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ABSTRACT

This thesis presents the design and implement of Fiber to the home (FTTH) for
residential condominium based on Gigabit-capable passive optical network (GPON)
ITU-T G.984 standard in order to achieve the maximum 320 subscribers and support
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Tullaguiiamensidulsvesdsinanisidnudusesidauseauuudauiiagedinis
Yeefuintuegeneiiiod inlwgliuinisdumesidn (nternet service provider : ISP)
nsmunalulagnisiudilayavennievigdmiunsidife (Access network) WUULALTS
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fiber) M3un31 weAlulad Fiber to the x (FTTx) Fulunisiudsdoyaniuansdoansiiudu

a

TowAasludanunuateni () Tuanerdnusaduidaznandanalulad Fiber to the

home (FTTH) uwiiagdinsiaunimaluladiliuinisiiumenssunudisiidodiinve
wuusdavisuiieanainssesmwesaelumsliusnnswasdyanasuniuluaenewas
FITH Sadumaluladfinevland esanndimuanuisalunisdeanstoyasie
Anaiiags svezvasaglunsiiliuinsilnetuuasdenuindetie osmntanildviudu
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aedeastoyaves FTTH gnimumduduloufhuasmasadunis angliuinnslud
ity vhlfanunsosvdsfoyauiunmangld Tuinerdnusasud FrH Hmelulaguos
\AT0UBLBILAIUUNIATH Passive optical network (PON) LHunsidesseuuuqalud
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EPON (Ethernet PON) wa¥ GPON (Gigabit-capable PON) luineniinugatuifaznais
vz GPON walulad GPON (umaluladdifmuales TU-T 6.984 finsiudsdoyauuy
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sULUUYeIMsaeIAsTiegende Aelsiinausnisesnuuunaziidumsiaietneidilowth

Wlas FTTH 1193514 GPON wivesassugldnuluiiegerdeussianeinsyn
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Rise time budget
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doa17Usgianueanil (Active) wuuIARBRA (Point to  point) n1sumalulad FTTH

q

UMIFIU GPON wtalun13eonkuuLAIe998 Access network d1msuein1syn vinlw
anusauatelavinisagde (Loss) suilisaunainssesnvagasdygiasunivluany
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\Hean13VIvesay Feeder tpsananawaidalonimvungninfsednglueins wazan
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Rise Time Budget
1.5 YaULIANISIAY

egrinusatuiildooniuu Ansizsitazaiunisesedis FTTH Taeldmalulad
GPON Tulasenisemsyawvianis iiveliaiunsasessurldauls 320 gldeu wuuainiiade
sorlHa11 Downstream ¥ 62.2 Mbps wag Upstream 71 31.1 Mbps dnsAuaamsiiiines
d‘ o 2

Ndrflunsoanuuufe A1 Power budget WazA1 Rise time budget iioiduddin
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wuUNaEn (PON)
= = v =~
UM 3 NE@1BINITERNIUY Access network lagldimalulagves FTTH unsgu
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A 1 2 v o = a 6 1 I . .
wIengLdulnllas S3uTN1TIATIEYNaYeLAT Power budget WazA1 Rise time
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Tugamaluladnisdeansinudulouinhuasimunduegisng Snvsduduiade
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wiAlulagiAso UL TILAILUUNIETN (Passive optical network: PON) iz anlunaiys)
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1 2.1 YazUsznaumy addusenauvian 9 Ao aunsaldsdenyinuas (Optical transmitter)
wduleuntiuas (Optical fiber) wavaunsalsudayeyniues (Optical receiver) N15UORLAR
o a ' 19 2 . =
dyeauaslog @asussinnnan 9 A n1TNeLann1gusn (External modulation) &9
Usenaumguvasiniawas (Light source) wavaunsaluaguandayayad (Modulator) wen
gandnfiu ddnussinnazlunisuegianlagnss (Direct modulation) Faunaaniawa

3 o (=] ¢ a
LLﬁ%Q‘UﬂiﬂJN@@Lﬁﬁ]ﬁiy}ﬁy}’]m%%i’]u@%LUUQ‘UﬂimLWENGQWL@EJ'J



DATA
DATA . .
Electrical Signal
(Electrical Signal) (M
JuuL Optical fiber —_——
A [ A 1
| | | |
' | | :
i Licht source Optical l ! Photo Decision | !
| 8 modulator | L [ detector circuit I
I | (Optical signal) | :
|
| LaserLED ! | PIN,APD |
b ] b o~ i
Transmitter Receiver

JUN 2.1 szuvdeansiuduleuiidiues

174

uloumtuasyimihndusnaislunsihdygrawasandunsiydalatenie du

lowAaiuasfildsuegasiluluanides (Single mode fiber: SMF) FafisnA1gs usidien

a

SuUsyansnsaanoush (Attenuation coefficient) @ruuuy (Multi-mode fiber: MMF) @44

59119NN31 SMF warduusgdansnisanneuginit SMF anvaduleuidadlnunae?

va a A

WUU Dispersion shifted fiber (DSF) @33ziiaaanuifitds A o AIIUE1IAAY  Zero

q

I3
a o

dispersion azidusnfeniuanugpduiiindulssavsaneumasumiign (1550 nm)

= va A v a =3 3 1 o =
wag NZ-DSF Felimauandfivunsiagldlussuuiammandnaievesdygimm anueniniu
gUNsaSUd ey atas Usenausiggunsalaasvlinde aunsalnsiaday el
(Photodetector) Feimthiuuasdnaanandudyaaluin Ineialuaglddu Positive

AR

1 (3

intrinsic negative junctions (PIN) uwag Avalanche photodiode (APD) diuesrusznauTides

a 1w

Y09UN IS UAY Y IUKEIRB 1933ARHY (Dedsion circuit) it idinduindyyinviaen

sauidudn ‘0’ w3 1’ FeTuegen Dedision threshold meluisasindu
2.3 nufnisaedygrauduleniadiugs

d‘ [ I~ dl' 1 @ a ‘1! [ 5 1 d‘ d‘ ¥ [
Wesandyeyraunasduaduusivaninislanils asluann1sa1egiingateeiu
frulasgondauduiusiuaunisvesuungiiad (Maxwell’s equation) lagl3usu
NATANNITAUNNVDIF Y TUUAIINANAITAMNAUILUUNTEUE UAZAUNITAIUNUILUY
aunuuglingn awiege azldaunisnisiiunisvesdygranadud@uloudiduwanuluas
& ad oA a ' P & I a v a &
auns (2.1) @eilYesundneag19uiladn aun1sanubliduduidaduvreavisonatans

(Nonlinear Schrodinger equation; NLSE) [1]

04 1 i 0*A
e T ad-—
oz 2 2[}2 or?

+iy| A 4 (2.1)



Tnel 4 Junseunau (Envelope) wosdyan, o Jumdudszansnisaaneu
(Attenuation coefficient) B, 1UuA1 Group-velocity dispersion (GVD), y Jusn
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P(L)=P(0)-aL (2.3)
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GVD
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gﬂﬁ 2.5 w@naden1siin ISl TAnannIsvenefeenvesdygioiiad Tnasuusndas
Tryamuuteaaaduwasedn 17, ©0’, ‘1 aua1eu dyiaiadseninedeuenaenain
fupgadmau Wedyanamadimumsuduloniiiuamaves GVD Wl awadueis
98N NI IS| waves 151 ilfdauvesdyaiaditanian (Time slot) da 0’ Kty
waroavhiinsaduduRanainandn 0’ nanewlude 1’ wqﬂdﬂé’zgigmﬁl,ﬁwﬁum
laeAreUATiASRIns s U ualY
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W50 7 unun1sUTEIIUNINIZae (Propagation delay) 1A1d @ [3]

T=ies (2.9)
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el — . / ow
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D = —7ﬁ2 (29)

AITULTIANNNTIAUINNTVEEiIeenTRsR I MTaatugUres D lagihaunish (2.9) Aila

unueadluaunis? (2.7) Iwsil
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dlo AL wnupnuneaUnaure Sy ImLaY
2.4 vowiinearuiduloudaniuee

¥ Y o 1 A o ~ dl‘ [ ' (% Y o = o
w@ulonnaiuaadudedyarmunldluss uvdedygrasinudulowiuinasdsonde

nguinisdsdyaraniutdulouiidinasndnaintan i duauiu (Dielectric) 1y

a

Fanoulneonlyd (Si0,) nienatann (Plastic optical fiber: POF) vistlidulonianiuasnivin

'
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. & A & = A v a A &
970 Si0, dudlAanasaaneuresdyyrudalunidutdguansliifinnulaiieuesg
Y] A v v Y o A o a = a v v Y o A o .

dyanaitesnindulowiniuasviannatadin Istenlddulowiniuasninain Sio, Tu
nsdsdgaluszezn1enlngs (Short transmission) lUaufisszezlna (Long haul

A o A

transmission) NlgLdulaLAULaTTAaANDUTDIRY Y ITITtDENINY
dlouituasusenaulusmeassaiumdnfoununans (Core) wazdanyu (Cladding)
Inefianduilinunues Core gendnduilininues Cladding egidnties iedsdmaiauaana
wludulowihuaninnsazvounaunuanisluduloniiuinas bilAnnsazviousanly
wondulauithuas silinasanunsamumeihudulauiiduadlulaidusseznialnas lae
A = 9 A v A ) Y Y o |
niinsaaydendauresaIitosin JUN 2.6 wansduusenauvesdulaumiuauaz e

v a v . ¥ vV 174 ¥ o Yal o v a o
AYUNNLVBY Core oy Cladding voudulunas nsadradulauiiuaslidiaraadinim
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983 Core way Cladding fisnsturilalagldansiiouu (Dopant) [2] wiu Weanesanudion
a6 (Phosphorus pentoxide: P,0s) w3etaosuniloulnoonlen (Germanium dioxide:
GeO,) aslulu  Sio, LﬁdﬁﬁﬂjﬁﬁﬂLMﬁﬁWQG%ULSﬂﬁaEJ n3aldanslaluseulnsdenlad
(Diboron trioxide: B,05) adlulu Sio, wislianduiiinuiidanandntion faunisadnady
Touftihuas3eeald core ivhain GeO, - S0, w3 P,0s -SI0, waw cladding #ivinann SiO,
wiold Core %1970 SIO, 30 Ge0,-B,0,510, waz Cladding 191917 B,0,-SI0,

MNAIGIU JUN 2.7 uansr refractive index ¥84 SiO, Lilagnidauumeansyiingneg

coating
( cladding
. \me core

Ny <y

v

5UN 2.6 daulsznauuaza1avilinimues Core war Cladding luidulowiniuas

1.48
1.47

1.46

Refractive mdex

1.45

Dopant concentration mole%o

5U#1 2.7 ¢1 Refractive index ¥84 SIO2 MUdguuwlasilogniedusigasuiingiee (2]

dileufihuasanusiuuredvuslunisdedyaaldidu 2 Useuom 1un
1. éiloufthuasiialuaiien (Single-mode fiber: SMF) fuunaidusugudnanaves
Core Usesa 8.6-9.5+0.6um hagauadliduruaudnalsves Cladding Usvana
1251 pm [5] Favuinyes Core Mdnannvinlvuasansnsadiumdudilondathuas

