
Station [~

Load (W) | Cap.(Ah) | Cap.(Ax2)]|Essentiall Non-ess.| Total
Hang Dong 780 400 40 3.6 1.7 5.3
Hae Chaem 510 2%0 30 2.7 2.8 %5.5
San Kanm Phaeng 620 400 40 3.6 1.7 5.3
San Patong 2112 1200 100 8.9 2.1 11.0
Chom Thong 670 400 &0 3.6 1.7 5.3
Poi Pha Hong 390 210 20 1.8 2.4 *h.2
Doi Mu Soe 390 210 20 1.8 2.4 *4.2
Doi Chiang Dao 850 500 50 4.5 2.4 *6.9
Ban Pak Tang 390 210 20 1.8 Existing 1.8
Doi Inthanon 716 480 40 3.6 2.8 *6.4
Ban Non Hai 510 290 30 2.7 2.8 %5.5
Doi Pae Po Mak 510 280 30 2.7 2.4 *5.1
Khao Huai Bon 390 210 20 1.8 3.8 *5.6
(Phun Phin area)
Phun Phin {Tex) 1030 500 50 4.5 [Existing 4.5
Khian Sa 440 250 30 2.7 2.1 4.8
Prasaeng 510 230 30 2.7 1.7 4.4
Phanoa 440 290 30 2,7 1.7 4.4
Tha Chang 180 400 40 3.6 1.7 5.3
Tha Chana 730 400 40 3.6 1.7 5.3
Don Sak 1070 600 50 4.5 1.7 6.2
Khiri Ratthanikhoa 1070 000 50 4.5 Existing 4.5
Ban Na Doem 440 230 30 2.7 1.7 4.4
Ko Phangan 440 290 30 2.7 2.4 *5.1

Note: Figure with #* park shows that the station requires engine generators
(7.5 kVA x 2).




Table 6-5

List of Power Plants for & Arcas (4/4)

Total DC | Battery Rectifier AC Load (kVA)
Station

Load (W) | Cap.(Ah) | cCap.(Ax2) Essentiad Hon-ess.| Total
Ban Takhun 440 290 30 2.7 1.7 4.4
Wiang Sa 780 400 40 3.6 1.7 5.3
Kanchanadit 510 290 30 2,7 1.7 4.4
Ko Samui 680 400 40 3.6 1.7 5.3
Phun Phin (R) 560 290 30 2.7 |Existing 2.7
Chai Ya 600 230 30 2.7 Existing 2.7
Ban Ha San 990 400 50 4.5 [Existing 4.5

Note:

{7.5 kVA x 2).

188 -
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Cable Route Study

The Study Tean had no tine to carry out field survey to
determine optimun cable route. Therefore, map study based on TOT
data was conducted to select the route where cable leagth required
could be the mininun. Ia case where access road would have to be
newly constructed, on-the-map route selection was made in
consideration of the difference of elevation and gradient (not
exceeding 1/10) between the existing read and the nountain-top
terminal radio station site.

Figure 6-14 shows a typical cable layout plan.

3. Domestic Satellite Systen

3-1

Master Earth Station Site Selection

At present, in Bangkok, the existing terrestrial microwave
systems (6 GHz lower band) extending to northern, northeastern and
southern parts of Thailsand are concentrated. Therefore, in order to
avoid mutual radio interference between these existing systeas and
the projected domestic satellite system, the master earth station of
the latter has to be established sufficiently distant from the
Bangkok Metropolitan area.

TOT holds a plan to construct 2 new microwave systen that
extends from Bangkok to Rayoang southeast of Bangkok. From the
viewpoint of saving the domestic satellite system construction cost
and of avoiding radio interference with the existing terrestrial
radio system, it is desirable to utilize part of the planned Bangkok
- Rayong microwave system as a terrestrial approach link between
Bangxok and the master earth station.

For this purpose, however, the planned microwave system should
be of different frequency band from that to be used in the domestic
satellite system. The field survey carried out this time placed
special eunphasis on this point. Por the selection of the master
earth station site, the field survey was conducted for two locations
in the neighborhood of the land where the Ban Saphan Si radio
repeater station (the second radio repeater station from Bangkok) is

scheduled to be constructed. These two locations can be connected by
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3-2

coaxial cable to the
abovementioned radio
repeater station. The
proposed site A {Ban
Saphan 8i shown in Figuve
6-15) cotmands greater
advantage than the other
in the undermentioned
respects, though there is
no nuch diffevence between
the two as far as the

radio interference to the

existing microwave system Survey at Ban Saphan Si

is concerned,

(1) To gain the access road, the existing road has only to be
repaired. This means small access road construction cost.

(2) Coaxial cable length required to counect the radio repeater
station and the master earth station is short.

(3) Drainage in the rainy season is good.

However, no information could be obtained with respect to the
site location, radio frequency, transmitter output and so forth of
the radio systen operated by other admimistration tham TOT. 1If the
donestic satellite system is to be adopted in this Project, such
infornation is essential for the radio interference study.

It is desirable to make the field survey for other site or sites
than the aforeamentioned two for the purpose of determining the

technically and economically optimun site for the master earth

station.

Rural Earth Statioa Site Selection

Field survey result shows that the most part of rural station
sites selected by TOT on the assumption that the terrestrial radio
systen be introduced for the projected Rural Long Distance Public
Telephone Service are located in plain town areas without obstacles
to radio propagation. Therefore, even if the vural earth stations
are established at those sites, it seems that no problea relating to

radio propagation to and froa the satellite will arise.
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Hovever, with regard to the possible radio interference from the
rural earth staticns to the existing microwave system that uses the
same radio frequency band as the rural eavth stations, there is need
for a thorough study aimed at the selection of proper sites For rural
earth stations. {Refer to Section 3-4 of this Part VI,)

As In the case of the site selection for the master earth
station, information concerning the comaunication system of other
administration than TOT nust be obtained when introduciag the
dortestic satellite system and, based on such information, a coaplete

study on inter-system radio interference must be made.

3-3 Design Criteria Establishment and System Performance Estimation

3~-3-1 Circuit Perforrmance Requirements

For the designing of domestic satellite systea,
hypothetical reference circuit and system performance
requirenents must be specified. However, there is no CCIR
recomsiendation applicable to the domestic satellite link.

Systen establishnent and maintenance costs for the
satellite communication service depend critically upon
overall signal to noise performance requirecents.
Therefore, the performance requirezents for telephone
circuits recomended by CCIR are referred to as the sole

systea performance standards for the domestic satellite

syskem.

(1) Hypothetical Reference Circuit for Telephony
CCIR recommends the hypothetical reference circuit for
use in the intercontinental telephony transmission via

coumunication satellite, which is as follows:
b The hypothetical reference circuit for the

satellite systea coasists of one earth-satellite-

earth radio link as shown in Figure 6-16.
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(2)

(3)

2) “The circuit includes one pair of modulator and
demodulator., The modulator translates the baseband to
the radio frequency carrier. The demodulator translates
the radio frequency carvrier to the baseband, Wowever,
the circuit does not include frequency division

multiplex equipment,

Noise Objectives for Frequency Division Multiplex Telephony
CCIR recormiends that in the hypothetical reference civcuit
for the satellite link the allowable noise power at the zero

relative level point on a telephone channel should not

exceed:

1) 10,000 pW psophometrically weighted mean power im any
hour}

2) 10,000 pW psophometrically weighted one-minute mean
power for more than 2071 of any month;

3) 50,000 pW psophometrically weighted one-minute mean
power for more than 0.3%Z of any month; aad

4) 1,000,000 pd unweighted (with an integrating time of 5

ns) for more than 0.3% of any wonth.

The overall noise in a hypothetical reference circuit
includes thermal noise produced in the up-link and
down-link, noise caused by the transmitter/receiver at the
earth station and by the satellite transponder, and

inter ference noise from a terrestrial microwave link.

Noise Budget Allowable to Doaestic Satellite System
The noise power of 10,000 pW allowable to the domestic
satellite telephony circuit is to be assigned to the

satellite link and equipaent listed in Table 6-6.

— 198 -



Table 6-6 Noise Budget Allowable to Domestic

Satellite System,

Itenm Noise Power
{pWop)
Satellite link
Up~link thermal noise
Intermodulation noise in satellite 7,500

Down-l1ink thermal noise
Equipnent noise in transmitting and
receiving earth statioms

Intérference noise from other systen

Total nroise

1,500
(-58.2 dB=0p)
1,000
(-60.0 dBo0p)
10,000
{-50.0 dB:Op)

T .




3-3-2 System Performance Estinate
(1) Noise Produced in Satellite Link
Sigaal to total weighted noise performance on the satellite
link is given by
(S/N), = (¢/T)_ - 10 log k + 10 log —5——r—

+ En + 'f, (63)1000.41-111(6-1)

(S[N)t: Signal to total weighted noise ratio (51.3 dB)
(CIT)t: Carrier to total noise tenperature {dBW/°XK)

K : Boltzmann's constant (1.38 x 10—23 J/°K)

£ : Test tone r.m.s. frequency deviation (4,310 Hz
r.m.s.)

ﬁj : The highest frequency of telephone channel
(3,400 Hz)

£, : The lowest freguency of telephone channel (300 Hz)

E : Emphasis inprovenment factor (5.8 dB)

W : Psophouetric weighting factor (2.5 dB)

By the application of actual parameters the above equation
can be reduced to

(s/r), = {(¢/T) + 208.4 (dBY.veenens . (6.2)

Required (SIN)t for the satellite link is 51.3 dB.
Accordingly, carrier to total noise temperature at operating
point (where total noise temperature corresponds to 7,500
pWop) is (c;'r)t (sln)t =8 - 208. 8. saennaea(6.3)

51.3 - 17 - 208.4

~-174.1 (dBW/°K)

4

i

where

S : €ain of syllabic coopander (43)

There ave three kinds of noises which npust be considered in
the satellite link in order to satisfy the assigned noise

power of 7,500 pWOp. The three kinds of noises are!

