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Abstrace—Bandwidth  capacity and  high  data  mtes
improvement in Eastern Indonesia become an importunt
aspects in empowering conumunities that is aimed to facilitating
access to information in various sectors. The East Palapa Ring
Package project was launched by the Ministry of
Communication and Information to mect these needs. The
design of optical fiber networks in East Nusa Tenggara
Provinee was carried out in this study fo support that project.
This provinee is one of the avea that bhas » high data rates needs
especially for the security and tourism sector, because its
territory is directly adjacent to other countries and has a high
potential of tourism there. A total of 22 routes connecting
districts / cities in East Nusa Tenggara were proposed by using
Power Link Budget and Rise Time Analysis. From the results,
it is known that the Power Loss and Dispersion Time in the
proposed network do not exceed the permitted limits, which are
53 dBm and 23333 ps respectively. Therefore, the proposed
optical liher network Is in accordance with the expected and
feasible targets to be carried out.
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I INTRODUCTION

‘The availability of internel access that has not been evenly
distributed in several regions in Indonesia is the basis for the
govermment in this case the Ministuy of Communication and
Informatics to organize the Palapa Ring Praject. This project
15 caried out by connecting broadband internet access via
optical fiber network [1]. [n addition. Palapa Ring was built to
increase the capacity. speed and quality of existing networks
along with increasingly rapid technological developments [2].
The project is divided into (hree packages, namely. the
Weslern. Central. and Eastern regions as shown in Fig 1. The
target of the Palapa Ring Project development is in every City
and Regency in Indoncsia has a data rate speed of 10 Mbps
and 20 Mbps in rural arcas and urban areas. respectively [3],

The capacity and speed of this data rate is very much
needed to supporl various lelecommunications interests in
border areas such as ease ol internet access for the education

sector, economy. defense security. and for the advancement ol

tourism. As in [4] it is explained that broadband access is
needed in areas directly adjacent to other countries such as
Indonesia-Papua New Guinea and Indonesia-Timor Leste.
This 15 also in line with other government programs that
proclaim the existence of 'information villages' in regions for
equitable information with the development of information
and communication technology infrastructure and community
cmpowerment in terms of tourism [5]. These reasons are the
basis for the selection of the East Nusa Tenggara Province as
the design targel area for deploying optical liber networks in
the Fast Package Palopa Ring Project.
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Fig. L Palapa Ring Project Deployment Map [6].

The design of the previous optical {iber nelwork was also
carried out by [7] which connected 29 districts in the North
Sumatra area. Analysis of Power Link Budget and Rise Time
conducted by Yudiansyah et al. to determine the requirements
of optical components so that the specifications of the
components used are in accordance with the targets to be
achieved. Based on the two analyzes. it was found that (he
proposed network did not exceed the maximum allowable
limit of 32 dB and the maximum dispersion time was 350 ps,
In addition. the design of optical fiber networks with DWDM
technology was conducted by Fitd in (8] from Makassar to
Muwnere via underwater route. From the simulation results
using OptiSystem, the largest BER value is 5.892 x 101
which is smaller than the ideal BER standard of 10

The common problem in designing liber optic networks is
the difficult condition of the targeted area because of the
routes can through over the mountains, hills, vallevs, or the
sea, Various studies such asin [9] reported that optical fibers
with low loss chavacteristies capable of reaching long
distances have been successfully designed. fabricated and
characterized. Yongmin uses a few-mode ring-core fiber type
which has ~ 0.3 dB / km loss characteristics and can reach a
distance of 25.3 km without repeater.

Another way to minimize the loss arising from the long
distance between two nodes can also be used the Raman
amplification method. Ibrahim shows that this method utilizes
the bidirectional pumped system on the tansmitter and
receiver to be able to reach a distance up to 400 km without
repeaters [10]. In line with that. Mina successfully
characterize and demonstrate bidirectional pumped Raman
amplification and 1050 km combined wavelength-division
and spatial-division multiplexed in the same transmission
fiber with a zero-net-gain fiber span [11].

