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Summary of Study; Conclusion and Racomnendations

‘1. Outline of Study

‘ The Télephoﬁe'Organization of Thatland (hereafter called TOT), the
gole publlc corporation in charge of domestic telephone service manage~
ment in Thailand,"plané to establish the long distance_telephoﬁe gervice
inclusive of public telephone service, covering 469 rural districts
throughout the country, This plan, known as the Rural Long Distance
Public Teléphohe:Sexvice Project, coustitutes an integral part of the
Natlonal Economic and Social Development Plan, 1977 - 19281, of the
Government of the Kingdom of Thailand,

TOT requeéted the Governmentgof Japén to carry.out the feastibility
study with résbect to the selection of tgchnically and economically
éptiﬁum syétém to implement'éﬁé.Projeét. ihe sélection 15 to be made
from among the three proposed systems named below,

1) UHF (900 MHz band) terrestrial radio syétém;

2) SHF (11/13 GHz band) terrestrial vadio system;

3) Domestic satellite system.

Respouding to the request from TOT, the Government of Japan dis-
patched to Thailand the Feasibllity Study Team for Rural Long Distance
Public Telephone Service (hereafter called Study Team) for a period of
approximately five months begilnuing August 10, 1978,

Main study items comprised circult requirements forecast, trans-—
migssion route selection by systems, detailed studies of selected
systems, and economic comparison améng those systems, The conclusion
reached is that UHF (900 Mz band) terrestrial radio system provides an
optimum transmisgsion system for Rural Long Distance Public Telephone

Service.



the map that appears at the beginning.of this Volume indicates the

Provinces to which the 469 rural districts respectively belong, as well

as the number of rural districts In each Province.

2. Results of Study

Results of study according to main study items are summavrized

below,

2~1

Circuit Requirements

Based on TOT data forecasting telephone demand potentlal up to
1990, total circult requirements in the 469 rural districts, in-
cluding 47 districts where moblle exchanges will be introduced, in
1984, 1989 and 1994 were forecasted. The year 1984 is the year in
which this Project 1s scheduled to begin full operation. The years
1989 and 1994 are five years and‘lO years after the Project
service-in In 1984. The result of forecast follows ;

1984 1889 19%4

el pcnamd ket

Circuit requirements 2,513 3,763 8,218

The above forecast leads to judgment that, in 1989, telephone
exchange be introduced in 18 districts and, 1994, in 187 more

districts.

Optimum Trausmission System

Based on the transmission route plan formulated by TOT,
seleqtion of optimum transmission routes was made, one for
terrestrial radio system and the other for domestic satellite

system,



(1)

(2)

Terrestrial Radlo System

In accordance with the T0T principle, two terrestrilal radio
system plans were selected, _They are i .

1) UHF (900 MHz band) system plang

2) SHF (11/13 GHz band)} system plan.

For each system, study was made with emphasis on FDM (Frequency
Division Multiﬁlex) system. PCM (Pulse Code Modulation) system
application feasibility was also studied. Study of UHF system
included study of over-the-horizon communication system appli~
cation feaéibility. This latter study was almed at system
construction cost curtailment by means of elimination of
through repeater stations.

Comparative study of UHF and SHF systems in the performance

and cost aspects led to this conclusion : For a terrestrial

radio system comparable to domestic satellite system, UHF

(900 MHz band) system Is optimal.

Domestic Satellite System

With regard to dowestic satellite system, one transponder of

PALAPA satellite of Indonesia is té be leased. On this con-

dition, study was made mainly about transponder capacity and

radio Iinterference to the existing microwave system, in addi-

tion to traffic forecast. The finding {s that optimum domestic

satellite system comparable to UHF (900 MHz band) terrestrial

radio system 1s a system that features the following :

1) DAMA (Deﬁand Assipgned Multiple Access) system using SCPC
{Single Channel Per Carrier) system be applfed. This is
because the domestic satellite system of Thailand involves

a large number of rural earth stations and the number of

-4 -



clrcults per station is small..

2} Control of DAMA, such as for clrcuit connectionr and tariff

rate determination, be centralized at master earth statiom

to be established in the suburbs of Bangkok.

3) In consideration of trangponder capacity, radic interference

with the existing terrestrial microwave system and so forth,

terrestrial radio system be applied to 129 rural districts

out of a total of 469 rural districts.

4) 146 districts, where telephone demand 1s so large that

telephone exchanges will have to be introduced in the

future, be changed over to terrestrial radioc system In 1994,

i.e., 10 years after the service-in of this Project.

2-3 Detailed Study of Objectlve Systems of Comparison

Detailed study of tervrestrial radio system and domestic satellite

system, with emphasis on thelr respective site selection requirements,

design criteria, system configurations and system performances, proved

that the principal design pavameters of the two systems are as

follows :

{1} Terrestrial Radio System
Radic frequency band
Transmission capaclty
Transmitting power
Standby gystem

-Power'suﬁply

900 MH=z

24 ¢h/120 ch

5W

Equipment standby

Battéry floating



{2} Domestic Satellite System

Master Earth Rural Earth
Station Station |
" Radio freﬁuency band : (Up~link : 6 CHz; down-link : & GHiz)
Transmltting powey : 700 W 50 W
Antenna size : 11 mg 4,5 mg
Power supply | : aé non-break Battery floating

2-4 Economlc Comparison

The present worth of annual cost of the two systems 1s as

follows
Terrestrial Radioc Domestic Satellite
System System
22,333 38,205
(124,072) o (212,250)

Unit : Million Japanese Yen
Parenthesized is the equivalent in thousand U.S.

Dollars. -

Economie comparison by present worth of annual cost demonstrates
that terrestrial radio system commands greater advantage by a broad

margin.

2-5 All-round Evaluation
Togéther with system cost evaluation by present worth of annual
cost, system performance, system reliability, system extension
flexibility and so forbh wefe'also evaluated., The result shows

that, in all-round evaluation, terrestrial radio system predominates.



3.

Conclusion and Recommendations

€y

(23

(3)

Optimum Transmiésion'System

Conclusion:can be drawn in favor of UHF (900 MHiz band) terrestrial
radio éystem as opciﬁum tranSmission system‘for Rural Long Distanée
Public Telephone Service,

Regaxding modulation system, no much difference caﬁ be Eound between

DM systen and PCM system from technical and economic viewpoints,

Re~investipgation of Telephone Demand

There 138 need for re~investigation of telephone demand potential
throughout Thailand, including user consciousness survey with
respect to telephone utility. This re—investigation nust be inten—
sive, énd should preferably be carried out by 1989. And, based on
the findings in this re-invegtigation, the type of‘telephone service
required and the number of telephone circuits required should be
reassessed so that they can suit actual needs among the user public.
At present, local government coffilces in rural districts maintain
communications by their in-house system of low performance level.

It i3 desirable that such In-house communication system be changed
over to high performance cirvcults of TOT through negotiations with

the Ministry of Interior.

Study of Over-the-Horizon Communication System Application
Feasibilicy

In this Project, the number of telephone circuits required in each
rural district is limited. .Theréfore, for the purpose of system
cost economy, Intensive study should be made concerning feasibilicy

of rural over-the~horizon UHF system application.



(4) Use of Equipment Shelter
Hse of equipment shelters as housing structures for communication
equipment inclusive of power plant is desirable. This is to reduce

construction cost and civil work period té the possible minimum,

(5) System Mainteénance
In the aspect of system maintenance, the existing maintenance
organization énd practices can be applied to ea;h Malntenance
Center by inereasing some maintenance staffs when this Project is
completed.
At the sawme time, 1t is desirable to introduce centralized super-
visory system at each Maintenance Center so that it can have
troubles at superviged stations.under its contrel automatically

vecorded,

(6) Reinforcement of'Project Implementation Organizatioﬁ
This Project not only covers the whole territory of Thailand but
also comprises various divisions of engineering expertises in a
long period.
Therefore, in order to ensure satisfactory progress of project
implementation, it is recommended to reinforce the organization of

project implementation,



. PART'L.  Overview .



PART.i' Overvie#.
1. Bédkgroun&:aﬁd Objeéti;es
| fhe G6vérﬁmeﬁt.of.Théiland ié riow carryiﬁg'out the.Fﬁﬁrth Nétiona;'

gﬁdéﬁéﬁic aﬁd épéiai Development Plan (1977 - 1981). This development
plan, in its lOvpoint integral development strategies, envisages the
decentralization of baéic economic services.
| This decentralization.policy aims at integration of social ovetrhead
capital, such as trangportation, communlcation and electric supply. At
the game time, i purports to distribute such social overhead capital
among rural areas and thereby assist the rural population_in the:
improvement of their standard. of living and the promdtion of their
production activities.

TOT,_for its éart, is putting into practice the Econqmic Development
Projeét of fOT.(l977 ~ 1984) based on the Fourth MNational Ecenomic and
Social Development Plan of the Government of Thailand. The Economic
Development Project of TOT embraces.as one of its objectives the
construction of long distance telephone civcuits, including public
telephones, in major rural districts without telephones for the purpose
of improving the telephone service in rural areas,

As the transmission route for the abovementioned telephone circuits
to be constructed, TOT intends to adopt the most economical system out
of the uﬁdermentioned three systéms H

1) UHF (900 MHz band) terrvestrial radio system;

2) SHF (11/13 GHz band) tervestrial radio system; |

3) Domestic satellite system.

TOT requested the Government of Japan to arrange the feasibility study

for these three systems In order to make the best possible selection.

- 10 ~



The study, this time, was carried out for a period of approximately
five months so as to recommend the optimum transmission system to TOT
in connection with its intended telephone service provision in rural

distyicts of Thailand.

Outline of Project

At present, principal cities in all parts of Thalland are connected
by the trunk microwave links, Citles in rural districts are to be
connected by the spur mlcrowave links now belng constructed.

However, in the 524 districts (amphoes) throughout the country,
which are located at the extreme end of the central administrative
organization, the telephone faclilities of TOT for both local and long
distance services seldom or never exist.

For this reason, TOT plans to construct the long distance telephone
networks, iﬁcludimg public telephones, in 422 rural districts out of a
total of 524 ruval districts and to construct mobile teleplone exchanges
and long distance telephone circuits in 47 other rural distriets, in
ovder to improve the telephone service In rural areas.

As the transmission route for such intended long distance telephone
networks, TOT is iﬁélined to adopt the terrestrial radio system (UHF)
and is already carrying out the preliminary study for the major part of
districts vwhere the intenqed terrestrial radio system will be operated,
In the case of adopting the domestic gatellite system, TOT contemplates
to utilize the satellite launched by Indonesia in 1976; In this case,
TOT will have the PALAPA satellite transponder leased: |

As the Phase I work, TOT plans to complete by 1984 the comnstruc-
tion of long distance telephone networks, including public telephones,

in 235 rural districts (out of the previously mentiomed 422) and the

- 11 -



3.

4.

construction of mobile exchanges and long distance networks in 25 other

rural distrilets.

Study Guidelines

As stated previously, TOT hés already beghn preliminary studles,
including field surveys, for the curremnt Project. Turthermore, the
funds concerned fov Project implementation financing has already been
reached, In view of such conevetely set Project iﬁplementation sched~

ule, the decisiocn has been made for the followlng study guidelines :

(1) With respect to the system design, the Study Team carries out
technical discussions with TOT to the greatest possible extent and,
baged on the conclusion agreed upon between both parties, continues
to work;

(2) Data, drawings and all related information obtained or produced in
the course of the feasibility sfndy is so prepared that TOT can
utilize them in the detail design to be executed after the Study
Team has submitted 1its report.

(3) The study work, this time, includes traffic forecast énd system
design covering as many as nearly 500 stations, and this work has
to be completed in a limited period of five months. Therefove,
for necessary computations, the extra~large capacity computer and
programmable small-sized calculators are used for the purpose of
labor saving to the greatest possible extent and, at the same time,
to produce accurate basic data with TOT can utilize to the best

advantage.

Scope of Study
Based on the Scope of Work agreed upon between the Government of

Thailand and the Preliminary Study Team, the scope of study consists

- 12 -



of the following :

1) PFormulation of basic engineering standards as the Qasic

requirement of the current Project.

2) Fofecast.pf telephone circuilt demand.

3) Selection of transmission route For terrestrial radio system.

4) Selection of transmission route for domestlic satellite gsystem.

5) ‘Detail study of transmission route and related field surveys.

6) EBEatimation of construction cost and economic comparison for

construction plans,

7) Overall evaluation of optimum transwmission system plan.

8) Project implementation plan.

Accérding to.the aforementioned Scope of Work, the number of rural
stations, for which the study was to be made, was 422. However, at the
subsequent request of TOT, it has.been decided that the study be carried
out for 4?.other stations also whete the mobille exchanges are scheduled
to be introduced, Thus the total number of stations, for which the stu&y

was requlred, has Increased to 469,

- 13 -



L LPARYIL. Baste Engiheering Plan for Rural Long
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'PART 1I " Basic Enginecring Plan for Rural Long Distance Public Telephone

Service

General

For the optimum transmission route plan for Rural Long Distance
PubliqlTelephone Service, either the terrestrial radio system or the
domestic satellité system can be cousldered, as 1s stgted in Parﬁ v
and Part V.

in ﬁhis~study, the system desalgns for the said two systems Wéré
made in parallel, and the performance comparison and evaluation were
carried out for the two systems. This Part 1I presents the result of
study with respect to the basic engineering plan as the basic requirement
for the two system designé, from the viewpoint of comnrection to the
national network of Thailand and Eranémission englneering standard.

Study from the viewpoint of connection to the national network was_K
made in the form of an overview of the basic telephone network plan of
Thailand. At the same time, study was also made concerning how the Rural
Long Distance Public Telephone Service should be operated.

Study from:the viewpdint of transmission engineering standard
was made in the form of study of the transmission loss assignment plan
and the noise distribution plan, based on the National Transmission Plan
and the pertinent CCITT/CCIR recommendations. Tranémission criteria for

Rural Long Distance Public Telephone Service were thus determined,

Connection of Rural Long Distance Public Telephone to Natlonal Network
Rural Long Distance Public Telephone Service means the extension

of publiec telephone service to the areas where no telephone service

- 15 -



exists, How and in what manner to comnect such rural long distance

public telephone to the national network is described below, based on

the basic telephone network plan of Thailand,

2-1 Teleplione Network Configuration In Thailand

2-1~1

2-1-2

2-1-3

Exchange Office Ranks

Telephone exchange offices in Thailand ave divided into
four rankg as shown in Figure 2-1.
There are four Tertlary Centers (TC) covering the whole of
Thailand. Tertiary Areas (TA), however, number five. The
Bangkok ﬁetropolitan Area and the Central Area are served by
the Bangkok TC, the Northeastern Area by the Nakhon Raichasima
TC, the Northern Area by the Phitsanulok TC, énd the Southern
Area by the Phun Phin TC.
Routing Arrangement

The long distance cireuit 1is composed of the high usage
route and the léw loss route as shovn in Figure 2-1.
Numbering Plan

The national numbering plan in Thailand is composed as
follows

Trunk prefiXeesssessvan.,'0"

Area code..vsirsnerasnard = 2 digits

Office code...,..vvuvens 2 - 3 digits

Subscriber number........% digits |

The digit allocations to the Bangkok Metropolitan Area

subscribers and the subscribers in other areas are shown below.

- 16 -



Tertiary Center ;

.

| NI
Secondary Center i”

~

3

Primary Center éa

~,7

&

Local Exchange

- -

: Low Losgs Route

: High Usage Route

Figure 2-1 Exchange O0ffice Rank & Routing Arrangement
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For Bangkok MetrOpolitan Areca Subscirbers
hoM o A + BCD  * ErcH

‘Subscriber number

Qffice code

Area code

Trunk prefix

For Provincial Subscribers

o" + AB + Ch + RFGH
[ - s

Subscriber number

(0ffice code

|Area_ code

Trunk prefix
Area Code "2" is allocated to the Metropolitan Area, "3X"

to the Central Area, "4X" to the Northeastern Area, '"5X" to the
Northern Area and "7X" to the Southern Area.
2-1-4 Charging System and Tariff Rate

(1) Charging System

In Thailaud, message recording after the introduction of
$TD (Subgcriber Toll Dialing) servicé will be carried by
two methods, One is the detadled billing sysfem. The
other 1s the bulk billing system.

The deﬁailed billing system applies to £oll calls.td the
outside of SA (Secoundary Area).  The bulk billing system

is applicable to other calls.
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(2) Tariff Rate
The local call tardiff rate 1is 1.5 Baht per call (as of the
| end of 1978). Tariff rates applicable to loﬁg distance
calls are listed in Table 2-1. Regarding the STD service
tariff rate, detailed information could not be obtained
because STD service is to be put Into practice in or after
1980 and the ﬁelated study 1is now being made by TOT. Only
the relationship between the charging rank and the_charging
pulse interval has already been determined as shown in the
above quoted table.
2-2 Types of Rural Long Distance Public Telephone Service

| Tﬁe conceivable types of Rural Long Distance Public Telephone

Sexvice are as follows !

(1) To build simple éottéges, each with a telephone booth and a
TOT clerk who will respond to the demand for calls from users,

(2) To 1nstall STD publie telephone éets at main places of each
city/town so that the public can use the nearby public
telephone set.

(3) To iunstall subscriber telephone sets on the counters of
individual merchant houses which have concluded such contract
with TOT, so that the shop keepers assume responsibility for
telephone service gperation and, at the same time, fespond to
the demand for calls from users, |
In the case of (1), if a simple ﬁanual switching equipment to

catetr for calliné/called ugers 1s installed in the cottage, long

distance telephone service to/from several special subsecriber

premigses (such as governmental offices) becomes possible. This
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Table 2-1, Long Distance Call Charge

. Manual Service {As of the end of 1978)

Distance (km) First 3 Minutes (B) Additional Minute (B)
Ué to 25 3 1
25 ~ 50 5 2
50 - 75 | 9 3
75 - 125 12 4
125 - 200 | 15 5
200 -~ 350 18 6
.350 ~ 600 24 8
600 - 900 30 10
Over. 900 36 12

(During the night perioed (7 p.m. to 6 a.m.), each call charge is half

the rate listed above.}

STh Service

Rank Charging Pulse Interval (sec,)
1 15
2 190
3 7.5
4 o : . .6
5 5
6 4

(As of the end of 1978, detailed call charge plan for STV service has

not yet been decided.)
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signifies the operational flexibilicy of Rural Long Distance Public
Telephone Service, Although the service cost increases in the
forim of manpower cost and switching equipment cost, such cost
increase can possibly be compensated.by the increased revenﬁé €xom -
the cilrcuit operation efficiency improvement, as well as the
increased fringe benefit of telephone service in rural arveas.

In this study, however, major emphasis is placed on the types
(2) and (3) becauge these types are better sulted for public telephone
service.

In the case of {2}, the multi-coln box becomes necessary as
terminal equipment. In the case of (3), the ordinary telephone set
or £he multi-coin box as in (2) {s the necessary tetrminal equipment.
These telephone set terminals are to be connected by distribution
wire to a mid-town radilo te;minal station or rural earth station.

The céﬂnection from an outlying mountain-top radio terminal
gtation is firstly by entrance cable to be terminated at a midmtown.
distribution box and then by distribution wire.

In case where dlrect cable From a telephone exchange office is
-used, the cable is to be terminaﬁed at a distribution box and from
there thé distribation wire 1s used for conunection.

These connection configurations are illustrated in Figure 2-2.

2-2-1 Application of Terrestrial Radio System
When the terrestrial radio system is applied, the telephone
set terminal is to be accommodated in the subscriber terminal
of the locai exchange, In this éase, the radio transmission
route can be considered to be a set of subscriber lines.

Therefore, the system can be handled in the same way as the
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general public télephone service,
2-2-2 Application of Domestic Satellite System

The domestic sa;ellite system 13 opervated by the DAﬁA
system as 1s explained later, The DAMA system enables tﬁe
master earth station to hold a kind of swithching function,
Calls from rural long distance public telephpne are collected
at the master earth station. Then the calls are counected
to their respective deatinations through Bangkok TC (Tertiavy
Center).

Coin collecting pulse transmission via satellite circuit
becomes difficult due to speech path noise because the out-band
of the speech path frequency band cannot be used so that the
in-band has to be used. Therefore, the following method will
be adopted :

At the master earth station the called party information
is received from the rural earth station through the data
channel. The tariff rank obtained from analysis of the call
destination is sent back to the calling rural earth station
where, baséd on the tariff rank received, the coin collecting

pulse 1s sent out periodically to the public telephone set.

3. Transmission Loss Assignment Plan
The transmission loss assignment bagsed on the National Transmission
Plan of TOT appears in Figure 2-3, |
| Transmission circuits to be established for this Project are the

PC ~ LE'and LE - SUB (Subscriber) circults. For the transmisslon loss
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Figure 2-3 Transwmission Loss Assignment Plan
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assignment, the standard value of 4.5 dB (including the intra-office
loss of 0.5 dB) for the PC - LE circuit is to be applied to both
eircuits. In this Project, the transmission cilrcuit compriges the
radio link and cable link,
There are two cases with respect to transmission loss asgsignment.
One is the case where the automatic telephone exchange is introduced at
LE and the other is the case where the subscriber is directly commected
to PC (Primary Center)., FEven the latter is the case where the'exchange
(automatic or manual) will be introduced at LE in the future. Although
at some stations the exchange will not be dntroduced in the future
elther, there are possibilities that even such stations way be equipped
with the manual exchange in consideration of circuit operation efficiency.
This 1s why the transmission loss agsignment is set at the standard
value of 4.5 dB.
1) Transmission Loss for Cable Link

The transmission loss limit common to all kinds of cables can

be obtained as follows :

Cable logs + Coil loss + Lo1 + Lo2 = 4.5 dB

where

Lo, , Lo, : intra-office loss ( = 0.25 dB)

1 2

therefore
Cable loss = 4.5 - (0.4 + 0,25 + 0.25)
= 3.6 dB
2} Transmission Loss for Radio Link
~ The minimun transmission loss.éalculated'with near-singing

condition applied appears in Figure 2-3 (b).
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Noise Distribution Plan
With vespect to the nolge distribution blan on the transmission
route, TOT adopts and applies the CCITT-recommended value to the PC~PC
civcult, {Refer to Figure 2-4.) However, gince the noise standard on
the PC-LE circuit could not be known exactly, the Study Team
dlscussed with TOT and reached the decision that the noise be
distributed as described below, based on the relevant CCITT
recommendation,
(1) 1In the case of terrestrial vadio system
1) When the transmission circuit is composed of a single radio
path without obstacle to radiowave propagation (or with such
obstacle, if any, that can minimize the propagation loss)
Ceesaessersransees2y000 pWOP
2) When the transmission circuit is composed of a single mouwdtain
diffraction propagation path...v.vsunvenens..»10,000 pHOp
3) When the transmission circult is composed of two or more radio
propagation paths, the value shall not be specified but be
determined as the situation requires ou condition that the
value aaopted will not lead to an uneconomical design.
{2) 1In the case of domestic satelllite system
In this cage, the PC-LE transmission route congdsts of LE {rural
earth station) -w satellite-—s master earth station-w terrestrial
radio system (existing microwave system), Since this route
includes the existing wmicrowave system where the system performance
is not:exactlf constant, it has been decided not to specify the
nolse objectives for the existing circuit but.to assume a hypothe~
tical referenge circuit for the satellite link only and assign the

CCIR-recommended value to this latter circuit., (For noise objectives
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“of =th_e' gatellite comiunication system, refer to Part IV,)

- 28 -



| PART IIL.  Circult Requirements Forecast
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PART IIL Cifcﬁit~Requifeménts Forecast

1.

hl

General

This PART ILY presents the result of analysis in regard to the
uptrend of telephone demand in the whole rural districts to be taken

up 1n the study, the telephoné'exchange introduction plan in the case

of telephone demand having exceeded a certain limit, the criteria for

estimation of required telephone circuflts, and the community surVey
resulﬁ.‘ |

“ The circult requirements forecast to prepare for the introduction
of Rural Lohg.Distance_Pﬁblic Telephoﬁe Service and of moblle exchanges
has béen cartied out by the method described below. The reasons are
that the study had to be made for vast texritories covering the whole
of Thailand and the period of study was limited so that the cireuit
requirements had to be forecasted ﬁot long after the study was com—
menced. District by district fiéld inveétigati&ns were omitted.