200



1)

2)

Up-link Thermal Noise

The up-link therral noise is given by substituting the
up-link C/T as defined in Bquation (6.4) with that in
Equation (6.2). The up-link C/T is given by

(c/1)y = (EIRP), - L, + (G/T)_ (dBW/®K)........(6.4)
=W, - B0, - ((EIRP)_ _ .~ BO_ - (EIRP)__ )
~-10 log §§-+ (G/T}S
where

(E1RP) Earth station EIRP (dBY)
Ly : Up-link tramnsmission loss including
satellite and earth station pointing errors,

and atmospheric absorption (dB)

(GI‘I‘)S 2 Figure of merit of satellite
transponder (dBf°K)
Hé : Input flux density of a single carrier for
saturation of satellite transponder
(dBH/n’)
BO. : Input back-off of satellite ktransponder {dB)
(EIRP)s cat’ EIRP at saturation of satellite
transpoader {JdBW)
(EIRP)Sat : Satellite EIRP per carrier (dBW)

BO_ : Output back-off of satellite transponder (4B)
(For BO, and BO , refer to Figure 6-17.)

Satellite Intermodulation Noise

In the multiple-access operation by SCPC-FM carriers, a
nunber of carriers are sinultaneocusly amplified by a
comaon amplifier in the satellite transponder. 1In this
case, the anplifier nust be operated near its saturated

output power for the purpose of efficient use of
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satellite EIRP, As a consequence, interuodulation noise
due to multi-carrier operation is produced in the
satellite transponder. This intermodulation noise is
caused by amplitude non-linearity and by AM/PM
conversion. TIn the SCPC-FM system, the carrier
start-stop system, whereby a carrier is transmitted only
during voice activities, is adopted so as to use the
available satellite power efficiently. The voice
activity factor is approximately 40X in the case of
1,000 carriers. This means that 400 carciers are
accessed and amplified simultaneously in the
transponder, Therefore, the necessary total EIRP of alt

earth stations can be given by

- _ _ 3| I
(EIRP)Et =W, - BO, +1 10 log 2 {(dBW)....(6.5)

]

where

LI Input flux deasity which gives saturated output
power of satellite transponder

BOi: Level difference between Hé and operational
point. Amplifier of satellite transponder is
operated below its saturation outpul power so as
to keep intermodulation noise low.

LU : Up-link transmission loss

Iaput back-off is the ratio of the single carrier input
power which yields the saturated output power to the
total input power of the nulti-carriers at their
operating point. Output dback-off is the ratio of the
saturated output power by the single carrier ianput to
that by oulti-carriers input.

(CIT)IH is given by

(C/T)y = (EIRP)gay ~ Ny + K {dBH/°K).......(6.6)
where

N, s Intermodulation noise power density (JdBW/Mz)
{(Refer to Figure 6-18.)
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3) Dowm-link Thermal Noise
The down-link thermal noise consists of the thernal
noise of antenna, feeder and receiver of a receiviag
earth station, It is given by
(/T = (BIRP)__ - Ly + (6/F)geeurennees.(6.7)

wvhere

(EIRP)sat : Satellite EIRP per carrier (dBW)

Ly ¢ Down-link transmission loss including
satellite and earth station pointing
errors (dB)

(GIT)D : Pigure of wmerit of receiving earth

station (dB/°K)

{2) Total Carrier to Noise Temperature Ratio in Satellite Link
(c/T),
(C/T)t is expressed by

{c/T)y =

1
198 G7eYy v GH/eyy, v (afeyy teee s (68

vhere (T/C)G, (TJC)%H and (ch)é are inverse nunbers of

values which are expressed in antilogarithn of (CIT)U,

(CIT)IM and (C/T),, respectively.

(3} Overall Signal to Noise Ratio in Satellite Systen
Estimated overall noise can be obtained by the following
equation:

W = R+ N+ "1""'""""""""""“i'°(6'9)

where

Rt : Noise produced in up-link, transponder and down-link
NE ! Equipmeat noise produced at the earth station

NI ! Interference noise from other systea(s)

(4) Threshold Margin
Threshold margin is a tolerance of received carrier level to
the threshold level.
Ia the satellite system, carrier to noise ratio varies
according to the peteorological condition, especially the

rainfall. Therefore, it is necessary to have appropriate
threshold nargin.
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Thershold level of threshold extended demodulator is
expressed by

== - o
(crr)TH 5 log £ - 181.3 (4BW/°K)..e.vvess.l0(6,10)

vhere

! rum.s. frequeacy deviation of telephone signal
(kHz}
Accordingly, the threshold margin M (4B) is defined by
M = (C/T)t - (CiT)TI‘l (dB)-u-o--n-.-aoo----.co--n-(ﬁ-ll)
(5) Rain Margin

rms

The rain margin My is expressed by the following equation:

{(t/c)! , - (r/c)! - (r/c)!
B, = 10 log ™ ¢ D e (6.12)
('rlc)D

where each (T/C)' is an inverse number of the value

which is expressed in antilogarithm of (C/T).

3-3-3 System Design Exanples
The telephony transmission performance estimates in the
direction from Bangkok master earth station to rural earth
station and in the opposite direction are shown below.
Estipates are made for transmission performance expected when

the system pavameters shown in Table 6-7 are used.

(1) carrier to noise temperature ratio im each circuit

{master earth station to rural earth station cireuit)

1) Up-link thermal noise
(CIT)U (EIRP)EH - Lyt (ch‘)S

fl

i

W, - BO, - ((EIRP)s sat ~ BO, - (EIRP)S)

-10 log‘ig'+ (G/T)S

= -80 - 8.8 - {30 - 5.0 - 0.8) - 37 + (-6.5)
= -156.5 (dBW/°K)
{vhere (BIRP)EH is EIRP of master earth station.)
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Table 6-7 System Design Parameters

Satellite
Maximum EIRP : 30 484
Saturation flux density : ~80 dBH/m®

Input-output characteristics of

transponder

Refer to Figure 6-17
Intermodulation noise power

density produced in a

(13

transponder of PALAPA Satellite
G/t
Input back-off

Refer to Figure 6-18

-6.5 dB/°K (Refer to Figure 5-8)
8.8 dB (Output back-off: 5.0 dB)
36 ¥HzfTransponder

-

Transponder bandwidth

(Available bandwidth: 30 MHz)

Earth Station

Haster Satation Rural Station
EIRP (dBW) 50 45
Antenna diameter (ob) 11 4.5
¢/t (aB) 31.7 21.9
INA noise temperature (°K) 55 90

Satellite Coounication Systea

Systenm $ SCPC-FM with carrier start-stop system
Number of carriers : 1,000 (Carrier separation: 30 kHz)
Voice activity factor : 40%

r.m.s. test tone freq. deviation : 4.3 kHz r.m.s.

— M7 -



2) Satellite

(CIT)IH

3)
(CIT)D

(whaere

4)

H]

il

(ci’r)t =

(sjnit

It

[

1

[t

Pown-link

intermodulation noise
(EIRP)sat - No + K

0.8 - (-65.5) - 22B.6
~162.3 (dBW/°K)

thermal noise
(EIRP)sat Lyt (GIT)ER
0.8 - 196.4 + (21.9)
~-173.7 {dBW/°K)
(G/T)BR is GfT of rural carth station.)

1

Carrier to total noise temperature ratio

log ey ¥ (/)

~174.1 (dBY/°K)

208.4 - 174.1 + 7

M

't (T/C)ﬁ

= 51.3 dB (7,415 pWop)

The result of system performance calculations in the

direction from rural earth station to master earth

station, made by the same method as aforementioned,

appears in Table 6-8.

Table 6-8

Overall Signal to Noise Ratio

Noise Radio Eqpt Inter- | Total Objectives
Link in EfS | ference| Noise (p%0p)

Circuit (pwop) | (pwop) | {(pwop) | (pwop) |Hargin (dB)
¥/s to RIS | 7,415 1,500 | 1,000 9,915 10,000
(50.0 aéB)} (0 4B)
R/S to M/S | 4,170 1,560 | 1,000 6,670 10,000
(51.8 4a8)] (1.8 4B)

Figure 6-19 presents the relationship between (C/T) of

each cooponent and total circuit (CIT)t in the event

the satellite transponder input back-off is varied.

By

decreasing the input back-off, i.e., by increasing the

—~ 208 -
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transmission power, thermal noise can be reduced.
However, intermodulation noise increases and total
circuit (CIT)t varies according to the input

back-off. It is important to obtain the input back-off
point where (C/‘I‘)t becomes maximal and thereby

determine the transmission output of the earth station.

3-4 Study of Radio Interference from Earth Stations

3-4-1 Basic Philosophy

(1)

(2)

Interference Paths

Radio frequencies to be used at each earth station are 6 GHz
for up-link (earth station to satellite) and 4 GHz for
down—tink {satellite Eo earth station).

Concetivable interference pabtns are the following four:

Corzmunication 1 —-—=> 6 GHz
Satellite >
NS .-
Terrestkrial 4 chz
3.-+{ Station
P
Earth Station 4

The radio interference s$tudy carried out this time pertains
to Path 4 in the above illustration., Radio interference on
this path is apt to affect public corrunications. Three

other iaterference paths are not taken up for study here.

Standard Paraneters

Parameters of equipmeat to be installed at each earth
station and of equipaent already installed at éach exi;ting
terrestrial radio station are not necessarily untform.
Sometines they differ from station to station. Therefore,
to ease coaparison of the deprees of interfereace suffered
and to obtaia a pacro-perspective of system performance, the

standard equipaeat parameters are spectally used.