A My a Y a = a d' = o q v ~ !
GU‘N@‘N‘,L@LWENLaUVHQLﬂU’J (lliwllﬂﬂ']il,ﬂuwr]qsﬂ@qLLﬁQICVTQJWLﬂEJ'J) f\NVlﬂMm’iL‘UEJm]EJ
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wWulouinhuamiaiseninnisaliad (Splice) anoidnnieii uazasdag auanu
SMF vildsnnuardedldundsiufauasiifisaunaduaiseslalon Tuniandudiu
SMF @1u15ase95unuualIntanitsuinuazlasunansgnuain Chromatic
dispersion iy

2. wulowimhuasiiavatelvun (Multi-mode fiber: MMF) fluunaidusinugudnaives
Core Usganey 503 um %30 62.5+2.5 um Uavvuaduruaudnaaves Cladding
Uszunal 12542 pm [5] 3swuiaves Core #iluginin SMF vilwuasanunsaiu
madleniniuaseindlivaradums @nunnisipiunasuamansivun)
Mlilasunansgnuves Chromatic dispersion Wwag Intermodal dispersion L
Splice wazn3asdy LAY MMF Blsd18nd1 SMF wazausald LED dadl
siaganiatweslaleniduuvasiidauasldse Taegud 2.8 wanavuindusriy

AugNa1aves Core kaz Cladding veuduloniniuasisaasseinm

D=125+2 um 5 1 D=125+2 um

Cladding Cladding

Multimode fiber Single-mode fiber
Ul 2.8 Mnadusitugudnasves Core way Cladding vastduloufatiuas MMF

e SMF

smsuiifvunaudnuazveaduloufihuawialnuafedlitueglullagiu fe
1IM391U ITU-T Recommendation G.652 (Standard single-mode fiber) [5] G?iﬂmmgmﬁum
SMF il Zero-dispersion wavelength iy 1310 nm Wmuléjaﬁemﬁmmm’mgu 1310
nm usansselldiuATmENanauR 1550 nm Idesgiu G.652 Swutseenduia (Type)
G.652A, G.652.B, G652.C way G.652.0 @sdmSuszuu PON azldiduloudiiuasniy
1RSI G.652.C haw G.652.0 Faduduloufihuasiiannavasoumavesinfiegluidule

uAes (Low-water-peak fiber)
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11ATFIU G.652.C Huflanauifindefuunsgu G.652.A dmsunnillivszend
Lsﬁ’lﬁ'ummgm ITU-T G.957 (Optical interfaces for equipment and system relating to
the synchronous digital hierarchy) wag G.691 (Optical interfaces for single channel
STM-64 and other SHD systems with optical amplifiers) lUaugls STM-16 1gutfeaniu 10
Gb/s szegn13 40 km (Ethernet) wag STM-256 @5 ITU-T G.693 (Optical interfaces for
intra-office systems) Lwimmmdaé’mm’]mmLﬁm%uléﬂuﬁaaﬂaﬁmawaﬁﬁu 1360 nm 3
1530 nm Fa015197 2.1 WanIAINII1me S v sdulowMdILa NN §IY G.652.C
Imwwmﬁma%ﬁé’]ﬁ@iﬁLLﬁﬁﬁé’miﬂﬂﬂiamwaué’mmﬂmLLaqqqq@ﬁﬂ’gﬂmm’mﬁ'u 1550 nm
Wiy 0.3 dB/km ARamestuiinaiue1Indu 1310 nm windu 0 ps/nmtkm wazAn
Polarization mode dispersion (PMD) gsgaiiniu 0.5 ps/m %ﬂgﬂﬁl 2.9 way 2.10 Lans
ANUFLNUSTENINADNIINITARTDUA R AEazARaesTUYe L Ld Ul nasuie

G.652.C fimueIPauRIAINEdU (6]

0.5~

0.4
0.3 ——\/k/
02
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I
=]
I
wy

Attenuation (dB/km)

1300 -F T
1350 4
1400 -
1450 -
1500 4
1600 T
1650 -

—

Wavelength (nm)

5U#l 2.9 Frdnsinsaanaumawesdyaautaesdulauiniuas G.652.C

Dispersion (ps/mm*km)

| | | | | | | |
-10
1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

Wavelength (nm)

JUN 2.10 Adanestuvesdyusasiaueinduigvedulowiiuain G.652.C
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A137199 2.1 AM5Tee3A1TandulaLAIUILEWINIFIUY G.652.C

Fibre attributes

Attribute Detail Value
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 um
Tolerance +0.6 um
Cladding diameter Nominal 125.0 pm
Tolerance +1 um
Core concentricity error Maximum 0.6 um
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient Ny 1300 nm
ok 1324 nm
430052 0.092 ps/nmzx km
Cable attributes
Attribute Detail Value
Attenuation coefficient Maximum from 1310 nm 0.4 dB/km
(Note 1) To 1625 nm (Note 2)
Maximum at 1383 nm 0.4 dB/km
+3 nm (Note 3)
Maximum at 1550 nm 0.3 dB/km
PMD coefficient M 20 cables
(Note 4) Q 0.01%

Maximum PMDq

0.5 ps/ ~km

NOTE 1 - The attenuation coefficient values listed in this table should not be

applied to short cables such as jumper cables, indoor cables and drop cables. For

example,

[IEC 60794-2-11] specifies the attenuation coefficient of indoor cable as 1.0 dB/km or




17

less at both 1310 and 1550 nm

NOTE 2 -this wavelength region can be exteneded to 1260 nm by adding 0.07
dB/km induced Rayleigh scattering loss to the attenuation value at 1310 nm. In this
case, the cable cut-off wavelength should not exceed 1250 nm.

NOTE 3 - The sampled attenuation average at this wavelength shall be less than or
equal to the maximum value specified for the range, 1310 nm to 1625 nm, after
hydrogen ageing according to [IEC 60793-2-50] regarding the B1.3 fiber category.
NOTE 4 - According to clause 6.2, a maximu, PMDq value on uncabled fibre is

specified in order to support the primary requirement on cable PMDq.

AaautArendulouiauas G.652.0 duadiefuiuaaaudivesdulowiiiiuas
G.652.B ilddmsudnsnssudsoyaiiaTuleszauves STM-64 19U ITU-T Recs G.693
and G.959.1 v1919ADIAINDINANSENUIINAT Chromatic dispersion Mg 119155 IUFINGT?
anunsadsdyaaslantulalugisanueinau 1360 nm a4 1530 nm §39157099 2.2

' a § 1 ¥ v o a s o w
LaneAINI 1 mes e Ldulow LA R INNINTFIU G.652.D TnawsdinasndiAgy

LALAAIBATINITAANDUFY QY IUAIFIZANAIINEIIAFY 1550 nm LAY 0.3 dB/km Anda

WasTUNAINYIAAY 1310 - nm 117U 0 ps/nm’km  warA1 Polarization mode

dispersion (PMD) g9galnfiu 0.20 ps/v km

A13999 2.2 AR 3R TendulaLAIkEIIRIE U G.652.D

Fibre attributes

Attribute Detail Value

Mode field diameter Wavelength 1310 nm

Range of nominal values 8.6-9.5 um

Tolerance +0.6 pm
Cladding diameter Nominal 125.0 pm

Tolerance +1 um
Core concentricity error Maximum 0.6 pm
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm

Number of turns

100
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Maximum at 1625 nm 0.1dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient Aomin 1300 nm

Ao ma 1324 nm

S0 0.092 ps/nmzx km

Cable attributes

Attribute Detail Value

Attenuation coefficient Maximum from 1310 nm 0.4 dB/km
(Note 1) To 1625 nm (Note 2)

Maximum at 1383 nm 0.4 dB/km

+3 nm (Note 3)

Maximum at 1550 nm 0.3 dB/km
PMD coefficient M 20 cables
(Note 4) Q 0.01%

Maximum PMDq 0.20 ps/ \km

NOTE 1 — The attenuation coefficient values listed in this table should not be
applied to short cables such as jumper cables, indoor cables and drop cables. For
example, [IEC 60794-2-11] specifies the attenuation coefficient of indoor cable as 1.0
dB/km or less at both 1310 and 1550 nm

NOTE 2 - This wavelength region can be exteneded to 1260 nm by adding 0.07
dB/km induced Rayleigh scattering loss to the attenuation value at 1310 nm. In this
case, the cable cut-off wavelength should not exceed 1250 nm.

NOTE 3 — The sampled attenuation average at this wavelength shall be less than or
equal to the maximum value specified for the range, 1310 nm to 1625 nm, after
hydrogen ageing according to [IEC 60793-2-50] regarding the B1.3 fiber category.
NOTE 4 - According to clause 6.2, a maximu, PMDq value on uncabled fibre is

specified in order to support the primary requirement on cable PMDq,

2.5 NOBHHASUANNITNUFIUNYINULATDUILLTIUEIUUNIETN (PON)

wialula8 FTTH 1luiaSetned msu Access network fibiusnisnisdeansdeya

< £ :1' | | Y a Y o 1
ﬂ’J’]ﬂJLi’JQQN’]ﬂ IG]EJI“U PON IUﬂWiLGZI@lIG]@381’1’3’1\‘1“QllaWEJGUEN@WUiﬂ?iL‘?ﬂﬂUﬁ’]u‘U@ﬂ
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Rldusnsamedulouinduasazaunsaiuuunadndslidesendonseualnirlunisvinau
Tunsussinadyyin Mewsnadainaidsaunsaannnududeuvasssuukazaldanelu
daveanisungesnwuasdenuasugunsal vinbiausaliuinisnisdeansanusigeiag
a Aovy ¥ P ] Nag v I v v Y o
AUSNTTIALE Tafves PON Mwdloniuvalulagnldaienesias duasnsldidulouiti
wanduaneidygraddidnnagdendwesdygiuitos ausaseasuwuudinile
wnn waglifidyaasuniuaineaulimaniiin wasaleusyansninaes PON Aivaun
uanunsasudstoyaliiafisszau Gops luszesmndliuinisnlnatia 20 Alawns Femrndn
A Y a cs' 1% < o a o 1
w308 FTTH aganansaliusnisnisdeanstoyaninuiiguuassossunannaiadulvialy

aulAn [8],[11]

2.5.1 Tn59&519989 PON

=

aunsaizes PON Wlddmsuinsenny FTTH Useneudag OLT Winsegluaniiignud

Jugaliousaszning Access network Lazin3av1enan (Backbone network) intiniisy

LAz dIF e 1 UMABIULATOY I FTTH AIUANAIAI asd ey aufieauassu wonaniidevin

niruANN13lEAINa19 (Media access control: MAC) waagldusnisdmsunisds
Toyauwuudnaniu (Upstream traffic)

- Optical Line Terminal (OLT) iJudrundnveaniotnadsandouseriu §liu3nis

a f @ LY [ ¢ A = Y] | & I LY [
dumasiin nsvird waglnsdnivselsensiuiudl Triple play Wusiniuaudnass
LUUAIANLAZY9L387 (Time slot) Anu Upstream TR ulsiaz ONU/ONT Ingld
NLUIUNINLTENT Dynamic bandwidth allocation (DBA) [91,[10]
- Optical network unit (ONU) #3® Optical network terminal (ONT) Judiufiuuas
% [ [ [ - A I Y o L4 Y a 1
doyasasnauaidudygiadiinineendeitidvaunsalvesdlduinig wu
Aaufi a3 waelnsvird wonanddududiunvhaiusausu oLT Tunsld MAC
protocol g