In the filrst place; the telephone demand forecasts as of 1984,

1989 and 1994 were made, based on the forecast data prepared by TOT.

"From the telephone demand potential thus obtained the traffic volume

was estimated, taking into counsideration the eventual changeover from
the Rural Tong Distance Public Telephone Service to the ordinary tele-
phone service by introduction of teleéephone exchange,  Furthermore, in
accofdance with the connection criteria, the circult requirements were
estimated, - |

On the occasion of site survey and path survey in four areas
the community survey was algo conducted to the extent the time schedule

permitted. The backgrOuhd of telephone demand estimation, telephone
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" exchange introductioﬁkplan,-traffic forecast and circuit requirements
forecast, which were carriéd out on the basis of relevant TOT data, are
also presented., Finally, in Cliapter 5, the community suxvey result Is
clarified and,'at the same time, the estimates and fétecaéts made in

Chapter 2 through Chapter 4 are, evaluated,

Telephone Demand Foreéast
Telephéne.demand forecast 1in Thailand {s undertaken by TOT's
Analysis aﬁd'Fofééésting ﬁnit, Planning and Project Division, Office of
Planning and Project, '"Forecast of Telephone Demand 1977—1990", which
the Study Teém obtained,.is the data published iﬁ August 1977, .The
long térm planning of TOT now in érogress is based on this data.
The forecast methodology used in this report consists of
l). Fiéld'sufvey;
2) Questionnaire to local inhabitants;
3) Collection of information from commercial and industrial
clrcles and governmental agencies.
(Information collected under Category 3) above includes informa-
tion from the Housing Corporatioh concerning the residential land
formatibﬁ plan, Information from bullding contractors comncerning
new office building construction plan, information from the De-
partment of Lotal'ﬁdministratioﬁ and the Natioﬁal Statistical
Office concerﬁing the population, number of households, salary
distribution and land usage, and information from the National
Economic éﬁd Soclal Development Board concerning GNP (Gross
National Product) and related affairs.)

The forecasts are made, based on the information thus collected
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and in comparison with the correspohding situations in other countries,
as well as considering the behaviors of national politics and econbmy
plus the TOT bond issue for telephone network construction and ecall
tariffs.

The forecasts are made for a total of 10 years, i.e., for each
year during the period from 1977 through 1984 plus 1978 and 1990,

The Study Team required the telephone demand expected in the
service-in year of 1984 for the current Project and five and 10 years
after the service-in year, l.e., 1989 and 1994. Since the telephone
demand forecast of TOT is presumed to be in full consideration of all
factors which will arouse the telephone demand, the demand estimates
for the required years are calculated through the analysis of the
telephone demand uptrend.

2-1 Analysis oE_Telephone Demand Uptrend
The study of "Forecast of Telephone Demand 1977-1990"
published by TOT leads to a finding that the telephone demand
uptrend can be divided into seven steps. The seven steps are as
follows

1) As gseen in Figure 3~1, the initial low rate increase (rl)

is followed by the high rate increase (rz)
Ceearaaa (rl-c r2)

2) As seen in Figure 3-2, the initial low rate increase (rl)
ig followed firstly by the medium rate increase (rz) and
then by the high rate inecrease (r3)

| cvrenans (rl< r2< r3)
3) As seen 1n Figure 3-3, the iqitial high rate increase (rl)
is followed firstly by the low rate increase (rz) and then
by the high rat? increase (r3) again

YRR (t‘l> rz <r3)
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Telephone Demand

Telephone Demand

Year

Figure 3~1 Telephone Demand Uptrend (E1)

Year

Figure 3-2 Telephone Demand Uptrend (E2)
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Telephone Demand

Year

Flgure 1-3 Telephoune Demand Uptrend (E3)

Teleﬁhone Demand

Year

Figure 3-4 Télephone Demand Upcrend (L4)
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Telephone Demand

Telephone Demand

Year

Figure 3-5 Telephone Demand Uptrend (LL1)

Year

Figure 3-6 Telephone Demand Upkrend (L2)
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Telephone Demand

Figure 3~7

Year

Telephone Demand Uptrend (L3)



4) As seen in Figure 3-4, the initial high rate increase (rl)
13 followed firstly by the low rate increase (fz), then
by the medium rate increase (r,) and finally by the high
rate Increase (ta)

creere s (r1> t, < £q < ra)

5) As geen in Figure 3;5, the f£ixed rate increase countinues.

6) -As seéﬁ in Figure 3-6, the inltial high rate increase (rl)
is followed by the low rate increase (rz)

Webeseeas (r1:> r2)

7)' As geen In Figure 3-7, the finitial low fate increase (rl)
is followed firstly by the high rate increase (rz) and
then by the low rate increase (r3) again

Ceresiaen (rl-: r, > r3)

Telephone Demand Forecast

The telephone demand in 1984 is set at the value used in
"Forecast of Telephone Demand 1977-1990" published by TOT. The
demand estimatés for years of 1985, 1986, 1988 and 1989 are not
shown in the TOT publication so that the demand estimate for the
year of 1989 is calculated from the demand upttend mentioned in
Paragraph 2-1 and the demand estimates for 1984, 1987 and 1990.

Ag regards the telephone demand forecast for 1994, two kinds

of regression analyses are made for each of the seven steps of

demand uptrend., More precilsely
1) 1In case the demand uptrend 1s of four kinds as shown in
Figureé 3-1 to 3-4, the demand in.l994 is forecasted by
neans of exponential regression.
23 In case the demand uptrend.is of three kinds as shown in

Figures 3-5 to 3-7, the dewand in 1994 is forecasted by
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means of lineéar regression,

Exponential regression and linear regression were conducted by
the method of least squares, For all regressions, the decision
factor was gfeatef than 0,95,

As regards the demand estimates in the areas not covered by.
the telephone demand forecast of TOT, the rate of increase in 1989
as combared with 1984 and the rate of increase in 1994 as compared
with 1984 were obtained by referring to the telephone demand uptrend
in the whole of Thailand except the Bangkok Metropolitan area, The
increase rates thus obtalned for the vears 1989 and 1994 were res-—
pectively multiplied to the demand estimate for 1984.

The demand estimates by areas for the years of 1984, 1989 and
1994 appear in Volume II-1 "Telephone Demand Forecast". In the
Remarks column are shown the demand uptvends by areas. El, E2, E3
and E4 correspond to Figurés 3-1 to 3-4 and L1, L2 and L3 to Figures
3~5 to 3-7, For the areas marked with an asterisk (%) the demand
uptrend could not be known frdm 10T data so that the Provincial

average increase rate was used for those areas.

3. Telephone Exchange Intfoduction Plan
According to the TOT policy, Rural Long Distancé Public Telephqne
Service will be introduced in the telephoneleés districts 1£ the demand
in 1984 doas not excee& 400 telephones, whereas ordinary telephone
service with telephpne exchange will be brovided in no—telephone
districts should the demand exceed 400 telephones,.
This study also includes the telephone exchange introduction plan

aimed at the realization of transmission system that satisfies required
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transmigsion capaéiﬁy even 1f telebhone exchénge is introduced among
the 422 target districts of Rural Long Distance Public Telephone Service,
based on the telephoune démand forecast made in the preceding Chapter 2.

Years in thch teiephone'eXChénge will be introduced are set to bé‘
1989 and 1994, i.a., flve years and 10 years after 1984 when Rural Long
Distance Public Telephone Service is scheduled to come into being.

Telephone exéhange”to be iuntroduced in 1989 iz to satisfy the
estimated demand for 400 telephones or more, the same as envisaged by
TOT at present.

-Telephone exchange to be introduced in 1994 is Eo satisfy the
estimated demand for 200 telephones or more in consideration of quanti-
tative and qualitative increase of telephone service as the result of
the advancement of national economy.

More Specifically; in 1989, telephone exchange will be inﬁroduced
in 18 districts out of the 422 districts where Rural Long Distance
Public Telephone Service is to be provided in 1984, and, in 1994, in
furﬁher 187 distvicts. By this arvangement, ordinary telephone service
by use of telephone exchange will be put into practice in those dis-
tricts, |

In Volume II~2 "Exchange Introduction Plan”, the plan by years by
districts is presented in the nuwmber of éelephone exchange terminals{
The number of terminals méntioned heré does not specify the number of
terminals to be 1nstalled for the purpose of introducing telepheone
exchange but is intended to detefmine the ;ransmission route capacity.
In other words, the nuﬁber of terminals mentioned is the number of
terminals that matches the estimated telephone demand five years after
the tntroductlon of telephone exchange. And this is to secure the

sufficient transmission route capacity on the presumption that the
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number of texminals to be installed on telephone exchange introduced
gtill remains undecided,

Therefore, the number of teléphone exchange terminals given for
the Yéar‘1§89 is the number of terminalslthat matches the"teieﬁhonel
demand estimate for 1994 or five years after 1989, and the number of
terminals given for the year 1994 15 the number of terminals that
matches the telephone demand estimate for 1999 or five years after
1994,

The telephone démand éstiﬁate for the yeaf of 1999, instead of
being forecasted district-wisé, has been obtained by multiplying to the
demand forecast for the whole of Thailand except Bangkok the rate of
tnerease of 1,5 times for the period from 1994 to 1999,

As for the distficts where the wmobile exchanges are to be-
introduced in 1984, the number of terminals to be installed at the time
the exéhanges are introduced has been determined but the plan for sub-
sequent increase of términals remains undecided. Hence, the number of
terminals instéiled is shown on the assumption that the terminals will

be increased in 1989 and 1994,

4, Estimation of Telephone Circults Required
4~1 Estimation Criteria for ielephone Circuits Required for Rural Long
Distance Public Telephone Service
For Rural Long Distance Public Telephone Service, only the
originating traffic from public telephones has te be-considered.
However, it is difficult to know to what extent the public tele-
phoges installed in the districts where no telephone service is
provided will be utilized.

Therefore, on the presumption used by TOT to the effect that
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4-2

for each.unit of the demand for So-uélephoues the originating traffic
of 0.5 Erl. takes place, the district by district traffic estima-
tions are carried out., Volume 1I-3 "Telephone Traffic Forecast'
presenté the traffic volume breakdown by districts,

In Rural Long Distance Public Telephone Service, the number of
circuits is equal to the dumber of public telephones to be luo-~

stalled, so that the number of circuits required is estimated by the

delay system, For calculation, Erlang C Formula is used. The

probabiliéy of delay is set at 0.1,

Table 3-1 shows the relationships among telephone demand,
originating traffic volume, and number of circuits required. The
nunber of telephone circults required by districts, estimated from
Table 3~1, can be found In Volume I11-4 "Telephone Circuit Require-
ments' .

Estimation Criteria for Telephone Circuits Required for Ordinary

“Telephone Service by Use of Telephone Exchange

Telephone demand in che éreas where telephone exchange will be
introduced can be aexpected mainly froﬁ governmental and related
offices and the sectors of commerce and Industry where the rate of
telephone utilization {s considered to be high. Demand for residen~

tial house telephones can seldom be expected. Therefore, the

originating and terminatcing traffic estimation is based on the

assumption that the calling rate per subscriber is 0.1 Erl. (Origi-
nating calling rate : 0.05 Erl. ; terminating calling rate ! 0.05

Erl.)

The traffic volume from the districts with telephone exchange

introduced to their parent Primary Centers and vice versa is
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Table 3-1 Circuit Requirements Standard for Rural

Long Distance Public Telephone Service

Telephone Demaund 0G Traffic in Erl. |[Circuit Requirements
0 - 350 0.5 2
51 ~ 100 1.0 3
101 - 150 _ 1.5 4
151 - 200 2.0 5
201 - 250 2.5 6
251 - 300 3.0 6
-
301 -~ 350 3.5 T
351 - 400 4.0 8

0G : Qutgoing
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aséuméd to be 20% of the total orginating'and terminating traffic
volume, and on this assumption the number of circults required has
beeﬁ_estimateﬁ. The traffic.volume bgtweeu the dis;riéts with
telephone eﬁchange iﬁtrbduéed'and thedlr parént Primary Centers is
given in Volume II~3 "Telephone Traffic Forecast".

Also tged in the estimatlon of the number of circulls required
is the assumption that service be on lost call cleared basis.
Erlang B Formula is used at the probability of loss set to 0,0L.
Table 3~2 presents the relatioﬁships amohg the number of telephone.
exchange terminals, the total originating and terminating traffie
volume, the outgoing and incoming traffic volume to/from Primary
Centers, and the number of éircuits required estimated by the
conditions wmentioned above. The number of circults required is

given in Volume I1~4 "Circuit Requirements Forecast",

Community Survey Result and Forecast Result Evaluatdion

At the beginning, it must be noted that the community survey was

~conducted when time was available during the field survey.

The objective was to collect reference data for the correct evaluation
of various parameters required for the cilrcuit requirements forecast,

The community survey was made by two methods. One was to collect
Information of general nature., The other was to sound views among the
sectors where the telephone'demand wag considered to be relatively large.
Thoge sectors included shopkeepers, restauranteurs and banking business

manspers.,
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Tablg 3-2 Clrcuit Requirements Standard for Telephone Exchange

ORG/TRM 0G/IC Traffic Circult Reqiiit’.’e-’-'
Line Capacity . in Erl, ment s
x Traffic in Erl. to/from PC_ Total (0G + IC)

200 10.0/10,0 2.0/2.0 % (7 +7)

400 20.0/20.0 4.0/4.0 20 (10 + 10)

600 30.0/30.0 6.0/6.0 26 (13 + 13)

800 40.0/40.0 8.0/8.0 30 (15 + 15)
1000 © 50.0/50.0 10.0/10.0 16 (18 + 18)

1200 60.0/60.0 12.0/12.0 40 (20 + 20)

1400 70.0/70.0 14.0/14.0 46 (23 + 23)

1600 80.0/80.0 16.0/16.0 50 (25 4 25)

1800 90.0/90.0 18.0/18.0 56 (28 + 28)

2000 100.0/100.0 20.0/20.0 60 (30 + 30)

2200 110.0/110.0 22,0/22.0 64 (32 + 32)

ORG : Orignating

TRM ": Terminating

oG : Outgoing

i€ 1 Incoming
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5~1 Comﬁunity.Survey

Information of general nature was collected at District Offices
and Post & Telegraph Offices, using the format shown in Table 3~3.
The éounding of views cdnéerning‘the éelephcﬁe sexvice was carried
oﬁt by asking the following questions :

1) At present, no telephone system exists here. By what means
dﬁ you communicate with people in the Provineial éenter and
Metropolitan arvea?

2) When telephone service is commenced, do you utilize {¢?

3) Yor what purpose de you use the telephone?

4} When telephone gervice - not ordinary telephone service
but Rural Long Distance Public Telephone Service - is
copmenced, do you utilize 1t?

As mentioned previqusly, time available for the community survey
was limited so that a full survey could not be made. The collected
views, though not numerically sufficlent as samples for analysis, are
consldered to have reflected the trend of thinking among inhabitants

. toward telephone service. The survey fesult is summarized in Table
3-4, The points CIQrified by this survey are as follows :

1) In the areas where banks exist, economic activities are
brisk. Telephone demand is also large.

2) The major patt of telephone déménd orginates from business
fields. Demand for residential house telephones is scarce.

3) Governmental offices, such as District Offices, hold the
1n~houéé communication system. However, the system perfor-
mance is Inferior in many cases, For those offices, there-
-fore, telephone service of good performance provided by TOT

1s necesgsary.
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Tabla 3~3 = Coﬁmunity Survey Format

(1) Population
(2) Number of families
(3) Mumber of houses
(4) Nuﬁber of shops (including restaurants)
(5) HNumber of Business offices, hotels
- Governmental offilces

Police stations

Military stations

Private company offices

.

Hotels, and number of rvooms

H

Banks

(6) Number of factories

{7} Rural Development Plan
- Road

Housing

t

Factory

i

Irvigation

Electric power supply

= Potable water supply

(8) Number of mails délivered aﬁd collected per dayt

(9) Number of telegraphs sent and received per day

- {10) Percéntage of people who own TV set

(11) Number of cars

(12) Number of motor bicycles

(13) Exiéting private or governmental use telecommunication
facilities
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;&) ‘For;Rural Long Distance Public Telephoné Service, the
majority opinion considers it to be better than no tele-
phone. However,; since telepnones are to be utilized pri-

' ﬁatily to gaiﬂ'tbﬁv&nfence in doing business, there is a
strqng request for ordinary teiephone service instead of
Rural'Long Distance Public Telephone Service., For, the

.former'can be used whenever necessary and it can also handle
terminating calls f£rom other parties.

People who desire to have'telephone.sefvice opened are pepole
who, at present, proceed to the nearby telephone office by car, auto-
blcycle or bus every time they want to use telephones.

following 1is the introduction of rural long distance publié
telephones 1n service at San Kam Phaeng and San Patong in Chiangmail
area, This service was witnessed during the community survey.

At S8an Kam Phaeng, two rural long distance public telephones
are installed, one in the District Office and the other in the
market, Both these public telephénes are accommodated in the toll
‘board of Chiangmal Exchange Offiée by the telegraph circuit of the
Ppst & Telegraph Office. |

System performance is extremely poor because the telegraph
circuit 1s utilized so that, for both'public telephones, the rate of
use is not high : feportedly four times per day on the averagé.
However, on the days when the system performs well, the rate
of utilization is sald to reach as many as iOO times per day. The
cariff rate is two Baht pér call regavrdless of the duration of call.

The public telephone at San Patong is operated ﬁy 150 MHz single
chamnel radio system. One male operator is in charge of system

operation, This public telephone system 1s installed in a cottage
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5-2

which, together-with an antenna tower, is located n the léasgd
land of TOT,

In the cottage aré the receptlon desk and the telephoﬁé,boq@hﬁ_
The tariff rate here is the same as that for general_toll.éalls gf;.
more precisely, the basic rate for the first_threé minutes and the
additional rate for each additional one minute. Payment is made to
the operatior at the end of each call,

System performance is not exactly good becausé of no small
noise and tyansmission'loss. A trial call to Bangkok, however, ﬁas
devold of special difficulty.

‘The average rate Qf utilization 1s 30 times per day., One half
of calls 15 to C&iangmai and the other half ta Bangkok.

Forecast Result Evaluation

As seen in Table 3-4, the community survey carried out this
time ended to a large extent in fhe collection of general informa-
tion, Howevef, from such general information could be obtalned more
or less contributory data to the forecasts made in Chapters 2
through 4 of this Part III on the basis of TOT data. Following is
the evaluation of thé forecast resﬁlts, based on the community
survey findings,.

The community survey was made at 38 sites, For at least six
sites out of the 38 sites, where Rural Long Distance Public Tele-
phone Service 1s expected to be introduced, the forecast results afe
considered to be rather too conservative,

| The six gités are as follbﬁs '
1) Ayutthaya Avrea - Phak Hail
2) Nakhon Ratchasima Area - Khon Buri, Dan Khun That, Sung Noen

3) Chiangmai Area - San Sai, Mae Rim
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'The faét'cémmén'to five siteé'exclu&ing San Sai oflchiaﬁgméi |
area is that the economic activities are cohsiderablj brisk., At
each bf.these‘five}siées, two banks exist and merchant houges number
5pprokimatély 100. The velume of mails énd telegraphs handled at
these five sites 1s much larger than at other sites.

Community survey interviecwees expressed strong desire for éarly
construction of'teléphone system, attesting o a conslderably large
'télephbne:demAﬁd potential,

San Sai in Chiangméi area ls a town with s large number of Big
income earners. According to a veport, it is a town secoud only to
Chiangmal in the amount of tax payment, Near the town is a univer—
sity. It is yeported that at least 100 residents desire to have
telephones installed for personal use. Therefore, in thils town,
large telephone demand can be expected from the different angle from
the five sites earlier mentioned. 7

Contrarily, at some of mountain districts in Chiaangmai arvea,
telephone demand is considered to be not so large as forecaéted.
Omkoi is one of guch sites.

The District Officés maintain thelr 1n-hou§e rédio communl.ca~
tion system. However, inview of the poor system performance of such
system and the ever-increasing iluformation traffic volume on the
system, 1t 1s worth consideration to réplace the system with TOT's
leaged circuit or the telephone system. This is all the more im-
portant from thelviewpoint of preventing the uneconomical dual
operation of thelexisting system and the projected Rural Long Dis-
tance Public Telepﬁone Service.

This Project requires an early implementation, so that it seems

to be difficult to complete reappraisal of the contents of Project
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before its Serviééwin.' The rémedy will bée to caﬁr& out ‘a detatled
.iﬁvéstigation coﬁcerning natioﬁwide telephone demand by 1989, i.e.;
five years after this Project cbmes'into service and} at the same
_tiﬁe, to rescrutinize all aspects of Rurél Long Distance Public
Telephoﬁe Servicé in the light ofrfindings in the user consciousness
survey. No less importaht will be the exchange of views awong the.
 governmental organizations concerned for the purpose of centraliza-

tion of commupnication systems.
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'PART_iV j'Transmission Route Selection for Terrestiial Radio System'

1.

Geﬁerél

This ﬁéré:IV fif§f1y describeé the'basié requirements for tﬁe
terrestrial radio éystem route plan, the selection of optimum trans-
miégion route plan based on the plan prepared by TOY, and the circuit
assignmeht on thé sélected route. Secondly, comparisoﬁ.is made, techni-
cally and economically, between UHF sysfem and SHF_sysEem, ih¢;uding
dvérmthewhorizoﬁ:éommuﬁication gystem, to be applied to the selected
route. The résult of study concerning the advisability of applyihg the
cable syStem to part of the route is also stated. Lastly, the optimum
terrestrial radio system éompafable to the dowmestic satellité system 1s
identified,

In the study of UHF.systém‘to be appiied, feasibility‘aéSessment is
made not only for FDM (Frequency Division Multiplex) system Eut also for
PCM (Pulse Code Médulation).system. | |

The study of SUF syétem'ﬁo be applied includes the investigaﬁion of
pregipitation in all parts of Thailand as referred to radio propagation
in 11/13 GHz band.in the tropical zone. Consideration isrmade so that,
with the application of investigation result to system design, trans-
mission pecformance estimate can be conducted accurately in conformity

with the local meteérological'condition as far as possibile.

Circult Assignment and Optimum Transmission Route Sélection
By applying the number of telephone eircults estimated in Part IIXT
to the original route plan of TOT, area by area circult assignment and

optimum Eransmission voute selection have been carried out. Basic
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requirements established for such cilrcuit assignment and transmission

route selectlon are as follows :

(1)

(2)

(3

(4)

(5)

(6)

Transmission route from each rural station is, in principle, -
located as shown in TOT's foute plan except where such is techni-
cally diffiecult.

In case where mobile exchange 1s to be introduced at nearby rural
station in intermediate stage (1989) and final stage (1994),
transnission route 1s established via such rural station,

Por mobile exchange transmission route, backbone circult only is

egtablished to PC (SC or TC). High usage circuit is not esta-

‘blished,

In case where establishment of direct radio circuit to a PC is
difficult but radio circuit establishment to the existing telephone
office In another area is possible, the latter 1sladopted when
economic consideration permits.

For transmission route selection in four areas, i.e., Chiangmai,
Ayutthaya, Nakhoﬁ Ratchasima and Phun Phin areas, the Study Team

makes detailed study Including fleld survey. Transmission route

‘selection in other areas is, in principle, based on TOT plan.

TiaﬁsmissiOn route selection related to the exdsting wicrowave

system is made by the following principles :

1) Dropping from through repeater station bn the existing main
route is avoided, UHF system is newly established alongside
the existing route.

2) Dropping from repeater station on the existing spur route is
made in due consideration of idle c¢irecuit availability and

"circuit demand increase possibility on the existing route, T1f

the branching from the existing route is not advisahle, UHF
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syaltem ié ﬁewiy estaﬁiished alongside thé exigting routa.