- 20 -



{3) Paths to be Studied
Reletionships between the earth stations apt to exert
harmful radio interference and the existing terrestrial
radio stations to swffer such radio interference vary,
depending upon the curvature of the earth and the path
condition. Tt Eollews that not all path combinations
between the 423 earth stations and the existiag 70
terrestrial stations pose probleéems.
Therefore, prelininary study is made with regard to the
distance between cach earth station and each
existing terrestrial radio station, as well as the
line-of-sight condition. Paths within the predetermined
distance between the said two categories of stations and
paths in the line-of-sight condition are selected, and
detailed analysis is made for interference parameters that

exist on such paths.

(4) DU Ratio
The degree of interference is evaluated by the level ratio
{dB difference) at the receiving antenna between the desired
wvave (D) which the existing terrestrial radio station
receives from its neighbor stations (1l to 4 stations) and
the interference wave, i.e., the vadesired wave (U), which
the existing terrestrial radio station receives from the

earth station. The said level ratio is expressed by “DJU
(DU ratio)™.

(5) Allowable DU Ratio
Allovable D/U is to be deterpiued, based on the types of
corsunication systeas iavolved aand, this time, especially on
the international and national standards of the satellite
systea and existing terrestrial microwave system. The
allowable P/U standard for this Project is 79 dB. This
value holds true only when the interference propagation path
is in free space condition. Actually, the propagation path
is bothered by trees and, noreover, the shielding effect of
approximately 10 dB can be expected. Therefore, D/U of 79
dB corresponds to DJU of 89 dB.



3-4~2 Preconditions of Study

(1)

(2)

(3)

{4)

The preconditions of interference study arc as follows:

Scope of Study

1) To study geographic conditions between the 423 earth
stations and the existing 70 terrestrial stations for

all station-to-station conbinations (423 x 70 = 29,610).

2) To select as target stations of radio interference study
the existing terrestrial radio stations that belong to
either of the following categories in the relationships
to each earth station:

a) Baiag located in a circle wita a radius of 100 kn
fron any earth station.

b} Being located on the line-of-sight (K = 4/3:
standard refractien) from any earth statioa.

For details, refer to Figures 6-20 and 6-21.

Radio Frequency
%4 GHz...Center frequency : 4,003.5 Mz
6 GHz...Center frequency : 6,175.0 MH=

Earth Station Paranelers

Radiation POWeT.s.vicesnsssonuncanns 30 dBa

Antenna height above ground......... 4.9 m

Antenna gaiMesececrirenneccssnaness 46,5 dB (4.5 0d)

Antenna directivity.......vev-veuec.Refer to Figure 6-22

Terrestrial Station Paraneters

Radiation poweF.ciisccssrsnnsanness 40 dBn

Antenna height above ground.........Possible paximua at
each station site is
adopted.

Antenna gaiNesceevesssessnsannesssas02.3 dB (3.0 ud)

Antenna directivity..cvesessansars.Refer to Figave 6-22
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3-5

3-6

(5) Radio Propagation Path

All free space.

Result of Study

The result of caleulations for a total of 127,746
station-to-station path combinations, using an extra-large
capacity conmputer, discloses that 41 statios sites shown in Table
6-9 do not satisfy the requirvements described in Section 3-4-1
and hence the earth station construction at those 41 sites is
impracticable. Calculation results in teras of computer
print-out are voluninous: they produce approximately 1000
pages. Oaly a part of calculation results are attached hereto iIn

Report A through Report F.

Typical Earth Station Configuration and Site Layout

Typical master earth station configuration and typical rural

earth station configuration are given in Figures 6-73 and 6-24.

Typical site layout and equipnent floor layout for the said two

categories of stations appecar in Figures 6-25 to 6-28.

Cable Route Study

Cable route study was made, using the same nethodology as that

used in the terrestrial system study.



Table 6-9 Rural Farth Stations to Cause Interference

Area Code  Station Naue Arca Code  Station Hame
32 ot 02 Ban Lat 54 22 05 Mae Mo

32 15 02 Bang Saphan 54 32 01 Long

35 16 09 U-Thai 55 03 02 Si Kakhoan

35 13 01 Muang Lek 55 22 02 Bang Krathum
36 13 02 Sao Hai 55 22 04 Phoa Phiran
36 13 05 Rong Don 55 27 02 Tren

37 05 01 Na Di 73 13 03 Hong Chik

38 01 O Bang Nan Prico 73 13 06 Yariag

38 €01 02 Ban Pho 74 01 0% Tra Mot

38 08 01 Pluak Daeag 74 01 07 Khao Chaison
38 15 02 Phran Thong 14 05 01 Rattaphun
42 01 06 Hon Sa-at 4 05 02 Thepha

46 01 10 Phen 74 05 05 Chana

44 12 03 Kra Suag 75 05 068 Cha-Hat

4% 12 04 Khu Muang 77 01 02 Tha Sae

4% 21 1l Sung Koen 71 08 03 Phato

4% 21 12 Chakkarat 17 07 01 Xra Buri

45 272 08 Kanthararen 7 11 05 Fha Chapa

45 22 09 Uthunphon Phisai 17 11 07 Khiri Ratthanikhon
65 30 09 Samrong Thap 77 11 08 Ban Ma Doen

54 22 02 Ngao

- 216 -
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installed where the comcercial power is nol available.
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PART VIT  System Maintenance

General

This Part VII describes the maintenance organization and practices
for the existing terrestrial microwave system and, based on them, the
maintenance philosophy used in this Study.

This projected system, no matter whether it will be inplenmented by
the terrestrial radio system or the domestic satellite system, reguires a
large number of station sites. For  this reason, it is so planned that the
upattended operation system be adopted to the possible maximun for the
radio stations including the earth stations, not to speak of through
repeater stations, so that the effective system maintenance with a mipninua
manpower requircment will be possible.

Since TOT holds approximately 15 ycars experience in the maiatenance
of its existing trunk microwave system, the existiug pmaintenance
organization will be utilized as nucih as possible so that only the
necessary personnel recruvitment will be sufficient For maintenance service

for the projected system.

Haintenance Organization and Practices

2-1 Existing Maintenance Organization and Practices

T0T’s existing maintenance organization for the trunk microwave
systen consists of eight maiatenance districts covering the whole
country as showm in Figure 7-1. Each maiatenance district holds
Haintenance Centers. The total number of Maintemance Centers for the
whole country is 30 (which will increase to 35 when the spur link
project now in progress is completed in 1979).

Maintenance practices which include the supervision of systea
operation, keeping of measuring equipaent and spare panels in good
order, trouble-shooting, and periodic tests, are undertaken by the
naintenaance staff on permanent duty at the Mainteanaace Centers.

Rersote supervisory iteams for each Maintenance Ceanter are as
follows :

1) Radio equipment failure
2) Hultiplex wajor failure

3) Multiplex minor failure
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4) Power supply failure to repeater
5) Fuse alarm
6) Cable alara
7) cCharger high-low alarm
8) ac power failure
9} Engine generator failure
10} Door open
It} Aircraft warning light failure
At each Maintenance
Center, an average of 10
maintenance personnel are
on duty on
arvound-the-clock basis in
three shifts. After the
completion of the spur
link project now in
progress, the assignnent
of five additiocnal persons

on the average at each

Maintenrance Center is At Chiangmai Maintenance Center
scheduled. Each
unattended repeater station is located within the radius of
approxinately 50 ka fron the Maintenance Center. ‘The nmaintenance
teap from the Maintenance Center can reach an uvnattended repeater
station in distress within two hours en Lhe average.
. Trouble-shooting beyond the ability of the Maintenance Centex,
such as replacement of parts ia a panel, is carried out at the Repair
Ceater located in the National Toll Ceater in Bangkok. Equipnent
vait repaired at the Repair Center is sent back in 48 hours to the
Haintenance Center fron which it came. The average number of repaifs
per month at the Repair Center is 100 panels.

At the Repair Center, spare pacts of 10,000 kinds are kept in
store at all times. Ianventory management for such spare parts plus
the repair of panels in trouble and annual periodic system test are

carried out by 35 staff personmel.



parts purchase budget of
the Repair Center amounts
to approximately 15
million Baht. Spare parts
to be purchased conmprise
radio equipaent parts,
nultiplex equipment parts
including PCM equipmeant
parts, and power plant

parts. Out of the spare

The annual spare

parts purchase budget Workshop at Repair Ceater

referred to above, 2

million Baht is set aside for procuremeat of parls to be used for

equipment installed in the Metropolitan Area of Bangkok, the capital

city.

2-2 Msintenance Philosophy for Rural Long Distance Public Telephone

Service

2-2-1

Terrestrial Radio Systen

The maintenance organization is, basically, to make a full
use of 35 Maiatenaace Centers scattered throughout the country,
provided that the necessary additional maintenance personnel
will be recruited. The number ef stations to be supervised
(unattended repeater stations) envisaged in this Project is 17
per Maintenance Center and the average access time required for
2 maintenance team is two hours.

Therefore, assuming that the periodic inspection of
repeater stations ts carried out once every three months, the
recruitaent of not more than several personnel per Haintenance
Ceater will be sufficient. Difficult repairs and overhauls of
equipment units, which cannot be performed at the Maintenance
Center, are to be undertaken by the Repair Ceater in Bangkok as
in the case of similar repairs and overhauls of equipmeat units

used in the existing microwave systea.
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the

(1)

(2)

(3)

(4)

(5)

(6)

(n

The maintenance philosophy adopted in this Study features

following!

Maintenance practices, including system supervision,
procurcment of measuring equipment and spare units/parts,
trouble-shooting, and periodic tests, will be undertaken at

35 Maintenance Centers.

One Maintenance Center will supervise an average of 17
supervised stations (unattended repeater stations) located
in 2-3 Administrative Provinces. Maximum access time

required for a maintenance team will be six hours.

Engincering service channels for maintenance use will
consist of oonibus order wire and remote supervisory
circuit, and for each of them one telephone channel will be
assigned. To provide the engineeriug service channel,
carrier multiplex equipnent will be additionally installed

in part of the existing microwave systen.