Referring to the Palapa Ring Project map. it is known that
for the East Package only one city and four districts in the East
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Nusa Tenggara province are connected with optical fiber
networks, even though there are a total of 22 Regencies and
Cities in the province. As in our previous paper. we also
conducted a power link and rise (ime analysis for 16 routes in
East Nusa Tenggara [12]. Therefore. in this paper we proposed
the more details of 22 routes that connected via in-land and
submarine cable.
1. SYSTEM DESIGN

The design of optical fiber networks generally starts lrom
defermining the target to be achieved. for example bandwidth
and data rates. Next step is the calculation of how far the
optical fiber will be installed. and then determining the
components to be used in the network until the specifications
of'each component are obtained. In this paper there are several
component specifications that we obtain directly from the PIC
of Hastern Package of Palapa Ring Project that we contacted
via Telegram. These components include the types of optical
fiber cables and transceiver modules used.
A Technical Specification

In optical fiber backbone network design, several

parameters are needed to determine the QoS (Quality of
Service) that will be achieved from that network. This
parameter refers to the product specifications to be used. such
as the type of transceiver. optical fiber cable, and an
amplilier. Based on the interviews with PIC Project East
Palapa Ring Package. we obtained several specifications of
components used in the project such as the type of optical
fiber cahle and transceiver module used. Details of the
parameters of the optical fiber cable and the tvpe of

also has a low loss characteristic which is equal to 0.175
dB/km. This part was very important because in this design
the distance between districts is far. so that the loss of the
cable must be as small as possible. In addition, from the
transceiver side there is also a need of large transmit power
with low receiver sensitivity. These characteristics is a reason
for choosing TNS5TTX Transceiver products in the design of
optical fiber backbone networks.
B. Proposed Optical Netwark Design

The East Nusa Tenggara province consists of' 1 ¢ty and 21
regencies spread over seven different islands. The location
between the regencics separated by the sea certainly requires
special  handling i deploving optical fiber networks,
Therefore, in this design two types of optical fiber networks
are distingnished, namely in-land network and submarine
network.

Table 11 shows the routes that connect the district along
with the distance from each other. The additional assumption
of cable length used by 5% that is calculated from the distance
between districts. The asterisk on the distance column states
that the routes along through the sea. Fig. 2 shows the
distribution o’ districts in East Nusa Tenggara Provinee and
the propesed optical fiber networks both in-land and
submarine networks. The blue and orange colours show the
in-land paths and submarine paths, respectively. For the
deployment of optical fiber over submarme networks there are
additional fiber lines that connect the districts to the submarine
ports in the seafront, snch as in Belu, Alor and Lembata,