3) There are circuits that partly run via existing pransmission
route, HoweVer,‘the existing equipment.mbdificatibn required
for such circuits is notlinclﬁded in this Study.

The transmission route plan selected by the foregoing conditions

and the circuit assignmént diagram appear in Figure 4~1 and Volume II-7
"Route Plan for Terrestrial System" and Volume XI-9 "Circuit Assignment
Diagfaﬁ for Terrestrial System", respectively. For the aforementioned
four areas suhject to detailed study, a typical channel accommodation

plan {is attached to Volume II-11 "Typical Channel Accommodation Plan'.

Comparative Study of Transmission Systems to Be Applied

As in Volume 1I-9, the required final stage transimission capa-
city per traﬁsmission route in the case of terrestrial rédio gystem 1s
20-120 channels. (Exceptions of approximately 10 sections_ére excluded.) -
Out of radio systems which can be used for small capacity traﬁsmission
route, UHF system and SHF system are taken up for study, These two
syétems are designated in the Scope of Work as the objective items of

this Study. Applications of both systems now in use are introduced below.

Frequency Band Transmission Capacity

(L) UHF System
1) FDM Systenm 400/900/1,500 ¥Hz 24/60/120 ch
2) PCM System ‘ 900/1,500 Mz 48/60/120 ch

(2). SHT Systen
1) FDM System 2/7 Gz 60/120/300 ch
11/13 GHz 120/300/600 ch
2) PCM System 2/7 GHz 192/240/480 ch
- 11/13 CHz 192/240/480 ch

-~ 57 -
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Out of the systems mentloned above, 900. Miz band UHF system and
11/13 GHz band SHF systém are taken up in this Study for technical and
economic gomparisons. These two.are the items, of which TOT requested
the Sﬁudy Team to ﬁake special stﬁdy for application to this Project.
Meanwhile, technical and economic conditions that apply to 11 GHz band
and 13 GHz baund are nearly the same so that 11 GHe band 1s taken up In
this Study.

3-1 Cowmparison between UHF System and SHF System
UHF system and SHF system differ greatly in two respects
radio propagation characteristics and radio spectrum uwtilization
method, .Technical and economic aspects of both systems in due
 consideration of the sald differences are compared in the case of
¥FDM~-FM system,
3-1-1  Technical Comparison
In the radio system, transmission capacity per RF channel
varies, depending upon radio frequency used. In 900 MHz band
the capacity is around 120 channels. In 1l GHz band the capa-
city 1s as large as 2,700 channels. CCIR recommends RF channel
arrangements for 11 GHz band in case where transmission capacity’
per RF channel is 600 ﬁ§ 1,800 channels. Thus, generally, 11 GHz
band is fit for large capacity circults. Needless to say, 11 GHz
band radic equipment of small capacity, such as 120 and 300
channels, 1s also available. However, such equipment is rather
an exception for special use.
Radio propagation chavacteristics differ between UHF band
and SHF band. Free sbace propagation loss in 11 GHz band is
approximately 20 dB greater than that in 900 MHz band. The

variation range of received power due to fading 1s also greater
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in SHF band than in UHF band. Therefore, to produce trans-
wigsion performance of similar level, SHF band requires greater
antenna capability and greater transmission power than UHF band.

In the system design that uses raéio frequency of 10 GHz or
more, radlo absorption by rainfall cannot be ignored. For this
reason, radio hop distance becomes limited to the extent the
standard hop distancé depends upon the number of times of.circuit

~dinterreuptions during heavy rain. The influence of rainfall on
radio propagation is described later.

The difference between UHF system and SHF system is found
in the types of equipments that constitute the respective
systems also. The differénce in the types of antennae, Feeders
and radio equipments required is rather conspicuous.

Judging from the foregoing, it can be said that,.technin
cally, UHF band is better suited than SHF band for small cafa-
city transmission of up to 120 channels or thereabouts. On the’
other hand, SHF band is suitable for medium and large capacity
transmission of 600 channels or more. Especially 11 GHz band is
best qualified for short distance, large capacity transmission,

3-1-2 Influence of Rainfall on Radio Propagation

Annual precipitation in Thailand is shown in Figure 4~2,
The precipitation is extremely large, ranging from 1,000 wm to
4,000 mm per year.

Generally, rainfall can be divided in two types., One is
squall with thuader (Mode 1). The other is rainfall of other
type (Mode 2). Each mode features exponential distribution. It
1s in the case of Mode 1 rainfall that above 10 GHz radiowave

attenuation on radio path due to rainfall reaches several tens
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-.of.dB. Usuélly, this phenomenon continues for several minutes
to several tens of miunutes,

Observatpries where short-time rainfall rate, e.g.,
one-minute rainfall rate, is beiﬁg.observed constantly ére not
many; The Metropolls Obser§atory in Bangkok is the sole such
observatory that exists in Thailand. There, five-minute
rainfall rate is being dbserved. Therefore, short-tiﬁe rainfall
rate in all parts of Thailand canunot be kgown utiless it is

_presumed By gome means. One example of ﬁéw to presume short-—
time rainfall rate from annual precipitation is made known in
an article en;itled.”Cumulative Time Statistics of Surface-Point
Rainfall Rates" that recently appeared in IEEE Transactions.

According to this literature, one-minute rainfall rate
Rl (mm/h) is related fo annual rainfall debth M and Mode 1 rain-
fall ratio to the total depth, i.e., parameterf?, and is distri-
buted as shown in Figure 4-3, As is evident in this illustra-
tion, when R, = 40 mm/h and B 20.02, Mode 2 rainfall céﬁ be

l:‘-‘:

ignored and R, can be obtained by the following equation :

1
R1 = (ln (0.03 ng/Tl(Rl))) / 0;03 (/1)

where Tl(Rl) denotes the time (h)} of one-minute rainfall rate
. exceading Ryv It 1s also reported that parameter(? at various
places In the world Is as seen in Figure 4-4. One-munite
ralnfall rate in Thailand, estimated by the foregoing wethod-
ology, is given in Table 4-1. |

Radiowave attenuvation due to rainfall 1is described fully in
CCIR Rep.233-3. According to this report, it is possible to es~

timate radiowave attenuation on radic path of arbitrarily chosen
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Figure 4~3 Normalized Cumulative Time Distributions of Rainfall Rates
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Table 4-1 Estimated One~minute Rainfall Rates in Thailand .

: : . 6ne~minutc Rainiall
Place Ctncton | meper polare— . Rllmi)
M (mm) J 0.01% 0.02% 0.05%
Chiangrai 1795 4.6 120 © 97 67
Chiangmai _ 1271 0.5 103 80 49
Uttaradit 1452 0.5 107 84 53
Halkhon Sawan 1174 0.5 100 17 46
Udon Thani 1521 0.5 109 86 55
Khon Kaen 1188 0.5 100 77 47
Ubon Ratchathani 1578 - 0.4 102 79 49
Nakhon Ratchasima 1180 | 0.4 93 70 39
Prachin Buri 2037 0.4 111 88 57
Don Muang 1439 0.4 99 76 46
Bangkok 1544 0.4 102 79 48
Chantaburi 3047 0.5 132 109 73
Prachuap Khiri Khan 1185 0.4 93 70 39
Chum Phon 2071 0.5 119 96 65
Surat Thani 17.55 0.5 113 g0 60
Phuket 23719 0.7 135 112 81
Songkhla 216j 0.7 132 108 78
Narathiwat 2643 0.7 133 115 85




length, using two kinds of charts. When attenuation in 11 GHz
band of Don Muang area at percent time of 0.02%, for instance,
13 estimated, based on the foregoing rainfall rate estimation

result,. the followlng values can be obtained :

Path Distance {km) Attenuation (dB)
- 10 : 24
15 ' 34
20 43
25 ' 50
30 58

Thus, when 1t is assumed that the allowable circuit.interruption
rate per year per radlo hop is 0.02%, the threshold margin
required 1n 11 Gz is 34 dB for radio path of 15 km and 43 dB
for radio path of 20 km. |
3-1-3 Economic Comparison

Radio relay system is composed of the following segments

1) Antenna tower

2) Antenma

3) Feeder

4) Radio equipment

5) Carrier multiplex equipment

6) Power plant

7} - Building

8) Access yoad

For économic comparison betweén UHF system and SHF system,
costs of component 3) and of components 5) through 8) of each
system can be safely assumed to be on practically the same level,

For antenna tower, when guyed tower is ugsed, cost increases
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in proportion to tower height. In UHF system design, obstruc-
tion logs to a certain degree can usually be allowed, so that

antenna height for UHF system can be somewhat less than for SHF

'system. Hence the cost can also be reduced that much.

‘fqﬁ UHF system, either Yagil antenna or grid type parabolic
antenna is usually adopted, This type of antenna costs 30% to
504 lower, compared with plate type parabolic antenna which.is
used for SHF system,

For radio equipment, solid type equipment 1s now used for
both UHF system and SHF system. In both cases, the equipment is
almost the same in outward appearance and size. However, the
equipment which 1s used for SHF system requires technlque of
higher level than that for UHF system. This is because SHF
system uses high radio frequency and requires wavegulde cireuit.
Naturally, equipment cost increases.

Judging economically from the foregoing, the conclusion is
that, in the case of small capacity iransmission, cost per
channel is higher with SHF system than with UHF system. As an
aid in determining the system.to be adopted in this Project, UHF
system cost and SHF system cost (main equipment costs on FOB
base) for Ayutthaya area were estimated. Result obtained is

shown in Table 4~2,

Comparison between FDM System and PCM System

Signal multiplexing methods differ completely between FDM

system and PCM sysfem. For thils reason, both systems hold merits
and demerits in many respects. Such merits and demerits, as seen
from technical and economlc viewpoints, were ldentified for radio

relay system using 900 MHz band,
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Table 4-2 Cost Comparison between UHF and SHF Systems
{(for Ayutthaya area at initial stage)

(Unit : Million Japanese Yen)

Item - UHF Systom SHF System

A. Radio System _ 83 263
B. Supervisory Systen 19 19
C. Carrier Multiplex System 80 80
D. Tower 25 25
E. Power Plant 57 61
F. Installation Material 9 16
G. Shelter for Equipment 33 | 33

Total FOB cost 306 497
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3~2~1  Technilcal Comparisbn

Technilcal features of FDM system and PCM system can be
found in Table 4-3. Descriptions in this table, however, are
of.general natutre so that, for emall capacity'radio links used
in this Project, some of descriptions require circumspection
when comparison is nade.

For PCM system, the multi-level modulation research has
‘been carried out, aimed at:improvément of radio spectrum uti-~
lization efficiency. This research is to elevate the modu~
lation level as from the basic two-level PSK modulation to
four-level and eight-level modulations., Nowadays, the four-
level PSK modulatibn is most popular. It is adopted in the 60/ .
120 chanunels, small capaclty PCM radio system also. In the
frequgncy bandwidth oécupied in smal¥ capaclty radio link, there
1s no wuch distinction between FDM system and PCM system (four-

level PSK modulation) as shown below,

FDM System PCM_System

60 ch system 2.5 MHz 2.0 MHz
120 ch system 3.2 Mz 4,1 MHz

¥or both FDM system and PCM system, adjacent RF chammel
spacing In small capacity radio link of 120 channels or there-
abouts is almost the same. - The_reééou is that, in
the frequency bandwith occupled in small capacity radic link,
no much difference exisks between the systems as previously

stated,

With:regard to cross polarization in PCM system, it must
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Table 4~3 Techanical Comparison between FDM and PCM Systems
Item DM System PCM System
1. Method of multiplexing | Frequency division Time division
multiplexing (FDM) multiplexing (TDM)
2. Type of multiplex Analog Digital coded from
signal analog '
3. Type of modulation Frequency nodula- Phase wmodulation
tion (FM) (P3SK)
4, Method of relay Amplification of Regeneration of
analog signal digital signal
5. Frequency bandwidth Narrow Broad
cccupled per telephone
channel
6. Adjacent RF channel Small : 3 fm Large: 1.5S8<Af 225
spacing (Af) {fm: top frequency (S: digical symbol
. of baseband) rate)
7. To use one [requency Impossible Possible
ta make 2 systems by
cross polarization
8. Required C/N or Large Small
gransmitting power
9. Noise increase due to Tes No
relay
10, Signal processing to Simple Counplex
baseband
11. Filter for multiplex Necessary Not necessary

equipment
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be podnted out that In SHF band it 1s possible because c¢ross
polarization discrimination of parabolic antenna 1s available
to the extent oﬁ lS_dB_or more whereas in UHF band it is im-
possible because available cross poiarization disérimination
of antenna is usually not more than few dB. TFor this reason,
in UHF band, the interleaved frequency plan becomes nebessary.
In ¥DM system, system ﬁerformance ig8 evaluated by ncise
volume in signal. Thus, on short distance circuits as in this
Project, 1,600 or Z,bOO pWOp noise volume is allowed. (Refer
to CCITT Rec. G123 and CCIR Rec, 379-2.) In PCM system, system
performance is evaluated by B.E.R, (Bit Erxor Rate), aund
B.E.R. in small percentage of time becomes an especially im-
portant factor to determine gystem performance. PCM system
st1ll has a much shorter history of utilization than FDM system.
Therefore, no intérnational recommendation has.yet been made
concernlang allowable B,E.R. in radio link where PCM system is
adopted. Commonly, for the values of allowable B.BE.R. and the

6 and 0.1%7 to 0.01% are respec-

percentage of time, 10”3 to 10
tively used, (Refer to CCIR Rep, 378-2.)

In thils Study, 10_6 and 0,02% per hop are respectively used
as design objectives.

Overall technical judgment from the foregoing arrives at a
conclusion that no much difference can be found between FDM
system and PQM syétem. Meanwhile, in PCM system, as in FDM

system, signal multiplexing requires several steps. The

hierarchy plan for this purpose, which 1s now used in each

country of the wofld, is glven in Figure 4-5. If PCM systeﬁ is
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3-2-2

addpteﬁ in_this Pfoject, 1t 1g appropriéte, considering required
transmission capacity, to use 2,048 Mb/s (30 chanuels) in the
first stage,

Economic Comparison

For DM system and PCM system, tyial cost estimates at
various transmission capacities are made in Figure 4-6. These
costs do not include such ltems as supervisory equipment, antemna
tower, aud buillding, wherein no difference in terﬁs of cost can
be recognized between the two systems.

As 1s evident iIn Figure 4-8, 1tems wherein the cost
difference between the two systems is great are two : radlo
equipment and multiplex equipment. 1In the case of small capacity
radio link, radio equipment cost 1s greater in PCM system, being
1.5 to 1.6 times the cost that is incurred in FDM system,
Contrarily, multiplex equipment cost is smaller in PCM system,
the cost this time being 1.0 to 0.6 times the cost incurrable in
FDM system, The reason Is that, in FDM system, the filters of

good performance and varilous kinds of carrier generators are re-

"quired at each step of signal multiplexing, whereas in PCM systen

signal multiplexing requires only one simple pulse generator.

A conclusion that is reached Erom the foregoing is that, in
the cost aspect, there 18 no great difference between FDM system
and PCM system théugh, as seen iIn Figure 4-6, up to transmission
capacity of 24 channels the cost 1lg smaller in FDM system and,
when transmission capacity exceeds 60 channels, the cost is
smaller in PCM system.

Cost estimates for both systems in Ayutthaya area as an

exemplary case appear in Table 4-4., Cost estimates in this table
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“Table 4-4 Cost Comparison between ¥DM and PCM Systems
“{for Ayutthaya avea at inftial stage)

(Unit : Million Japanese Yen)

Item’ FDM System PCM System

A. Radio System 83 112
B. Supervisory System 19 19
C. Multiplex System 80 59
D, Tower ' 25 25
E. Power Plant 57 © 55
¥. Installation Material 9 9
G, Shelter fﬁr Equipment 13 33

Total FOB cost | 306 3i2
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conslst of priéipal_equipment costs (FOB baée) at initial stéga
{1984)., ¥igures quoted above 1dicate that the cost difference
between FDM system and PCM system is only 2%. Thus, economi-
cally, no difference can be recognized between the two systems,
In this Project, two additional invesfments are requlred,
one at middle stage (1989) and the other at final stage (1994).
Overall atudy of three investments required to complete this
Project, i.e., initial investment plus Lwo additional invest-
ments, has disclosed practically no cost difference between the
two systems.
3-3 Biudy of Over~the-Norizon (0/H) System
This Project invelves noe small aumber of cases where several
telephone channels will be established from the Primary Center to a
rural site seVerél hundreds km distant. Such sectlons are located
in mountain areas for the most part. If all radio paths are to be
line-ofwéight paths, a conslderable number of repeater statlons are
required, Therefore, feasibilitylstudy was carried out to see
whether the application of over-the-horizon (O/H) system on trans-
mission routes in mountaiu.areas where required transmission capa-
city is up to 24 channels is advantageous or not.
3-3~1 System Parameters
Since recently, many kinds of O/H equipments have been
developed. Especially the equipment that uses UHF baﬁd radio~
wave can now be obtained at relatively low cost.
Generally; 0/H system requires large transmitting power.
These days, transmitting power of 100 W or thereabouts can be
obtained by use of all solid state power amplifier, Shown below

is one example of system parameters for the equipment which 1s
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considered to be usable in this Project.

1) Frequency ! 900 MHz band
2) Transmission capaclty 24 ch (88-FM)
3) Transmitting power Y47 dBm (50 W)
4) Noise figure t 3 dB

5) IF bandwidth | i 1.5 MHz

6) Threshold ieVel ¢ =105 dBm

7) Baseband frequency % 12 - 108 kHz

-

8) Frequency deviation 100 kHz r.m.s./ch

..

9) TFigure of merit 188 dB
10) Objective threshold margin ¢ 23 dB with FD
11) Standard antenna { 6 wp parabolic
12) Brénching logs ! 5 dB
3-3~2 System Design Examples
Radio paths where the application of O/H system was con-

gidered to be possible in detailed studies made In four sample

areas are the following three :

1) Sa Yoenp ~ Mae Rim {24.9 km)
2} Mae Chaem - Ban Patong (57.5 km)
3) Khon Buri - Saeng Sang (28.0 km}

Each of these radio paths corresponds in distance to two
line-of-sight paths as shown in Figure 4-7. These radlo paths
need no repeater station when O/H system is applied.

1) Propagation Loss
Path p?ofiles of the three radio paths appear in Figure
4~8 through Figure 4-10. All of them are mountain
diffraction paths. Diffraction loss is considered to he

falrly large.
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(b} Makhon Ratchasima Area

Figure 4-7 Route Plan for O/H System
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Diffraction loss can be eétiﬁéted by different methods.
One of such methods, which produces the value close to
the measured value, Is the NBS Technical Note technique.
Result of propagation loss estimation by this-technique
for the three radlo paths are as follows :

Free Space Diffraction Total

Path Loss (dB) Loss (dB) Loss {(dB)
Sa Moeng ~ Mae Rim 119.4 85 204.4
. Mae Chaem - San Patong 126.7 64 | 190.7
Khon Buri - Saeng Sang 126.& 56 176, 4

2) System Performance
To obtain the same degree of system performance in O/H
system as in line-of-sight (L/8) system, large scale
equipment is required, Therefdre, in this Study, the
objective signal to noise ratio per radio hop is set at
50 dB (Np = 10,000 pWop).
Result of system performance calculation for the afore-
mentioned three radio paths appears in Table 4-53. For
two paths out of the three, antenna size is not very
‘large, ox, wore precisely, 6 m$ or 8 mf. However, for
Sa Moeng ~ Mae Rim path, antenna sigze i{s as large as
16 wg and hence, facility is-considered to be too large
for small capacity radio link of 24 channels. |
3-3~3 Comparison with Line-of-Sight System
System construction costs by line-of-sight (L/8) system and
over-the-horizon (O/H) system for two radio sections of Mae
Chaem ~ San Patong and Khon Buri - Saeng Sang are given in Table

4"6;
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Table 4~6 Cost Comparison between L/S and O/R Systems

(Unit: Thousand Japanese Yen)

Hame of Section Mae Chaem - San Patong | Khon Buri - Saeng Sang
Kind of.System | L/S System | O/H System L/S System | OfH System
Number of Radioc Hops 2 1 2 1
Cost
Telecom. Facllity 88,000 177,500 77,000 140,000
~Access Road 7,000 - 14,500 500
Land 5,000 4,000 4,500 3,000
Total 100,000 181, 500 96,000 143,500
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For both Sections_mentioned in the ‘above tabie, o/u syétem
costs 1,5 to 1,8 times more than L/S system., Thus, in the
.ecOnomic aspect, the former commands no advantage. Worthwhile
to note In this comparison is that In the said two sections,
access roads to through repeater stations required for L/S sys-
tem are short, f.,e., 0.3 km and 0.7 km, respectively. Usually,
in the mountain area, through repeater station requiyxes 2 - 5 km
access road. In this Project also, the average accegs road
length per repeater station is 2.4 km., In Thailand, access
road construction cost amounts to an equivalent of some 20 mil-
lion Yen/km. Therefore, when the length of access road to
through repeater station exceeds 3 km, O/H system sométimes
cost less than L/S system.

In the case of Mae Chaem - San Patong section, Doi Inthan&n
repeater station required for L/S systém is a branching station
in the direction of Sa Moeng. This fact poseslprcblem in rela~
tion to route establishment 1f O/H system 1s adopted in this
section.

In view of the'foregoing, in none of fourw sample areas where
detailed studies were conducted, the application of O/H system
1z consldered to be appropriate. However, for the application
of O/H system In other areas tham the said four areas, poéitiﬁe

studies will have to be made at the stage of detail design in

the future.
34 Sﬁudy of Cable Sysfem Application
When determining the section where to apply cable system,
economi.c comparison between radio system and cable system must fivst

be made in consideration of required trangmissslon capacity and
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transmission route distance. However, decision by economic com~
parison alone seems to be not practical, There is an;ther factor
that must be -considered : In Thdiland, as in other developing
countries, the loss of cable by stealth takes place not infrequently.’
Noxr has the Study Team been specially requested by TOT to exsemine in
which section to apply'radio gystem and in which section to épply
cable system., Therefore, the Study is restricted to the selection
of optimum kind of cable system to be applied in the sections where
TOT has already decided to adopt cable system,

There are seven sections where TOT plaus to adopt cable system
for Rural Long Distance Public Telephone Service and for introduc-
tion of mobile exchanges. There also are 19 sections where, accord-
ing to TOT plan, entrance cable will be used from the terminal radio
station to the center of gervice area. In three out of the seven
projected cable sections the existing cable can be utilized. WNew
cable laying is necessary in four remaining cable sections and 19
entrance cable sections totaling 23 sections.

In Saeng Chuto -~ Kanchanaburi section in Kanchanaburi avea, one
of the sections where the existing cable can be utilized, 30 chan-
nels PCM equipment only is to be additieonally installed.

In 10 out of the 23 new cable laying sections the required
final stage transmission capacity is not nore than five circuits.
Therefore, cable of small number of pairs will be newly laid in
those 10 sections. To the remaining 13 sections, decision has been
made to apply voicé cable system with the number of pairs that fills
the final stage requirement. This decision is to simplify the cable
s?stem within the range not to affect adversely the result of the

aforementioned economic comparison, and this, in turn, 18 because
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cable laying distance.is short and transmission capacity is fela~
tively small, The deéision has resulted from the comparative study
of the foilowing three system plans :

1) Volce cable system,

2) Voice cable gystem in initial stage to be replaced by cable

PCM system during the period in which mobile ékchanges-Will
be introduced.

3) Cable PCM system,

Cable laying is by direct burying so as to prevent loss by
stealth. Entrance cable for Rural Long Distance Public Telephone
Service will be terminated in the distributing box to be installed
" on the pole at the center of service area. Gable to be used is
armoured jelly-filled PEF cable. Loading is of H~88 type.