One paintenance vehicle for periodic testfinspection will

be assigned at each Haintenance Center.

Two respective sets of neasuring equipuent, spare
units/parts, instruction handbooks and so forth will be
distributed to each Maintenance Center, and one respactive

set of the sane to the Repair Center in BangkoX.

One trailer type engine generator of 7.5 kVA capacity to be
used during power failure at a supervised station will be

assigaed at each Haintenance Center.

Though not included in this Study, it is preferable to
install centralized supervisory equipment at each
Maintenance Center for the purpose of autonatic recording

of troubles at supervised stations under its control.
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2-2-2

Domestic Satellite System

The maintenance philosophy for the domestic satellite

system is essentially the same as that for the terrestrial radio

system. Engineering service channel is planned as follows:

1)

(2)

(3)

One dialling order wire channel will be established between

each rural earth station and master ecarth station.

Each Maintenance Center will be equipped with supervisory
display unit to facilitate supervision of the operating
condition of rural earth stations under its control.
Supervisory signal transmission route will consist of
RS-~Satellite~MS—existing mtevowave systen—~MC, where RS
stands for rural earth station, MS for master earth
station, and MC for Mainterance Center. One telephone
channtel of the existing wmicrowave system will be assigned
to each Haintenance Center for transmission of supervising
signals. This telephone channel will be used for order

wire circuif also.

¥aster earth station will make centralized supervision of
all rural earth stations. Troubles at rural earth stations

will be automatically recorded.

- 238 -
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PART VII1 Construction Cost Estimates and Econonmic Comparison by Systens

General

This Part VIIT deals with construction cost estimates for Rural Leng
Distance Public Telephone Service by terrestrial radio system and by
domestic satellite systenm, and presents economic conparison between the
two systems.

Construction cost estimates are mainly based on overseas
international tender prices. However, for rural comnunication service by
the donestic satellite system, the exanples to depend upon for
construction cost estimate are few internationally so that the assistance
from a Canadian telécomnunications consulting firm having substantial
experience in the utilization of the domestic satellite system was
solicited for part of cost estimate work.

The methodology used in construction cost estimates was firstly to
calculate in detail the construction cost for 75 stations included in the
four objective areas of detailed study, i.e., northern, ceatral,
northeastern and southern aveas of Thailand, according to the types of
stations. Then, the average cost per station or per radio hop was
calculated and by this average cost, in principle, the total construction
cost for all stations involved in this Project was calculated.

Econonic ceooparison between tevcestrial radio system and doaestic
satellite systen was made in teras of present worth of annuval cost. For
the satellite transponder lease rate and related lease conditions, data
obtained directly from the Directorate CGeneral of Posts and

Telecomnunications of Indonesia was used.
Construction Cost Estimates

2-1 Project Size
Parameters that indicate the Project size, which are essential
for the construction cost estimates, are shown below. ‘Those
paraneters iuclude the nuaber of required transmission systeus, total

nuaber of stations, and total access road length,
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2-1-1 Tervestrial Radio System

(1) Terrestrial Radio Link 1984

1)

2)

3)

4)

5)

6)

D]

Radio Systen:

New radio station 49]
Existing radio station 137
Radio hop 529
Radic system 531

Total distance of radio

hops in km (approx.) 12,000
Supervisory System:
Supervised station 604

Supervising station 35

Carrier Multiplex Systen:

Total telephone channels 2,513
Tower:
New tower {(guyed tower) 491

Existing tower to be replaced 19

Power Plant:
dc power plant 639
Dueal engine generator 121

Trailer type engine generator 35

Building:
Shelter for radio equipnent 491

Access Road:

Repeater station that

requires access road 46
Total leagth of access

reads in kn i11.5%

S22

1989

491
137
529
531

12,000

35

3,763

491
19

639
12}
35

491

46

.5

1594

491
137
529

12,000

35

8,218

491
19

639
121
35

491

46

I11.5



2~1-2  Dbomestic Satellite Systen

(1} Satellite Link

(2}

1)

2)

3)

4)

Master Earth Station
Total telephone channels

Power plant

Apprcoach Link:

Total telephone channets
(including engineering
service channels)

Coaxial c¢able leagth in lna

Rural Earth Station
Total telephone channels
dec power plant

Dual engine generator

Building:

Building for master earth
station

Shelter for rural earth

station

Terresirial Radio Link

1)

2)

Radio Systein:

New radio station
Existing radio station
Radio hop

Radio systea

Total distance of radio

hops in ka (approx.)
Supervisory Systea:

Supervised statica

Supervising station

MY

1984 1989 1994
1 1 1
349 474 242
1 1 |
384 509 217
2.5 2.5 2.5
340 340 146
1,186 1,413 749
340 340 146
65 65 49
2 2 2
340 350 146
1984 1989 1994
113 113 303
77 77 114
134 134 329
134 134 337
3,000 3,000 7,000
169 169 391
33 33 35



1984 1989 1994

3) Carrier Multiplex System:
Total telephone channels 1,369 2,350 7,469

4)  Tower:

Rew tower (guyed tower) 113 113 303
Existing tower to be replaced 11 11 16

5) Power Plant:

dc power plant 128 118 351
Dual engine generator 12 | /4 66
Trailer type engine generator 5 35 35

6) Building:
Sheliter for radio equipnment 113 113 303

7)  Access Road:
Repeater station that reguires
access road 3 8 33
Total length of access roads

in k= 26.6 26.6 93.6

2-2 Construction Cest Estivate Conditions

Construction cost estimates ave subject to the following

conditions:

1) Construction work will be carried out by the Contractor on

full turn-key basis.

2} For station buvildings except that of master earth station,
equipent shelters will be used. This applies to both the

terrestrial radio systen and the domestic satellite systeo.

3) For power plant, both TOT information and field survey
result concerning commercial power availability are taken
into consideration. One trailer type engine generator for

erergency use will be assigned to each of 35 Haintenance

Centers.
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4)

5)

6)

1)

8)

9)

10)

11)

In case the UHP system is additionally established on the
existing microwave system, the station buildings, towers

and ac power source of the existiag system will be uvtilized,

Construction cost for extension of the existing microwave

system is not included in the cost of this Project.

Cable length in the cable section is estimated by selecting

cable route on a map of a scale of 1 to 50,000.

Entrance cable will be terminated in the distribution box
installed on the pole. Drop wire aad telephone set costs

are not included in the cost of ihis Project.

Access road length required for each radio repeater station

is based on data supplied by TOT.

At the rural stations where switching eguipment will be
introduced, 7ZW[4W terminating set will not be installed on
the radio equipaent side. 1Tt will be installed on the

switching equipnent side.

For civil work cost, such as building and road constructien

cost, similar cost on TOT record is used.

Costs pertaining to access road censtruction, inland
transportation, part of installation, and on-the—job

training are defrayed froa the local currency budget.

2-3 Cost Estimates

Project cost estinates by terrestrial radio system and by

domestic satellite system are given in Table 8-1 through Table 8-3.

Econonmic Conparison by Systeams

Econonic comparison between terrestrial radio systea and donmestic

satellite systea is carried out in terms of present worth of annual cost.

Conditions by which the economic comparison is made are as follows:
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{fable 8-1 Froject Cost of

Terrestrial Radio System (1/3)

1984
local
Forcign Currency Portion Curreacy
Portion
lten
Thousand Equivalent Hundred
Japanese Yen] US Dollars That Baht
1. Terrestrial Radio Systen
A. Radia, Multiplex & Power 13,293,253 73,879,181 -
5. Tower 1,555,791 8,643,283 -
C. Installation Matlerials 568,337 2,601,872 -
D. Maintenance Facilities 766,119 4,256,217 -
E. Sub-rotal (FO3) 16,033,500 59,380,555 -
F. -ditte- {CIF) 16,651,598 92,508,878 -
G. Tower Erection 301,702 1,676,122 703,971
H. Installation & Testing 723,983 4,022,128 1,659,294
I. Training 2,600 14,444 665
J. Access Road - - 2,230,000
K. Sub-total 17,679,883 98,221,572 4,623,930
2. Cable Systesm
A. Cable & Other Materials (FOB) 150,387 835,433 -
B. -dilto- (C1F) 155,650 864,122 -
C. Installation §& Testing 39,155 218,639 21,3828
D. Sub-totai 195,095 1,033, 361 1,328
3. Basic Cost 17,374,888 ¢9,303%,933 4,715,758
4. Contingency
A. Physical 536,247 2,979,150 141,473
5. Price 1,787,489 9,930,495 707,364
C. Sub-tetal 2,323,736 12,909,654 848,837
5. Tolal Froject Cost 20,193,624 112,214,577 5,564,595

Exchange Rate : USS

1 =

M6 -

180 Japanese Yen




Table 8-1 Project Cost of Terrestrial Radio Systen {(2/3)

1989
Local
Foreign Currency Portion Currency
lten L ",WAfgfiigﬂ___v
[ Thousand Fquivalent flundred
Japanese Yen{ US Dollars Thai Baht
t. Terrestrial Radio System
A. Radio, Multiplex & Power 177,349 485,272 -
B. Tower - - -
C. 1anstallation Materials 6,207 34,483 -
D. Maintenance Facilities - - -
E. Sub-total (FOB) 183,556 1,009,755 -
F. -ditto- (CI¥) 189,980 1,055,4%4% -
G. Tower Frection - - -
H. Installation & Testing 3,260 45,889 19,273
I. Training - - -
J. Access Hoad - - -
K. Sub-total 108,250 1,104,333 19,273
2. Cable Systen
A. Cable & Other Materials (¥OB) - - -
8 -ditto- (Cir) - - -
C. Installation & Testing - - -
D. Sub-total - - -
3. Basic Cost 195,240 1,101,333 19,273
4. Contingency
A. Physical 5,947 33,039 578
B. Price 19,824 110,133 2,391
Sub-total 25,771 143,172 3,469
5. Total Project Cost 225,011 1 .244,505 22,742