: k TABLE I OPTICAL FIBER NEEDS IN EAST NUSA TENGGARA
transceiver are shown in Table [ 5 e
B .‘ R Route Districe/ ity ; W.M”Jf'&%_
TABLE L GENERAL PARAMETERS OF OFTICAL COMMUNICATION SYSIEM 1 Kola Kupang — Kab, Kupang 106 .08
P A Yubie Yinit 2 Kab. Kupang - Kab. T1§ 98.6 103.53
- 3 Kab. TTS - Kab. TTU 3.6 77.28
Data Rate 2.7 Gbps 4 Kab. TTU - Kab, Malaka 3.5 60.68
o = 3 R ; >
s i - 5 Kab. Malska - Kab. Belu 151:. : 6132
- = - é Kab, Belu - Kab. Alor - 19247
Signal Encoding NRZ - 67
_ . , 976 .
Wavelength 1550 Nm 7 Kab. Alor - Kab. Lembata 0329 200.34
Systein Misgin 4 aB 8 | Kab. Lembata - Kab. Flores Timur [—o5t— 10847
Opitical Fiber Cable (ITU-T G.654.3) 13) 9 Kab. Flores Timur - Kab. Sikka 1634 171.57
: B 10 Kab. Sikka - Kab. Ende 140 147.00
& !
Alceaton {5s) s st 11 Kab, Endk - Kab. Nagekea 108 113,40
Chromatie Dispersion (D) 3 ps'nm.Km 2 Kab. Nagekeo - Kab. Neada 88.1 9251
12 Kab. Ngada - Kab. Mangearai %0 %
Huzrvei Optiz OSN 8500 [14] - TNSSTTX [15] = Tirnur 13 137.30
Transmit Power 4 dBm 14 Kab. Manggarai 'I'irglur = Kab. 67.6 798
Manggarai
Reseiver Sensitivity ~24 4B Kab. Manpparai - Kab. Manggara »
15 Paiat 65.3 68.57
Transceiver Rise Time 28 ps Kab. Manggarai Barmt - Kab, 130.8
16 P - 210.11
Spectral Width () 03 am Sumba Teng 69.3
17 Kah Sumba Tengah - Kab. Sumba $11 $5.97
Maximum Acceptable Loss 28 dB Barat Sy o
=3 Kab. Sumba Barat - Kab. Sumba a
Additional Loss 18 Rarat Dava 417 1379
Connector Attenuation 2 dB/comnector i9 Kab. Sumba T%l'flauf;- Kab. Sumba 126 13230
Splice Aucnuation 0.2 dB-splice o Kab. Sumba Timur - Kab. Sabu 921 "
. ] 2 Raijua | 288l
In this paper we use an optical cable which complied to 5 ) " S44
; # : 7 21 Kab. Sabu Raijua - Kab. Rote Nda 179.97
ITU-T G634 standard that has an advantage in distance ! i i el ure i
that can be reached up to 100 km without repeaters, This cable 22 Kab. Rote Ndao - Kota Kupang 83.4° 87.57
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Fig. 2. Proposed Uptical Fiber Routes Development Design

€ Power Link Budger

Power Link Budget analvsis is used to determine
whether the power transmitted along with information [rom
the transmitter can be received by the receiver or not afler
going through a medium of optical cable over a cerlain
distance. Eq. | and 2 are used to obtain the Total Loss value
of the network which will he compared with the maximum
allowable loss in the system. The source of power loss can
come from cable attenuation (ezyL). connector loss (L,.). loss
splices (L), and system margin (4 dB assumption) {1).

PT = Ps s PR {l)
Pr=ayL+ L, +Ls+ System Margin (2)

Table II shows the caleulation results of link power
budget analysis in each proposed route. In this proposed
systen, the maximum allowable loss value of 28 dB is used
where this value can be exceeded on a route that has distance
of more than 106.5 km. Therefore, based en Table 111, an
amplifier device is needed on routes that exceed the value,
namely routes number 6, 7. 8.9, 10, 11, 13. 16, 19, 20. and
21. From these eleventh routes there were two routes through
the sea lanes that require an amplifier that is on route 20 and
21. while others through in-land routes.

TABLE ML

POWER LINK BUDGET PARAMETER CALCULATION
RESULTS

1

2

3

1

s

: EEI 06
1793 0.8

7 17.12° 0.8 s
865 X S
033" 0.4 S
30.02 14 04

10 7] 2 0
1 19.31 0.8 3865
5 16.18 06 3379
5 7.5 2 36.76
0 242 E} n8 ]
1 1199 0.t 20.40

2103 0
16 12.73% 0.6 34.37
7 579 0.4 [FAT)
18 7.6 03 15.56
9 B8 10 3218
1602 0.8
m a2 e 61.02
9.99 04
4 31397 10 4589
b5 15307 0.6 FEX)

D. Rise Time Analysis

Rise Time analysis is used to determine the total time
needed by the system from the initial condition to reach a
steady siate. Equation 3 is a formula to calculate the total rise
time ( Ty, ) which is the sum of the rise time of the transmitter
(Te). the rise time of the receiver (T,..) and rise time of the
veloeity dispersion group Tgyp. While the value of Ty can
be obtained using Eq. 4 that is the result of multiplication o
the dispersion time of the cable (D). fiber length (4). and
spectral width of the transceiver (g3). The value obtained
must also be smaller than the allowable maximum dispersion
(fimaxsys ) value of 233.33 ps. Because of this paper uses the
NRZ modulation scheme, the calculation of allowable
maximum dispersion was obtained by considering data rate
(D) as shown in Ey. 5.