Numﬁer of péirs and conductor diameter have been determined,

" based on the transmission loss asgignment plan, Transmission loss
of cable {at 1 kiz, 30° C) is calculated as follows :

1) In case of non-loaded system

0.65 mm cable 1.04 dB/km

0.9 mm cable 0.74.dB/km
2) In case of loaded system

0.65 mm cable 0.55 dB/km

0.9 mm cable 0.28 dB/km
The precedence of application is

0.65 mm cable, non~lcadad

| 10.65 cable, loaded
0.2 mm cable, loaded

Transmission loss of impadance matching coil is set at 0.2 dB

per plece, Entrance to telephone exchange 1s by six-wire lead-in.
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In other cases, four-wire léad-in will be used, Table 4-~7 shows
the projected cable sections and their dlatances, as well as the
number of circuits and transmission loss of each section and the

type of cable to be applied in each section,

Selection of Optimum Terrestrial Radio System

In order to apply terrestrial radio system in this Project, full
congideration is necessary for the fact that the required transmission
capacity of each radio route is as small as 20 -~ 120 channels. As’
stated in Paragraph 3~1, SHF system application_in such small capacity
route 1s less advantageous economically when compared with UHF systeﬁ
application. Especially 11 GHz band is not appropriate choice, consid-
ering the way the radio frequency is being utilized internationally.
Hence the judgment that UHF system; especially of 900 MHz band, 1s the
optimum system for this Project. '

Regarding whethér to apply PCM system or not, discussions have been
conducted several times during this Study. As stated in Paragraph 3-2,
no substantial difference in system economy can be found between PCM
system and FDM system as a syétem for small capacity UHF system,

In the technical aspect also, no specific difference can be recog-
nized between the said two systems. However, FDM system is studied in
detail to compare with the Domestic Satellite System. For, in the
existing backbone microwave route and spur microwave route, FDM system

{s adopted, The reason is that mutual connection between newly estab-

. lished and éxisting radio links at group or supergroup stage can more

-easily be achieved when FDM system only is used. - 1f the connection

has to be wmade between VDM system and PCM system on multiplex signal

base, special interface equipment (coder and decoder) is required, and
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cost natgrally:ianeases.

Meanwhile, cost of PCM system 1s expected to come down as the
result of new technical development. Therefore, it is considered to
be advisablé to so arrange the tender for this Project that the bidders
will make thetlr offers for PCM system also as an alteraative plan, and
to determine at the stage of evaluation of ﬁroposals the transmission
system te be finally adopted.

Concerning in which section to apply O/H system, decision is with-
held in this feasibilit} study as is stated in Paragraph 3-3. Decision
will be made in the course of detaill design in the future.

Based on findings in the foregoing study, it has been decided to
apply the following systems as optimum systems to realize terrestrial
radio system 3
(1) 7,000 MHz 300 ch system (route capacity : 3 + 1)

(2) 900 MHz 120 ch system (route capacity : 2 + ()

(3) 900 MHz 24 ch system (route capacity : 2 + Q)

(4} cable system

(5) 30 ch cable PCM system

Note : System (1) will be applied only in case 120 ch system

camnot be appllied at the final stage. (One radio hop only.’)
System (2) will be applied in case 24 ch x 1 system is not
sufficient to deal with final stage traffic.
System (3) will be applied mostly in case final stage
capacity is up to 20 ch,
System (45 is based on TOT plan, in principle.
System (5) will be branched from existing Kanchanaburi -
Tha Maka route at Saeng Chutlo rufal site.

Optimum terrestrial radio system selected by the foregoing
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cénéiderétion is given‘iﬁ Figure 41 and Volume II-7 "Route Plan for

Terrestrial System",
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. PART V. ‘Transmission Roure Selection for 2

Domestic Satellite System
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PART V Transmission Route Selection for DomesticFSateliite_System '

1. Generaiz

This Part V describes how the domestic gatellite system 1s being
utilized in the countries where the system has been adopted, with a
view to providing useful information for the operation of Rural Long
Digtance Public Telephone Servicé in Thailand 1if this service 1s to be
put into practice via satellite system.- At the same time, explanation
is made with respect to the general concept of DaMA (Demand Assigned
Multiple Access) which is a relatively new technology.

Degeription 1s also made concerning.the basic requiréments for the
declsion of vroute plan for tﬁe domestic satéllite system in Thailand.

In additioa, the lease rate, lease conditious and related subjects with
regard to the PALAPA transponder of indonesia are &escribed.

In the transmission route selection, congideration was made so that
the selected transmission route wWould be as re@iis;ic as passible with the
adoption of terrestrial radio gystem for part of the route, for instance.
This is the result of careful studies including the analysis of traffic
forecast until 10 years ahead (ending 1994) and concerning radio
interference with the existing micfowave links. Transmission capacity

of PALAPA transponder to be leased was also duly considered.

2. Domestic Satellite System
2~1 Oﬁerview of Domestic Satellite System Operations in Major Countries
As the result of rapld progress of the satellite communication
technology, the system construction cost has been reduced to the

extent the system can be utilized on the paying basis even for short
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distance cqmmunication, The'prégress_of indust;iés,.ag wél;\as'the"
development of natural fesources and educational/cultural
enlighﬁenment, hag cgtapultéd the demand for telggqmmuqica;ions and,
to meét such ﬂéménd; the domestic éatellite system i,s_béi_n'g= |
introduced in many countries as part of national telecommuni@ations
networks, |

The satellites to be exclusively used for domestic cbmmunica-
tion have been put into service by four countries including Canada,
Iindonesla, the Soviet Union and U.S.A. |

The International Telecommunications Satellite Consortium
(INTELSAT) is being managed for internatfional satellite communica-
tién business as its principal objective. Leasing of satellite
.traHSponders is also on its service line. The leased satellite
transponders are being utilized for domestic satellite system by
many countries.

Thé satellite itself is of short life and its transponder
costs much, However, by the progress of the satel}ite attitude.énd
position control technology, the use of spot beam antenna has
become possible. :The increase of Effecﬁive Isoﬁropically Radiated
Power (EIRP) of the satellite has made it possible to reduce the
size of earth station antemna. All this comtributes to the greater
satellite communication economy.

The satellite transponder utilization efficiency has been
improved. This has resulted from the development of the Single
Channel Per Carrier'(SCPC) system for émall tranemission capacity
link. By the voice activation technique the utilizatlon efficiency
for output power of the satellite transponder has beep improved,
and the channel capacity increase per transponder has become

possible. Furthermore, in the case of establishing communication .
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channels among a Large number of earth stations where ihé voiﬁme
of communication 1s emall, the DAMA system can pe appiled to improve
the satellite channel utilization efficlency remarkably.

The 1mbrovemen£ bf'satellite tfansponder reliability is
reducing the need for malntaining the reduhdahqy;gqgfigq?égiéﬁ.

This is_thé point worthwhile to mention in terms of operation
economy of the satélliﬁe communication system.

Following is the country by country introduction of domestic
satellite s&stemé in operation, Information'obtaiﬁed will bédeEd,
wherever aﬁplicable, in the planhing of domestic satellite system
for Thailand,

2-1-1 Algeria
The domestic satellite system in Algeria was comstructed
for the purpose of interconnection between Alglers, the cabital
eity, and 13 main communities in the Sahara Desert zone. The
master earth stacion is at the same site as the standard
INTELSAT earth station approximately 70 km distant from Algiers.
This master earth station holds capacity for 12 telephone/telex
.channels'ahd one television channel. Each of 13 rural earth
stations holds capacity forx two to foﬁr telephone/telex channels
and one television signal.
Besides'the.fixédfsystem mentloned above, there als§ is
the transportable television transmit facility available to a
rural earth station for transmission of special programmes of
’ remote origin,’ | |
This Algerian domestic satellite gsystem operates via leased

one of INTELSAT satellite transponders. This system can égcdm*

modate one television chanmel QPAL system) plu9‘6§—té1ephonef
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2-1-2

telex channels (bothway) by use of 36 Miz band transponder.

Since 1£ is relatively small in capacity'but has to‘ca?;yusi
telephone traffic in many directions, the SCPC system is
addpﬁed,

Furthermore, to improve the teléphone channél utflization
efficlency and to prepare for telephone transmiss;on gystem
expansion in the future, the DAMA system is alsc applied,

The DAMA system holds control capacity for a maximum of
31 stations and for a‘maximqm of 16 channels at each statidn.

System performance in terms of sgignal-to-noige ratio is
50 dB for telephone, 45 dB for video and 53 dB for television
sound,

Canada

~ The domestic satellita syséem of Canada started operation
in 1973 witﬁ 34 earth stations. The principal objective is to
provide communication service to the natural resources develop-
ment areas in the northern part of the country where the severe
climatic conditions prevail.

Canada is the first country that put into practice the
large scale domestic satellite system, It holds its own
communication satellite sevies nicknamed "ANIK",™

”ANIK—;,‘II and III" (including one for backup use), each
operating with 6 GHz band up-link and 4 GRz band down-link, are
in the geostationary orbits. In the near futura, "ANIK-B" with
14/12 GHz band transpoﬁders is scheduled to be launched and, at
the same time, apporximately 90 new earth stations will also
be constructed. When "ANIK-B" joins the existing "ANIK-A"

series, the Canadian satellite system capacity will be
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remarkably augnented.

Serviceé offered include telephone, telex and data
transmission services plus television énd radio programme
tranSMié?iaﬁu'

In the areas where telephone and telex traffic demand is
large (in these areas more than 12 channels are assigned),
services are being offered by the FDM~-FM~FDMA system. In remote
areas with small traffic demand {where the number of channels

- agsigned 1s up to 12) the DELTA~PSK-SCPC system is adopted.

Since the pre-assignment system is employed for transmission
cireuits to the areas with small traffic demand, the connection
between remote stations 1s via circuit that utilizes the double
hop of the satellite link,

2-1-3 Indonesia

The domestic satellite system of Indonesla is composed of
its own communication satellite PALAPA. It started with 40
earth stations. The system began operation in 1976,

The PALAPA satellite launching was to meet the increased
traffic demand Betwéen the main islands and smali islands in the
neighborhood, and to serve as a backup system for the existing
terrestrial radio system. To expand television sexrvice was
‘another important objective of the PALAPA launching.

The PALAPA satellite system consists of one operational
satellite and one spare satellite, Both are in the
geostationary orbits., These satellites are designed to cover
the five ASEAN countries, Each satellite holds 12 transponders,
Nine out of 12 transponders of the operational satellite are
allocated to the domestic satellite system of Indonesia,

This communication system is capable of wide ranged
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2-1-4

services indludihg-teleﬁhone and teiegxaph aignal transmissiomn,
data transmission, and television/radio programme transmission.
it is operated by Perusahaan Uﬁum Telekqmunikasi of Indonesia
(PERUMTEL). Besideé gerving for public comﬁunicatioms,.it
provides leased communication system for governmental agencies,
educational communities, and manufacturing plants.

Telephone signal transmission systems are twofold., One is
the FDM/¥M system for interconnection of cities with large
traffic deﬁahd. (A total of 19 statdions are used;) Clrcuits
are pre—asaigned. The other is the SCPC system to serve the
sparsely populated areas. (The number of stations used is 21.)
The DAMA system 1s further adopted so as to achieve the effec-
tive utilization of satellite transponders and circuits.

The DAMA system introduced holds the control capability
for a maximum of 120 remote earth stations witch 3,000 channel
units in order that it can successfully cope with the telephone
demand increase in the future.

Television programme receiving facility is installed at 34 out
of 40 earth stations, and two out of those 34 eérth stations
are equipped with television programme transmit facllity also,
Norway

Thé domestic satellite gystem 1s adopted as a means of
communication related to the North Sea o¢il field development.

The oil field zone lies several hundreds km distant From
the mainland of Norway. As a means of communication to and
from such oil field zone, the troposcatter system and the
satellite system were studied. The final cholce was the latter.

For, .the establishment of troposcatter system circuits to
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2-1-5

the remote, wide'spréad éil field drea.réQuires multiple
diversity to improve circuit reliability and this ledads to the
increase of transmitting.output. Consequently, the frequency
allocation becomes difficult., This is why the sateilite
gystem was chosen.

One half of transponder of thé spare unit of INTELSAT is
leased to constitute tﬁe satellite system. By the SCPC system
and the pre-assignment system, the telephone and data transmission
gervices are beilng carfied out. For modulation the DELTA-PSK
(2-phase) system 18 adopted.

This Norweglan satellite system ig so designed that in the
event the leased transponder comes into trouble, the operation
can be changed over to another transponder orx é transponder of
another INTELSAT system.

The Philippines

The Philippines cousiéts_pf many. iélands and its‘popqlapion
is widely distributed.

At the time of expansion and improvement of the domestic
long distance communication networké, the domestic satellite
system was iIntroduced for Interconnection between Manila, the
capital city, and 11 other densely populated major cities.

This system came into service partially in 1978. It 1s a joint
cooperative venture awong the three parties, i;e., Philippiae
Qverseas Telecommunications Covporation, Philippine Long Distance
Telephone Comﬁany and Kanlaon Broadcasting System.

The Philippine domestlc satellite system uses one half of
PALAPA satellite trnasponder leased from Indonesia. The SCPC-

FM system plus the centralized control typé DAMA system are
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2-1-6

adopted for telephone signal ‘transmission.

Television signal transmission by this satellite system

is also planned. When_this'plan materializes, televigion

gervice to 80% of urban population becomes possible.

Conditiong for Domestic Satellite System Introduction
The countries which have futroduced the domestic satellite

system inclﬁde,-besides those wentioned above, the Soviet Undon,

U.8.A. and Malaysia. Many of these countries are the countries

where the following conditions apply -

{1) The communication network has to be composed by linking
man& iglands.

(2} For the expansion of the existing terrestrial communica-
tion networks, especially for the television signal
transmission,.the terrestrial system entails much construe-
tion and maluntenance costs,

(3) . The national territories are extensive and the population
is not uniformly distributed. There are many sparsely
populated districts or the natural resoutces to be
developed are deposited in femote-distriets, and there 1s
need to establish a communication system to éuch districts;

(4} The natural environmwent 1s severe. Freeziung and floods
take place frequently to make inland transportation
difficule., Hence, the construction work of terrestrial
system requires a long period,

(5) TIn the caée of a system wherein the nﬁmbet of channels pet
elrcuit between two points 1s small but the number of
points to be connected is'large, and 1f the system is to

he constructed by the terrestrial system, the cost per
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circuit inéreasés and makes the system econémically

disadvantageous.

When the domestic satellite system 1s introduced, it can
be utilized noﬁ‘ohly for éublic communicafion Sefvices, such
as telephone and telex services, but also for leased civcuits
of governmental offices and business organizations, as well as
for television programme transmission, Such multilateral
service availabillity makes it possible to reduce the working
cost of the satellite system in many caéea.

2-2 Outline of DAMA System

DAMA (Demand Assigned Multiple Access) system is a system in
'good contrast with PA (Pre-assigned) system. When the DAMA system
is introduced, the satellite comes to hold a kind of switching
function. This makes the effective use of costly satellite channel -
possible,

When the circuit is established by the PA system, the
satellite channel has to be aséigned at all times to between the
predetermined earth stations. Thus the channel utilization
af ficlency degrades as the numﬁer of circuits becomes small. This
kind of cilrcult establishment is certainly uneconomical,

The DAMA system was developed to remedy such disadvantage of
the PA system. It 1s Fonsidered to be the optimum system to handle
traffic between many stations where traffic demand is small,

Figure 5-1 illustrates the difference between the PA system and the
DAMA systeﬁ.

The DAMA gystem is so featured that all channels which can be

used by one transponder be pooled at the mastér earth station and,

only when the circuit establishment between earth stations becomes
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Figure 5~1  Explanatory Illustrations for PA and DAMA Systems
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héﬁééééry; the éhéﬁnel‘réQUiré&"fdr circuit formation is'aséigned.
froﬁ among the pooled channels. When the cail énds, the aséigned
_fchahngl 1s returned to tlie master earth station to be pooled

‘égain unfil it 13 needed for the next circﬁit formation, By this
means the channel uti{lization efficiency can cértainly be improved.

The channel assignment to between earth stations is ma&e at
the master earth station in éll cases, Channels on the transponder,
which can be used, are registered in the master DAMA facility
installed at the master earth stafion. From the master earth
atation a signal is sent periodically to rural earth stations
to know whether the channel allocatiou 1s required ot ﬂot;

When any rural earth station requires the channel assigoment,
the rural earth station responds teo the Inguiry from the master
earth station by sending.the channel requést signal'togéﬁher with
necessary information for channel assignment,

The master earth station transmits the chaunel request signal
received to the master DAMA facility where the signal is analyzed
to know between which earth stations the cireuit assigoment 1s
required. At the saﬁe time, ah-idle-channel to be assigned is
chosen from among the pooled channels, and necessary information
including the frequency of the chosen channel is sent out to two
rural earth stations to be connected,

The rural earth stations control the received inforﬁation
concerning the assigned channel by the rural DAMA facility and
establish the circult. After completion of communication, the
channel is returned to the master earth station where it is pooled
again as an 1d1e‘channel in the master DAMA facility.

Decislon has been made to apply the DAMA system to the domestic
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2=3

sateili#e sySEem:éé the study objective In this Projéet. The
redgson 1s that the number of earth stations 1s large whereas the
t%affic'volume'pe? earth station 1is small.

Satellite Transpounder

At present, for the domestic satellite system, the satellite
that operates with 6/4 GHz bands is used. In many cases, the
satellite holds 12 transponders arranged at 40 MHz intervals.
Each transponder holds 36 MHz band in the 500 MHz bandwidth.

At the satellite, the received signal of 6 GHz having the
500 MHz band is amplified and converted to a 4 Gliz signal., The
converted signal, after being amplified, is divided inio 36 Miz
band signals. Each of these signals is further amplified and
transmitted to the earth stations.

In the transponder, many signals are commonly amplified so
that fntermodulation takes place. To minimize the noise due to
this dntermodulation the saturation level of the amplifier is set
high in order that the sufficient back-off level can Be obtained,
In the transmitter unit, the input from the receiver unit is
separatéd into the odd number channel group and the even number
channel group.

In this case, the center frequency interval between each two
adjoining channels Of.the same group is set at 80 MHz so that tﬁe
separation 1s easy.

The_COMSTAR system, which is used by the U,S.A., carries 24
transponders énd ﬁolds twice as large communication capacity as the
Canadlan and Indonesian satellite systems. This large communica-
tipn'capacity comes from the fact that both veftical polarization

and horizontal polarization are used at the same time.
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- The recent trend is to apply 14/11 Gﬁz and 30/20 GHz frequency
bands to the satellite system, and this 1s to avold mutual
interference between the terrestrial system and the satellite
system dﬁe to the common use of 6/4 GHz band in the cerrestrial
gystem, However, even the newly applied frequency bands cannot
keep the satellite system completely free from diéadvantages, guch
as propégation loss due to rainfali and recelver nolse temperature
rise.

As' the reésult of the improvement of satellite transponder
reliability, it bas become possible to do without.the spare
satellite unit aund thereBy reduce the system cost. A country
where communication traffic demand is small can, withoﬁf launching
its own sateliite, leage a transponder of the INTELSAT system or
the satellite of amother country.

The &omestic satellite has its antenna directivity adjusted
;o fit the size of the country that owns the satellite, Therefore,
in thé neighbor countries, the satellite EIRP somewhat deteriorates.

.The INTELSAT transponder for lease is of global beam so that
its LEIRP is approximately 10 dB lower when compared with the
domestic satellite system which is based on spot beam. Hence, the
large diameter antennas are necessarily required at earth stations.

Table 5-1 presents the PALAPA satellite characteristics.

3. Route Plan for Domestic Satellite System 1n Thailand
3-1 Basic Route Plan Requirements
For the route plan for the domestic satellite system in
Thailand, two plans can be considered., One is to centralize the

system control function at the master earth station in Bangkok,
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Table 5~1

Weight

Launch
End of

Characteristics of PALAPA Satellice (3/2)

(excluding adapter)
life welght

Satellite longitude service arc

Booster

Commupication subsystem

Number

of transmission channels

Channel bandwidth

TWT output power (one per channel)

Fraquency bands

Recetve

Transmit

EIRP
G/T

Telemetry

Number
analog

Number

subsystem

of telemetry channels (including
and digiltal data)

of telemetry carriers (beacons)

Transmit fréquencies (to be assigned)

Command subsystem

Number of commands

Number of receive frequency
(redundant recelvers)

Receive frequency

Electrical power subsystem

Solar array de power

Beginning of life (equinox)

After 7 years (equinox)
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1265 1b
562 1b

75° to 85°E

Delta 2914

12
36 MHz
S W

5427 to 6403 MUz
3702 to 4178 MHz

See Figures 5-5 & 5-6

2

24

4198 MHz
64

1

6420 MHz
319 W
259 W



Table $~1 Characteristics of PALAPA Satellitve (27/2)

Batteries _ _
Number of batteries ) | 2 (7 A each)

Power available at rated depth-~of-
discharge(adequate for 10 transmis~
sion channels) 210 W

Reaction control subsystem

Total hydrazine propellant 142.5 1b
Stationkeeping - '
Norﬁhmsouth position control + 0.1°
correction interval{typlcal) 4wl
Fast-west position control j:_O.lo
correction interval (typlcal) 4 wk
Attitude control +0.17°
correction interval (typical) 2 wk
Despin control subsystem
Primary gsystem : pillot beacon tracker o
pointing accutracy + 0.1
Backup despin system{BUDS} : earth o
sensor pointing accuracy + 2
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_fﬁe dthef is to provide‘gateway eétth etahions at several points
on the exisﬁiﬁg microwave foute and thereby distribute traffic
among such gateways..

When the gateway earth_station system is compared with the
terrestrlal radio system in terms of system economy, it requires
much larger initial cost and is not desirable as far as this
Projécf is concerned. Therefore, as the doﬁestic satellite gystem
té be compared with the terrestrial radio system, the master earth
station system is adopted. |

Insofar as the projected domestic satellite system is to have
the same transmiséion capacity and the same grade of service as the
terréstrial radio system, the route plan must satisfy the
undermentioned basic requirements. These requirements reflect the
result of studies with emphasis on the télephone demand feorecast
and the radio interference study,

(1) To apply the DAMA system, This is because, as stated in
Paragraph 2-2 the domestic satellite system of Thailand uses
a large number of earth stations whereas the number of circuits

- per earth station is generally'small.

(2) To lease the PALAPA satellite (of Indonesia) transponder,

(3) To adopt the terrestrial radio system (partially the cable
system) for the transmission route to/from the rural sites
gpecified below. This is based on the result of stﬁdy of
fALAPA satellite transponder capacity and radio interference
from earth étations to thg existing microwave system,

1) The 47 statioms where the mobile exchange is to be

introduced from the begiﬂning and the rural stations (RS)

where telephone demand is relatively large and where the

- 110 -



(4)

ﬁeiéﬁhbne-exahahgé will be introduced five years after
the system congtruction, f.e., in 1989, based on the

telephonc demaﬁd forecast.

2) RS in the neighborhood of the existing microwave radio

stations and RS which can rather be included in the
terrestrlal radlo aystem from the vieﬁpdint.of route
layout in relation to 1) above,

3) RS which can be easily accommodated in ﬁhe adjaceﬁt PC ov
LE by céble. |

4) RS yhere the astablishment of earth stations 1s not
feasible by reason of radio interference with the existing
microwave system.

To incorporate RS, where the telephone exchange introduction

is scheduled 10 years after the system construction, i.e., in

1994, based on the telephone demand forecast, in the

terrestrial'radio'system in that year.

Figure 5-2 is the flow chart of the foregoing basle require-

ments,

When these basié requirements are applied, the optimum route

plan for the domestic satellite system in Thailand turns out

to be the compound route plam consisting of the satellite

system ﬁlus the terrestrial radio system fbr part of the route.

By this route plan, 129 stations out of the 469 objective

statlons of this Study are to be inéorporated in the terres-

trial radio system,

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.)
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Start
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InstallEx. -

Yes {47 sins.)

 in19842
[ No (422 stns.)

"N >400

 Yos {18 stns. )

in 19897
‘No (404 stns.)

" Near

Yes { 7 stns.}

pawave stn,
No (397 stns.}

Apply

Yes { 5 stns.)

e ccble_ssysie -~
[ No(392stns.)

Radio |

Yes (41 stns. )

oy nteri‘grence
1 No {351 stns.|

_~ Terrestrial™

Yes {11 stns.)