Exchange Rate : UYS$ 1 = 180 Japanese Yen



Table 8-1  Project Cost of Terrestrial Radio System (3/3)
1994
Local
Foreign Cuvrency Portion Currency
Item Portion
Thousand Equivalent Hundred
Japanese Yen| US Dollars Thai Baht
1. Terrestrial Radio Systen
A. Radio, Multiplex & Power 850,152 4,723,067 -
B. Tower - - -
C. Installation Materials 29,755 165,306 -
D. Maintenance Facilities - - -
E. Sub-total {(F0B) 879,907 4,388,373 -
F. —-ditto- (CIF) 910, 704 5,059,467 -
G. Tower Erection - - -
1. Installation & Testing 39,5986 219,978 97,391
I. Training - -~ -
J. Access Road - -~ -
K. Sub-total 550,300 5,279,445 92,391
2. Cable Systen
A. Cable & Other Materials {FOBR) 5,346 32,478 -
B. -ditto- {CIF) 5,050 33,611 -
€. Installation & Testing 176 918 410
. Sub-total 6,226 34,5589 410
3. E;__afs‘i_-{_;*c‘oﬁ%_t_ 956,526 5,31!&,03!} 92,80]
4. Contingency
A. Physical 23,696 159,422 2,785
B. Price 95,653 531,506 13,920
C. Sub-total 124,349 690,328 16,705
5. Total Project Cost 1,030,875 6,004,862 109,505

Exchange Rate

¥S$ 1 = 180 Japanese Yen

248 -




Table 8-2

Project Cost of Domestic Satellite System (1/3)

1984
Yl.ocal
Yoreign Currency Portion Currency
Item — — — #ﬂfffiﬁflk#
Thousand Fquivaleat Hundred
Japanese Yen Us nDollars Thai Baht
I. Satellite Systen
A, Master Earth Station {including
Terrestrial Approach Link) 1,555,346 3,640,811 75,000
B. Rural! Earth Station 23,201,440 128,396,889 -
C. Maintenance Center 129,560 719, 4454 -
(Supervisory Systen)
D. Installation Materials 829,310 4,607,611 -
E. Maintenance Facilities 1,313,474 7,297,078 -
F. Sub-tetal (¥0OB) 27,029,130 150,161,333 -
G. -ditto- (CIF) 27,975,150 155,417,500 -
. Installation & Testiang 1,364,787 7,587,122 3,i84%,4%90
1. Traieing & Systen Maintenaace 61,000 338,889 665
J. Sub-rotal 29,400,932 163,338,511 3,263,155
2. Terxrestrial Radio Systen
A. Radio, Multiplex & Power 3,879,696 21,553,878 -
B. Tower 421,013 2,338,961 -
C. Installation Materials 135,660 770,333 -
P. Maintenance Facilities 355,150 1,973,056 -
E. Sub-total (FOB) 4,795,521 26,636,228 -
¥. -ditio~ (CIF) 4,962,329 27,568,495 -
G. Tower Erection 88,3722 490,678 206,035
H. Installation & Testing 215,753 1,198,628 503,424
I. Training 2,600 14,44% 665
J. Access Road - - 532,000
K. Sub-total 5,269,00% 29,272,244 1,242,174
3. Cable Systen
A. Cable & Other Materials (FOB) 65,930 366,28 -
B. ~ditto- (CIF) 65,237 379,094 -
€. Installation & Testiag 15,571 86,506 36,332
D. Sub-rotal 81,808 465,600 36,332
4. Basic Cest 34,753,754 193,076,355 4,541 ,66)
3. Contingency
A. Physical 1,042,612 5,792,289 136,251
B. Price 3 475 374 19,307,633 681,249
€. Suh-tolal 4,517,986 25,099,922 817,500
6. Total Project €ost 39,271,730 218,176,277 5,359,161
Exchange Rate : USS$ 1 = 180 Japanese Yen

>
s
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Table 8-2 Project Cost of Domestic Satellite System (2/3)

1989
Local
Foreign Currency Portion Currency
Portion
ttem
Thousand Equivalent Huondred

Japanese Yen US bollars 1hai Baht

b. Satellite Systen

A. Master Farth Station (including

Terrestrial Approach Link) 170,633 945,239 -
B. Rural ¥arth Station 240,755 1,337,528 -
C. Maintenance Center - - -
(Supervisory System)

D. Iustallation Materials 14,400 850,000 -

E. Maintenance Facilities - - i

F. Sub-total (FoB) 425,838 2,365,767 -

G. -ditte- (CIF) 540,742 2,448,567 -

fl. TInstallation & Testing 19,163 106,461 44,713

I. Training & Systen Maintenance - - N

3. Sub-total 452,905 2,555,028 44,713
2. Ierrestrisl Radio Systen

A. Radio, Multiplex & Power 146,357 813,094 -

B. Tewer - - ) -

C. Installation Materials 5,122 28,456 -

D. Maintenance Facilitics - - -

E. Sub-~total (FOB) 151,479 841,550 -

F. -ditta- (CIF} 156,781 871,006 ~

G. Tower Erectieon - - -

H. lnstallation & Testing 6,817 37,812 15,906

I. Training - - -

J. Access Road - - -

K. Sub-tetraj 163,593 903,378 15,906
3. Cable Systen

A. Cabhle & Other Materials (FOB) - - -

B. ~ditto- (CIF) - - -

C. Installation & Testing - - -

B. Sub-total - - -
4. Basiec Cost 623,503 3,463,906 60,619
3. Contingency

A. Physical 18,705 103,917 1,819

B. Price 62,350 346,389 9,023

C. Sub-total 81,055 450,306 10,912
6. Total Froject Cost 704,558 3,914,212 71,531

Exchange Rate : USS

-- 250 -

L = 180 Japanese Yen




Table 8-2

Project Cost of Donestic Satellite Systen (3/3)

1G94
Local
Foreign Currency Portion Currency
[ten Portion
" “Thousand Equivalent Hundred
Japanese Yen | US Dollars Thai Baht
1. Satellite Systenm
A. Master Farth Station (including
Terrestrial Approach Link) - - -
B. Rural Earth Station - - -
€. Maintepance Center - - -
(Supervisory Systen)
D. Installation Materials - - -
E. Haintenance Facilitlics - - -
F. Sub-total {FOB) - - -
G. -ditto- (CIF) - = -
. Installation & Testing - - -
[. Trainiong & Systea Maintenance - - -
J. Sub-total - - -
2. Terrestrial Radio Systen
A. Radio, Maltiplex & Power 5,319,096 29,550,533 -
B. Tower 572,690 3,224,500 -
€. Installation Materials 186,508 1,035,150 -
B. Maintenance Facilities 182,559 1,014,217 -
E. Sub-total (¥roB) 6,267,853 34,821,406 -
F. -ditto- (CIF) 6,487,228 36,050,156 -
GC. Tower Erection 110,034 H11,356 256,769
H. instaliation & Testing 237,053 1,566,961 653,124
I. Training - - -
J. Access Road - - 1,350,000
K. Sub-total 6,879,125 38,218,573 2,254,393
3. Cable Systen
A. Cable & Other Materials {roB) 47,376 263,200 -
B. —-ditta- {(Cir) 49,03% 272,411 -
C. Installation & Testing 12,042 66,900 25,099
D. Sub-teotal 61,076 339.311 23,099
4. Basic Cost 6,940,401 38,557,784 2,232,992
>. Contingency
A. Physical 203,212 1,156,733 63,490
B. Price 694,040 3,855,778 342,440
C. Sub-total 902,252 5,012,511 410,939
6. EEEE[JUEQEEEmgﬂﬁi 7,842,653 43,570,295 2,693,931

Exchange Rate : ©¥S5%

1

= 180 Japancse Yen
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Tahle 8-1

(for 1989 & 1994,rcfer to Table §-2)

Projoect Cost of Domestic Satellitle System with Non-Redundancy

1984
Local
Ferecign Currency Portion Currency
[tem - Portion
- Thousand Equivalent Hundved

Japanese Yen

US Dellars

Thai Baht

1.

o~

Wt
.

Satellite Systen

A. Master Farth Station {including
Terrestrial Approach Link)

B. Rural Farth Station

C. Maintenance Center
(Supervisory Systen)

D. Installation Materials

E. Maintenance Facilities

F. Sub-toral (¥FOB)

G. -ditto- {CI¥F)

H. Installation & Testing

I. Training & Systen Maintenance

J. Sub-total

Terrestrial Radio Systen
A. Radio, Multiplex & Power
B. Tower

C. Installatien Materials
0. Mainténance Facilities
E. Sub-total (FGB)

F. ~ditta- {(CIF)

G. Tower Erection

H. Instaltation & Testing
I. Training

J. Access Road

K. Sub-total

Cable Systen

A. Cable & Other Matevials (FOB)

B. ~ditta- (CIF)
C. Installation & Testing
D. Sub-total

Contingency
A. Physical
B. Price

C. Sub-totail

1,555,346
16,373,560
129,500

590, 394
960,131
19,608,931
20,295,244
1,046,776
61,000
21,403,020

3,379,698
421,013
138,660
355,150

4,794,521

4,962,329

88,322
715,753
2,600

3,269,004

55,930
63,237
15,571
83,808

26,755,832

802,675
2,675,533
3,478,258

10,234,090

8,640,811
90,964,222
719,444

3,279,967
5,334,061
103,938, 505
112,751,356
5,815,422
338,889
118,905,667

21,553,878
2,338,961
770,333
1,973,056
26,636,223
27,568,494
490,678
1,198,678

14,444

29,272,244

166,278
379,094

86,506
465,600

148,643,511

4,459,306
14,86%,350
19,323,656

167,967,167

73,000

2,442,578
665
2,521,143

206,085
503,424
665
532,000
1,242,174

36,332
36,332
3,799,659

113,989
569,947
633,936

4,483,585

Exchange Rate : USS 1

= 180 Japanese Yean
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(1) The period of comparisen is 15 years.