- gURTRILUME I ULAUUNATY (Passive optical power splitter) Lugunsaifieg
527318 OLT wag ONU/ONT vhmihfiutendssnuuasesnidunatsgdiuiiowann
T1eludausiaz ONU/ONT sivlwilaisiosldgunsal OLT wirfusiuau ONU/ONT &4
Splitter A8nsIN15HUIEYIaL (Split ratio) AeAuly 1w 1:4 1:8 1:16 1:32 1:64
Faiiituogifumaluladuos PON 74

Maideusiaves PON fisunuunsidensevesiaietioifunvualudmaisqn

(Point to multipoint) é’fﬂgﬂ‘ﬂ' 2.11 G?fﬂsé’ft,ﬁuiaLLﬁ'ﬁﬁﬂLmemgm ITU-T G.652.C, D Tu

AN5LUVOUADVIAVUA
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OLT ONU-1
1550 nm
-f; . ical fiber
s i ONU-2
7 —
» 1490 nm

Power Splitter
ONU-3

g‘dﬁ 2.11 gULmeiL,%mimJaq PON

2.5.2 119551483 PON

UINIFIUYDI PON {J%ﬁ;ﬂ’u‘ﬁm#’fﬁ’uag 3 YMsgIUAIBU A [11]

(1) Broadband PON (BPON) ‘fulumssnesgiu ITU-T G.983x Wau1u1a1n APON
(ATM PON) @slluslnpoa ATM Tunisiudsdeya Feiisnsnsudsdoya 622 Mbps
dwiun1sdedayaliuy Downstream  Wag 155 Mbps @1miunisdatayanuy
Upstream i Splitting ratio geandl 1:32 uazanansalvuinnslaluszesniadssana
20 km

(2)  Gigabit-capable PON (GPON) ulumiuun IMU-T G.984.x 14lUsTnAea ATM, TDM

38 Ethernet Tun1ssudsdaya F8nsinissudstoyaiuy Downstream 91 2.5 Gbps

Y

¥

Wag 1.25 Gbps dwsunisastayauluy Upstream 8 Splitting ratio qqqﬂﬁ 1:64 uag
anunsaliusnislaluseeenig 20-60 km
(3)  Ethernet PON (EPON) %3® Gigabit ethernet PON (GEPON) L¥usmsgnu IEEE
802.3ah Hluslnaoa Ethernet Tunissudsdioya fnansudadoya 1.25 Gbps ¥
midﬂﬁi’fauual,wu Downstream @y Upstream 3 Splitting ratio qqqmﬁ 1:32 ey
aunsaliusnisliluszeenig 10-20 km
weilldanuenandy 1490210 nm FmSunsANLUY Downstream wa
1310450 nm d1suns iUy Upstream saildannuenanay 155545 nm lu
nsasdanflowazlnvieu
(@) 10G-EPON (Hulunuannsgtu IEEE 802.3av usmsguilésunistaunain EPON
(W38 GEPON) ahsasudsdayalagedis 10 Gbps Tun1sdeuuy Downstream Uag 1

Gbps Tun1sdsuuu Upstream
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2.5.3 vinmavhaudesdu

dmsunsdeoyawuy Downstream OLT agawloyarudulouiiiuasasgndsly
Anwady Broadcast LLazgﬂﬂizmsﬁ Splitter LUy ONU/ONT nﬂﬁaﬁﬁiaagjwé’q Splitter ﬁ?ue]
Tnoidswesdnyannazgnuusifuglduinisiusay ONU dwu N 519 3U7 212 uandly
Wiuindeyadidenain OLT 2zgnasluds ONU/ONT wné Tuwazilusiag ONU/ONT ¢

aunsasudeyaninisszy Address 9 ONU/ONT ftiuintiy dwiiudeyadus Niin1ssey

U 9
[ @

Address iimsaffufiazgnindndisly (Discard) waglunissudsasdinisidsa (Encryption)
iennuasafovesdoya

dmiunisdadeayauuy Upstream ONU/ONT uwiazsazAnsodeansiu OLT wileedn
Aeuitelst OLT vinnsdnassvesdmains (Time slot) Ifisiaz ONU/ONT 1glunsdedoya
Fanslivesduaasnarndunisdidawuy Time division multiple access (TDMA) Tagdi
usiaz ONU/ONT agld§umsdnassdasantlunisdsdoyadivneiu villddoyaveausay
ONU/ONT laliinmswuifu (Collision) 5U7 2.13 uansliiiudndeyafidsann ONU/ONT us
aviagldsunsdnasstisatlumsasdisnaiu uasii OLT Afinasesnuuuszuulianunsasy
Fuaaiididwesdyanaildvindusudiewnnsyegiiasening OLT U ONU/ONT us

ava [12]

2
p” ==y 'y
=

OLT
ONU-1
=7 # é_.f'
> Optical fiber
o @ ONU-2
P : 3
Power Splitter

v -

ONU-N

Ul 2.12 nsdadiyannn OLT ludausias ONU Tudnwauz Broadcast

OLT Received signals with different level #"
ONU-1
5 e
o el «’|
2 L : #
e Optical fiber "
7 ONU-2
i

Power Splitter

sUT 2.13 3dstioyaain ONU usaznluds OLT Tudnway TOMA
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2.6 unagl

Tuunilldnaniwmguinsdeasindulouiiuaaz Usyidanuiduuivesssuy
wialulagiasotnaitauasiuuniad anunaulawazrannisinauissuveanalulad
EP a =~ 2 v o= v & v S A a
wsoTELTamuUNaTW [Wusu Sedeyalulosiuvesnaluladinsotneidauaiwuunia
= < = a v v = a a v v =
gz unumanisfneidelvissuuiivssdnsamunnuazsarunsaldaulavainuaiense

nsUseynaldanulaunniu



unii 3
VOB HAZNANNITAATIENNTRDNLUULATU LU lBADUN

wele FTTH 21195578 GPON d1wisua1ansyn

3.1 Ui

nfinanbiluddurerinendinusatuil axdiuiinmssenuuuasetianiglueinis
lngldnalulagves FTTH 1195574 GPON annsasessudlduinisladiuauiin wagaiunse
o ¥ fa M v 1 = a a lej ! = a v
s995UNsldnuLuuAIantaeg1alivssd@nsain wasluunilaznantanguuasndnnig
Amsennldluniseeniuuasevidulaniiuiuas FTTH 1195571 GPON d115u01A1590
Feusznoulumevgufnugiuvesmnalulad FTTH nsawiaainisfliwesaneg weldlunig
a L3 v YV z.:ill 4 = 14 IS
WAszvinseanuuy lagluiiteianaife n13eenwuy Access network lngldinalulag
Y94 FTTH 1105571 GPON Failuszuuiilassasienmsnisaimdumedadulouianeifon
1 ¥ U A ] tﬂl 4 a o ! o U
SEn I lBNUAUATBYILERAIINA VRN IIUINIT WagAINInANUIES (Power budget)

LAZANULIAIUITU (Rise time budget) oTinUsz@nNsaInUesATo B IoaNLUY
3.2 walulad Fiber to the x (FTTx)

szuvdoansrhuiduloufathuas FTx Wumeluladuseanuuddumesidnanuiiigs
dnudulouiiias Inaidunisianundianinalulad Asymmetric Digital Subscriber Line
(ADSL) Tldaneneunslunissudstoya dsamnsasesiunisldauuseauuuddunesidn
anusaadlafninmalulad ADSL

3.2.1 Usskanvas FTTx

FTTx T#3endnuarlassavesszuuinletiedumeianuiigeaiinislinu aely
uiunuanelansnosuas densefatnuvessléuinng deamnim wazannusalunns Su-ds
dynaiganhaeneuns A1 x mnesanuiivanemaiiaeduloudmiuasdilufi
7l 3.1 wanadsanidnenssuvoanelulad FTTx dsanansoutsussamlaad

3.2.1.1 Fiber To The Home (FTTH)

Fiber To The Home (FTTH) 1Junisldussleviainnisisanglendantiiues
nYua1eInsng (Central Office) mqlﬂ§uqmE"J’qmmaﬁﬁ'ﬂmﬁw%mﬂﬁ

d1inau ieann1sieusenudatenawaIalaLeniganilogusinulagduiga
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[

v a v v a a [y 1Y [ < 1 1 Y o £4
vaildulldussansameuesnisudeteyasnsniiawmuaaslowniuadlvlauin
g aorUmenssuuuy FTTH flassasrmnanieamduduloniidinas nsine
\weU18ves FTTH 9ndunaldareniaiuasidumslddulewiniuasiiesedn
=

WPiE

3.2.1.2 Fiber To The Curb (FTTC) wag Fiber To The Building (FTTB)

Fiber To The Curb (FTTC) wag Fiber To The Building (FTTB) 1du
an1Unenssundnisiengnszaredyaralilnaiundugldusnisdiuiuun
(nevludeulinszezisannguilduinisladiiu 300 wes) wazilesnindnadu
nsldusgleninngaienesasiazaislaenideaniegudinslun1snszateSuds
dyaraludadldvinsvatens wiasdussaeniaseninegnsvatedyyan
Aldusmslilnaidn usaaUnenssuuuu FITC way FTTB Adiasdidadiinluuives
gnsudalunsdearssuliesainnadnunzvasgaiensyanedye o

3.2.1.3 Fiber To The Cabinet (FTTCab)

Fiber To The Cabinet (FTTCab) ‘Junisasansleniitiuasain
yuaglnsdnsiluduandednszatedyaalnsauuiai (Cabinet) 31NUUIINTT
nszedyarasiudaelawenidsa (Coaxial) Wdwnnerfevesdld usnisusday
518 TumsdJURasinshndegnszanedygralaefiarsuliaseungunguy 14

a v ' =3 v A (Y v
usnsimanenelusail 1,500 was egnlsimumniainisnssangdyaiuved
nsganeiiszeyngainit 300 was fagsenaarlnenssuildn Fiber To The Curb
(FTTC) Melgiusn1sanuisalaentiusn1sdeasuuuusonkUuAseninegnizany
doarauiulduinig lagerdeluslnaea (Protocol) lavainnatedssian Lau
Broadband Cable Access m1uu1n337U Data Over Cable Service Interface
Specification (DOCSIS) 3udIN1sIUINIIALNINTFIU DSL 91l adnenssy
WUU FTTCab iiflaauUssasaiialdusvloviannedaialawenideaniowdnseniaenes

A a Jqu A % A [ v & = |
wasiinisiandldanuegwiinlnlauniign Wunisasduyulunissavasulaseeg
@ I leaA ! I aada o < [y 1Y o
nzedygralnd windednlumalulagnidsnsnilunissudedoyaluds
Aliu3nis sgallewfisuiuussamalulaglungu FTTx viue visiilesanidunis

[

= a Aa 1o ] A 1 a O
WﬂWﬂ“lJ@]m’lﬂ,Ja’lmmvmagm @m@Q@ja’]f‘JﬂigﬂqﬂwwLL@L@NUUL@\T
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o | FTTH

FTTB/C o

-4 2

=z O
-

o | FTTCab

opper
T PP
u

Home Access network

network
UNI SHI
ONU Optical Network Unit G.984.1_F1
ONT Optical Network Termination
OoLT Optical Line Termination
NT Network Termination