-~ preferable
' .

No (340 stns.)

Star.t with satellite
system in 1984

{340 stns.)

N >200

&

Start with terrestridl
system In 1984

Yes (146 stns.)

in 19947

No {194 stns )

Still satellite
system in 1994

Changed to terrestriall
system in 1994

{194 stns__J

Operated until
- system life ends

N Number of telephone
subscribers estimated

(469 stns.)

End

i I

(129 stns .}

Figure 5-2 Basic Philosophy of Route Plan for Satellite System
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The route plan formulated by the basic routing requirements

clarified in the foregoing is shown in Figure 5-3, The

circuit assignment dlagram also appears in Volume 11-10

"Circuit Assignment Diagram for Satellite System". The

channel accommodation plan for the same four areas as of the

tervestrial system route plan 1is attached to Volume II-11-

"Typical Channel Accommodation Plan",

3~2 Channel Plan

3-2-1 Scale of Domestic Satellite System in Thailand

(1)

(2)

Number of Farth Stations
The number of sites required for Rural Long Distance
Public Telephone Service by the satellite system is, in
the first half of the Project period, 340 rural earth
statioﬁé and one master earth station. Tﬁe similar
number In the latter half of the period is 194 rural earth
stations and one master earth station, excluding 146
stations where the equipment veplacement to facilitate
the incorporation to the terrestrial rgdio system_is
expectéd pursuént to the introduction of telephoné
exchange in and after 1994,
Traffic Volume
Forecasted traffic volume originating from rural earth
gtations is :

1984 406.0 Erl, (1.19 Erl./RS)

1959 560,0 Erl, (1.65 Erl,/RS)

1994 275.5 Erl. (1.42 Exl,/RS)
The decrease in 1994 is because, iﬁ that year, not a few

objective stations of the service will be transferred to
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(3)

'fhé térreétfial radio syétem and only the small scale

rural earth stations will continue to be operated by the
sétéilité sysﬁem.
Number of Speech Channel Units to Be Installed in Rural
Earth Stations
The total number of speech channel units to be iﬁétalléﬁ
in rural earth stations is :

1984 1,144 CHU (3.36 CHU/RS)

1989 1,413 CHU (4.16 CHU/RS)

1994 749 CHU (3.86 CHU/RS)

" The number of channel units appearing above is the number

of speech channel units only. In addition to these speech

. channel units, two channel units per rural earth station

are required. One is for signal transmission/receiving
to/from the master earth station, and the other for

engineering 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 number as many as 340 in the first half of the Project
period and 194 in the latter half. To apply the satellite
system to Rural Long Ddstance 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 channel capacity
required for the satellite depends upon the variation

of busy hour traffic from one rural earth station to

another, This is the ke9 point for economic operation of
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()

the domestic satellite system.’
In this Study, the statlon to station busy hour variation
could not be fully ascertained. However, it cannot be
considered that any two rural eavth stations share
exactly the same busy hour, so that the busy hour
vatriation coefficient 1s set at 0.8 wheréby to obtain the
channel capacity required for the satellite.
Based on the busy hour variation coefficien; of 0.8, the
busy hour traffic that passes the éatellite is calculated
to be

1984 - 406.0 % 0.8 = 324.8 Erl.

1989 560.0 x 0.8 = 448,0 Erl.

1994 275.5 x 0.8 = 220.4 Erl,
When thé'grade of service is set at 1/100; the number of
speach channels required for the satellite is calculated
to be

1984 349 ch

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 velationship is explained in Figure 5-4.
For Datg Channel
The DAMA system introduction necessitates the installation
of data channel for transmission and receiving of
necessary {aformation between each rural earth gtation

and the master earth station, besides the speech chaunnels,
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- Rural Earth Station

No. of Stations 3407340/ 1%4
Org., Traffic in Erl, 406.0/560.0/275.5

No, of channels 1144714137748

Traffic velume to be loaded
in the busiest hour in Erl.

324.8/448.0/220.4

_— Master Earth Station

Satellite

Note 1.

Note 2,

{Ban Saphan S$i)

Term, Traffic in Frl. 324.8/448.0/220.4

No, of channels 34974747242

Figures are for. 1984/1989/19%4
No. of channels indicated deoes not include the data
channels for demand assignment control, and the

engineering service chamels.

Figure 5-4 Traffic Flow and Channel Plan for Domestic Satellite System
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In case the FM4SCPClmodﬁlation syéteﬁ‘ié.adopted, it is
considered that the data channel with the working speed

- of approximately 2,400 BPS will be empiOyed. ~Concerning
the burst format for data tramsmission and recelving,
there is no international standard. Therefore, on the
asgumption that the 120 BPS or thereabouts 1is necessary.fdr'
the burst which will comprise front guard, carrier
detection, bit syﬁchronization,‘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 ome data channel be commonly
used by 30 rural earth stations.

" Hence, the number of necessary data channels is 12.
‘Although it is possible to.reduce the number 6£ déta
channels in accordance with the reduction of the number
of rural earth stations, the arrangement this time iIs to
maintain 12 data channels at all times. For, reducing
the number of data channels requires the data alteration
of the DAMA system; and, moreover, a rural earth station,'
if withdrawn from the rural sites wﬁere the terrestyial
radio system will be 1lntroduced, may be used for another
area wheve no telephone gservice will be provided even
then.,

{3} HNumber of Channels Required for Satellite
As the fesult of the preceding (1) and (2) studies the
number of channels required for the satellite will be
1984 349 + 12 = 361 cbh

1989 474 + 12 = 486 ch
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1994 242 -+ 12 = 254 ch
FPor engineering service (order wire), idle channels
_ are aésigﬁed.
3~3 PALAPA Transponder

The Indonesian communication satellite, PALAPA I, was launched
in 1976, At present, fwo unlks, one operational and the other
spare oy backup,.are in the geostationary satellite orbits. They
are located at 830 and‘76°, East Lougltude, respeétively. An;enna
coverége and G/T contours are shown'in Figﬁres 5~5 and 5-6,
respectively. They cover f[ive ASEAN countvies. The satellite
attitude and positidn on the orbit are.periodically regulatad from
the master earth station, Each safellite unit holds 12.tran$ponders,
each having 36 MHz traunsmission bandwidth, The 6 GHz broad band
transmitter‘unit holds the spare systém though the output Qnit
holds no spare system; The design life span of the PALAPA satellite
1s seven yeats. .Figure 5-7 and Figure 5—3 present the PALAPA
satellite radio frequency arrangemeant and functional block diagram,
respectively,

Nine transponders {Channel Nos. 1 - 8 sud No. .11 of the
operational satellite unit) are used for domestic communication In
Indonesia. lIdle transponders of the spare satellite unit will be
leased to the ASEAN countries. At present, the Philippines uses
half traaspoander by lease.

© The long term lease rates for PALAPA satellite transponders

are as follows :

For a minimum period of 1 year : US$850,000 per year
For a minimum period of 3 years : US$800,000 per year
FPor a minimum period of 5 years : US$750,000 per year
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The partiéi transponder 1eaéé fatelfs.préportionate to the
bandwidth used.

In case of trouble with any leaSed'tfanspondér of the spate
satellite .unit:, the operation will Ee switched over to at’;other
transponder of the game satellite unit, When all transponders of
_tﬁe spare satelllte unit come into tfouble, the operation will be
switched over to the transponders of the operati&nal satellite unit.
indcnesian authorities will do thelr utmost for smdoth functioning

of such emergency arrangement,
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. PART VI, Detailed Transmission Route Study

and .F_i.e_llld SurVey
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PART V1 _DetailediTransmissioh Route Study and Field Survey

i, Generéi

This Part VI carries out the sampling review of the UMF system
design.so far made by TOT and the confirmgtion thereof by the field
3urvey.findings{ The estéblishment of design criterla and the System
performénce estimation are also made. Furthermore, studies are conducted
for the typical RF channel afréngement plan'with reSpect:to ﬁhe UHF
system as well as the radio system configuration and the capacity of
power plants required,

The fputé plan for the cable system that constitutes part of the
terrestrial system ig illustrated on a map of a scale of 1 to 50,000,

The site éelection for earth stations of the projected domestic
satellice systém, design criteria for earth stations, and system
performance are also described. Regarding the radio interference from
earth stations, the forecast was made, using an extra-large capacity
computer, and the methodology of forecast and the result obtained ére
introduced in this Part VI,

In the detailed system study by sémpling, consideration ig ma&e in
order that the deéign procedures, calculation results, drawings and

related data will be fully usable to TOT.

2., Tarrestrial Radio System
2-1  TOT Survey Resulﬁ Review and Field Survey
In accordance with the Scope of Work arrvangement with TOT, the
Study Team has carried out a detailed review of UHF aystem route

plan, path profiles and system designs in the representative four
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areas with a total Qf 75 radio.statiéns. These four areas have been

picked up from TOT's preliminary study of the UHF system plan, for

which TOT has carrded out the survey for the whole districts of

Thailand. Tﬁe four areaé are the Chiangmﬁi area (northern area},

Ayutthaya area (central area), Nakhon Ratchasima area (northeastern

area) and Phun Phin areé'(sbubhern area), VFigure 6~1 1is the

detailed study flow chart. .

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 éurvey result, with major emphasis on the
follo@ing subjects :

1) Site selection in mountain district - Chlangmai area
2) Radio frequency interfgrence - Ayutthayé area

3) Site seléction in plain 1and.— Nakhon Ratchasima érea
4) Oversea propagation path design ~ Phun Phin area

The detailed review of TOT's stﬁdy result and the corroborative

field survey by the Study Team were carvied out according to the

following basic principles !

(1) TOT would rearrangé in géod ordér_the findings in its detailed
investigations and deliver those data to the Study Team, Based
on_those data, the Study Team would make its own detailed study.

(2) For the terrestrial radio system design, the Study Team would
propogse to TOT what it considered to be optimal, based on its
experlential data. This proposal wopld be discussed jointly by
the Study Te;m and TOT from the technical viewpoint in order to
have the final design methodology agreed upon between both
parties, |

{3) System performance determined by the mutual discussion between
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suitable

Not suilable

Seleclion of
Alternative

Route

Acquisition of Path
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Route
1, Site Coordinates

2.Path  Profile

/

Site Coordinates :
& Path Profile of _ Nof corre:ct :
Oﬂginaljjggd,/,z” .
. Correction of
Originat  Path
Correct Data

Review of Calculation

{. Propagation Loss
2. Antenna Height
3. System Performance

End

Figure 6~1 Study Flow of UHF Radio Relay Systewm Planned by TOT
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(4)

(5)

the‘-.s'tudy Team and TOT should satisfy the relevant CCLIT/CCIR -
recommendations or conform with other authoritative standard,
Efforts should be made to achleve the system constructlon
economy by reducing the numbef of repeater stations to the
possible minimum with the adoption of over~the~horizon system
also,:

Field survey items should include, besiées technical

investigations, the interviews with local inhabitants

~ (community survey) to know the telephone demand among them, in

order to use information obtained as reference data for forecast
and financlal evaluation. (Refer to Part III-5.)

Following are the findings in the review of TOT study result

and in the newly conducted fileld survey:

b

(Z)

(3)

TOT field survey has so far been compléted for approximately

160 stations out of a total of 422 scheduled rural sites and 47
scheduled mobile exchange statlons. For the remaining statlons,
only the map study has been completed.

Many of rural sites where TOT has so far completed the field

" survey do not have the locations finally decided, However, the

most part of rural sites are scheduled to be comstructed in
plain land towms so that, wherever in the towns their final
locations ﬁay be, the rédio propagation will in no way be
disturbed,

The UHF route plan made. by TOT 1is considered to be generally
acceptabie és it is based on the experlence 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
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with the'elimihatioh of through repeater statibns,=for iﬁétance;
(4) As regards the telephone demand forecast in and after 1989 for
this Project, there is need for reinvestigation aimed at detand
forecast feadjustment. {Refer to Part TI1~5.)
In the following Chapter 2~2 through Chapter 2-5 appears the
detailed study result for the terrestrial radio system,
2-2  Design Criterila Establishmeﬁt and System Performance Estimation
2-2-1 Determination of Radio Statioh Location and Antenna Height
From the optimum transmilssion route obtained in Part IV-2
(refer to Figure 4-1) the four areas, i.e., Chiangmal area,
Ayutthaya area, Hakhon Ratchasiwa area_and Phﬁn Phiﬁ area, have
been picked up and the locations of all 75 radio stations in
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 parameters, including path
distance and azimuth, have been calculated with the ald of a
small sized, progfémmable calculator. The result of calculations
appears in Volume I1I-13 "Path Propagation Data".
The_revised path profile maps are attached to Vélume‘III Survey
Report,
For the antenna helght determination criﬁeria, the following
have been decided as the result of technical discussion with TOT :
(1} To use 4/3 for coefficient of effective earth's ra&ius (¥,
(2) To set the minimum antenna height ét 30 m in urban and
plain areaé and 15 m at mountain~top repeater stations.
{3) Ta set path clearaﬁce at the obstruction point at 5 m when
‘the path distance is 30 km or less and at zero when the

path distance exceeds 30 km.
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(4)

(5)

To caleulate the height pattern in daéé the sﬁrOng
reflected wave exists on the propagation path and determine
the optimum antenna height in due cénsideratidﬁ of the
variation of K (K = 1 to 3).

To consider the height of obstacle, such as trees or
buildings, in the neighborhood of the radio station when
determining 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 6~1. Meanwhile, the

average antenna tower height in the four areas is 46 m.

2-2-2 System Performance Estimation

(1) Allowable Noise and Noise Distribution
The noise objeétives éstablished in Part LI-4 are to be
distributed as follows per radio hop :
Allowable median noise : 2,000 pWOp for single hop
2,000 pWOp —~ Radio linl =~=p- Thermal nolse 1,000 pWop
{(§/Np = *57 dB) 1,540 pWOp at RX input {60 dBmQp)
: {58.1 dBmOp)
' b~ Equipment 100 pWop
thermal noise {70 43mOp)
L. Intermodulation 200 pWOp
noise (67 dBmOp)
L~ MUX noise
?gg Ewgg) ~ Interference 240 pWOp
' nolse (66.2 dBmOp)

L~Echo & propagation Negligible
8
distortion nolse

%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
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Table 6-1 List of Antenna Ueight for 4 Areas (1/3)

Radio Path

Antenna

Height (m)

(Ayutthaya area)

3516~1 Ayutthaya - Nakhon Luang
-2 Nakhon Luang - Ban Phraek
-3 MNakhon Luang - Maharat
-4 ‘Ayutthaya - U-Thai
-5 Ayutthaya ~ Bang Ban
-5 Bang Ban ~ Bangpa Han
~7 Bang Ban ~ Phalk Hai
-8 Ayutthaya -~ Sena
-9 Sena - Bang Sai
-10 Sena - Lat Bua Luang
-11 Ayutthaya -~ Ban 5i

(Nakhon Ratchasima area)

4421-3 ﬁakhon Ratchasima -~ Non Sung
-2 Non Sung - Phi Mai
-3 Phi Mal - Chum Phuang
-4  Chum Phuang - Prathai
-5 Bua Yal ~ Kheng
-6 MNakhon Ratchasima - Won That
-7 Non Thal - Kham Sakae Saeng
-8 ¥oun Thai -~ Dan Khun That
~9 Nakhon Ratchasima - Chakkarat
~10 Chakkarat - Huai Thalaeng
~11 Kham Thala So -~ Nakhon Ratchasima
~12 Si Kiu ~ Sung Noen

-13 Pak Tong Chai - Chok Chai

18
33
33
43
33
33
33
45
33
33

33

50
33
33
33
40

55

13

43

55

63

33

33

43

~ 43
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Table 6~1 List of Antenna Heigﬁf for 4 Areas (2/3)

Radic Path

Antenna

Height (m)

~14

-15

Pak Tong Chai ~ Khon Burl

Khon Buri -~ Sa Pratheep

~16 8a Pratheep -~ Saeng Sang

(Chiangmal area)

5313-1

~11
-12
-13
~14
~15

~16

-18

~19

-20

~21

-22

Chiangmal - Ban Pak Thang

Ban Pak Thang - Dol Chiang Dao
Doi Chiang Dao - Doi Pha Hong
Doi Pha Hong - Fang

Fang ~ Mae Al

Dol Chiang Dao -~ Chiapng Dao
Dol Chiang Dao - Doi Mu Soe
Doi Mu Soe - Phrao

Mae Rim -~ Chiangmai

Mae Rim - Mae Taeng

Chiangmai ~ San Sai

Doi Saket

i

Chiangmai

Doi Saket - San Kam Phaeng

Chiangmai - San Patong

San Patong - Baﬁ Non Hat

ﬁan Non Hai ~ Hét

Hot - Doi Pae Po Mak

Dol Pae Po Mék'v Khao Huai Bou
Khao Huai Bon ~ Omkoi

San Patong' ~ Hang Doﬁg_

Ban Non Hail - Chom Thong

Poi Pae Po Mak - Dol Tao

.38
38

63

40
30
18
18
33
18
18
18
68
68
38
35
13
40
78
50
63
48
63
60
30

15

-~ 38
- 68

- 73
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Table 6-1 List of Antenna Height for 4 Areas (3/3)

Radio Path

Antenna Height {(m)

~23 Sén Patong ~ Doi Inthanon
~24 Mae Chaem - Dol Inthanon
~25 Doi Tnthanon - Sa Moeng
{(Phun Phin area)
7711~1 Phun Phin (R) - Don Sak
-2 Don Sak - Ko Samui
-3 Don Sak - Ko Phangan
-4 Phun Phin (Tex) - Kanchanadit
-5 Phun Phin (Tex) -~ Tha Chang
~6 Chai Ya - Tha Chana
—7'”Pﬁun Phin (R) - Khiri Ratthanikhom
~8 Khiri Ratthanikhom ~ Ban Takhun
~9 Khiri Ratthanikhom - Phanom

-10 Ban Na San Khian Sa

1

-1l Ban Na San ~ Ban Na Doem

1

~-12 Ban Na San - Wiang Sa

~13 Ban Na san - Prasaeng

~14 Phun Phin (Tex) -~ Phun Phin (R}

40 - 33
58 - 58
58 - 33
10 - 33
33 - 33
53 - 33
47 - 43
36 - B
45 - 33
10 - 35
58 - 33
68 - 43
55 -~ 63
55 - 48
43 - 33
58 - 33
25 - 10
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(2)

(3)

for s?stém design.

Equipment Parameters

Equipment pérémétebs used 1& the system design are
ag follows :

Transmission capacity : 24 ch, 120 ch

Radio frequency : 900 MHz

Transmitting power 37 dBm

Frequency deviation 35 kHz r.m.s;/ch-(24 ch)
100 kHz r.m,s./ch (120 ch)
Bageband frequency : 12108 kHz (24 ch)

' 60~552 kHz (120 ch)
Noige figure P 7 4B
IF bandwidth i 1.5 MHz (24 cﬁ)

5 Mz (120 ch)

"Threshold level + -95 dBm (24 ch)

-390 dBm (120 ch)
Equipment thermal noise : 100 pWOp

Equipment interxmodulation
noise : 200 pWOp

e

MUX equipment noise 80 pWOp (S8G TR)

80 pWop (G TR)

300 pop (CH TR)

Noise Calculation

Median ﬁoise in the radio section including carrvier
multipleﬁIEquipment is calculated by the following
expression :

Np = Nté + Nte + Nim + Nif + Npm

‘N : Total noise (psophometrically weighted)
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Thermal noise

N
ta
N, = 10°
) (90 - 8/8, >
here a = a..
v | 10
Nte ¢ FEquipment thermal noise
“1m H Equipment intermodulation nolse
Nif : Interference noise
Npm : Carrier multiplex noise

Signal to thermal noise ratio, S/Nta, can be obtained by
the following expression :
S/Nta = Fm ind Ln | .

=P, = F+ 20 log (So/fp) + 14116 + Kopyy = Iy

P Figure of merit (dB)

m
?t 3+ Transmitting poﬁer {dBm)

¥ ¢ Noise figure (dB)

8, : [Frequency deviation (kHz r.m,s./ch)

fp : Highest baseband frequéncy {kHz)

emp: E@phasis improvemeét factor (= 4 dB)

L, Net loss between transmitter and receiver (dB)

(%) ‘Propagation Loss Calculation
From Figﬁre.énz the additional propagation loss to the free
space loss can be obtained.

(5) Threshold Margin
The objective thfeshold margin on each path is 33 dB or
more.

(6) Short Term Noise Calculation

Fading depth, Ap (99.9%), is obtained by the following
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2-2-3

'expreésion.to estimate short term noise, L (99.9%) :

Ay (99.9%) = 10 log L x £ (dB)

where
L : Path distance (km)
£ : Radio frequency {(GHz)

The result of nolse calculations by the foregoing conditions
appears in Table 6~2 and Volume 1I-14 "System Performance
Calculation”.

Radio Freéuency Assignment Plan

“Radio frequency assignment must be éccomplished 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-chammel intevference

2) Adjacent channel interference

3} Transmitter spurious interference

4Y Recelver spurious interference

5) Intermodulation interference

" 6) Transmitter to recelver 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 UHF band is
inferior to that in SHF band, it is inevitable to use different
radilo frequenéies between stations that do not have the
interference radiowave attenuated to a great extent by
intermediate obstacle. In this Project, iO or so different

radio frequencies per area are required for transmitting and
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Table 6-2

List of System Performance for 4 Areas (1/3)

Radio Path

S/Np (50%)

S/Np (99.9%)

{Ayutthaya area)

3516~1

-1Q

~11

Ayutthaya -~ Nakhon Luang
Nakhon Luang - Ban Phrack
Nakhon Luang - Maharat
Ayutthaya -~ U-Thal
Ayutthaya -~ Bang Ban

Bang Ban - Bangpa Han -
Bang Ban - Phak Hai
Ayutthaya -~ Sena

Sena -~ Bang Sai

Sena ~ Lat Bua Luang

Ayutthaya - Ban Si

{(Makhon Ratchasima area)

44211

~-11
~12

~-13

Nakhon Ratchasima - Non Sung
Non Sung - Phi Mai

Phi Mai - Chum Phuang

Chum Phuang -~ Prathai

Bua Yai - Khong

Nakhon Ratchasiwa ~ Non Thal
MNon Thai - Kham Sakae Saeng
Non Thai =~ Dan Khun That
Nakhon Ratchasima - Chakkarat
Chakkarat - Hual Thalaeng
Kham Thale So - Nakhon Ratchasiﬁa
$1 Kiu - Sung Noen

Pak Tong Chal - Chok Chail

" dB

59.4
60.1
59.8
59.3
59.4
59,7
59,6
59.2
59.2
59.5

59.0

59.1
59.7
59.3
60.1
59.2
59.6
60,7
60.3
59.7
60.5
59.4
59.5

60.3

4B

55.5

54.7

54,
55.
55.
55.
54.
52,
35.
52,

53.

31.
51.
52.
53,

52.

52

S,
51.
52.
53.
53.
54.