{2) With respect to the maintenance cost for comaunication equipment,
there is no nuch difference between the two systems, so that this
item is withdrawn from the list of compariscon. Only the access road

maintenance cost is taken up for consideration.

{3} 1In the terms of operation and hence in the cost of operation also,
there is no nuch difference between the two systems. Only the

satellite transponder leasc rate is taken up for consideration.
(4) Service life of comaunication equipnent is based on ITU data.

€{5) Both systens need additional financial investnent for their
respective system extensions five years and 10 years after the

service-~in.
(6) For interest rate, the interest rate of 7.9% per annum is used.

(7) Although the annwal increase of cormodity prices and labor cost is
the general trend, it is presumed that this price and labor cost
uptread can be offset by the equipaent productivity improvement.
This presuaption is to simplify the conmparison.

Present worth of annual cost is given by the following equation:

P=({Cc -8)xA+S5Sxi+¢C +C)YxB
[a] 0

where ¢ Present worth of annual cost
: Inttial cost
¢ Net salvage

Nurzber of years

L1

Interest rate (7.9%)
: Maintenance cost

: Operation cost

L I - T LR~ R~ B
e b .

1
ot
"
"o

I



A : Aonuity from present amount

(-3 ( + )N

(b + 1) -1
B : Present worth of annuity
$)0

( gl(; :)i)" )

[(C - 8) x A : Anortization cost
(C-8) xA+3$xi +(;m+c0 t Annual cost]

Present worth of annual cost calculations for terrestrial radio
systen and donestic satellite system by the above equation appear in

Table 8-4 through Table 8-6,
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PART 1X All~round Evaluation of Optimun

Transmission System Plan
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PART IX All-vound Evaluation of Optinum Transuission System Plan

2.

General

This Part IX makes an all-round comparative study of the terrestrial
vadio system plan {hercafter called Plan A) and the doumestic satellite
system plan (hereafter called Plan B} which were reviewed in all their
essential aspects in the preceding Parts.

The all-round evaluation of both Plan A and Plan B fron cconenic and
technical viewpoints is intended to arrive at a conclusion coancerning what
the optimum transmission system for Rural Long Distance Public Telephone

Service should be.

[teowise Evaluation

For all-vround evaluation of relative merits of a transmission systen,
the economic evaluvation in terms of present worth of annual cost and the
per formance evaluation are necessary. The former takes up for evaluation
the annuval cost including initial cost, maintenance cost and operation
cost. The latter considers transmission quality, systen reliability,
system extension flexibility and so forth.

Following is the result of item by item compavative study of Plan A

and Plan B.

2-1 Comparison by Present Worth of Annual Cost
The present worth of annual cost is:
Plan A : 22,333 nillion Japanese Yen
(124,072 thousand U.S. Dollars)
Plan B : 38,205 million Japanese Yen
(212,250 thousand U.S. Pollars)
Plan A costs less than Plan B by 15,872 million Japanese Yen.
This advantage of Plan A reflects the fact that Plan B requires
higher construction cost per rural station and heace higher
amortization cost.
Although the initial cost of carth statiocas and the satellite
transponder lease rate are considered to be remarkably reduced in the

future as the result of continuved technical renovation and
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productivity improvement, both these costs will vemain at practically
the sane level as shown in this Study about the time the tender
announcenent for this Project is made in 1979-80,

If the non-redundant configuration which does not use standby
equipment is adopted for the rural earth station system
configuration, the present worth of annual cost decreases by 7,596
million Japanese Yen. In this case, however, the conmparison cannot
be made on equal base to the terrestrial radio system plan that usecs
standby equipaent.

Therefore, in this Study, the non-redundant configuration with
its cost estimate is taken up for the purpose of reference only but

is not included in the system conparison.

Transnission Performance and System Reliability
The objective signal to noisec ratios of both Plan A and Plan B,

established in Part VI, are reproduced below.

Plan A Plan B
Terrestrial section 57 @438 57 4B
Satellite link - 50 48

As far as the signal to noise ratio is concerned, Plan A
corrands greater advantage by several dB over Plan B.

Delay time is another demerit of Plan B in the aspect of
transnission performance. More precisely, radio propagation fron
ground to satellite and back to ground takes approxinately 0.3
seconds, and this means that the response of the other party is
delayed by approximately 0.6 seconds.

As regards the reliability of comunication equipaent, there is
no nuch difference between Plan A and Plan B because the full
redundant configuration is adopted in both plans. Qualitative
compavison of system reliability betwcen Plan A and Plan B follows.

Traffic estimation is made on the assunption that one half of
originating calls froa each RS (rural earth station) is to Bangkok,
the capital city, and the other half is to the nearby PC {Primary

Ceater).

- 26} -



2-3

In this case, the traffic route configuration is as follows:
Plan A:
(1) Traffic to Bangkok:

existing microwave system

RS ~ PC
(2) Traffic to nearby PC:

= Bangkok

RS —PC
Plan B:
(1) Traffic to Bangkok:

RS —=satellite —=M5 (Master earth station)
(2) Traffic to nearby PC:

existing microwave syslen

RS ——~satellite —=MS PC

As shown above, in Plan A, calls to Bangkok are through the
existing nicrowave system and calls to nearby PC are via UNF
system which uses several repeater stations. However, in Plan
B, calls to Baagkok are via satellite link and calls ko nearby
PC are via one satellite link plus the existing microwave systen.

That is to say, in both plans, aloost the same volime of
calls is carried on the existing microwave system, though the
call destinations are different, one being Bangkok and the other
the nearby PC.

Therefore, it can be safely presumed that, in the system

retiability also, there is little to choose between the two

plans.

Maintenance/Operation Cost

Both Plan A and Plan B contemplate to maintain rural
staticns as unatteaded stations and to keep the maintenance
staff at 35 Maintenance Ceaters. Thus, for maintenance
personnel cost, no substantial difference can be found between
the two plans. Master earth station in Plan B needs soae 20
nraintenance engincers.

Plan A requives 46 nore through repeater stations than Plan
B so that the number of maintenance pevrsonnel required increases
to that extent, resulting in almost the same maintenance
nanpower level as in Plan B. Hence no major differcnce between

the two plans ian the maintenance staff cost.
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For other maintenancefoperation cost, Plan B envisages higher
operation cost corresponding to the satellite transponder lease rate

whereas Plan A anticipates road and tower repair/improvement cost

increase.

2-%4 Systen Extension Flexibility
Plan A features that the terninal section of transmission route
holds transmission capacity of 24 telephone channels and the section
where circuits are concentrated holds transnmission capacity of 120
telephone channels. Therefore, compared with Plan B wherein not more
than several circuits are used, Plan A can more easily cope with a

greater increase of circuit demand than expected if it arises iun the

future.

2-5 Work Period

Beth Plan A and Plan B use equipnent shelters for rural station
buildings so that in the period required For equipment installation
at rural stations, no nuch distinction exists between the two plans.

In Plac A, antenna tower erection work takes time; however, in
Plan B, time requirement for master earth station construction is
large. After all, in the required work period, neither plan is
considered to predominate over the other. Meaawhile, it is
hypothesized that by the time the eguipment installation at rural
stations begins, access roads Lo all those stations would have been
conpleted by TOT.

Plan A also features thakt partial system service-ia can be
expected, beginning in the area where construction work and
acceptance test have been completed. However, in Plan B, partial
systea service-in is inpossible before the construction of master
earth station and pateway exchange to be established in Bangkok as

pivotal facilities of the whole system is coapleted.
All-round Evaluation Result

All-round evaluation of itemwise individual study results arrives at

the following conclusioas:
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(1) Por the transnmission system of Rural Long Bistance Public Telephone
Service, UNF terrestrisl radio system of 900 MWz frequency band is
the optimunm system, considered from both technical and economic

angles.

(2) For the applicable UHF (900 MBz frequency band) terrestrial radio
system, no rmuch difference can be found between FDM systemn and PCH

system,

(3) Donestic satellite system will have its construction cost broadly
reduced as the technical research and development nake furthex
progress and the greater productivity improvement is achieved.
Therefore, when the introduction of domestic satellite system is
plarned in the future, the most effective use of the satellite rust
be considered. This can be realized by utilizing the systea for
wide-range signal transmission, such as telegran, telex, data and
television signal transmission, without restricting the systen

utilization to telephone channel transmission alone.
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PART X Project Implementation Plan

This Project not only covers the whole territory of Thailand but also
conprises various divisions of engineering expertises in 2 long period.
Therefore, to ensure satisfactory progvess of project implementation, it will

be necessary to reinforce the project implemsentation organization.

Tentative Work Schedule Chart

A teatative work schedule chart for implementation of Rural Long Distance
Public Telephone Service Project is given in Table 10-]. This work schedule
chart usés 1984 as the work completion target year in accordance with the TOT
plan.

Iterps considered are as follows:

1) The consiruction work will be carried out by the Contractor on a full
tvrn-key basis except land formation and access road construction.

2} As much time as required will be speat for detail design by which to
wake Tender Specifications.

3) 1In case the traffic reappraisal cannot be conmpleted in time For
teader anncuncenent, the result of reappraisal will be taken into
account in subsequent extension works.

4) The systen will begin service in one area after another where

construction work has been coapleted.
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PART XI PRconomie and Pinancial Evaluations

This Part XY presents economic and financial evaluations of Rural Long
Distance Public Telephone Service Project, based on the conclusion drawn in

Part IK, i.e., the decision in favor of terrestrial radio system as an optimunm

systen,
1. Economic Analysis

1-1 cCalculation of Economic Costs and Benefits

Project cost ecstinates are given in Part VIIT. These cost
estimates are for conpariscn between the two systeas so thatk, to
facilitate the economic evaluation of the Project, suppleacatation or
streamnlining of cost iteas is required. Project costs for the
purpose of analysis are listed in Table 11-1.