U 3.1 anndnonssimasmalulad FTTx munamsg ITU-T G.984
3.3 N19N9¢YLLE9UBY Fiber to the Home (FTTH)

N1INILABLAIUDY FTTH S3UUIAT0YI18NT218LEY (Optical Distribution Network:
ODN) Tusguuia3evieves FTTH avanansaulslaseasseandulassainedes o 1a 3 diu
N v ¢ \ A & A a 1%
Ao T1e9UNTAVRIYUAIYAIUNAN TEUUATEUIENTEIEET (ODN) wasiiufiuTiingaldiu

o
L a Y

vofldun1g dwiliuviesgunsaivesguanslnsiw Srdawidlidmiufndagngunsal
Switching - wazia3asilanis o Asududmsunissuusnissum 9 9y dyaiandes
dyanunm uag/sie doya uazdwioumamardlugalduinislussuuiietne FTTH
TU-T lalaaunuigues ODN ﬁlummgm Gigabit capable passive optical network
(GPON) 1}31’5’11/?’1‘1/113’1‘171'L‘ﬁuﬁlﬁlﬂaNﬁ’Wi%JUﬁQﬁiUuiyﬂmLLﬂ\if\]’]ﬂQﬂﬂiﬂj Optical Line Terminal
(oL uéagunsailiuinisiFunin Optical Network Terminal/Unit (ONT/ONU) gl

qﬂﬂiiﬁmmmﬁlﬂ{fmﬁﬂ (Passive Optical Component) ﬁ'\‘igﬂﬁ 3.2

SNI(s) ONU CPE UNI(s)
— oOoLT / e
ONT

Ul 3.2 antlmenssuszuu GPON
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JUMUUNSNTEdy el 2 SULUU fp

WUUTIANENaNs (Centralized Splitting %5 Single Splitter) Ao 910 OLT asidn
Splitter 1 ¢7 LU 1:32

wuun32a18 (Distributed Splitting) Ao 97n OLT agidn Splitter 110N 1 61 7o

WSesdenunuly
3.4 m'saanLL‘U‘Uﬁm‘f]mﬂiiu%aﬁzUU FTTH

nseenuuuan dnenssuvesssuuasedne FTTH gnuuadu 2 wlandn o dufe

)=

anunsafiagdisunvunmsi@euseidunuu Point-to-point #set38n11 AON (Active optical

Y

network) 3edian1inanssudugaliudimarsgn (Point-to-multipoint) #3eiiendn PON

a

(Passive optical network) [13]-{16] Aagu#l 3.3 Feszuu AON vziluaninenssuuuuing
A = ] ] v o ¢ i . ! N
7 NinsReNsialaensIsEn I lsazseiuaunsal Switching luguaediunans vsess
infugunsal Switching lugasetliausyninmieils Tussuu PON azuendayaaainlowd
Wnasniadu iethluliuinsuadld andnenssuuuy PON desAuszneundned 3
Uszn19luszsuutaiovense91etas (Optical distribution network: ODN) loin d@auiivia
ninidoudygiu (Feeding cabling) daunvinnuinnszaedeyeyad (Distribution cabling)

wag daunveusaludsanldau (Drop cabling) @agui 3.4 egunvimihnUeudyuyiuay

ca

| P ] ! | o X Addg v oa | A o v A
3 ua'ﬂu’mLGU@NG]EJigMUWQQUﬂiﬂILUﬁQJaqEJa'JUﬂa'NﬂUWUVIWSLVUiﬂ']i AIUNNIRUINNTLANY

Y

= | aa a AL o P A o w ) a P
gavazduduniangindananalulilnddruniedidnauveldinnian uazdinaed

=

s o v A d' gj 1 v v U Py o 1 ' ! A o v o
Q"LJﬂim‘WWTMu'TVW]EJL?I@iJVI\‘IﬁENﬁ’]UL‘UW’I’JEJﬂU WeNINUATUT18 eI Sd NIt nUou

[ ]

doyaauazdunvimiinssanedygnlisgntnay dvsudnuiveuseludgaldnu ag
Usgnaulumeuagiaiiauazgunsalrensaus Adesddlunisiweusdedldidniulaseingdium
o Y [ o Y a | dy A 2 Y o w a

nidnfnseanedyyine IuuvesdbuInstundasiud AvdududsdrAgluis

s al Y a v ° a Py v oA 19 [ o
Lﬁi@ﬁﬂ’]amiwmﬁuaﬂqﬁﬁgﬂuqquéﬂqimqLW@IMLaaﬂI%aﬂq{j@ﬂﬂiim‘lﬂaﬂqqaﬂmaq

amemaEe)

wsmmasE)

Active Optical Network (AON) Passive Optical Network (PON)
gﬂ‘ﬁ 3.3 an1Unen3suueg AON tag PON
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s - 3
)
*® | % %
| Distribution cable |

"
['f Feeder cable

o
Central Office

5UN 3.4 aadUsznauvesandnenssussuy PON

A\
—

BER
=

3.5 A1seenuuUanIUnenIINYRIsEUU FTTH m&ﬂumm'ﬁm
n1seenuuudndudosiinisdrsaiiufiade (Site Survey) Lﬁaﬁwmiﬁmummaméﬁq
Optical splitter l@pgnanugautarATaUARUNITIRUINIS Tusnddonenthillgtinns
welulad FTTH TWlflunseenuuulueimsyawimisludssinedulaiidy wilunisi
walulad GEPON (Gigabit Ethernet PON) [17] Fariadegeaalunisatuayuuuusinyived
usiazgldannilushu Downstream agsnitmalulad GPON 199910 GEPON umaluladi
fin135udanuuanuIng (Symmetrical) na1IAednsN1sTudIdoyanIu Downstream Uag
Upstream 8¢l 1.25 Gbps lingrdnusatuiiduniseenuuuiedesiy FTTH Aldluenans

| ~ = o | Y - & g & 'Y A =
yautnils Feormsgasenaniilassasiafuensyn 20 TuEmduainii) dauaduil 4 fs

Qe
D
a

JUN 19 LDUdIUUINISNDINND1AY UsLnaunigiaannefetuay 20 104 A9uuieIuad

Algauliviedn 320 99 TuN1580NLUUAINNIATEIUTEI GPON a11saluuinisiely

54

~ a T | o oA Yy v oA
5rHEN19gegai 20 Alawns lagaguuadu 3 dwumdnaainaabidnedu Ae seegni19ain
OLT TUds Optical Splitter (Feeder cable) agi#1 5 fiv 15 Alawns uagain Optical Splitter
Ul ONT (Distribution cable wag Drop cable) 7 100 tumsde 5 Alawmas Tuinednus
o & 1 (% & Aa ' I~ =~ ¥
atvilidunseanuuulungudldnuameagluiuila nanfessnuuuiieldaulueins
= ] M Y - 4 &} S v = [ 1 N v v
ganilawindu Wladunisesnuuuiivelvinseuaauituiindng 8991A159ARINE 1IN0
Fuwnisdu 320 esdnlu 62.5 Wesidudvesdnuiugldsugegail OLT 1 card 8% Calix
JUE7 @u1509895Ula (OLT 1 card & 8 wosm PON usiagnosnsessu 64 ONT) lu
a a s LY z-:’lj ] L4 a ] o v (% a
eninusatuiieanwuulaen1siigunsal OLT dAaRsIeInIuANYeIRIAITYR AIgUT
3.5 Tunseanuuudnludesldnesa Uplink vesgunsal OLT d1uiu 2 wasauiiardunis
drseadumsvesaneiadalonds lunsdiaawadalowinduladuniin gunsal OLT A

geanunsabiusnisundldanulaegrand uwiludiuvesaeaialounidasidessnain
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wasn PON Tulagiunisdisendunis (Backup protection) vaswasn PON &eluiiluiidey
= I~ £ 44 ¢ v @ Y ¢ o § v A A
Wesndianudwddeswnnuasaunsaldungdiliatduayu diiwanisalvitlianewadad
#oeana1NNesA PON va3 OLT w1a Fldsuisnuaiazldauisaldauld dsdunisi
¢ a & 4 I~ N o g v ‘:4' A A
gunsal OLT windanemsyninafmevinliannnudsinisvinvesaisindaninesanain
s = A a a 44' ] .
Wo3M PON wazann1sgesds (Loss) Minainszeznisvesateinda nsigeuse (Fusion

Splice) NazdliuTusone) Wearsiadalowniuia

Central Office i [ o~t
! | ONT
A Wil *
Z\ 7 i Uplink 1 (o]
= = —3)
\§ | | Uplink 2

r el Residential Condominium

| —— Optical Fiber
Access Switch | < Ssplitter Lv.1 (ratio 1:2)

E Qutdoor Cabinet 3 < Splitter Lv.2 (ratio 1:32)

sUl 3.5 mseenuuuiaTene FTTH Tagldimalulad GPON

N1300NLULIATE118 FTTH lnedennsgiured GPON fiiiaueildnarluudadrasu
fswawBennisdunsdeiiaUngal OLT gnunnfndsiiviesenunugesenasganasidans
Jousio (Patch cord) Aislfudouse (Connector) fia SC/UPC-SC/APC fiaainwasn PON
\lUEA Fiber distribution frame (FDF) iilesteidnfu Optical Splitter Fuit 1 (18] 7iflaunn
1:2 uaglaeiadalouftinasauin 2 core 1M@s3 1 ITU-T G.652.D 1auseain Optical
Splitter Fuit 1184 Fiber access terminal (FAT) Wilasiawdniu Optical splitter Fuit 2 [18]

o
a Y

fiflvuin 1:32 §a PAT fazgnandelilusossnsd (Shaft room) luusazduvaseras 21
FAT Tfaiesinendeiayldasadalondivuin 2 core 49m3gU ITU-T G.652.D LuLdy
ilasioldnAu Access terminal box (ATB) @avieazldateideusie (Patch cord) wila
SC/UPC-SC/UPC #8910 ATB 111U ONT AMsAImMuUALA e 8kazn1satiun1sd1msunis

184 (Access network) ¥89 FTTH nelue1ansyn awnsaglaaingui 3.6
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Shaft room FAT Floor 19

FAT Floor §

FAT Floor 4 Room#1 Access Room#20

1 .
Control room FDF|
PONS ‘
PONT <
PONG < Ll
|
PONS — <
OLT i | < 11 Optical Fiber

- L <  splitter Lv.1 (ratio 1:2)
PON3 |— < | | Distribution 4 . n
- g | Splitter Lv.2 (ratio 1:32)
— | L] FDF  Fiber Distribution Frame

el i FAT  Fiber Access Terminal

Feedelys N\ ATB  Access Terminal Box

g‘U‘ﬁ 3.6 LA389U1Y Access network Ue9 FTTH maiummwm
3.6 A19UMaY (Power budget)

Tuniseenuuuszuuliaansededygaludivaemsls wiinszuvaziunuugaly

§ana1899 (Point to multipoint) weluni1sAuInazltnITAILIALUL Point to point Ag

'
A

AUINSTUUAEEIINAUNeA OLT Tufavatenigie ONT &g Power budget 1Juai

LANFANTLAININAIAIDBNVDILAIDIEILAYANUADINITNIAISUYDIASU LR 8RANAN o 8N dn

q
'