54.
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‘Table 6-2  List oE-SY$tem_?érformaan.fdr 4 Areas (2/3)

Radio Path

S/Np (50%)

S/Np (99.9%)

~14 Pak Tong Chat ~ Khon Buri
=15 Khon Buri -~ 8a Pratheep
-16 Sa Pratheep - Saeng Sang
{Chiangmai area)

5313-1 Chiangmai - Ban Pak Thang
-2 Ban Pak Thang -~ Doi Chiang Dac
-3 Doi Chiang Dao -~ Dol Pha Hong
~4 DNoi Pha Hong - Fang
~5 Fang - Mae Al
-6 Doi Chiang Dao - Chiang Dao
-7 Doi Chiang Dac ~ Doi Mu Sqe
-8 Dol Mu Soe —.Phrao
-9 Mae Rim -~ Chiangmai
~10 Mae Rim - Mae Taeng

~11 Chiangmai San Sai

i

=12 Chiangmai -~ Doi Saket

~13 Dol Saket -~ San Kam Phaeng

~14 Chiangmal - San Patoug

~15 San Patong - Ban Non Hail

-l6 Ban Non Hal - Hot

~17 Hot ~ Doi Pae Po Mak

~18 poi Pae Po Mék‘~ Khao Huai Bon
-19 Khao Huai Bon - Omkoi

-20 Saﬁ Patong - Hang Dong

~21 Ban Non Hai - Chom Thong

~22 Dol Pae Po Mak - Doi Tao

dB
59.4

60.3

60.4

60.4
61.2
61.0
60.4
60.4
59.6
61.3
60.1
59.2
60.4
59.5
59.5
60.4
62.4
59.9
60.1 -
61,2
61.5
60.2
59.2
60.2

60.4

dB
50,9

53.9

55.2

51.7
54,0
48.8
52.6
55.0
53.4
51.7
56.1
55.2
53.5
55.1
54,3
55.8
50.8
51,5
51.2
50.4
51.3
56.6
55,7
57.0

55.1
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Table 6-2 - List of System Performance for 4 Areas (3/3)

4y

Radio Path _ S/Np (50%) S/Np (99.9%)
| | - | | a | dB
" =23 San Patong - Dol Inthanon : 59.9 51.3

~24 Mae Chaem - Doi Inthanon 60.5 55.5
~25 Doi Inthanon -~ Sa Moeng ‘ _ 53.3 : 43,5

{Phun Phin area)

7711=-1 Phun Phin (R) -~ Don Sak 60.1 49,2
-2 Don Sak - Ko Samui o 59.8 504
-3 Don Sak - Ko 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 Chauna _ 99.2 53.1
-7 Phun Phin (R) - Khiri Ratthanikhom -~ 59.8 50.7
-8 Khiri Ratthanikhom - Ban Takhun 60.1 . 53.8
-9 Khirl Ratthanikhom - Phanom 60.5 54.0
~-10 Ban Na San - Khian Sa _ 59.4 53.4
-11 Ban Na San - Ban Na Doen . 59.7 56.2
~12 Ban Na San - Wiang Sa . 59,2 $2.9
-13 Ban Na San ~ Prasaeng 59.7% 53.0
~1l4 Phun Phin (Tex) -~ Phun Phin (R) 1.2 60.6
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receiving,'respectivély.

Study of TOT's RY channel arrangement plan (808.2 to 873,7

_'MHz_aqd 900.5 to 938.5 MHZ) has révééled_that the number of RF

channels that can be used in one area ls 8 or thereabouts, and

this number 1s not sufficient in this Project. Therefbre, the

TOT plan mentioned above has to be altered to such RF channel

arrangement as shown in Figure 6~3, This channel arrangement

uses 790 to 960 Milz frequency band.

When assigning these radio frequencies among radio links,

attention must be pald to the following points :

(1)

(2)

(3)

(4)

(5)

In principle, one'Primary Center area constitutes one éone.
Eithef frequency group, L or H, is assigned to each zone.
Different frequency groups are used between adjacent zones.
In.caée odd and even nuﬁbérs of RF channels afe commonly
used in one zone, minimum spacing between RF channels which
are used at one station must be 5 MHz.

Consideration must be made sa that intermodulation
interference will not take place between RF channels which
are used at one station,

It is essential to calculate luterference nolse volume of
each radio link and make sure that the noise volume is
below the allowable limit,

The radio frequency assignment plan applicable to Ayutthaya

area, for example, is presented in Figure 6-4,

2-3 Study of Power Plant

2-3-1 Power Plant Type

In order to know the capacity of essential load (communica~

tion equipment load) at each station to be constructed in this
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7 i 28 795.0 | | 2.5 Milaf
ng'g sy _p=GA 8000
w
y e 64 805.0
807.5 A =
al7.e 11h fmi0A 815,0 ]
822°5 Los 128 820,0
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‘ e 8B 852.5 855.0 o — o 1
oeo 0 11p f10B 857.S
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877.5 la e 42.5 MHz
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Note : A and B or a and b of channel number should be combined

and used for transmitting and recelving and vice versa.

Figure 6-3 Radio TFrequency Channel Arrangement in 900 MHz Band
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Figure 6-4 Frequency Assignment Plan for Ayutthaya Area
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Project, the essential load analysis has been made for 75
stations in the four sample aveas,

The result of analysis is as follows @

Type of Station ' Essential Load
TC/SC/PC (4) 1,000 ~ 3,600 W
Multiple terminal (21) - 500 - 1,100 W -
Single terminal (43) 400 - 900'W
Baseband repeater (7) _400 - 500 W

In this Project, power plant will be installed at 639
stations, Qut of them, 518 stations can have commercial power
supply available for 24 hours, Usuaily,'when commercial power
is available, the commercial power pius battery (BATT) floating
system is adopted. This system {s to float BATT with commercial
power thle it is being rectified and supplied to the load, In
this Project, the adoption of this system is advisable.

For power supply to 121 stations (70 terminal stations and 51
repeater statlons) where commercial power is unavailable for 24
hours, various systems can be considered. Power supply systems
to small capacity load now in common use are as fﬁllows :

1) Solar battery system,

2) Thermoelectric generator system.

3) Engine generator (EG) plus BATT floating system.

1) and 2) are suitable for power supply to load of up to
300 W, When the load'power exceeds 300 W, 1t is economical to
use 3) systeﬁ. Therefore, the adoption of EG plus BATT floating
system even in case the commercial power supply is unavailable is
preferable in this Project. When this system is adoptéd, it is

advisable to install two EG units so that they can operate
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2-3-2

alternétely at weékly'iﬁtervals, for instance.

Qut of 639 statlons where‘dc power source 1s to be installed
in this Project, 147 are the'existiﬁg radio stations, Fach of
these 147 stations 1s equipped with a standby engine generator
even 1if c0mmércia1 power is available., On the other hand, out
of 492 stations to be newly constriucted; 371 can expect
comiercial power supplﬁ, but this commercial power supply is
subject to fatlure due to supply system trouble, electyic work
and s0 forth., Fact-finding at several places diéclosed that 10
minutes to one hour power failure would occur from time to time.

This facﬁ notwithstanding, it is not advisable from the
viewpoint of Project cost economy to have all 371 stations
equipped with standby engine generators., Instead, it will be
preferable to havé trailer type engine generators, which éan be
drawn by ﬁaintenance vehicies, distributed among 35 Maintenance
Centers except the Bangkok Maintenance Center, An average of
one such trailer type engine generator should preferably be
assigned to each maintenance center.

The ac power requirement at each station to be newly constructed
in the four sample areas is calculéted to be 1.8 - 6.9 kVA,
Therefore, the capadity per unit of trailer type engine generators
to be assigned to the 35 Maintenance Centers can be safely
calculated to be 7.5 kVA, barring few exceptions.

Power Plant Capacity

Power plént capacity has been calculated by the following
conditions
(1) Holding time of storage battery should be four hours aﬁ the

attended station and eight hours at the unattended station,
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2-5

..,(2) StbragesﬁattefyIShoﬁié be of lead aéid‘tyﬁé..“

.(3) Battery should bé charged by the maximunm 12 hours cﬁarging

_ ‘rate”current.: _ . o

(4) Rectifier should be of half-redundant type and should have
capacity large enough to endure the charging current or the
load current, whichever thé larger.

(5) Since the éc load at each station in the four sample areas,
where commercial power is nnavailablé, is 4in the range of

4.2 -~ 6,9 kVA, eéach englne géneratér unit éhould have

capacity of 7.5 kVA,

Figure 6-5 and Figure 6-6 aré the charts by which to obtain
the required battery capacity and rectifier capacity to meet the
total dec load. Power plant capacitles of 57 stations in the four
sample areas, calculated by the foregoing conditions, are shown
‘in Table 6~3,

Typlcal Radlo System Configuration and Site Layout
Figure 6-7 pregents typical terrestrial radlo s?stem configura-

tion. TFigure 6-8 and Figure 6-9 carry typical site layout and

‘equipment floor layout, respectively, for the tefrestrial radio

system,
Cable Route Study

The Study Teém had nb time to carry out field survey to
determine optimuﬁ cable route, Therefore, map study based on TOT
data was'conducted to select the route where cable length required
could be.the minimum. In case where access road would have to be
newly constructed, on~-the-map route selection was made in considera-
tion of the difference of elevation and gradient (not exceeding 1/10)

between the existing road and the mountain~top terminal radio
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Taﬁle 6~3 List of Power Plant for 4 Areas (1/4) - |
_ Total.DC Battery Rectifiey AC Load(kVA) o
Station | Load (Wy|cap. (&h)|Cap. (Ax2)], S o

. - ! “Essentidlf Non-ess.| Total
(Ayutthaya area)
Ayutthaya 2563 1200 150 13,3 |Existing| 13.3
Bang Ban 1070 600 50 4.5 1.7. 6.2
Lat Bua Luang 510 290 30 2.7 2.4 *5.1
Maharat 780 400 40 3.5 1.7 5.3
Nakhon Luang 1070 600 50 4.5 1.7 6.2
Ban Phraek 830 500 50 4.5 1.7 _ 6.2
Bangpa Han 330 500 50 4.5 1.7 | 6.2
Bang Sai 780 400 40 3.6 1.7 5.3
Phak Hai 780 400 40 3.6 L.7 5.3
U-Thai 780 400 40 3.6 1.7 5.3
Ban 51 830 500 50 4.5 1.7 6.2
Sena 340 500 50 4.5 1.7 6,2
{(Nakhon Ratchasima area)
Nakhon Ratchasima 2167 1000 100 8,9 Existing _8.9
Khon Buri 560 290 30 2.7 1.7 4.4
Prathai 440 290 30 2.7 1.7 4.4
Non Thail 680 400 40 3.6 1.7 5.3
Khong 780 400 40 3.6 1.7 5.3
Chum Phuang 970 500 50 4.5 1.7 6.2
Pan Khun That 440 290 | 30 2.7 1.7 4.4
Kham Thale So 440 290 30 2.7 1.7 4.4
Kham Sakae Sagng 440 290 30 2.7 1.7 4.4
Huai Thalaeng 440 290 30 2.7 2.1 4.8.

Note

- generators (7.5 kVA x 2).
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' Table 6-3 List of:Power-PLant for 4 Arcas (2/4)

_ . ~{Total PC | Battery {Rectifien ‘ AC Load(kVA) N
| Statiop :Load (W) [ Cap. (AHJCQP'(AXZ)Essentiaﬂ'N6n4é832 Total

Saeng Sang 440 290 30 2.7 2.1 4.8
Sung MNoen 510 290 30 2.7 t.7 4.4
Chakkarat 560 290 30 2.7 2.1 4.8
Non Sung 1020 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 | Existing] 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 300 210 20 1.8 2.8 4.6
{Chlangmai area)

Chiangmatl 3564 1400 150 13.3 | Existing|l 13.3
Mae Ad 440 290 30 2.7 1.7 4.4
Omkod 440 290 30 2.7 2.5 | ¥s.s
Dol Tao 440 290 30 2.7 2.4 | Tsa
Fang 1000 500 50 4.5 1.7 6.2
San Sai 510 290 30 2.7 1.7 4.4
Doi Saket 920 500 50 4.5 1.7 6.2
Phrao 780 400 40 1.6 | 2.4 | “s.0
Mae Taeng 780 400 4D 3.6 2.1 5.7
Chiang Dao 780 400 40 3.6 1.7 5.3
Sa Moeng 510 290 30 2.7 2.6 | Fsa
Mae Rin 920 500 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).
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- List of Powef Plant for 4 Areas (3/4)

Table 6~3
Station Total DC. Battei;y Rectifier AC Load(k%).
Load (W) [Cap: (Ah)|Cap.(Ax2)fssentiall Non~ess. Total

Hang Dong 780 400 40 3.6 1.7 5.3
Mae Chaem 510 290 30 2.7 2.8 *s.5
San Kam 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 40 3.6 1.7 5.3
Dol Pha Hong 390 210 20 1.8 2.4 4.2
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 Bxsiting 1.8
Doi, Inthanon 710 400 40 3.6 2.8 | 6.4
Ban Non Hai 510 290 30 2.7 2.8 >';5.5
Dol Pae Po Mak 510 290 30 2.7 2.4 5.1
Khao Huai Bon 390 210 20 1.8 5.8 | “s.e
(Phun Phin area)

Phun Phin (Tex) 1030 500 50 4.5 (Existing 4.5
Khian Sa 440 290 30 2.7 2.1 4.8
Prasaeng 510 290 30 2.7 L.7 4od
Phanom | 440 290 30 2.7 1.7 b4
Tha Chang 780 400 40 3.6 1.7 5.3
Tha Chana 780 400 40 3.6 1.7 5.3
Don Sak 1070 600 50 4.5 1.7 6.2
Khirli Ratthanikhom 1070 600 50 4.5  |[Fxisting 4.5
Ban Na Doem 540 290 30 2.7 1.7 4.4
Ko Phangan 440 290 30 2,7 2.4 *S.l

Note

generators (7.5 kVA x 2).
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Table 6~3 'LiSt.df Power Plant for 4 Areas 4/4)

AC Load(kVA)

Station _ Tota%iDQ Bactery Rectifiern

- Load (W)|Cap. (AW|Cap.(Ax2)}Essential] Woun-ess| Total
Ban_Takhun 440 290 30 2.7 1.7 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 | Exiscing| 2.7
Chai Ya 600 290 30 2.7 Existing 2.7
Ban Na San 990 400 5¢ 4.5 Existing 4,5

Note :

generators (7.5 kVA x 2},
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Figure 6-8 1ypical Site lLayout for Terrestrial System

- 157 ~



[ cH 1r|s6r6 1/ 59| TR o
€
o
fyy)
BATT. ‘_‘ RECT.
’[4-_ e 345 @ =—‘
o (a) Equipment Shelter
e 1.2 m - e 2.3 ™ —
3
&
5 &
= ()]
] 17
| S————— —
s
l BATT.
: by ol
s o]
B
EG No.2 o
™
i
CONT

(b) Power Shelter

Figure 6-9 Typical Equipment Floor Layout Ffor Terrestrial System

~ 158 ~



station site,

Yolume YI-15 "Cable Layout Plan' describes the cable route in

each cable gectdon,

3. Domestic Satellite Systém
31 Master Earth Station Site Selection

At.present, in Bangkok, the existing terrvestrial microwave
systems (6 GHz lower Band) extending to northern, northeastern énd
southern parts of Thailand are concentrated. Therefore, in order to
avoild mutual radio interference between these existing systems and
the brojected domestic satellite syatem, the master earth station of
the latter has to be establishéd sufficiently distant from the
Bangkok Hetropolitan ares., ‘

ToT holdé a plan to constiuct a new microwave system that
extends from Bangkok to Rayong southeast of Bangkok.. From the
viewpoint of saving the domestic satellite system construction cost
and of avoiding radlo interference with the existing terrestrial
radio Syétem, it is desirable'té utilize part of the planned
Bangkok - Rayong microwave system as a terrestrial approach link
between Bangkok and the master earth station.

For this purpose, however, the planned microwave system should
ba of different fréqﬁency hand from that to be used in the domestic
gsatellite system. The fleld survey carried out this time placed
speclal emphasis on this point. For the selection of the master
earth station site, the field survey wag conducted for two locations
in the neighborhood of.thé land where the Ban Séphan Si radio

repeater station (the second radio repeater station from Bangkok)
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3-2

is séheduled to be constructed, Tﬁese two 1ocations.can be
connected_by coaxial cable to the abovementioned radilo repeater
station, The proposed site A (3aﬁ Saphan $1 shown in Figure 6-10)
commands greater advantage than the other in the undermentioned

respects, though there is no much difference between the two as

far as the radio interference to the existing microwave system is

concerned,

(1) 7To gain the access road, the existing road has énly £o be
repaired., This means small access foad construction cost,

(2) Coaxial cable length required to comnect the radio repeater
station and the master eatéh station is éhbrt.

(3) Drainage in the rainy season is good.

However, no information could be obtained with respect to the
glte 1ocation; radio Erequency, trénsmitter output andrso forth of
the radio system operated by other administration than TOT, If the
domestic satellite system i3 to be adopted in this Project, such
information is essential for the radio interference study.

It is desirable to make the field survey for other site or
sites than the aforementioned two for the purpose of determining
the technically and economically optimum site for the master earth
statlon,

Rural Rarth Station Site Selection

Field survey resull shows that the most part of rural‘station
sites selected by TOT on the assumpﬁion that the terrestrial radio
system be introduced for the projected Rural Long Distance Public
Telephone Service.are located in plain town areas without obstacles
to radio propagation. Therefore, aven 1f the rural earth stations

are established at those sites, it seems that no problem relating
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Figure 6-10 Terrestrial Approach Link for Bangkok Master Earth Station
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to.ré&io propagﬁtion3to and from_thé gatellite will arise,
However, with regard to the possible radio intexrference from
the rural earth stations to the existing microwave system that
uges the gsame radio frequency band as the riral, earth stacilons, there-
18 need for a thorough study aimed at the selection of proper sites
for rurél earth atations, _(Refaf to Section 3-4 of this Part VI.)
As in the case of the site selection for the master earxth
gtation, information concerning-the communication syétem of other
administration than TOT must be obtained when introducing the
domestic satellite system and, bagsed on such information, a
complete study om ipter—eystem rédio interference nust . be made.
'3-3 Design Criteria Establishment and System Performance Estimation
3-3-1 Circuit Performance Requirvements

For the designing of domestic satellite system, hypothetical
reference circuit and system performance requirements must be
specified. ﬂowaver, there 18 no CCIR recommendation applicable
to the domestic satellite link,

System establishment and maintenance costs for the
satellite communication service depend critically upon overall
signal to ﬁoise performance requirements. Therefore, the
performance requirements for telephone circuits recommended by
CCIR are referred t6 as the sole system performance standards
for the domestic satellite system.

(1) Hypothetical Reference Circuit for Telephony

CCIR recommends the hypothetical reference circuit for

use in the intercontinental telephony transmission via

communication satellite, which is as follows :

1) The hypothetical reference circuit for the satellite
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(2)

(3)

" gystem consists of one eérth—éatéllitewearth radio

link as shown in Figure 6~11.

2y The Ciréuit includeé one pair of modulator and
demodulator. The modulator translates the baseband to
the radio frequency carrier. The demodulator
tranglates the radio frequency cérrier to the baseband,
However, the clreult does nbt include frequency
division multiplexfequipﬁéht,

Noilse Objectives for Frequency Division Multiplex Telephony

CCIR recommends that in the hypothetical reference circuit

for the satellite link the allowable nolse power at the

zero relative level point on a telephone channel should

not ekceed : |

1) 10,000 pW psophometrically welghted mean power in any
hour;

2) 10,000 pw psophometircally welghted one~minute mean
power for wmore than 20% of ény months

3) 50,000 pW psophometricaily welghted one-minute meén
power for more than 0,3% of any month; and

4y 1,000,000 ¥ unweighted {with an integrating time of 3
ms) for more than 0.3% bf any month,

The overall noise in a hypothetical reference cilrcuit

includes thermal noise prbduced in the up~link and down-

link, noise éaused by the transmitter/receiver at the

earth station and by the satellite trausponder, and

interférence noise from a terrestrial microwave link.

Noise Budget Allowable to Domestic Satellite System

The noige power of 10,000 pW allowable to the domestic
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satellite telephony circult 1s to be assigned to the
satellite link and equipment listed in Table 6-4,
3-3-2 System Pefformance'Estimate _
{1) Hoises Produced 1n Satellite Link
Signal to total weighted noise performance Oﬂ ﬁhe satellite
1ink 1s given by o )

r
(8/W), = (C/T), ~ 10 log k + 10 log —5— 7

+E 4+ H (AB)svvvvnnnn.(6.1)

where

'(S/N)t : Signal to total weighted hoiée ratio (51.3 dB)

(C/T)t : Carrier to total noilse temperaturé (dBWIOK)

K : Boltzmann's comstant (1.38 x 10"23 JIOK)

fr i Test tbne r.m.8. frequency deviation (4,310 Hz
T.S. )

fm : The highest fréquency of telephone channel
(3,400 Hz)

fa : The.lowest fxequency of telephone channel (300 Hz) .

E ¢ Fmphasis improvement factor (3.8 d8)

W : Psophometric weighting factor (2.5 dB)

By the application of actual parameters the above eguation
can 53 reduced to
(S!N)t = (Cit)t + 208.4 (dB).iiavaneaa{6.2)
Required (S/N)t for the satellite link is 51.3 dB.
Accordingly, carrier to total noise temperature at operating
point (where total noise temperature correspounds to 7,300
pHOP) ‘s (C/T), = (S/N), ~ 8 - 208.heevininn.(6.3)

= 51.3 - 17 - 208.4

= ~174.1 (aB/°K)
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Table 6~4 Nolse Budget Allowable to Domestic
“Satellite System.

Noise Power

.It en . (Pwop)

Satellite link

Up~Iink thermal noise
7,500

Intermodulation noise in satelliite .
' : (~51.3 4BmOp)

Down-link thermal nofge

Equipment noise in transmitting and 1,500
recelving earth stations (-58.2 dBmOp)
Interfevrence nolse frem other system - 1,000

(-60,0 dBmOp)

Total nolse | 10,000
(~-50.0 dBmOp)
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where

S : Gain of syllabic compander {(dB)

There are three kinds of noises which must be considered

in the satellite link in order to satisfy the assigned

nolse power of 7,500 pWOp. The three kinds of noises ave :

1y Up~link Thermal Noise

The up~link thermal noise is given‘by substituting the

up~link C/T as defined in Equation (6.4) with that in

Bquation (6.2), The up-iink C/T 1is given by

{CJT)U - (EIRP)E - Ly + (G G TS DU ( W3

= WS - BOi - ((EIRP)S sa

where

(EIRP)E

@,

BO,

(EiRP)S s

(EIRP)Sat
BOO

(For BOi

)

- BOO - (EIRP)Sat

t

410
-10 log X? + (G/’T)s

2y

-

a

*
LS

t

4
.