For Economic analysis, all costs should be quoted in border
prices. Although imported materials and equipaents are quoted in
border prices (CIF)}, other costs are quoted in market prices (local
currency portion) and they should be converted into border prices,

using CF {cenversion factor).

I-1-1 Calculation of CF
SCF (standard conversion Factor), which is the ratio of
market prices to border prices, is calculated by the
following equation, based on export and import values in the
past five years, as well as ioport duties and export duties
in the same period:

— M+ X
M ¥ ) + (X - sx)

dwhere

sC

Y : Total import value by CIF
X : Total export valuc by FOB
Tr: Tetal aoouat of import duties
Sx: Total amount of export duties
SCF in Thailand has been found to be 0.95. Besides
SCF, CFC (conversion factor for consunption) has also to be

obtained for econonic evaluatica. However, since data fronm



Table 11-1 Project Cost Breakdown (1/3)

Note : LP denotes Local Currency Portion.
FP denotes Foreign Currency Portion.

Year ia pareatheses is the year in which disbursement

will take place,

1. Capital Inveswent
1-1 Land Procurecent (LP) 16,203,600 Baht
{19792-1980)

1-2 1Lland Formation (LP) 16,749,330

{1980-1931)

1-3 Access Road Construction (LP) 223,060,000
(1380-1981)
1-4 Communication Equipsent and

Maintenance Facilities (FP) 1,680,724,800
(1981-31984)
18,998,000 “

{1989)
91,675,400

{1994)
1-5 Installation and Testing (LP, ¥P) 355,013,300 *©
{1931-198%)
2,753,300 "

{1959}
13,257,300 "

(1994)



which to obtain CFC is not sufficient, the following
hypothesis is used to set CFC at 0.90. That is to say, the
customs tariffs are established generally at high levels for
consuners’ goods and at low levels for producers’ goods.

Hence, a smaller value is expected for CFC than for SCF,
Calculation of Economic Costs (Accounting Prices)

(1) TLand Acquisition Cost
Land acquisition cost includes land price and land
reasurentent and registration fees collateral to land
acquisition. 90X of land acquisition cost constitutes
iand price and 10% accounts for related skilled labor
cost.
Land price calculatioa reguires the accounting price
based on the shadow price calculation. Here, for such
accounting price, SCF is used because the ratio to
total fixed capital cost is small. For skilled labor
cost calculation, CFC is applied.
The accounting price for land acquisition cost turns

out to be 15,312,000 Baht.

(2) Land Formation Cost
Land formation cost comprises banking work cost, civil
work cost iacluding fence, gate and ditch building
cost, comercial power tead-in cost, and ground
leveling cost.
For inported goods, import tariff and domestic
transportation cost have to be considered; however, SCF
oaly is applied here. For domestic goods also, SCF is
applied. For unskilled labor, CFC is used wiiereas, for
skilled labor, although the calculation should be based
on the value of marginal product te be lost in other
field of tabor, 0.7 x CFC (0.7 x 0.90 = 0.63) is used
here for CF.

The accounting price for land formation cost turns out
to be 15,499,000 Baht,

.4y



(3)

(4)

Access Road Construction Cost

Access road construction cost consists of land-for-reoad
acquisition cost and road construction cost.

Cost distvibution ratios are 10% for imported goods,
207 for domestic goods, 5% for skilled labor, 15% for
unskilled labor, and 50% for land.

CF for each cost item is the same as in the case of
tand formation cost. However, with respect to
land-for-road

acquisition cost, the accounting price calculation is
subject to conlroversy, because the najor part of land
for road is the wooded land. Nevertheless, SCF is
applied here.

The accounting price for access road construction cost

turns out to be 149,410,000 Baht.

Cormunication Fquipnent Installation Cost

Coounication equipaent installation cost conprises
domestic transportation cost for imported equipment,
foundation work cost for towers and shelters, foreign
and doanestic labkor cost, and so forth. All these are
the essential costs for equipzent installation work.
Cost distribution ratios are 15% for lakor te be
financed by foreign currency, 10%Z for doazestic goods,
40%Z for skilled labor, and 20Z for unskilled labor.

30%Z of installation cost is covered by foreign
currency. Oae half of this foreign currency portion is
for domestic consunption (including tax payment). And
this one half of foreign currency portion is
appropriated for labor to be financed by foreign
currency. Basides CF for foreign currency labor as
unity, the aforementioned CF is applied.

The accounting prices for equipzent installation cost
are 259,160,000 Baht for initial period, 2,010,000 Baht
for middle period, and 9,678,000 Bsht for final period.
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Table 11-1 Project Cost Breakdown (2/3)

1-6 Training (LP, FP) 326,500 Baht

(1980-1981)

1-7 VYehicles (LP) 10,150,000 "

(1981-1984)

10,150,006 "

(1990-1993)

1-8 Project Execution (1.P) 17,010,000

(1979-1984)

715,000 *

{1988-1989)

1,260,000 "

(1993-1994)

2. Opevrating Cost
2-1 Electrigity and 0il (LP) 3,914,125 "
(1982)
7,828,353 *
(1983)
58,712,630 "
(1984-1988)
60,343,540 "
(1989-1993)
78,283,512 "
(1994-1999)

2-2 Spare Parts (FP) 1,166,666 "

{1982)
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Table 11-1  Project Cost Breakdown (3/3)

2,333,313 Baht
{1983)
17,500,000
(1984-1988)
19,250,000 *
(1989-1993)
27,300,000 "
{1994-1999)
2-3 Maintenance (LF) 2,646,000 "
(1982)
5,292,000
(1983)
139,104,000 *

(1984-1999)

(Breakdown of cost items 1-4, 1-5 and 1-6 appears in Table 8-1

of Pare VIIL.)
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(5) Work Managenent Cost
Work management cost includes personnel cost, general
administration cost, office supplies cost, and domestic
travel cost.
Cost distribution ratios are 10% for imported goods,
35%Z for domestic goods, and 55% for skilled labor.
CF for each cost item is based ot the aforementioned
corresponding value.
The accounting prices are 15,648,000 Baht for initial
period, 696,000 Baht for middle period, and 1,160,000
Baht for final period.

{6) vehicles
Vehicles are categorized as imported goods. The

accounting price per vehicle turns out to be 276,000
Baht.

(7) Training Cost
CF for foreign currency portion out of total Lraining
cost is unity based. Skilled labor training is to be
financed by domestic currency portion.

The accounting price for training cost is 320,000 Baht.

{8) Electric Power and Fuel Cost
Since the final calculation requires detailed studies,

the provisional decision is to apply SCF.

(9) Haintenance Cost
Maintenance cost iacludes mainteanance personnel cost,

office supplies cost, and spares/parts cost, besides
naintenance management cost.

Cost distribution ratios are 5% for imported goods,
40% for do:sestic goods, and 55% For skilled labor.

CF for maintenance cost turns out to be 0.92,

For imported goods, CIF prices quoted in Part VIII are
observed. Furthermore, the accountiag prices for
Paragraphs (1) through (8) above are taken into

consideratioan.

Econonie cash outflow is presented in Table 11-3,
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i-1-3

Econonic Benefits

Benefits in this Projecct are the sum total of telephone
service fees to be paid by users. However, this Project is
essentially to construct transmission routes, part of which
will be used as subscribers' lines and part as trunk
routes. Therefore, it is important to distribute service
fees paid by users according to the degrces of their
utilization.

Investment required for telephone network construction
consists, according to the standard distribution, of 10% for
subscriber prenise equipnent (telephone sets), 35% for
subscribers' lines, 25Z for local exchanges, 10% for trunk
lines, 5% for toll exchanges, and 15Z for toll transnissioa
routes.,

Therefore, for the benefits in this Project, the
revenues froa telephone service distributed according to the
investpent distribution rates as per above are wsed. That
is to say, 35% is for Rural Long Distance Public Telephone
Service and 12.5% for junction routes on the assumption that
one half of these routes are uvsed as trunk lines and the
other half as toll lines ({10%Z + 15%Z)/2 = 12.5%). As for
call charges, it is estipated that one half of calls are
local calls and the charge is two Baht per call, and the
other half are toll calls to Bangkok and the charge is 30
Baht per call {distance: 350 ka - 500 kmj; averabe call
duration: 3 minutes). Table 11-2 presents the calculation
methodology for benefits in this Project.