=

(Minimum) [19] Falleshlurinauiueagdernsssuuaglammasdses (Power margin) &

o W a1

< o o A A [ N o YY1 ] =) Ao o
WUNAINIADUBITE U @NLLﬁﬂ\ﬂUEUW 3.7 VI’IFLWE’JWﬂ’]a\‘]ﬁQE)E)ﬂN UNEINDNHITIUEIUNTN

(%
o w o Y a

suld Tunseonuuuszuu PON HuazfssesnuuuliadyLdofi18vedypinuasiaunl

Y

Al Power budget lnganunsamuiaia Power budget laaingaunisi 3.1

PT = PTx _PRx = O(L+Zlc +zls +zlother + Gmargin
(3.1)

9 A1 Power budget y14%3A

o))

'
o w [y a

A9 ANNNAIVOIF QI UASTIA AN e 1uEs [dBm]

A I o W U ‘:4' d‘ %
AD AINIANVDIFLEULLENNLATDITU [dBm]

3

Y

Ao AnduUsyansnsasnouveLdulawAItLEg [dB/km]

=R D

& P Y o ~ v a v
Ao ANUEvBLEUlgkAILasNausalrusNIShe [km]
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I, #o Aidsgaydeiilesanssie (Connector) [dB]

I, #o mmdsgdaidesanmaideuseidulouta (Splice) [dB]
Ly #omidsgadeidesannsdlduaiifionsan [dB]

G e MO A1 Safety margin el ¥dmsuszuy [dB)

MallunsgIued PON lafnunsesu (Class) e Power budget Lilianiagla
= %4 1 L% A 1 =l
aunsaieneenkuuszuy PON liognamnsauiuiuyssunanIsasyun3atiensonunm
994n151#U3N13lae Class lun1seenuuy Power budget 999119155711 PON Wandsian13199

3.1

5197 3.1 A1 Power budget 489 PON usias Class

Class Min Optical Link Budget | Max Optical Link Budget
A 5dB 20 dB
B 10 dB 25 dB
B+ 13 dB 28 dB
C 15 dB 30 dB

Power Budget
ConnectorsM
| Transmitter !.—.—. 7 ¥ Receiver
L0 o] « Fiber - -
Transmitter Fiber Loss
Qutput ~=j--*

s ! \ Splice Loss
Power \VV / Fiber Loss Link Loss

Connector Loss

Receiver Margin
Sensitivity

Distance From Transmitter
JUN 3.7 wnudsideiisularesdusenaundAyiiiedtesiuAl Power budget

InevluagAviune Safety margin Wi 3 dB [18] Aaaviienaazuananaiuluus

r-ﬂ‘r-g (5 LY -'-NI -'-NI a =) = 1 r.:! ! dy Lty o w
ﬁﬂ']u%‘ﬂu@gﬂ‘Uﬁf\]ﬁ]EJﬂ'JWiJLﬁUQVIQSLﬂ@ﬂ’]iQQJJLﬁEJ (Loss) TuA39918 Fepflagineanannad

oA A | I 1 o o o ¢

dafviioaguesszuy n3elTuninAIMasdsed (Power margin) FeanfilafesdiAnsnningus

=< & Y1 r-ﬂ' N o o ! -'-NI d‘ U U L A 1 £ v
Jzanunsnsulalaiiadesdalimasdsnnneiinsessuanunsasulauas insovotdulonny

wasagldnulaegniiusedvsnneasnaignisldeu
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3.7 ANUIAIY13U (Rise time budget)

a 6 1 . . Q@ ad a ¢ Y '3
N151ATIENAN Rise time budget {WUITNTIATIERANAINNITANTATUAYURUUA
309 (Bandwidth carrying capability) ¥8458UU %30 §95IN155UAIToYaaEA (Maximum

o v v 1

Data Rate) ¥8452UU [20] kWuuAIniLaz8nsN1ssuditayagegagniniamegunsalnien

o o v v

Rise time budget fi1#1dn A1 Rise time budget ¥o3ddaLAITUgNIARAIBLIATIUNS

Y
< a

RoUAUBY (Response time) YataUnIaiansneiiuasn1snsesdiannsetindluieas A1 Rise
time budget vaudulowihuandunaniainnisnszate (Dispersion) WsTitnasvsnundl
NI TE UV SoatuayusnsInsiudseyanaaanislaviels idulowiah
waeuwuulnuaiea(Single mode) lulasumansgnunisnszargveslnuaias (Modal
dispersion) astuludulaimnanilal Rise time budget aziinuAg19837UN1INT¥A18989
<3 ! . \ . o & o Y] v Y o a
ANUSINGY (Group Velocity  Dispersion)dsiudmsuidulowiiuinaslnuniensiae
M919500181009AUIZNBUNUFIUI UL B3R Rise time budget @11150fWIulAIINEUNTT

Mmandnanidnsansd
2N + st targ oy 1176 (3.2)
toyp =Do,L (3.3)
Tnef t,. = Transmitter risetime

[ A = Group Velocity Dispersion

t

Modal dispersion rise time

mod

t,. = Receiver rise time

D = Dispersion (ns/nm.km)
o, = Spectral width (nm)
L = S¥8sNNURIEeLALDalowA (km)

[

ToguseasAvedAn Rise time budget Aawiialiuiladnszuuyinuegiegnioniy

q

Y o | Y Ay & 1 . . = ! . . !
BAIINTIIVEIVBUANADINTT LNEUNAT Rise time budget ¥83n15t¥2UMNBLLUY Digital lainas

[ Y] v

\Aurowesidudvasaturesdn (Bit period) dmiudyaadayaiidisiauuy NRZ (Non

g7

Y

return to zero) way 35 WasluddmSudnaudeuandiswawuu RZ (Return to zero) e

Y

wansluaunisi (3.4) uaz (3.5)
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0.7

t,, <—— ;NRZ (3.4)
" BW

t, <22 Rz (35)
" BW

3.8 Un&su

Tuunilananfansnguluasndnnisins1zin150enkuULATa U Ld UlalAIUwa

FTTH 1193574 GPON dwmsuesiansgn leenaseanuuuilunisesnuwuuiiieldluiuiila
= I3 A A 9w v a ! a 5
nanfe Wun1seeniuuiasetiaieldiulue1nsge waglaiinisiansanaAImisdmesaa
Uszneulumen Power budget uagp Rise time budget wialalun1siasgidsednsain

LWASU1ENYINNITOENLUY
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N1SNNassNTLazanUsIena

4.1 UNUI

a a s o g v & 1 v Y o

Wednusaduiiiluniseenuuuiazaiiuaseioidulownitinas FTTH 1msgiu
GPON dwsuaiansyn luniseanuuulsdigunsal OLT udasaliluiesniunuvedalnnsyn
= A o = a £4 a S v '
Weanaudsslunsun Trgadenievesaiaidaloniy Feeder annsdadunisanan
Loss dulilosunannszugnisvesidulonniuiuas laaAiuiean Power budget Laga Rise

time budget [NBINUILEANTAMNUDUATOUITBBALUY ATIVABULATEVIY FTTH Nd519a28

oudw\ly

guUnsal OTDR (Optical Time Domain Reflectometer) waginmiiaansulaasenaudn

aunsal ONT lunsdl Worst case lagldaunsal PON Optical Power Meter wiaidunis

9 q

A U 1

Ay 2 O Yo & =
EJ‘L!‘EJ‘IM’WIVLW Gﬁﬂ%u%@umi%ﬂa@ﬂﬁﬁmﬁiﬂLLﬁﬂﬂﬂmUa@ﬂVLG]E]%LLﬂSNE‘U‘VI 4.1

drsranazesniuueIpiadulawmtinuas FTTH Tuanasyn

i

AUIUAT Power budget Lazan Rise time budget

Y

asnaesete FTTH wavinsagUnsaimidlussuy

v
n3yvaeuLAIetne FTTH lngldgunsal OTDR wariammasniiula

lnelggunsal PON Optical Power Meter

Y

pAUs18HANISNAAaDY

=] < I a v
E‘UVI 4.1 UAaNlABLLNTUVDITUADUNITNARDIINE
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¥

o =~ 1
4.2 VUABUNITDINLLUULAIDUIY FTTH

lunseenuuuiesetty FTTH lueiaisyn sddgyndndudesiunfiatsande fd
LuumIAvRdsvetuwiazh vl 1AT1aiewed01A1sYANaNIfe I1UIUTULAETIUILBIIN
P1fBuAasTY uavanvinufevlinuead Optical splitter Minuly Usenaume 1:2, 1:4, 1:8,
1:16, 1:32 wa 1:64 fauanslugun 4.2

C d13901m YR > \denviia Optical Splitter
_’

.Y, 2
LWL EL

MwuALUUAIIR Ao LAaALTIY

U1lunsiuAn Downstream Bandwidth

(2.488 Ghps)azldduru ONT s 1wasn PON A1uatl Power budaet

wa¥ Rise time budget Talsinu

drsmenmatipimuasiuug i

(G, Srnureninedusiatu) ( implement ssUU FTTH )

5U1 4.2 Flowchart Junaun15eankuulAe918 FTTH dmsueinisyn

FuvLfinviiadeusedldruusgiuduau ONT Aifloustaidandmedn PON tun
gUnsal OLT fhinanldluineriivusativil 1 wesn PON anunsasesiunisidoudeidnanues
ONT l¢f 64 ONT  euuusissitadeusiasgléany Downstream 9138.88 Mbps wat
Upstream 7i 19.44 Mbps

A79819N1598nLULLATaYe FTTH luaia1syn
1A398519971A75%9 3 16 Tu Usenaumeiaainafetuas 20 ¥iee ANUABINITATLULATIAN

LagaLLﬁiazﬁﬂﬁi’fﬂm Downstream/Upstream = 60/30 Mbps

ey 1 wasm PON fosll ONT Wewstewdnun S1uau = 2488 Mbps/60 Mbps = 41 ONT
nFnavdsuurlensIudn 1 wese PON a1unsasesdunisideusevas ONT whunlals

Wi 41 ONT fsaganunsaativayuaiuuninviafeusasdlauineanislo
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ntiueanuuulagld Splitter 2 seau Tnawuadu Splitter Lv.1 Tdada 1:2 dusu
WousalUluusiagdu way Splitter Lv.2 ¥lla 1:32 dwsuieusaludausdagvioainededsgy
a3

1:32

1:2 4
0
oLT PON ﬂ .

sUN 4.3 nsnszaedaanauastagly Splitter 2 gy

dadung lunsdidneimsynlsenaumeesinendeduay 10 o3 a1unsaesnwuulagld
Splitter Lv.1 ¥@la 1:4 wag Splitter Lv.2 afin 1:16 Feausalsuldsulaniulaseasieves

21ANSYATIY

4.3 dayadnwizvatgunsalitldoaniuy

'
ca

ToyadnzvosgUnsaindnduiléihuldosnuuuiagdniunisniedis FTTH 1o

[

| = < o w A v ] & 1 N9 Y a
a1msyauviandls 1unisihveyadinizves 8ve su vesgunsalrney Nldasddueinsyn
o ! Nag v e v A P~ o d' = 2 v |
aanand Tunsalnldaunsaldieduenaiinisusuild suniseanwuuiiigdantas 1Weeain
gunsamwuaildlunsesnuuunazasinasedng FTTH ludvendnusaduiiduninsgiud
I3 v & Ny ° o &
Juanasgudd gunsaimlelunisesnuuuiiteyadinizsiei