Barth station EiRP {dBW)
Up~1link transmission loss including
satellite and earth station pointing errors,
and atmospheric absorption {(dB)
Figure of merit of satellite transpouder
(B/°%)
Input flux density of a single carrier for
saturation of satellite transponder (dBw/mz)
Input back-off of sétellite transponder (dB)
¢ RIRP at saturation of satellite
transponder {(dBW)
Satellite EIRf per carrier (dBW)

Output back~off of satellite transponder (dB)

and BO_, refer to Figure 6-12.)
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2y

‘Satellite ‘Intermodulation Noise

In the multiple~access operation by SCPC~-FM carriers,

a number of carriers are aimultaneously amplified by

a comuon amplifier in the satellite transponder, In

this case, the amplifier must be operated near its
saturated output power for the'purposé of efficient

uge of satellite EIRP, As a consequence, intermodula-

tion noise due to multi-carrier operatibn i3 produced .

in the satellite transponder. This intermodulation
noise is caused by amplitude non-linearity and by AM/PM
conversién.- In the SCPC-FM system, the carrvier start-
stop system, whereby a carrier is transmitted oaly
during volice activities, is adopted 80 as to use the
available satellite power éfficientiy. The volce
activity factor is approximately 40% 4in the case of
1,000 carriers. This means that 400 carrviers are
accessed and amplified simultaneously in the transponder.
Therefore, the necessary total EBIRP of all earth stations
can be given by

- - - 4
(BIRP), = W_ = B0, + Ly - 10 log =5 (dBW).......(6.5)

i ¢

where A

ws ¢t Input flux density which gives saturated output
power of satellite tramnsponder

BOi t Level difference between ws and operational
point. Amplifier of satellite transponder is
operated below its saturation output power so
as to.keep intermodulation noise low,

LU : Up-link transmission loss
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Input back-off 1s the ratio of the single carrief
input power which ylelds the saturated output power
to the total input power of the multi-carriers at
their operating point; Output back-off 1s the ratio
of the saturated output power by the single carrvier
input to that by multi-carriers imput,

_(CfT)IM is giﬁen by

(C/T) gy = (BIRD) 0 = N+ K (@BW/CK) v vnns s (6.6)

where

N, Intermodulation noise power density (dBW/Hz)

(Réferrto Figure 6-13.,)

3} Down»link Thermal. Neise

The down~link thermal noise consists of the thermal

Aoise of antenna, feeder and receiver of a receiving

earth station. It is given by

(C/T)D = (EIRP)Sat - LD + (GJT)D........(b.'?)

where

(BIRP) . ¢ Satellite EIRP per carrier (dBW)

LD :l Down-link transmission loss including
satellite and earth station pointing
errors (dB)

.(G/T)D : Figure.of merit of receiving earth station
(d8/°K)

(2) Total Carrier to Noise Trmperature Ratio in Satellite
Link (C/T)t

(C/'l‘)t is expressed by
1
(T/C)U + (T/C)I + (T/C)D

(C/T)t = log beeieasl (6.8)
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(3)

(4)

(3)

oo ‘ I | PR |
_where;(T/C)U ,?(T/C)I-and{(T[C)D=are invetse numbers of

vélues which are expressed in antilogarithm of (C/T)U s
(C/T) and (C/T)D N respectively,
Overall Signal to Noise Ratio in Satellite System

Estimated_overall nolse can be obtained by the following

equation _ _

NT“ Nt*NE-PNI'.'....._.(G'?)

where

Nt ¢ Noise produéed in up—link, transponder and dpwu~1ink

N ¢ Hquipment noise produced at the earth station
N, ¢ Intprference noise frpm other system{s)
Threshold Margin '
Threshold margin is a2 tolerance of received carrier level
to the threshold Level.
In the satellite system, carrier to noise ratio varies
according to the meteorologicai conditioh, esbecially the
rainfall. Therefore, iﬁ is necegsary to have appropriate
threshold margin.
Threshold level of threshold extended demodulator is
expressed by |
(6/T)py = 5 log £ .. = 181.3 (dBW/°K).........(6.10)
where
frmB t r.m.s. frequency deviation of telephone signal

- (kHz)
Accordingly, the threshold margin M (dB) is defined by
M = (C/T)t - (C/T)TH (dBY.virvseaa (6.11)
Rain Margin

The rain margin MR is expressed by the following equation :
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| N oy AL
M = 10 log (/O - ¢ /Q)? o Cernrenn(6,12)
(T/c),

where each (T/C), ig an invefse number of the value which
is-éXprésééd in antilogarithm of (C/T).
3~3-3 System Design Examples |

The telephony transmission performance estimates in the
directibn from Bangkok master earth station to rural earth
8tatioﬁ and in the opposite direction are shotm below,
.Eétimates éré madé fpfltfanémissicn performance expected.when
the s§stem parameters sﬁown in Table 6-5 are used.
(1)‘_Carrier to noise temperatufe ratio in each circﬁit'(master

earth station to rural earth station circuit)

1) Up-link thermal noise

(C/T)U = (EIRP)EM - LU + (G/T)S

= WS - BOi - (EIRP)s sa

e BOO - (EIRP)S.— 10

log ﬁ%-ﬁ- (G/T)S
= 80 - $.8 -~ (30 ~ 5.0 - 0.8) - 37 + (~6.5)
= -156.5 (dBW/°K)
{where (EIRP)EM 15 EIRP of master earth station.)
2) Batellite intermodulation noise
(C/T)IM = (EIRP)Sat - NO + K
= 0,8 ~ {-65.5) ~ 228.6
= ~162.3 (dBW/°K)
)] Down-link thermal noise

(ch)D = (RIR®) . - Lo+ (6/T)p,

= 0.8 - 196.4 + (21.9)

= -173.7 (aBW/°K)
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Table 6-5 System Desigh Parameters

§atellite

Earth

Maximum EIRP
Saturation flux density

Input-output characteristics of
transponder '

Intermodulation noise power ,
density produced in a transponder
of PALAPA Satellite

G/ T
Input back-off
Transponder bandwidth

Statlon

Master Station

EIRP (dBW)
Antenna diameter {(mg)
G/T (dB) ”

INA noise temperature(OK)

Satellite Communlcation System

System

Number of carriers
Volce activity factor

r.m.$. test tone frea, deviation

~ 174 -

a
+

30 dBW
80 dBW/m>

Refer to Figure 6-12,

Refer Lo Tigure 6-13.

: =6.5 dB/7K (Refer to Fgiure 5-6.)

.

: 8.8 dB (Output back off : 5.0 dB)
36 MHz!Transponder
30 MHz)

{Available bandwidth :

Rural Station

50 45
11 4.5
1.7 21,9
35 90

: SCPC~FM with carrier start-stop

system

1,000 (Carrier separation : 30 kilz)
40% '

3.41 Xllz r.m.s.



(where (G/T)ER is G/T of rural earth station.)

4) Carrier to total nolse temperature ratio
L

(C/T)t = log T -5 7
(T/C).U + (J:/c)I + (cfr)D
= -174.1 (dBH/CK)
(S/N), = 208.4 = 174.1 + 17 = 51.3 dB (7,415 pWOp)

The result of system performance calculations in the
direction from rural earth station to master earth
statioh, madé.by_the same method as aforementioned,
appears in Table 6~6..
Figure 6-14 presents the relationship between (C/T) of
each cbmpbnent and total cilrcuit {C/T}t in the event
the sa;ellite_trnasponder input back-off is varied.
By decfeasing the dinput back-off, i.e., by dncreasing
the transmission power, thermal noise can be reduced.
However, intermodulation noise inecreases and total
circuit (C/T)t varies according to the input back-off.
1t is important to obtain the input back-off point
where (C/T)t becomes maximal and thereby determine the
transmission output of the earth statiomn.
3-4 Study of Radio Interference from Earth Stations
3-4~1 Basic Philosophy
(1) Interference Paths

Radlo frequencies to be used at each earth station are.6

GHz for ﬁp—link (earth station to satellite) and 4 GHz for

down-link (satellite to earth station),

Conceivable interference paths are the following four :
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The radio interference study carried out this time
pertains to Path 4 in the above 1llustration. Radiec
interference on this path is apt to affect public

communications. Three other interference paths are not

‘taken up for study here.

Standard Paramaters

Parameters of equipment to be installed at each earth
station and of equipment already installed at each existing
terrestrial radio station are not neceésarily uniform.
Sometimes they differ from station to station. Therefore,
to ease comparison of the degrees of interference suffered
and to obtain a macro-perspective of system performance,
the standavd equipment paraméters are specially used,
Paths to be Studied

Relationships between the earth stations apt to exert
harmful radio interference and the existing terrestrial
radio stations to suffer such radlo diunterference wvary,
depending upon the curvature of the earth and the path
condition. It follows that not all path combinations
between tﬁe 423 earth stations and the existing 70
terrestrial stations pose problems.

Therefore, preliminary study is made with regard to the

digtance between esach earth statiou and each existing
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terfestfial radio étation, as ﬁgil ag the 1ine~of-gight
condition. Paths within the predetermined distance
between the saild two categoriles of stations and paths in
the line-of-sight condifion are selected, and detailed
analysis 1s made for interference parameters that exist
on gsuch paths.

(4) DU Ratio
The degree of interference is evaluated by the level ratio
(dB difference) at the recelving antenné between the
desired wave (D) which the existing terrestrial radio
station receives from its neighbor stations (1 to &
stationa) and the 1nterference wave, 1.e.,, the undesired
wave (U), which the existing terrestrial radio station
receives from the eartﬁ station, The said level ratic is
expressed by "D/U (DU fatiﬁ)". |

(5) Allowable DU Ratfo
Allowable D/U is to be determined, based on the types of
communication systems involved and, this time, especially
on the internatioﬁal and’hational standards of the
satellite system and exlsting terrestrial microwave system.
The allowable D/U standard for this Project is 79 4B,
This value holds true only when the interference propagation
path is in free space condition., Actually, the propagation
path 1s bothered by trees and, moreover, the shielding
effect of approximately 10 dB can be expected, Therefore,
D/U of 79 dB corresponds ko D/U of 89 dB.

3-4~2 Preconditions of Study

The preconditions of iInterference study are as follows :
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1)

(2)

(3)

(&)

Scope of Study

1)  To study geographic conditions between the 423 earth
stations and the existiug 70 terrestrial stations for
all stationwto~station combinations (423 x 70 = 29, 610).

2) To select as target stations of radlo interference
atudy the existing terrestrial radio stations that
belong tﬁ'either of the following categories in the
relationships to each earth station 1
a) Being 1ocated in a circle with a radius of 100 km

from any earth station.
b) Being located on the line~of-sight (K = 4/3 :
.standard refraction) from ény earth station.

For details, refer to Figures 6;15 and 6-16.

Radio Frequency

4 GHz...Center frequency : 4,003.5 MHz

6 GHi...Center frequency : 6,1?5.0.MH3

Earﬁh Station Parameters

Radiatdlon power.ivvivisessssrsrsasas-30 dBm

Antenna height above ground..........4.5 m

Antenna gain.cvievearsriarerrrrress 46,5 dB (4.5 wé)

Antenna directivity...sevseeevsessoq.Refer to Figure 6-17

Terrestrial Station Parameters

Radiation power.isieeevsevacsnssasses 40 dBm

Antenna helght above ground..........Possible maximum at

each station site is

adopted.
ANLEnna Zaife e, vveeerrnrervrreorareea42.3 dB (3.0 mf)
Antenna directivity.....v.eveevras.s Refer to Flgure 6-17
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(5) Radio Propagation Path

All. free space.

3-4~3 Result of Study

3-5

The résult of calculations fér a total of 127,746 station-
to-station path combinations, using an extra-large capacity
computer, discloses that 41 station sites shown in Table 6-7
do not satisfy the requirements described in Section 3~4~1 and
hence the earth station comstruction at those 41 sites 1s
impracticable.
Typical Earth Station Configuration and Site Layout

Typical master earth station configuration and typical rural
earth gtatlon configuration are given in Figures 6-18 and 6-19.
Typical site layout and equipment floor layout for the said two
categories of.stations appéar in ¥igures 6-~20 to 6-23.
Cable Route Study’

Cable route study was made, using the same methodology as that
uged in the terrestrial system study. The cable layout plan is

described in Volume LI-15 "Cable Layout Plan'.
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Table &7 Rural Earth Stations to Cause Interference

Area Code Station Name Area_Code §§§tion Name
32 01 02 Ban Laﬁ 54 22 05 Mae Mo
32 15 02 Bang Saphan 54 32 01 Long
35 16 09 - U-Thai : 55 08 02 51 Nakhon
36 13 01 ﬁuang Lek _ 55 22 02 = Bang Krathum
36 13 02  Sao Hai 5592 04  Phom Phiram
3 13 06  Nong Don 55 27 02 Tron
37 05 01 Na Di ' _ 73 13 03 Nong Chik
38 01 01 Bang Nam Prieo 73 13 06 Yaring
38 01 02 Ban Pho | 75 01 04 Tra Mot
38 08 01 Pluak Daeng .. 74 01 07 Khao Chaison
38 15 02  Phan Thong 74 05 01 Rattaphum
42 01 06 . Non Sa-at 74 05 02 Thepha
44 01 10 Phen 74 05 05 Chana
44 12 03  Kra Sung 75 05 08 Cha-Uat
4 12 04 Xha Muang 77 01 02 Tha Sae
44 21 11 Sung Noen 77 01 03 Phato
44 21 12 Chakkarat 77 07 01 Kra Buri
45 2208 Kantharavom 77 11 05 Tha Chana
45 22 09  Uthumphon Phisai 77 11 07  Khiri Ratthanilkhom

45 30 Q9 Samrong Thap 77 11 08 Ban Na Doem

54 22 02 Ngao
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PARY VII  System Maintenance

2.

Generél

This Part VLI describes the malntenance organization and practices
for the existing terrestrial microwave system and, based on them, the
maintenance philosopliy used in this study. |

This projected system, no matter whether it will be implemenfed by
the terrestrial radio systém or the domestic satelllte system, requires
a large number of station sites. For this reason, it is so planned that
the unattended operation system be adopted to the possible maximum for .
the radio stations including ﬁhe earth stations; not to gpeak of through
repeater stations, so that the effective system maintenance with a
minimum manpower rgquirement will be péssible.

Since TOT holds approximately 15 years experience in the mainte-~
nance of its existing trunk microwave system, the existing maintenance
qrganizatioﬁ will be utdilized as much as possible so that only the
necessary persomnel recruitment will be sufficient for maintenance

saervice for the projected system.

Maintenance Organization and Practices
2-1 Existing Malntenance Organilzatlon and Practices
TOT's existing maintenance organization for the trunk microwave
system consists of eight maintenance districts covering the whole
country as shown in Figure 7-1, Each malntenance district helds
Maintenance Centers. The total number of Maintenance Centers for
the whble country 1is 30 (which will increése to 35 when the spur

link project now in progress is completed in 1979).
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Maintenance practices which include the supervision of system
operation, keeping of measuring equipment and spare panels in good
order, trouble-sheootding, and periodic tests, are undertaken by the
malntenance staff on permanent duty at the Méintenance Centers,

Remote supervisory items for each Maiutenance Center are as
follows :

1} Radio equipment failure

2) Multiplex major failure

3) Mulﬁiplex minor fallure

4) Power supply fallure to repeater
5) TFuse alarm

6} Cable alarm

7) Charger high-low alarm

8) ac power failure

9) Ehgiﬁe generator failure

10) Door open

11} Aidrcraft warning ligﬁt failure

At each Maintenance Center, an average of 10 maintenance
personnel are on duty on around-the-clock basis in three shifts,
After the completion of the spur link project now in progress, the
asglgnment of five additional persons on thé average at each Main-
tenance Center is scheduled. Each unattended repeater étation is
located within the radius of approximately 50 km from the Maintenance
Center, The maintenance team from the Maintenance Center can reach
an unattended repeater station in distress within two hours on the
average.

Trouble-shooting beyond the ability of the Maintenance Center,

such as replacement of parts in a panel, 1s carried out at the
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Repair Center located in the National Toll Center in Bangkok.
Equipment unit repaired at the Repair Center is sent back in 48
hours to the Maintenance Center from which it came. The average
number of repalrs per month at the Repair Center is 100 panels.

At the Repalr Center, spare parts of 10,000 kinds are kept in
store at all times. Inventory management for such spare parts plus
the repair of panels in trouble and annual periodic system test are
carried out by 35 staff personnel.

The annual spare partas purchase budget of the Repair Center
amounts to approximately 15 million Baht. Spare parts to be pur-
chased comprise radio equipment parfs, multiplex equipment parts
including PCM equipment parts, and power plant parts, Out of the
spare parts purchase budget referred to above, 2 million Baht 1is set
aside for procuremenﬁ of parts to be used for equipment installed in
the Metropolitan Area of Bangkok, the capital city. |

2-2 Maintenance Philosophy for Rural Long Distance Public Telephone
Service
2-2-1 Terrestrial Radio Systgm
The maintenance organization Is, basically, to make a full
use of 35 Maintenance Centers scattered throughout the country,
provided that the necessary additional maintenance personnel
will be recruited. The number of statlons to be supervised

(unattended repeater stations) envisaged in this Project is 17

per Maintenance Center and the average access time raquired for
a2 maintenance team 1is two hours,

Therefore, assuming that the periodic inspection of repeater
stations Ls carried out once every three months, the recruitment

of some maintenance staffs per Maintenance Center will be
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sufficlent, Difficult repalrs and overhauls of equipnment

units, which cannot be performed at the Maintenance Center,

are to be undertaken by the Repalr Center in Bangkok as in

the case of similar repalrs and overhauls of equipment units

used in the existing microwave system.

The waintenance philosophy adopted in this study features

the following :

(1)

(2)

(3)

(4)

(5)

(6)

Malntenance practices, including system supervision,
procurement of measuring equipment and spare units/parts,
trouble-shooting, and periodic testa, will be undertaken
at 35 Maiatenance Ceuters,

One Maintenance Center will supervise an average of 17
gupervised stations (unattended repeater stations) located
in 2-3 Administrative Provinces. Maximum access time
required for a maintenance team will be six hours.

Engineering service channels for maintenance use will

consist of omnibus order wire and remote supervisory cir-

cuit, and for each of them one telephone channel will be
agsigned. To provide the engineering service channel,
carrier multiplex equipment will be additionally installed
in part of the existing microwave system.

One maintenance vehicle for periodic test/inspection will
be assigned at each Maintenance Center.

Two fespective sets of measuring equipment, spare units/
parts, instruction handbooks and so forth will be distri-
buted to each Maintenance Center, and one respective set
of the same to the Repair Center in Bangkok,

One traller type engine generator of 7.5 kVA capacity to
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2=-2-2

(7)

be ﬁééd.dﬁring'ﬁowér faiiure at a‘sﬁpervised station will
be assigned at each Maintenance Center,

Tbbugh'not included in this'study, it is preferable to
install centralized super#isory eduipment at each Main~
tenance Center for the purpose of autoﬁatic recording of

troubles at supervised stations under its control.

Domestilc Satellite System

The maintenance philosophy for the domestic satellité_

system is esstially the same as that for the terrestrial radio

system, Engineering service channel is plamned as follows :

(1)

(2)

(3)

One dialling order wire channel will be established

between each rural earth station and master earth 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.
Supervigory signal transmigsion route will consist'of

RS ~wSatellite-—e MS-mexisting microwave system-—aMC,
where RS stands for_rural earth station, MS for_master
earth statibn, and Hc for Méiﬁtenancé Center,

One telephone channel of the existing mlcrowave system will
be assigned to each Maintenance Center for transmission of
supervising-signals. This telephone channel will be used
for order wire circuit also.

Master.earth étation will make centrélized supervision of
all rural earth stations. Troubles at rural earth stations

will be automatically recorded.
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Economic Comparisen by Systems
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PART VIII 'Construction Cost Estimates and Economic Comparison by Systems

General

This.Part VIIl deals with construction cost estimates for Rural
Long Distance Fublie Telephone Service by terrestrial radio system and
by domestie éatellite'system, and presents economic comparison between
the two systems.

Construction cost estimates are mainly based on overseas interna-
tional tender pricés. However, for rural communication service by the
domestic satellite system, the examples to depend upon for construction
cost estimate are‘few iaternationally so that the assistance from a
Canadian telecommunications consulting firm having substantial ex—
perience in the utilization of the domestic satellite system was soli-
cited for part of cost estimate work.

The methodology used in construction cost estimates was firstly to
calculate in detall the construction cost for 75 stations included in
the four objective areas of detailed study, 1.e., northern, central,
northeastern and southern areas of Thailand, according to the types of
étations. Then, the average cost per station or per radio hop was
calculated and by this average cost, in principle, the total construc-
tion cost for all stations involved in this Project was calculated,

Economic comparison between terrestrial radig system and domestic
satellite system was made in terms of present worth of annual cost.
Por the satellite transponder lease rate and reléted lease conditions,
data obtained directly from the Directorate General of Posts and

Telecommunications of Indonesia was used.
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2. Construction Cost Kstimates

2-1 Project Size

Parameters that indicate the Project size, which are essential

for the construction cost estimates, are shown below.

Those para-

meters include the number of required transmission systems, total

number of stations, and total access road length.

2-1-1 Terrestrial Radio System

(1) Terrestrial Radio Link

)

2)

3)

4)

3)

Radio System

New radic station
Existing radio station
Radio hop

Radio system

Total distance of radio

hops in km approx.,

Supervisory System
Supervised station
Supgrvising station
Carrier Multiplex System
Total telephone channels
Tower

New tower (guyed tower)

Existing tower to be replaced 19

Power Plant
d¢ power plant

Dual engine generator

1984 1989 1994
491 491 491
137 137 137
529 529 529
531 531 543

12,000 12,000 12,000
604 604 604

35 35 35
2,513 3,763 8,218
491, 491 491

19 19

639 639 639
121 121 121
35 35

Trailer type engine generator 35
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6)

7)

1984
Bullding
Shelter for radic equipment 491
Access Road
Repeater station that
requires access road 46

Total length of access

roads in km 111.5

2-1~2 Domestic Satellite System

(1) Sateliite Link . 1984
1) Master Earth Station 1
Total telephone channels 349
Power plant ' 1

2} Approach Link

3)

4)

Total telephone channelsg 384
{(including engineering

service channels)

Length of coaxial cable in km 2.5

Rufal Earth Station 340
Total telephone channels 1,144
de power plant 340
Dual engine generator ' 65
Building ‘

Building for master earth
station 2
Shelter for rural earth

statdion : 340

-~ 202 -

1989

491

46

111.5

1989

474

509

2.5
340
1,413
340

65

340

49],

46

111.5

1994

242

277

2.5
146
749
146

49

146



(2) Terrestrial Radlo Link 1984 1989

L

2)

3)

4)

5)

6)

7)

Radio System

New raddioc station 113 113
Existing raddio station 77 77
Radio hop 134 134
Radio system 134 - 134

Total distance of radio

hops 1in km approx.. 3?000 3,000
Supervisory System

Supervised station 169 169
Supervising station 33 33

Carrier Multiplex System

Total telephone channels 1,369 1,369
Tower

New tower (guyed tower) 113 113
Existing tower to be replaced 11 i1

Power Plant

de power plant 178 178
Dual engine generator 12 12 .
Trailer type engine generator 35 35
Bulldiag

Shelter for radio equipment 113 113

Access Road

Repeater station that requires

access road 8 8
Total length of access roads

in km 26.6 26.6
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1994
303
114
329
337

7,000

391

35

2,350

303

16
351
66

35

303

33

93.6



2-2 Construction Cost Estimate Conditions

Construction cost estimates are subject to the following

conditions :

1)

2)

3)

4)

5)
6}

7

8)

9

Construction work will be carried out by the Contractor on
full turn-key basis.

For sﬁation buildings except that of master earth station,
equipment sheltefs wlll be used, This applies to both the
terrestrial radio system and the domestic satellite system,
For power plant, both TOT informaﬁion and field survey
result concerning commercial power availability are taken
into congideration. One trailer type engine generator

for emergency use will be assigned to each of 35 Maintenance
Centgrs.

In éase the UHF system 1s additionélly established on the
existing microwave system, the station buildings, towers
and ac power source of the existing system will be utilized.
Construction cost for extension of the existing microwave
system is not included In the cost of this Project,

Cable length in the céble 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 and telephone set costs
are not.included in the cost of this Project.

Access rqad length required for each radlo repeater sta-
tion is based on data supplied by TOT.

At the rgral stations where switching equipment will be
introduced, 2W/4W terminating set will not be installed on

the radio equipment side. It will be installed on the
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3‘

switching equipment ‘éid.é.

10) For civil work cost, such as building and road construc~
tion cogt, gimilar cpét on TOT record 1s used.

11) Costs pertaining to access road construction, inland
traﬁéportation, part of.installatioh, and on-the-job

training are defrayed from the local currency budget,

2-3 Cost Egtimates
" Project cost estimates by terrestrial radio system and by

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

Economic Comparison b& Systems
Economic comparison betwéen terrestrial radio éystem and domestic

satellite system is carried out in terms of_present worth of annual

cost. Conditions by which the ecoﬁomic comparison is made are as
follows

(1) The period of comparison is 15 years.

(2) With respect to the maintenance cost for communication equipment,
there is no much difference between the two;systems, so that this
item is withdrawn from the list of comparison. 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 much difference between the two systems. Only the
satellite transponder lease rate is taken up for consideration.

(4) Service life of communication equipment is based on ITU data.