toys = (b + tgyp” + tr?) (3)
teyp = D.L.ay h
traxsys = 70% X o= ()

The calculation results as shown in Table I'V state that
the product specifications proposed in this paper can be
implemented. This can be seen that the value do not exceed
the allowed rise time limil.
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0 st

102.67

- 149.18

7 Y 125.55

4 66.68 60.01 116.01
3 6132 53.19 11L19
109.90 165.90

L)

% il 63.32 119.32
— 9223 148.23

’ i §8.07 144.07
4451 10051

5 AT 5311 109,11
9 171.57 154,41 '.!l:[).-"
0 137.00 132.30 188.30
1 11340 102.06 158.06
[ 9251 3.25 139.25
B 157.50 14175 197.75
14 T0.98 03.38 119.35
5 68.57 6L71 1771
12361 179.61

N

16 it T 65.49 12149
17 5597 037 106.37
13 K 39.41 95,41
19 132.30 119.07 17507
§7.03 143,03

= iy 121,19 190.19
31.41 10741

2l s 11057 166.57
2] 757 75.81 13481

I, ANALYSIS

Based on the Link Power Budget amalysis. additional
amplifiers are needed in eleven proposed routes so that the
transmitted information can reach the receiver with good
quality. From Table 111 the highest total loss of 61.02 dB
ocanred on route number 20 with a total distance of 245,81
km (92.1 km of in-land routes and 142 km of under-sea
routes). Therelore, an amplilier with transmit power of at least
38 dBm is needed so that the maximum allowable loss
increases 1o 62 dB. 1t makes the total loss in the eleven routes
does not exceed the maximum allowable loss.

The specifications of amplifiers that meet these criteria is
shown in Table V. Also keep in mind that if we add an
amplifier. there will be additional use of connectors on the
network so that the total loss will also increase. And for this
reason. we have not considered in this paper. so that the
product specitications that are already mentioned only lmited
to the wost likely recommendations to be implémented in real
environment. One thing for sure is, the optical {iber network
that we designed in this paper can provide a comparison of
how reliable the Palapa Ring Project being built in East Nusa
Tenggara. with the results of theoretical calculations based on
Power Link Budget and Rise Time Analysis.

TABLE V. CONSIDERED PARAMETER OF OPTICAL AMPLIFIER

Optical Input Power (dBm) -8 -+10
Typical Output Power (dBr)
Wavelength (nm)

1530 - 1363

For information, the entire specification ol the products
described in this paper has been referred in accordance with
the conditions al (he Palapa Ring Eastern Package project site.
The dilference is onlv in the amplifier because according to

the statement from the project’s PIC, Palapa Ring Eastem
Package P'roject is not using an amplifier at all. This may
happen if the assumptions taken as a margin system. connector
Toss, or splicer value is not of value assumptions as proposed
in this paper. This assumption will determine how the QoS
standards to be achieved, whether at the high, medium. or low
level. The grealer the assumption of estimated loss used. the
QoS standard will be even higher and if the assumption of
estimated loss taken is small then the QoS will be low too.

IV. CONCLUSION

In this paper. the design of optical tiber backbone network
in Fast Nusa Tenggara was proposed. Based on the analvsis
(Power Link Budget and Rise Time), the proposed design can
be implemented corresponding to the specifications and
expected targets. The maximum loss of 61.02 dB occurred in
routes number 20 while a minimum loss of 15.86 dB ocewred
in routes number 18. Eleven routes with details of nime m-land
routes and two under-sea routes require amplifiers because the
total power loss exceeds the maximum allowable loss. After
adding the amplifier, the maxmmum allowable foss increasss (o
62 dB so that all the proposed routes meel the target
conditions. Based on the rise time analysis, the results show
that no proposed routes exceed the maximum allowable
dispersion of 233.33 ps. It is proved that the proposed optical
tiber backbone network design can be implemented.
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