4.3.1 Optical line terminal (OLT) waz Optical network terminal (ONT)

OLT 1‘ﬁm@a Transceivers 88 Ligent LTE3680M Wag ONT 16@1@6 Transceivers

8vio Hisense LTB3468 HeilUoyadnniznun1sad 4.1

M15197 4.1 YeyadnimglugaTransceiver 483 OLT wag ONT

Specification

Parameter
OLT ONT

Downstream data rate 2.488 Gbps 2.488 Gbps

Upstream data rate 1.244 Gbps 1.244 Gbps
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Output Optical Power 1.5-5dBm 0.5-5dBm
Sensitivity -28 dBm -28 dBm
Spectral Width 1 nm 1 nm
Downstream Wavelength 1490 nm 1490 nm
Upstream Wavelength 1310 mm 1310 mm
Optical Rise/Fall time 150 ns 260 ns

4.3.2 dulsudaiugs (Optical fiber)

ansadaduloniuasfiliaulusiasyaianun lWudulauiatues auunsgiu

Y84 [TU-T G.652.0 @ailvayadniniesinisnai 4.2

M99 4.2 Tayadizvedduloniniuas G.652.0

Parameter Specification
Attenuation at 1310 nm <0.35 dB/km
Attenuation at 1490 nm <0.28 dB/km
Attenuation at 1550 nm <0.22 dB/km

Chromatic Dispersion (1285 nm - 1330 nm)

<3.56 ps/(nm.km)

Chromatic Dispersion (1550 nm)

<13.64 ps/nm.km)

4.3.3 fadouss (Connector) uazfina (Adapter)

fneLTeu (Connector) wagfime (Adapter) Altpenuwuuianaualuain SC/APC

uaz SC/UPC BieFIBERTRONICS fiffoyaduigmuemsiedt 4.3 419an9il

M13197 4.3 Yayai iz vasiadeusieviia SC/APC uag SC/UPC

Parameter

Specification

Insertion loss

0.2 dB

4.3.4 fquendiauas (Optical Splitter)

nseankuUWATee FTTH Tuein1syn Tdfuen

[

LATYUN 2 VUA 1:32 N9da9vtingvia DRAKA IUaya

Y

o o '
(4 v

'
a

UNITAUATN 4.4

AUUNULENADITU YUN 1 vUA 1:2
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A15197 4.4 YayadinveImiLendaya o (Optical Splitter)

Parameter Specification
Insertion loss (Split ratio 1:2) 3.8dB
Insertion loss (Split ratio 1:32) 16.9 dB

4.4 HANISNAADIIVYLAZNITIATICANS

4.4.1 n19ATUINU Power budget

Tunseenuuuszuulianusededynaludsuaenld wihszuuanduluugaly
§ara89a (Point to multipoint) wsilun15A11I0uAT Power budget azldn1sAuwiauuy
Point to point faduinszuUaIwdINduei OLT lugaateniafie ONT AsAIuIe
Link Power Budget %845¥UU GPON azgnutaifuassduiiosanmaluladues GPON i
n3dsdiagasiu Downstream Lag Upstream fiansiginauiilimilouty duferiuen
AAWEL Downstreamn 7 1490 U luiuns was Upstream i 1310 uiluliins n1sAiuinae
fuanlunsdl Worst case nanafosyesniavesangloniaain OLT T ONT #ilnasnnilan
Feluineimusaduildeanuuufndiszuuiaietelinmelueims seoensitlnafianain
OLT lUds ONT @e 172 wums nMuun Safety margin 119U 3 dB @N150A U3 Link

power budget lagldaunisi 3.1 way ldveyadnnigvesgunsainldlunisaenuuuniy

M54 4.2.1 Fad.2.4

A1519% 4.5 A1 Power budget AU Downstream

Power budget calculation for Downstream
No. Parameter Amount Unit Loss/unit (dB) foual
loss (dB)
1 Fiber optic G.652 0.172 km 0.28 0.048
2 Splitter 1:2 1 set 3.8 3.8
3 Splitter 1:32 1 set 16.9 16.9
q Connector SC/APC 8 set 0.2 1.6
5 Adapter SC/APC 5 set 0.2 1
6 Fusion Splicing a4 time 0.1 0.4
Total loss 23.75
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No. Parameter Value Unit
1 Minimum Transmitter Power 1.5 dBm
2 Minimum Receiver Sensitivity -28 dBm
3 Power Budget 29.5 dB
q Total loss 23.75 dB
5 Safety margin 3 dB
6 Power margin 2.75 dB
AN3197 4.6 F1 Power budget #u Upstream
.~ Povier budget calculation for Upstream
No. Parameter Amount Unit Loss/unit (dB) foral
loss (dB)
1 Fiber optic G.652 0. 4 km 0.35 0.06
2 Splitter 1:2 1 set 3.8 3.8
3 Splitter 1:32 1 set 16.9 16.9
q Connector SC/APC 8 set 0.2 1.6
5 Adapter SC/APC 5 set 0.2 1
6 Fusion Splicing al time 0.1 0.4
Total loss 23.76
No. Parameter Value Unit
1 Minimum Transmitter Power 0.5 dBm
2 Minimum Receiver Sensitivity -28 dBm
3 Power Budget 28.5 dB
q Total loss 23.76 dB
5 Safety margin 3 dB
6 Power margin 1.74 dB
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o v o

91nm15197 45 uaz 4.6 zdunaleinaiidedises (Power margin) 289
Downstrearn wag Upstream 7iléiA11nndn 0 nd1fe Power margin §1u Downstream
o8l 2.75 dB wawsu Upstream a8l 1.74 dB Fsanitldanmsnsdaunduduiding ns
pONUUUTgNAULAIEIU Power Budget uarszuuiiiissAnnmlunisléen dreniiladen
tfounin 0 Mdsdanin OLT erafailiiileswefda3udl ONT azamnsnfuld wiadisiu
annsosuldedetedulouiiferadadgmmenanildsuiiewnandadeiivialviie
Loss Tugsenguaanisldauresseuu dawavinlyd OLT uag ONT lanunsasudsdeyaduld
lunishadegunsninazasraaiedis FTTH SududesldindesfiefiFuni OTDR (Optical
Time Domain Reflectometer) lunskansnisanneuiagiumisiiunnsesvesats Feeder
uiluingninusatudssezaedddenun ndnfendnieswuns feduanunsaldgunsal

Laser Source fiu Power meter a3t silousoasusazyauwnule

FOF FAT

ONT
Q Q 1490 nmi Lma nm .

Optical Fiber
*ﬂ Splitter Lv.1 (ratio 1:2)
ﬂ Splitter Lv.2 (ratio 1:32)

m JDSU OLP-57 (PON optical power meter)
5UN 4.4 NMIneaeuiasiu-de 581319 OLT-ONT lagldgunsal PON Optical Power

Meter

U7 4.4 uamamsvagauaidsnsulsasaneuidt ONT Ingldgunsni PON Optical
Power Meter Lilasandaaviildannisiusnordldnadinainndeu aridwesdygio
wasiidannan OLT finmueniadu 1490 uiluuns wasAfdwesdniauasiidioanain
ONT firueindy 1310 uiluins

Tunslip3os PON optical power meter pastiany Patch cord fildieafuin3as
PON optical power meter ¥ madauan Loss tdefauifieUsu offset vaan3os wiathen
qwﬁaﬁﬁmmaw Patch cord Wndsfufdsiivalaasearnia3es PON optical power
meter U7l 4.5 wandlifiuaidsitinlfasmdannaadassuy FITH fdsdsfidennn OLT
flenuennay 1490 uilumng 3.75 dBm A&SULFA ONT -18.87 dBm U7 4.6 uansns

Implement 1A30%"8 FTTH 1105574 GPON nglue1nnsyn
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5UN 4.5 Frnaasu-de 581319 OLT iU ONT

Residential room

Control room FDF

(Splitter 1:32)

sUfi 4.6 N3 Implement Le3o118 FTTH 1nAsg1u GPON anelueiesyn

4.4.2 n13ATUINU Rise time budget

13RI Rise time budget Yp3szUVIsgnuULduaosdmgufeaiunIsiwIn
Link power budget nanafe #1u Downstream A de1IpAL 1490 UIlULUAT waz
Upstream 1 1310 wilmuns n1siuansiwiadunsd Worst case Wufiessezniaves
aeloufi91n OLT U ONT Alnaunnfign n1sduan Rise time budget @anunsauanld

INAUNTT 3.2 wag 3.3 Wnedeyaiinizvesgunsainldeaniuuainmsed 4.1 wag 4.2

A1919% 4.7 A1 Rise time budget A1 Upstream iag Downstream

Rise time budget

Value

Parameter
Upstream Downstream

Transmitter Rise Time , T, (ns) 0.26 0.15




Modal dispersion rise time , T oq For Multimode fiber optic
Receiver Rise Time ,T,, (ns) 0.26 0.15

@3 (nm) 1 1
Length of fiber worst case,L (km) 0.172 0.172
Material dispersion ,D (ns/nm.km) 0.00356 0.01364
Group Velocity Dispersion , Tayp 6.12320E-04 0.00234608
Tow "2 3.74936E-07 5.50409E-06
Teys N2 1.35200E-01 0.045005504
Toys (ns) 0.37 0.21

a1

91A13797 4.7 A13AIAAAT Rise time budget Tudau Downstream 1¢A1 0.21 ns
waz Upstream A 0.37 ns 3erninldedosaniiganssninnasiaacen Rise time budget
YosdITdNSTELUY NRZ nanifetfesndn 70% vesriuaasdn (Bit period) Haaunisd
(3.8) WufiaA Rise time budeet #1u Downstream feosdiftiosnin 0.28 ns waz Upstream
foadiantionndn 0.56 ns FavaneauiisruLiesnuuugNienILInIgIU Rise time
budget vilvianuisasudoualreguiiuszAnSninpaInTnsesTuLuNaIAlun1sSUds
Jayanu Downstream 71 2.488 Gbps wavsu Upstream #i 1.244 Gbps. Tunnensafudiu
5ﬂ¢iﬂﬁ1§1’ﬁﬁiﬂqm’iﬁ 70% veip1uvetn (Bit period) asralinissudaiadny Upstream was
Downstream siogsyavisamiasld nandolianunsasudstoyaiisnsn 2488 Gbps Tusiu

Downstream way 1.244 Gbps g Upstream 1o

4.4.3 NMSHNULULAINN
n1sldnuwuunInvewidan annsldusnismieg Usenaume usnasinsAng
(Voice) U3n1sBwmasiiin (Data) wazu3nis IPTV (Video) @eusiazuinisdiniiudesnis
UStnasuusiavianuiognansanad
- Voice : 64 kbps codec G.711
~IPTV  : 8 Mbps dwsudes HDTV way 5 Mbps dmsudesily
- Internet

1 Mbps

. Downstream 7 6 Mbps — 10 Mbps ag Upstream i
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=< & a e = v o fa e X
Fensanuuinisilluewianeraiianudesnisiduuudinyiigeu lagianie Intemet
wag IPTV Myatuauuiuuiininfegeaawiazldanutuiuegiudnuiures ONT isieunds
wiagnesn PON 1 ONT #iserdiundanesn PON fidrwiuwiuuinfazdanarinlingg
atuayuLuumaviRdvaanusiazyldnuanas wazlunieanduiual ONT Nreldiundinesn
a o 2/ < ! o 4 Y ca 3 a 1 ¥ a X =
PON Hiduiutdeeiazdsmarilinsatuayuwuuminviiafegaausazs lHnmuiuy Fauans

o v A
AINUAUNUTAINATIIN 4.8

M19197 4.8 AuduiusTEnIMIaTuayuwunInTiRasaEnve LAz ldnuiUIIuIY

ONT 7162L011NEInasH PON

Number of connected ONT Download (Mbps) Upload (Mbps)
) 1244 622
4 622 311
8 311 155.5
16 155.50 W\ 5
32 77.75 38.88
64 38.88 19.44