(5) Both systems need additional financial investment for thelr res-
pective system extensions five years and 10 years after the

service—in.
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. Total Project Cost

Table 8-1  Project Cost of Terrestrial Radio System (1/3)
R 1984
Local
Foreign Currency Portion Currency
. : ' Portion
tem Thousand Equivalent liundred
Japanese Yen| US Dollars Thai Baht
1, Terrestrial Radio System _
A. Radio, Multiplex & Power 13,298,253 | 73,879,183 -
B. Tower 1,555,791 3,643,283 -
C. Installation Materials 468,337.| 2,601,872 -
D. Maintenance Facilities 766,119 | 4,256,217 -
E. Sub-total (FOR) 16,088,500 89,380,555 -
~ditto~ (CIF) 16,651,598 92,508,878 -
G. Tower Erection 361,702 1,676,122 703,971
H. Installation & Testing 723,983 6,022,128 | 1,689,294
I, Training 2,600 14,444 665
J, Access Read - - 2,230,000
K. Sub-total 17,679,383 98,221,572 4,623,930
. Cable System
A, Cable & Other Macerials (FOB) 150,387 835,433 -
B, ~ditto- (CIF) 155,650 864,722 -
¢. Installacion & Testing 39,355 218,639 91,828
D. Sub-total 195,005 1,083,361 91,828
. Bagic Cost 17,874,838 99,304,933 | 4,715,758
. Contingency
A, Physical 536,247 2,979,150 141,473
B, Price - 1,787,489 9,930,494 707,364
C. Sub-total 2,323,736 | 12,909,644 848,837
20,198,624 112,214,577 5,564,599

Exchange Rate
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Project Cost of Terrestrial Radio System (2/3)

Table 8-1
1989
) Local
_ Forelign Currency Portion Currency
Ttem _ Portion
Thousand Equivalent Hundred
_Japanese Yen} US Dollars Thai Baht
1. Tertestrial Radio System
A. Radio, Multiplex & Power 177,349 985,272 -
B, Tower - - -
C., Installation Materials 6,207 34,483 -
D. Maintenance Facilities - -
E, Sub-total (FOB) 183,556 1,019,755 -
F, =ditto- (CIF) 189,980 1,055,444 -
G. Tower Erection - - -
H. Installation & Testing 8,260 45,889 19,273
L. Training - - -
J. Access Roéd - - _ -
K. Sub-total 198,240 1,101,333 19,273
2. Cable Systen
A. Cable & Other Materialé (FOB) - - -
B. ~ditto~- (CIT) - - -
C. Installation & Testing -~ - -
D. Sub-total - - -
3. Basic Cost 198,240 1,101,333 19,273
4. Contingency
A, Physical 5,947 33,039 578
B. Price 19,824 110,133 2,891
C. Sub-total 25,771 143,172 3,469
5. Total Project Cost 224,011 1,244,505 22,742

‘Exchange Rate

: USS 1 = 180 Japanese
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‘Table 8~1  Pvoject’ Cost of Terrestrial Radio System (3/3)
1994
Local
Foreign Currency Portion Currency
Item _ _ _ ‘ Portion
Thousand | Equivalent Hundred
Japanese Yen| US Dollars Thai Baht
1. Terrestrial Radio System
A. Radio, Multiplex & Power 850,152 4,723,067 -
B, Tower - - -
C. Installation Materials 26,755 165,306 -
D, Maintenance Facilities - = -
E. Sub-total (FOB) 879,907 | 4,888,373 -
F. =ditto- (CIF) 910,704 5,059,467 ~
G. Tower Erection - - -
H. Installation & Testing 39,596 219,978 92,391
I. Training - - -
-J, Aecess Road - - ~
K. Sub-total 950,300 5,279,445 92,391
. Cable System
A. Cable & Other Materials (FOB) 5,846 32,478 -
B. -ditto- {CTII) 6,050 33,611 -
C. Installation & Testing 176 978 410
D. Sub-total 6,226 34,589 410
. Basic Cost 956,526 5,314,034 92,801
» Contingency
A. Physical 28,696 159,422 2,784
B. Price 95,653 531,406 13,920
C. Sub~total 124,349 690,828 16,704
. Total Project Cost 1,080,875 6,004,862 109,505

Exchange Rate :

Uss 1

= 180 Japanese Yen
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Table 8-2  Project Cost of Domestic Satellite-éystem (1/3)

1984
Local
Forelgn Currency Portion Currency
rtem o Portion
- Thousand Equivalent Hundred
Japanese Yen | US Dollars Thai Baht
1. Satellite System
A. Master Earth Station (including _ . _
Tervestrial Approach Link) 1,555,346 3,640,811 78,000
B, Rural Earth Station 23,201,440 | 128,896,889 -
C. Maintenance Centetr 129,500 719,444 -
: (Supervisory System) . ) o
D, Installation Materials 829,370 4,607,611 -
E. Maintenance Facilities 1,313,474 7,297,078 -
F, Sub~total (FOB) 27,029,130 150,161,833 -
G. -—ditto- (CIF) 27,975,150 | 155,417,500 -
H. Installation & Testing _ 1,364,782 7,582,122 3,184,499
I, Tralning & System Maintenance 61,000 338,889 665
J. Sub-total 29,400,932 163,338,511 3,263,155
2. Terrestrial Radic System
A. Radio, Multiplex & Power 3,879,698 21,553,378 -
' 'B. Tower o 421,013 2,338,961 -
C. Installation Materials 138,660 770,333 -
D. Maintenance Facilities 355,150 1,973,056 -
E. Sub-total (FOR) 4,794,521 26,636,228 -
F. -ditto- (CIF) 4,962,329 27,568,494 -
G. Tower Erection . 88,322 490,678 206,085
H. Installation & Testing 215,753 1,198,628 |- 503,424
L. Training 2,600 14,444 ‘ 665
J. Access Road - - 532,000
K. Sub-total 5,269,004 29,272,244 1,242,174
3. Cable System
A. Cable & Other Materials (FOB) 65,930 366,273 -
B. ~ditto- {C1F) 68,237 379,094 -
C. Installation & Testing 15,571 86,506 36,332
D. Sub-total 83,808 465,600 36,332
4, Basic Cost 34,753,744 1193,076,355 4,541,661
5. Contingency ‘
A. Physical 1,042,612 5,792,289 136,251
B, Price 3,475,374 19,307,633 681,249
C. Sub~-total 4,517,986 25,009,922 817,500
6. Total Project Cost 39,271,730 218,176,277 5,359,161

Exchange Rate :
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Table 8~2. Projéct Cést of ﬁomestic Satellite System (2/3)

1989
: Local
Foreign Currency Portion Curvency
: Portion
ttem Thousand Equivalent Hundrad
Japanege Yen US Dollars Thal Baht
1. Satellite System
A. Master Earth Station (including
Terrestrial Approach Link) 170,6§3 948,239 -
B, Rural Earth Station 240,755 1,337,528 -
‘G. Malntenance Center - = -
© (Supervisory System) o
D. Installation Materials 14,400 80,000 -
E. Maintenance Facilities - - 6 -
F., Sub-total (FOB) 425,838 2,365,707 -
~di - ] 440,742 2,448,567 -
G. ditto (C1F) s 4 4 713
H. Installation & Testing 19,163 106,461 >
I, Training & System Maintenance - - -
J. Sub-totgl ’ 459,905 2,555,028 44,713
72, Terrestrial Radio System
A. Radio, Multiplex & Power 146,357 313?094 -
B. Tower - - -
C. Installation Materials 5,122 28,456 -
D. Maintenance Facilities - - -
E. Sub-total (FORB) 151,479 841,550 -
F. ~ditto~ {(CIF) 156,781 871,006 ~
G, Tower Erection . - - -
H. Installation & Testing 6,817 37,872 15,906
I. Training - - =
J. Access Road - - =
K. Sub-total 163,598 908,878 15,9006
3. Cablg¢§gstem
A. Cable & Other Materials (FOB) - - -
B. ~ditto- {CIF) - - -
C. Installation & Testing - - -
D, Sub-total - ~ -
4. Basic Cost 623,503 3,463,906 60,619
5. Contingency
A. Physical 18,705 103,917 1,819
B. Price 62,350 346,389 9,093
C. Sub~total B1,085 450,306 10,912
6 704,558 3,914,212 71,531

. Total Project Cost

Exchange Rate !
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Table 8-2  Project Cost of Domestic Satellite System (3/3)
1994
Local
Foredgn Currency Portion Currency
. Portion
I
tem Thousand Equivalent Hundred
Japanegse Yen | US Doliars Thai Baht
1. Satellite System
A. Master Earth Statlon (including
Terrestrial Approach Link) ~ - -
B. Rural Earth Station - - -
C. Maintenance Center - - -
- {Supervisory System)
D. Installation Materials - - -
E. Maintenance Pacilitdies - - -
¥. Sub-total (FOB) ~ - -
G, -ditto~ (CIF) - -~ -
H. Installation & Testing = - -
I, Training & System Maintenance - - -
J. Sub-total - - -
%2. Terrestrial Radio System
A, Radlo, Multiplex & Power 5,319,096 29,550,533 -
B, Tower 579,690 3,220,500 -
C. Imstallation Materials 186,508 1,036,156 -
D. Maintenance Facilities 182,559 1,014,217 -
E. Sub~total {(FOB) 6,267,853 34,821,406 -
¥, =ditto~- {(CIF) 6,487,228 36,040,156 -
G. Tower Erection . 110,044 611,356 1256,769
H. Installation & Testing 282,053 1,566,961 658,124
I. Training - - -
J. Access Road - - 1,340,000
K. Sub-~total 6,879,325 38,218,473 2,254,893
3. Cable System
A, Cable & Other Materials (FOB) 47,376 263,200 -
B, ~ditto- (CIF) 49,034 272,411 -
C. Installation & Testing 12,042 66,900 28,099
D. Sub-total 61,076 339,311 28,099
4. Basic Cost 6,940,401 38,557,784 2,282,992
3. Contingency
A. Physical 208,212 1,156,733 68,490
B. Price 694,040 3,855,778 342,449
C. Sub-total 902,252 5,012,511 410,939
6. Total Project Cost 7,842,653 43,570,295 2,693,931

Exchange Rate :
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Table 8~3 Project Cost of Domestic Satelllte System with Nou~-Redundancy
(1989 & 1994 Refer to Table 8-2)
. 1984
Local
Forelgn Currency Portion Currency
_ Portion
L
Lten Thousand Equivalent Hundred
Japanese Yen | US Dollars Thai Baht
1. Satellite System
A. Master Earth Station (inclﬁding .
Terrestrial Approach Link) 1,555,346 8,640,811 78,000
B. Rural Earth Station 16,373,560 90,964,222 -
C. Maintenance Center 129,500 719,444 -
{(Supervisory System) L
D. Tastallation Materials 590,394 3,279,967 -
E, Maintenance Facilities 960,131 5,334,061 -
P. Sub-total (¥OB) 19,608,931 108,938,505 -
G. -dltto- (CIF} 20,295,244 112,751,356 -
., Installation & Testing 1,046,776 5,815,422 2,442,478
I. Training & System Maintenance 61,000 . 338,889 665
J, Sub-total 21,403,020 118,905,607 2,521,143
2, Texrestrial Radio System
A. Radio, Multiplex & Power 3,879,698 21,553,878 -
3. Tower _ 421,013 2,338,961 -
¢, Installation Materials 138,660 770,333 -
D, Maintenance Facilities 355,150 1,973,056 -
E. Sub~total (FOB) 4,794,521 26,636,228 -
F. -ditto- (CIF) 4,962,329 27,568,494 -
G. Tower Erection : 38,322 450,678 206,085
H, Installation & Testing 215,753 1,198,628 503,424
I. Training 2,600 14,444 665
J. Access Road - - 532,000
K. Sub-total 5,269,004 29,272,244 1,242,174
3. Cable System _ '
A. Cable & Other Materials (FOB) 65,930 366,278 -
B. ~ditto- (CIF) 68,237 379,094 -
C, Installation & Testing 15,571 86,506 36,332
0. Sub-total ' 83,808 465,600 36,332
4. Basic Cost 26,755,832 | 148,643,511 | 3,799,649
5. Contingency
A. Physical 802,675 4,459,306 113,989
B. Price 2,675,583 14,864,350 569,947
C. Sub-total 3,478,258 19,323,650 633,936
6. Total Project Cost 30,234,090 |167,967,167 4,483,585

Exchange Rate

- 212 -

: USS 1 = 180 Japanese Yen




{(6) TFor interest rate, the Interest rate of 7.9% per annumis used.

(7) Although the annual increase of commodity prices and labor cost 1is
the general trend, 1t is presumed that this price and labor cost
uptrend can be offset by the equipment productivity improvement.
This presumption is to simplify the comparison.

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

P=((C-8) xA+8Sx1+C +C)xB
where P : Present worth of anual cést

€ : Initlal cost

5§ ¢ WNet salvage

n ¢ Humber of years

i i Interest rate (7.9%)

_ Maintenance cos;
C ! Operation cost

A : Anmnuity from present amount
n
+
(ELEED
d+4)y -1

B : Present worth of annuity
(L1t 0t -1

}
1+ )"
{C - 8y x A : Amortization cost
(C-8) xA+8sx1i+ Cm + C0 :  Annuwal cost

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

Table 8-4 through Table 8-6.
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PART IX. All-round Evaluation of Optimum

Transmission System Plan
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PART IX All-round Evaluation of Optimum Transmission System Plan

1.

General

This Part IX makes an all-round comparative study of the
terrestrial radio system plan (hereafter called Plan A) and the domestic
sateilite system plan (hereafter called Plan B) which were reviewed in
all thelr essential aspects In the preceding Parts.

The all-round evaluation of both Plan A and Plau B from economic
and technical viewpoints 1s intended to arrive at a conclusion
concerning what the optimum transmission system for Rural Long Distance

Public Telephone Service should be.

Itemwise Evaluation
For all-round evaluation of relative merits of a transmission
system, the economic evaluatilon in terms of present worth of annual cost
and the performance evaluation are necessary. The former takes up for
evaluation the annual cost including initial cost, maintenance cost and
operation cost. The latter considers transmission quality, system
reliability, system extension flexibility and so forth,
Following is the result of item by item comparative 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 million Japanese Yen
(124,072 thousand U.S. Dollars)
Plan B : 38,205 million Japanese Yen

{212,250 thousand U.S. Dollars)
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Plan A costs less than Plan B by 15,872 wmillion Japanese Yen.
This advantage of Plan A reflects the fact that Plan B requires
higher construction cost per rural station and hence higher

amortization cost.

Although the initial cost of earth stations and the satellite
transponder lease rate are conaidered to be remarkably reduced in
the future as the result of continued technical renovation and
productivity improvemeut, both these cosis will remain at practically
the same level as shown in this study about the time the tender
announcement for this Project is made in 1979-80.

If the non-redundant configuraéian 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 comparison cannot be made
on equal base to the terrestrial radio system plan that uses standby
equipment.

Therefore, in this study, the non-redundant configuration with
its cost egtimate is taken up for the purpose of reference only but
is not included in the system comparison.

Transmission Performance and System Reliability
The objective signal to noise rétios of both Plan A and Plan B,

established 1In Part VI, are reproduced below,

Plan A Plan B
Terrestrial section 57 dB 57 dB
Satellite link - 50 dB

As far as the signal to noise ratio is concerned, Plan A

commands greater advantage by several dB over Plan B.
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DElaf.time is anofﬁer demerit of Plan B in thé aspect of
transmission performance, More precisely, radio propagation from
ground Lo satellite and back to ground takes approximately 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 communicaﬁion equipment, there 1is
no much difference between Plan A and Plan B because the full
redundant configuration is adopted in both plans. Qualitative
comparison of system reliability between Plan A and Plan B follows.

Traffic estimation is made on the assumption tﬁat one half of
originating ¢alls from each RS (rural earth station) 1s to Bangkok,
the capital city, and the other half is to the nearby PC (Primary
Center).

In this case, the traffic route configuration is as follows :
Plan A :

(1) Traffic to Bangkok @
existing microwave system Bangkok

RS e-w= PC
(2) Traffic to nearby PC !

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

RS — satellite —MS (Master earth statiom)

{(2) Traffic to nearby PC :
existing microwave system Pé

RS —m-satellite —=MS

As shown above, in Plan A, calls to Bangkok are through the
existing mlcrowave system and calls to nearby PC is via UHF system
which uses several repeater statioms. However, in Plawn B, calls to

Bangkok are via satellite link and calls to nearby PC are via one
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satéliité.link=ﬁlué thé existiﬁg ﬁiéfowavé 3ystém.

That is to say, in both plans, almost the same volume §f calls
is carried on the existing mlcrowave sys;em, 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
reliability also, there is little to choose between the tvo plans.,
Maintenance/Operation Cost

Both Plan A and Plan B contemplate to maintain rural stations
as unattended stations and to keep the maintenance staff at 35
Maintenance Centers. Thus, for maintenance personnel cost, no
substantial difference can be found between the two plans. Master
carth station in Plan B needs some 20 maintenance engineers.

Plan A requires 46 more through repeater stations than Plan B
so that the number of maintenance personnel required increases to
that extent, resulting.in almost the same maintenance manpower level
as in Plan B. Hence no major difference between ﬁhe two plans in
the maintenance staff cost.

Tor other maintenance/operation cost, Plan B envisages higher
operation cost corresponding to the satelliée transponder lease rate
whereas Plan A anticipates road and tower repair/imprbvement cost
increase.

System Extension Flexibility

Plan A features that the terminal section of transmission route
holds transmission éapacity of 24 telephone channels and the section
where circults are concentrated holds transmission capacity of 120
telephone channels. Therefore; compared with Plan B wherein not wore
than several circuits are used, Plan A can more easily cope with a

greater increase of c¢ircult demand than expected if it arises in
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2-5

the future,
Work Period

Both Plan A and Plan B use equipment shelters for rural station
buildings so that in the pericd required for equipment installation
at rural stations, no much distinction exlsts between the two plans,

In Plan A, antenna tower erection work takes time; however; in
Plan B, time requirement for master earth statién construction 1s
large. After all, in the required work period, neither plan is
considered to predominate over the other. Meanwhile, it is
hypothesized that by the time the equipment installation at rural
stations begins, access roads to all those stations would have been
completed by TOT,

Plan A also features that partial system service~in can be
expected, beginning in the area where construction work and acceptance
test have been completed. However, in Plan B, partial system
service~in is impossibie before the construction of master earth
station and gateway exchange to be established in Bangkok as pivotal

facilities of the whole system is completed.

3. All-round Evaluation Result

All-round evaluation of itemwise individual study results arrives

at the following conclusions :

(1)

(2)

For the transmission system of Rural Long Distance Public Telephone
Service, UHF terrestrial radio system of 900 MHz frequency band is
the optimum system, congsidered from both technical and economic
angles,

For the applicable UHF (900 MHz frequency band) terrestrial radfo
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(3)

'system, no much difference ¢an be found between FDM system and

PCM system,

Domestic satellite system will have its construction cost broadly
reduced as the technlcal research and development make further
progress and the greater productivity improvement is achieved,
Therefore, when the introduction of domestic gatellite system is
planned in the future, the most effective use of the satellite shall
be considered. This can be realized by utllizing the system for
wide~range signal transmission, such as telegram, telex, data and
television signal transhission, without restricting the system

utilization to telephone channel transmission alone.
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PART X, Pi‘oject Implementation Plan

- 224 -



PART X Project Impleméntétipn Plan

This Project not only covers the whole territory of Thailand but alsgo
comprises various divisions of engineering expertiges in a long period.
Therefore, to engure satisfaétory progress of project implementation, it

will be necessary to reinforce the project jmplementation organization.

A tentatlive work schedule chart for impiementation of Rural Long
Distance Public Telephone Service éroject ig given in Table 10-1, This
work schedule chart uses 1984 as the work completion target year in accord-
ance with the TOT pian.

Ttems considered are as follows @

1)} The construction work will be carried out By the Contractor on

a fﬁll turn-key basis except land formation and access road
construction. |

2) As much time as required will be speant for detail design by which
to make Tender Specifications.

3} 1In case the traffic reappraisal cannot be completed in time for
tender announcement, the result of reappraisal will be taken into
account in subsequent extension works.

4) The system will begin servicé in one area after another where

construction work has been completed.
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APPENDIX 1 Study Team Organizatilon

The Study Team is composed of six persons including the Team leader,
All Team members are The Nippon Telecommunications Consulting Co., Ltd.,
employees. The six Team components and their respective responsibilities

are listed below.

Name Responsibilicy
Kenichi HATANC Team leader
Hiroshi SEKIKAWA Carrier transmission engineering
Junichi KUROBE Radio engineering
Katsuhiko SATO Radio engineering
Ryoji SASAKI Satellite communication engineering
" Nobuo NAKAJTMA ' Network engineering
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APPENDIX 2 Work Itinerary

August 10, 1978 Departure from Tokyo and arrival in Bangkok.

..

August 11, 1978 ¢ Courtesy calls to Japanese Embassy and JICA
Office, and consultative meetings. Courtesy

visit to Managing Director of TOT.

August 12, 1978

to

Consultations with TOT, collection of data,

September 10, 1978 feasibility study.

September 11, 1978
to : Field survey ol four areas by two groups.

September 30, 1978 (Petailed itinerary in Volume ILT : Survey Report)

Cctober 1, 1978
to : Feasibility study work and compilation of

December 10, 1978 Interim Report {drafe}.

December 11, 1978
ro : Examination of Interim Report (drafc) by

December 24, 1978 JICA Mission.

December 25, 1978

to : Correction and finalization of Interim Report,

December 28, 1978

December 29, 1978 : Pregentatlion of Interim Report to TOT,
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APPENDIX 3 Supporving Docunment s

Dakca and information used in the Study arve listed helow,
Frowm Telephone Organizalion of Thaliland
Traffic Distribution for Rural Long Distance Public Telephone Scrvice
Transmission Loss Distribution Plan
Inter-lkxechange Slgnaliling Plan
Radio Freguency Assigmment for Existing System
Regulation on Telephone Service Charges and Deposit
Statistical Report 1976
Annual Report 1976
Radio Irequency Assignment Plan for 900 Mz Band
National Numbering Plan
Bagsic Concept for Maintenance and Operations
The Fconomic Development Project of ¥0T (1977-1984)
The Eeenomic Development Project of 10T (1977-1984), Additional Plan
Radio Link Route Map (Planned up to 1984)
system Chamnnel Diagram for Long Distance Circult
Cocrdinates of Exisving Radio Stations of TOT
Coovdinates of Rural Sites and Population
traffic and Long Distance Network for STD Project 1977-1984
Forecast of Talephone Demand 19771990
Raral Tong Distance Public Telephone Scrvice Routing Plan
Bagic Distance-luterval for Trunk Call Rates
From Others
National Feonomic and Social Development Board ; '"Phe Fourth National

Leonomic and bocial Development Plan (1977-3981)7
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Meteorolegical Nepartment ; "Climatological Data of Thailaad, 25 Year

Period (3951-~1975)", Jan, 1977
CCITT Orvange Book, Geneva, 1976
CCIR Documents of the XILith Plenary Assembly, Geneva, 1974

SWEDTEL ; "Radio Link Routes Supervision of System Design and Frequency

Planning, Progress Report", May 1977

Philip L. Rice and Nettie R, Holmberg ; "Cumulative Time Statistics

of Surface~Poiut Rajinfall Rates", T1EEL Trans., COM-21, Oct, 1973

5. Yonezawa ; '"Microwave Communication', Maruzen, 1973

H. Jasik ; “Antennq Engineering Handbook"

STEMENS ; “Planning and Engineering of Radio Relay Links", May 1978

ITU ; "Economic aund Technical Aspects of The Choice of Transmission

System', 1971

T. Akiyama and K. Hatano ; "Radio Refractivity Gradient in Souwth-~Last

Asia", Trans. TECE Jap., 60-E, 1, Jan. 1977

Japan Chamber of Commerce & Industry, Bangkok ; '"Overview of Thailand

Economy, 1978", July 1978
K. Miya ; "Satellite Communications Engineering', Lattice, July 1975
T+ Kawahasti ; "Satellite Communication', Corona, Dec. 1976

J. Sutanggar Tengker ; "iIndonesia Domestic Satellite System', EASCON'76,
1976
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PERUMTEL ; "Draft Agrcement of lease of Space Segment Capacity in The

Indonesian Domestic Communications Satellite System"
PERUMTEL ; "Mandatory Requirement of Perumtel for The PALAPA User"
PERUMTEL ; "PALAPA Tariff Manual"

R. Yamamoto ; "Development Plans of Developing Countries and Evaluation

Thereof", Kokusail Kaihatsu Journal, Mar., 1975
M. Mayama ; "Traffic Theory and Practice", Hifumi Shobo, July 1977

Asian Economy Institute ; "Annual Economic Report = Thailand - 1977",

Mar, 1978

World Bank, Public Utilities Department ; "Telecommunication Handbook"

Feb, 1974
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