For conversion of benefits into the accounting prices,
it is necessary to determine the rate of speeches for
consuzption purposes and the rate of speeches for productien
purposes. This time, benefits in terms of speeches for
consuaption purposes are set at 30%Z of all speeches and €FC
is applied to those benefits, whereas benefits in terms of
speeches for production purposes are set at 70Z of all
speeches and SCF is applied to those beacfits. By this

rneans, the accounting prices for benfits have been obtained.
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Table 11-2 CcCalculation of Direct Benefits (1/2)

fenefits from portion to be used as subscribers' lines

Burber of busy hour calls per channel 10 calls
Busy hour concentration rate 20%
Number of calls per channel per day 50 calls

Number of calls per chaonel per year

{365 days) 18,250 calls
Half of calls : 2 Baht per call )
Half of calls : 30 Baht per call ; 102,200 Baht/ch/year
Degree of contribution as ;
subscribers"' lines : 35% )
Year Nuzber of Chanaels Benefits
{in 1,600 Baht)
1982 %32 44,150
1983 864 83,301
1984 1,295 132,349
1985-1988 1,439 147,005 x 4
1939 1,531 156,463
1990-1993 1,623 165,871 x 4
1994 3,225 . 125,195
1955-1999 827 84,519 x 5

Benefits fromo portion to be used as junction lines

Number of busy hour calls per channel 12 calls

Busy hour concentration rate 10%

Rurber of calls per channel per day 120 calls



Table 11-2 Calculation of DHrect Benefits (2/2)

hurber of calls per channel per year
(325 days) 39,000 calls

Half of calls : 2 Baht per call )

)
Balf of calls : 30 Baht per call )

) 78,000 Baht/ch/year
Degree of contribution as )
junction lines )
{junction lines 1+ toll transnis- )
sion routes) 12.5% )
Year humber of Channels Benefits
(in 1,000 Baht)
1982 322 25,116
1983 644 50,232
1984 967 75,426
1985-1938 1,074 83,772 x 4
1989 1,067 125,346
1993-1993 2,140 166,920 x 4
159% &, 764 371,592
1995-1999 7,387 576, 186 x 5

Benefits fron the project as a whole

Year Benefits
(in 1,000 Baht)

1982 69,266
1983 118,533
1984 207,775
1985-1988 230,873 x 4
1989 281,814
1990-1993 332,791 x 4
1994 496,787
1695-1999 660,705 x 5



With respect to the fixed capital at the tine of
conpletion of the Project, the balance of benefits ninus
fixed capital depreciation is to be calculated as the final

year benefits.

Econeonic cash inflow is presented in Table 11-3.

1-2 Calculation of Internal Rate of Return (IRR)
IRR turns out to be 11.32%
r t

: Fi .o )
i=1 (1sr)?
¥here
Fi: <Cash flow in year i
i: Year
\ r : Interest {Internal Rate of Return)

1-3 Sensitivity Analysis
(1) 1Ia case of 102 increase of equipnent cost, IRR is 10.16%.

(2} In case of 10% decrease of operating revenues, IRR is
10.05%.

{3) 1iIn case of conbination of the above two variants, IRR is
8.94%.

2, Financial Analysis

2-1 Cash Flow

Table 11-4 presents the cash flow based on market prices and in

consideration of taxes. This cash flow features the following

points:

()

Import duties on imported equipmieats at the rate of 20X of
their CIF prices.

\
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(2) Initial period foreign currency portion payment by loan
subject to the following terms of loant
Rate of interest: 7.9%4 per annun
Repaymeat: By egual yearly instalments in 20 years
(including five-year grace period)
(Above are equal to the terms of loan from the
International Bank for Reconstruction and Develeopment in

recent years.)

{3) ~Fixed capital depreciation by straight line method.

C .-
i Depreciation

Where
C: Fixed capital

t: Year

(4) Corporate tax rated at 30% of ordinary profit.
Ordinary profit is calculated by subtracting interest and

deprectation froa operating revenues.

2-2 Calculation of Inkternal Rate of Return (IRR)
IRR 1s 8.22%.

2-3 Sensitivity Analyses

{1} In case of 10% increase of equipuent cost, 1RR is 7.42Z.
(2) In case of 10% decrease of operating revenues, IRR is 6.98%.

{3) In case of conbination of the above two variants, IRR 1is
5.96%,

Conclusion by Econonic and Financial Analyses

Tnis Preject 1is a project to inprove telecoomunication service
in the districts of Thailand, where such service is incoaplete. Thus
the Project coastitutes an integral part of the country's national

econoaic developaeat plan.

i
o
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Economic and financial analyses have resulted in the 2conomic IRR of
11.32% and the financial IRR of 8.22%, both of which are the reasonable
values when it is considered that this Project is in the infrastructural
field. MHowever, noteworthy is the fact that the not so high level of IRR
resulting from the financial analysis is considered to be attributable to
the tmport tariffs of Thailand.

At prescnt, in Thailand, the industry that produces telecorminicatien
equiprents still remains swall in scale so that the equipreats required
for the iumplenentation of this Project cannot help being procured by
importation.

Benefits used in the cconomic analysis are primarily conposed of
telephone service fees. However, judging from the situation that
prevails, or, more precisely, the fact that the people in the districts
without telephones proceed by car, bus or other means of transportation *~
a town where the telephone system exists, it can be safely assuzmed that
the willingness to pay of those people will be of greater value than
telephone service fees. MHence, the economic IRR will also be of greater
value than that obtained in the economic analysis.

The foregoing observation can be summarized as follows:

1) Economically, this Project is feasible;

?2) Financially, also, this Project is a reasonable project.

This Project is to inprove telephone service in the rural districts
of Tirailand along the line of the National Econontc Developaent Plan, so
that the project inplementation is considered to contribute 3 great deal
to the econonic developnent of the country.

Since this Project is an extremely large-scale project, its
implementation will inmpose a great fimancial responsibility upon TOI.
Therefore, it will be desirable to substantiate State assistance, such as
low interest loan(s)} and/or subsidization from the national treasury, for

the project inplementation.
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APPENDIX 1 Study Team Organization

The Study Team is conposed of six persons including the Team leader.
All Team members are The Nippon Telecommunications Consulting Co., Ltd.,
employees. ‘The six Tcam components and their respeetive responsibilities
are listed below.

Hane Responsibility
Kenichi HATARO Tean leader
Hivoshi SEKIKAWA Carrier transmission engincering
Junichi KUROBE Radio engincering
Katsuhiko SATO Radio engineering
Ryoji SASAKI Satellite comaunication engineering
Nobuo HAKAJIMA Network engineering

-1



APPENDIX 2 Work Itinerary

August 10, 1973

BDeparture from Tokyo and arrival ia Bangkok.

Avgust 1}, 1973

L

Courtesy calls to Japanese Embassy and JICA
Office, and consultative meetings.

Courtesy visit to Managing Director of TOT.

Augusi 12, 1978

Consultations with TOT, collection of data,
to feasibility study.
Sceptember 10, 1978

Septenmber 11, 1978

to

Field survey of four areas by two groups.
Septenber 30, 1978

October 1, 1978 : Feasibility study work and coapilation of
to Interim Report (deaft).
Dececber 10, 1978
December 11, 1978 : Exanination of iaterim Report (draft) by
to JICA Mission.
Decenber 24, 1978
December 25, 1978 : Correction and finalization of Interin
to Report.
Decezhber 27, 1978
Decenber 28, 1978 ! Presentation of Iaterim Report to TOT.
Decenber 79, 1978
to t Preparation of Final Report.
January 7, 1979
January 8, 1979 : Courtesy visit to Managing Director of TOT.
Janvarcy 9, 1979 ¢ Departure from Bangkok and arrival in Tokye.
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APPENDIX 3 Supporting Documents

bata and information used in the Study are listed below,

Fron Telephone Organization of Thailand

Traffic Distribution for Rural Long Distance Public Telephone Service
Transmission Loss Distribution Plan

Inter-Exchange Sigaalling Plan

Radio Prequency Assigament for Existing System

Regulation on Telephone Scrvice Charges and Deposit

Statistical Report 1976

Annual Report 1976

Radio Frequency Assigamnt Plan for 900 MHz Band

National Humbering Plan

Basic Concept for Maintenance and Operations

The Econoamic Developaent Project of TOT (1977-1984)

The Econonic Pevelopaent Project of TOT (1977-1984), Additional Plan
Radio Link Route Map (Planncd up Lo 1984)

Systerz Channecl Diagram for Long Distance Circuit

Coordinates of Existing Radio Stations of TOT

Coordinates of Rural Sites and Population

Traffic and Long Distance Retwork for SID Project 1977-1984

Forecast of Telephone Demand 1977-1990

Rural Long Distance Public Telephone Service Routing Plan

Basic Distance-Interval for Trunk Call Rates



Egom Ophers

National Economic and Social Developnent Board: “The Fourth National

Economic and Social Development Plan (1977-1981)"

Heteorolegical Departmeat : "Climatological Data of Thailand, 25 Year
Period {1951-1975)", 3Jan. 1977

CCITT Orange Book, Geneva, 1976
CCIR Docunments of the XIIIth Plenatry Assembly, Geneva, 1974

SWEDTEL : "Radio Link Routes Supervision of System Design and Frequeacy

Planning, Progress Report', May 1977

Philip L. Riece and Nettie R. Holmberg : '"Cunulative Tine Statistics of

Surface-Point Rainfall Rates'", 1EEE Trans., COHM-21, Oct. 1973

5. Yonezawa : "Microwave Comrsunication, Maruzen, 1973

K. Bullington : "Radio Propagation Fundamentals”, 1956

SIEMENS : "Planning and Engineering of Radio Relay Links", May 1978

IT8 : "Econonic and Technical Aspects of The Choice of Transmission

Systen", 197}

T. Akiyama and K. Hatano : "Radio Refractivity Gradieat in South-East
Asia", Trans. 1ECE Jap., 60-E, 1, Jan. 1977

Japan Chawber of Cormierce & Industry, Bangkok : "Overview of Thailand

Econony, 1978", July 1978

K. Miya : “Satellite Communications Engineering", Lattice, July 1975

T. Kawahashi : "Satellite Comnunication', Corona, Dec. 1976
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J. Sutanggar Tengker : "Indonesia Domestic Satellite System', FASCON'J6,
1976

PERUMTEL : "Draft Agrecment of Lease of Space Segment Capacity in The

Indonesian Domestic Communications Satellite System"

PERUMTEL : "“Handatory Requirement of Perumtel for The PALAPA User®

PERUMTEL : "PAVLAPA Tariff Manual"

R. Yanamoto : "Developneat Plans of Developing Countries and Evaluation

Thereof", Kokusal Kaihatsu Jouraal, Mar. 1975
M. Mayama : "Traffic Theory and Practice', Hifuni Shobo, July 1977

Asian Econony Institute : "Annual Econonic Report — Thailand - 1977, HMar,
1978

Horld Bank, Public Utilities Departneat : '"Telecomunication Handbook",
Feb. 1974
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