TuAnentinusadutioanwuulisessu ONT luusaznwesn PON awga?l 64 ONT usilu
ANULTUATIlATIAS9UR I TRINAITLREITUAE 20 109 AdLUNTaNese PON 223l ONT
d‘ 1 1 = 92 1 :’/ 1 d‘ £ 6a & 1 -d! 1% = ldl
Wounoed Lie 40 Fuvntiu Aledgveanisiduuuinvisienddldiuganiseg
Downstream 62.2 Mbps kag Upstream 31.1 Mbps 3g84nalaiuuuaInifsessuLsay
Aldudanigawedmiunslidnuuingigeg duulwhifaiuisasessunstdauuinisg

Triple play (Voice, Video, data) lnegrsiivsz@nsnin

4.5 un&sy

Tuunillanaitiatunsuniseenwuy aunsaifildluseuu aunsaildnsivaeuAnigs
YOIFYYIULAS NITAIUIUAZILATIZNAT Power budget LayAT Rise time budget way
gavielandndnisaduayunuudiniiadugeand miun1sldauuinisinséni (Voice)

UsN158umesLin (Data) wazu3nis IPTV (Video) vatusiarlfaunelusinisyasiotig
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A3UNANTTINY hazUalauaue

5.1 UNUI

Ingntinusatuillieoniuuiazaiianievisdulowiiuiuas FTTH 1195514 GPON

dMSUDIANIYALALIATILYUTEANENNMYDITE U UIAEAUINEARIN ST aTUaN ) d1nsu

O oA

nsSudadeyaruduloniiuas dupiaen Power budget wagd Rise time budget luns

(%
Y

sanwuuLA3eY Ireanwuuiasinfsssuunelusimsgauwiavile Feausadunssdadu
fegraaztinyUssynadniuldeanuuuiazasiuesotny FTTH 11055718 GPON Tue1ans
A v o & v a 1Y) a 2 v 1% ] =
goauald enadndudeelinisuiuiasuunuuidntiaeniulasiaiauedusage1ansyn 3
STUULATRYIELARONLUULAZALTUN15ARAILU IRrIuIIRT§1UTR A1 Power budget wae
A1 Rise time budget karaavelaasu1eenNUdUNUTVBINITATUALULUNAIAYIRALEY
gousiagdl¥auduituingunsal ONT Nreleutnandaneasn PON wagldandieg1anisly
fa 6 :&J 2/ ! 14 o (% a 4’{ = % 13 A a
NuuuuAInUasiureskaa i udmsuusnIsiiugIuAe v sAnwg (Voice) U3n1s

Sumesida (Data) Wazu3ns IPTV (Video) wini3unsauiud vizulawad (Triple play)
5.2 d@3Unan1savy

Igninusaduiiiauenisosniuunagaiiunisiasette FTTH tagldmalulad
GPON dususiaisya lngluniseanwuuaziigunsal OLT wdentluriesaiuaunielu
- ' X EPN o |
91A13YN LiloaneN Loss MLAnINTee¥vae Feeder cable wazadenisnieninsnes n1s
panuuukazamdunsiuaneinusatuillaml Power budget wagan Rise time budget 91a
nanafie dA1Power margin AunAdAUERD AU Upstream  1.74 dB wag 61y
Downstream 2.75 dB @3aunsadulalainssuuieeniuuliussdnsn1nnaonyi9018vednis
19971 A1 Rise time budget dA1A1N31 0.56 ns TuAUW Upstream Ag 0.37 ns LagilAe
41 0.28 ns @mFuAU Downstream A 0.21 ns Fadiulaladrssuvatunsasudadoyaluy
9n31n155udIdoya AU Downstream 91 2.488 Gbps Uagu Upstream # 1.244 Gbps
A o Fo o (¥
wagluniseenuwuundnavedfudunisanaudenisuinves Feeder cable naludy
v A a v = o v v ° . |
Alduniegnnge1nsdneie dlutagtuniseeniuuliiiidunisd1ses (Protection) ludiu
a A 3 oY 1 & aa = =~ Y = v =
aewaLdatisieoanannwesn PON deliifunieuiiesaniinnuauddeunnmsiziesaddes

wosn PON Tunilanesndmsuldilunesn Standby wazgunsal OLT dawlngdaldauise
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iludnuwaueills uigunsal OLT Tudagiunimuaaunsaeenuuvludiuvesaisiadanse
90 OLT Wdsglviusnisduwesidn (Uplink) Tilidunisdrsesld Wefimgnisaliviliane
wdaloudnduladunilsneadldnundiasaunsaldauliegiweodos uaziniatie FTTH
o w - & o Y v o sa vee
dmsuemsyaeanuuullanunsaatvayuliusasdldeuansaldauwuusiailafs 62.2
Mbps @1%5U Download wag 31.1 Mbps @115U Upload @saiunsasessuuiniiniuila
¢ . Y P a a a = ° a A ¢
wad (Triple play) laeghaiiesnauaziiusednsnm deanunsaiiniseensuuluinginus
atuiily Uszendldaulunisesnuuuiasevionisluainisynaug aeluieuluuny
wAlUlABLATYILULLNT (1ATRUIEERANTNIUAITNDIWAY) LBI9IN FTTH 11915514 GPON
T o

[ A o % a  oa = g v
LUULVI@I‘UI@EJV]ﬁ']lJ'ﬁﬂﬁ@\ﬁUﬂ’]{LGUQ']ULLUUWJﬂVWIQ\‘] LLagluwﬁfy}vaqmiUﬂ'JUﬂWEJITJ?{']‘EJ 65\‘11‘1/1

Useansnnwlunislaaunmnin
5.3 UalduBwu

Ierdnusatulilafnwinisesnuuukazaniiunishnauaiedesduleoniiiiuag
FTTH dmsuairmsyalaglduinsgiu GPON Fsanusavundusiedisluniseanuuuly
91A15YA AW b weiventinusiiliaueniseonuuumeluainnsyaiieamniieeinsvinuy &9

Lilafiansananneiindauionnnsyaiivalgainns
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Abstract— This paper presents design and implement of fiber
to the home (FTTH) for residential condominium based on
Gigabit-capable passive optical network (GPON) ITU-T G.984
standard in order to achieve the maximum 320 subscribers and
support high bandwidth for triple play service more efficiently.
The proposed design complies both with power budget and rise
time budget standard. Finally, the proposed design achieves the
maximum 320 subscribers, average bandwidth per subscriber at
62.2 Mbps for downstream and 31.1 Mbps for upstream, power
margin is above 0 and rise time budget is below 70 percent of an
NRZ bit period.

Keywords—GPON; FTTH; Power budget; Rise time budget;
Passive Optical Network; Triple play service.

1. INTRODUCTION

At present, the growth of broadband internet usage has
increased steadily. Internet service providers (ISP) are
migrating technologies for access network from copper-based
network to optical fiber-based network. The copper-based
network (telephone line) also known as asymmetric digital
subscriber line (ADSL). With ADSL, downstream and
upstream bandwidth are affected by the condition of copper
wires, the distance between residential subscriber and the
central offices (COs) and any interference on the line. The
copper-based technology has been developed to very high bit
rate digital subscriber line (VDSL) that can support higher
bandwidth than ADSL. However, distance and copper wire
condition can still affect VDSL.

The Optical fiber-based network also known as fiber to the
home (FTTH) that is the future solution for providing
broadband service such as voice , data and video (Triple play).
FTTH can support very high bandwidth over long distance.
Infrastructure of FTTH is pure optical fiber installation, central
office directly connect with the optical fiber to residential
subscribers. FTTH solution based on passive optical network
(PON) that is point-to-multipoint architecture. PON use
unpowered optical splitter to divide the optical signal from
single fiber to multiple subscribers. There are several type of

978-1-5090-4834-2/17/$31.00 ©2017 IEEE

PON technology, i.e. APON (ATM PON), BPON (Broadband
PON), GEPON (Gigabit Ethernet PON) or EPON (Ethernet
PON) and GPON (Gigabit-capable PON).

Literature surveys show that a PON system is widely used
in the FTTH access network because a PON system use a
unpowered splitter that gets single input and splits it to
broadcast signals downstream to many subscribers. Many
research works propose PON for implementing FTTH access
network. In [1] Design and analysis of fiber access network
systems using GEPON technology for high-rise building. In [2]
Designing, planning and deploying of FTTH network based on
GPON.

Nowadays, one of most deployed technologies of PON is
the GPON, with the other being the GEPON (EPON). GPON is
defined by ITU-T recommendation G.984 series. GPON
interface can transmit data over optical fibers at asymmetrical
bit rate of 2.488 Gbps for downstream and 1.244 Gbps for
upstream. GPON can transport ATM, TDM and Ethernet
traffic by using GPON encapsulation method (GEM).

In this paper, analyzing designing and implementing of
FTTH access network based on GPON for residential
condominium. The proposed design accomplish the maximum
320 subscribers, average bandwidth per subscriber at 62.2
Mbps for downstream 31.1 Mbps for upstream and complies
both with power budget and rise time budget standard.

II. FTTH BASED ON GPON

A. FTTH Architecture

Fiber to the home (FTTH) is simply the 100% deployment
of optical fiber in the access network [3] as shown in Fig. 1.
The optical part of access network can be either active (point-
to-point) or passive (point-to-multipoint) [4-7]. This paper
discusses only FTTH based on passive point-to-multipoint
architecture.
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B. GPON Architecture

GPON is defined in International Telecommunication
Union Telecommunication Standardization sector (ITU-T)
G.984 recommendation. GPON is a point-to-multipoint
architecture, where a single fiber connects to passive optical
splitter that distribute fibers to multiple subscribers, up to 64
subscribers per GPON interfaces. The optical splitter has
variously different split configurations, such as 1:2, 1:4, 1:32,
etc. Downstream data transmit on a wavelength of 1490 nm.
Upstream data transmits on a wavelength of 1310 nm. If
CATYV is being distributed, a wavelength of 1550 nm is used.
GPON providing asymmetrical data rates at 2.488 Gbps
downstream and 1.244 Gbps upstream. A GPON system
consist of mainly active equipment the first one is optical line
terminal (OLT) and second is optical network terminals
(ONTs). OLT, that connects several ONT by using a passive
optical splitter as shown in Fig. 2.
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—
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e "\
Optical Fiber ONT#N
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IPTV — Downstream 1490 nm 2.488 Gbps

<— Upstream 1310 nm 1.244 Gbps

Fig. 2. GPON architecture

GPON use GPON encapsulation method (GEM) for
performing GEM encapsulation for transmitting frames (e.g.,
ATM, TDM, and Ethernet) between the OLT and the ONT. In
downstream direction (from OLT to ONT) data packets are
transmitted in broadcast method to all ONTs with the same
fiber. The encryption is used for prevent eavesdropping. ONTs
filter the received data and separate only their own data. The
upstream direction, data packets are transmitted in time
division multiple access (TDMA) method. Each ONT

transmits in an assigned time slot to escape collisions, and the
OLT controls the upload capacity bandwidth with dynamic
bandwidth allocation (DBA) algorithm for all ONTs [8-9].
The standard specification of GPON technology as shown in
Table 1.

TABLE I. GPON SPECIFICATION

Parameter Specification
Standard ITU-T G.984
Downstream rate 2.488 Gbps
Upstream rate 1.244 Gbps
Downstream wavelength 1490 nm
Upstream wavelength 1310 nm

Protocol ATM, TDM, Ethernet
Service Data, Voice, Video
Maximum PON split ratio 1:64
Maximum Distance 20 km

III. DESIGN OF FTTH-GPON

A. Network configuration

The proposed design will be implemented for residential
condominium X that contain 20 floors (including the rooftop),
4™ to the 19" floor as the residential room. Each floor consists
of 20 rooms, so there are a total residential room of 320
rooms. Typically, the network design of FTTH OLT will be
installed in the central office (CO) or outdoor cabinet that
installed on electric pole. The feeder cable running from OLT
(GPON Interface) to fiber distribution frame (FDF). The
distribution cable connects splitter (inside the FDF) with fiber
access terminals (FAT) . In the customer area, drop cables
(access cable) are used to connect splitter (inside the FAT) to
ONTs as shown in Fig 3. GPON support the long reach up to
20 kilometers. The optical fiber carried the signal to the
subscribers is roughly divided into two sections, Feeder cable
( OLT to optical splitter distance 5-15km), Distribution cable
and drop cable (Optical Splitter to subscriber distance 100m-
Skm). However, since the building contains total 320 rooms,
representing 62.5 percent of maximum subscribers for one
card of OLT(OLT Icard has 8 GPON interfaces and each
interface supports 64 ONT). In this paper, OLT will be
installed at the control room of the condominium. Two uplink
ports of OLT will be connected with optical fiber cables for
the redundant paths as shown in Fig 4. Currently, the backup
protection of GPON interfaces is not popular because it
extremely wasteful and most devices are not supported.
Therefore, the proposed design modifications to reduce risk of
failure for the feeder cable and loss caused by the distance of
fiber, fusion splicing and environment.

Central Office Outside Plant Customer
777777 Access (onr
. | FDF RPN FAT
oLT Feeder L g Distribution < ONT
Optical Fiber
<{  splitter Lv.1 (ratio 1:2) o
<] splitter Lv.2 (ratio 1:32) )

FDF  Fiber Distribution Frame
FAT Fiber Access Terminal

Fig. 3. GPON FTTH access network architecture
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B. Design specification

The device specifications as below used for reference in the
network design. All of devices are implemented in the
practical FTTH access network of condominium.

e Optical line terminal (OLT) and optical network
terminal (ONT), both of which used in the network
design were chosen from LIGENT(vendor) with
LTE3680M and HISENSE(vendor) with LTB3468
respectively. The specification as can be seen in table 2
below.

TABLE II. SPECIFICATION OF GPON OLT AND ONT

Parameter Specification
OLT ONT
Downstream data rate 2.488 Gbps 2.488 Gbps
Upstream data rate 1.244 Gbps 1.244 Gbps
Output optical power 1.5-5dBm 0.5—-5dBm
Sensitivity -28 dBm -28 dBm
Spectral width 1 nm 1 nm
Downstream wavelength 1490 nm 1490 nm
Upstream wavelength 1310 nm 1310 nm
Optical rise/fall time 150 ns 260 ns

e Optical Fiber

The Optical fiber that will be used in the network as the
ITU-T G.652. The specification as can be seen in table
3 below.

TABLE III. SPECIFICATION OF OPTICAL FIBER ITU-T G.652

Parameter Specification
Attenuation at 1310 nm <0.35 dB/km
Attenuation at 1490 nm <0.28 dB/km
Attenuation at 1550 nm <0.22 dB/km

Chromatic Dispersion
(1285 nm — 1330 nm)
Chromatic Dispersion (1550 nm)

3.56 ps/(nm.km)

13.64 ps/(nm.km)

e Connector and Adapter

Connector and adapter, both of which used as SC/APC
type from FIBERTRONICS(vendor). The insertion loss
of 0.2 dB for connector and adapter.

e Optical Splitter

The second stage splitting method is used, so in the
design we used the 1:2 for level-1 splitter and 1:32 for

level-2 splitter, both of which chosen from
DRAKA(vendor). The insertion loss of two type
splitters as table 4 below.

TABLE IV. SPECIFICATION OF OPTICAL SPLITTER

Parameter Specification
Insert loss (1:2) 3.8dB
Insert loss (1:32) 16.9 dB

C. FTTH Access network configuration

In this section we will introduce the design of FTTH
access networks based on GPON standard, which already
mentioned above. The proposed design used two level of
splitting between OLT and ONT. In the control room contain
two components, The first one is OLT and the second one is
fiber distribution frame (FDF) that contain level-1 optical
splitter (1:2) [10]. FDFs are connected to OLT (GPON
interfaces) from one side with SC/UPC to SC/APC patch
cords, and the other side connected to Fiber access terminals
(FAT) with optical fiber drop cable G.652. Level-2 Optical
splitters (1:32) [10] are hosted in the FATs that installed in the
shaft room each floor of the condominium. G.652 cables are
connected from FATs to Access terminal boxes (ATB) that
installed in each of residential room. Finally, SC/APC to
SC/APC patch cord use for connected from ATB to ONT as
shown in Fig. 5.
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PONL <+ | ATB  Access Terminal Box

Fig. 5. FTTH Acceés network configuration

IV. PERFORMANCE ANALY SIS

A. Power budget

The power budget (Pz) is the difference between the
minimum transmitter power and the minimum power
requirements of the receiver [11]. When calculating optical
power budget, we use the worst case analysis, which are
dependent on two statistics from manufacturers : minimum
transmit power (Ppyy) and minimum receive sensitivity
(Pryay). And link margin (Ps), which represent for total link
loss caused from fiber loss, connector loss and splice loss.
Power margin (P,,), which represents the amount of power
available after subtracting total link loss from the power



budget. Required power margin must have a value greater than
0 (zero).We can be mathematically expressed as below.

Py = Pryiy - Praiv (D
Ps = (Fiber attenuation™® km)+(splice loss*No.of splices)
+(connector loss* No.of connector) 2)
Py - Py — Ps —safety margin 3)
We need safety margin for system degradation or

environment [11]. Safety margin value depend on the risk of
system loss increment.

Power budget calculation of GPON will be divided into two
parts, Downstream (wavelength 1490 nm) and upstream
(wavelength 1310 nm) direction. And calculate the maximum
distance from OLT to ONT (172 m). The data used in
calculation from table (2) — (4) above and consider the safety
margin set as 3 dB.

TABLE V. LINK MARGINS AND POWER MARGINS IN BOTH DOWNSTREAM AND
UPSTREAM

Link margin (Ps) Power margin (Py)
Upstream Downstream Upstream Downstream
23.76 dB 23.75 dB 1.74 dB 2.75 dB

Table 5 shows the link margin and power margin for both
downstream and upstream transmission. Py, Values obtained
from the calculation, which is 1.74 dB for upstream and 2.75
dB for downstream. These values are still above 0 (zero).
Therefore, this link still meets the standard power budget.

For consideration, the results of calculations using typical
design (assume the maximum distance from OLT to ONT is 15
km) as table 6 below.

TABLE VI. LINK MARGINS AND POWER MARGINS IN BOTH DOWNSTREAM AND
UPSTREAM USING TYPICAL DESIGN

Link margin (Ps) Power margin (Py/)
Upstream Downstream Upstream Downstream
29.45 dB 28.40 dB -3.95 dB -1.9dB

From the calculation in table 6. P, Values obtained from
the calculation, which are below 0 (Zero). Therefore the
connections are not enough feasible and cannot be ensured that
the optical fiber network will carry the required performance
over the life of the network installation.

In the implementation of FTTH network , Data from
calculation will not be able to get the accurately result.
Therefore we need a PON optical power meter to test of the
PON system power as shown in Fig. 6. Transmitter power from
OLT is 3.75 dBm and receiver power at ONT is -18.87 dBm
(Note: These values need to subtract with insertion loss 0.4 dB
from patch cord).

Fig. 6. Optical power testing with PON optical power meter

B. Rise time budget

Rise time budget analysis is a method to define the
dispersion limitation of the optical link [12]. This method can
be analyzed that the link operate fast enough to meet the
bandwidth capacity.

The four parameter that may essentially limit system speed
are the transmitter rise time (¢,) , the modal dispersion rise
time of the fiber (¢,,4), the group-velocity dispersion rise time
of the fiber (¢5yp), and the receiver rise time (¢,.). The rise time
budget (t,,) can be calculated as

2 2 2 2912
tsys = [ttx + twod t Loy T b ] (4)
tgvp = Dol (5)
where

D = Dispersion, g; = Spectral width of the source,
L = Length of the optical fiber

The single mode fiber, that we use in this paper do not
experience modal dispersion. Therefore, we will only consider
three parameters.

TABLE VII. RISE TIME BUDGETS IN BOTH DOWNSTREAM AND UPSTREAM

Rise time budget ()

Downstream
0.21 ns

Upstream
0.37 ns

From Table 7, the calculation of the total rise times (z,,) are
0.37 ns for upstream and 0.21 ns for downstream. These values
are still below rise time criteria, which do not exceed 70
percent of NRZ bit period. In the GPON connection, use a bit
rate for downstream at 2.488 Gbps and upstream at 1.244
Gbps. Therefore the rise time maximum allowed 0.56 ns for
upstream and 0.28 ns for downstream. It can be concluded that
the system meets the rise time budget standard.

For consideration, the rise time budgets of downstream for
typical design is over 0.28 ns, which affect the performance of
downstream. The rise time budget values for typical design as
table 8 below.

TABLE VIII. RISE TIME BUDGETS IN BOTH DOWNSTREAM AND UPSTREAM
USING TYPICAL DESIGN

Rise time budget ()

Downstream
0.30 ns

Upstream
0.37 ns

C. Bandwidth allocated

The maximum accomplished upstream and downstream
bandwidth as a function of the connected ONTSs as shown in
Table 9. If the amount of connected ONTSs increases, the
maximum bandwidth decreases in both upstream and
downstream. In this paper, each GPON interface was
connected with 40 ONTs. Therefore it can be provided triple
play services at 62.2 Mbps for downstream and 31.1 Mbps for
upstream per subscriber.




TABLE IX. MAXIMUM SUPPORTED BANDWIDTH AT VARYING NUMBER OF ONTS

Numberoc;g;c;nnected Downstream (Mbps) Upstream (Mbps)
2 1244 622
4 622 311
8 311 155.5
16 155.5 77.75
32 77.75 38.88
64 38.88 19.44

V. CONCLUSION

The proposed model of FTTH network based on GPON for
residential condominium is introduced. The design method is
suitable for high rise building, OLT was installed in the
control room in order to reduce the risk of failure of feeder
cable and link loss caused by distance of fiber, fusion splicing
and environment. The proposed design complies both for
power budget and rise time budget standard and can support
triple play service with bandwidth per subscriber at 62.2 Mbps
for downstream and 31.1 Mbps for upstream.
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