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(PHS , LTE, 3G, GSM ) J:b 5«
(WLAN,MMDS,LMDSWLL) Fixed

LMDS:Local Multipoint Distribution Sys.
MMDS:Multichannel Multipoint Distribution Ser.
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(FTTH) PON _Su &b b

P2P Method--FTTH

M pieces of fiber, 2N sets of
optical T/X rn:?:dules . 32 Nodes e =5
Each channel is respectively E.p}r __
manageable g i

Suitable for non dense area or O
gray field. o 32 pieces of fiber ! e

=nd e 24 sets of T modules Subseribers
PON Method--FTTH

One or two backbone fiber to
district
MN+1 sets of optical T/ modules

Enrnd oftice
F280F

L

Save Exchange Office space

Mo active devices betwean end
office and subscribers

1 pieces of fiber sptitter =
33 cets of T/ modules - _ s Su--gc ribers

Ease manageable

Suitable for dense area or green
field, especially good solution for
large broadband access
deployment.
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PON Jxd e (g o
P2P Jlzd (fig ) o
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P2ZMP Passive Method--PON
Sawve trunk fiber.
pa ss IVE' or Afcr:ve ? ? o e | se_.lts of optécal T/ modules
Mo active devices between end office and
subscnibers

e = Mo need for equipment room and facilities
point of presenca access loop customer pramisas \ between OLT and ONU ends.
T Save OPEX & CAPEX.
@ ‘ Shared Dynamic Bandwidth Assignment (DBA)
L mechanism

A

ol P2P Active Method—Active Ethernet

- . More trunk fiber

« More optical T/ modules

= Each dedicated channel is respectively
manageable.
More space room and facilities for each layer
Difficult management for equipment & service
prowvision .
Mot flexible and not suitable for large
deployment

Ethemet Etheornet

i e = More deployment & engineering cost.
P2ZMP Active Method—Active Ethernet
i Sawve trunk fiber.
POMN network is a low cost, . More cascaded layers equipments._
high reliability network Large space room and additional facilities._

Port utilization is lower.
CO equipment line capacity is limited .
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GPON: Gigabit Passive Optical Network e

L ITU-T aolaliad e sile () 68 5558 GPON
Cal o0h (% Yoo T 5048 ilue G.OBAX O i
A W g ) st 40 1) 3 (s )5l 0y

Az 55 SOA g S S s Hlad b iia ) e YL e
_Jﬁ s L& 52)2

ol P2MP &y 5o 45 (5 455 PON dl5 o

sl ONU,ONT,ODN,OLT Jal& PON <&



*  OLT——0Optical Line
Terminal

Passive Optica] Splitter

ONU——Optical
Network Unit
ODN— —Optical

Distribution Networks

® PON network is a P2ZMP Passive Optical Network

® PON network comprised by OLT,ODN,ONU. Network structure is very clear and
simple



Combing sSplitting s sk

OLT ONU
Data to = ] 7 Data to
transmit ~ | Medium | 1X |\ A TRIT| Medean [ transmit
Access ) [ Access o
Data : Y | | i | _Data
received | Logic s RX It Logic received

/ 1 : 32coupler structure

Single mode fiber

— e——

|IiI|‘III.'|iI!I[IIII AL A _ﬁT‘ﬁ_T-[F
J\ i l l T! W m— A2coupler inside structure \
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Manufacturing method




€4 \\Ve can cascade this kind of “x” type fusion point, We can get 1:2,1:4,1:8,

1:16,1:32 split ratio POS...
& If we do not blocked the other input ports, we can get 2:N splitter, so 1:N and

2:N splitter have the same structure.
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size: 128 X78X15mm

size: 482mm x 160mm x 43.5mm
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Adlue &5l WDM 5t L GPON

A suine ol ddga 53 Dy a4 )9 GPON Lo
i S 5 US DS sl JuSias (5 b aa il 5
2 sdie aIICWDM sl il

4 dlayl | (Sibe G4y S 5e Jl) DS G 2
Al g LS G ) pea
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Sl TDMA
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ONU/ONT

OLT

1490nm
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Data for specified ONU

DT for specified ONU / ’ é

—y
o4

Broadcast mode



US e OGPON )8 J sual

Data from specified user

”. |
S
— @.

o

Data from specified ONU

TDMA (Time Division Multiplex Access) mode
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Capacity

PON Az g AL 5 )

NG-PON technology roadmap

NG-PONZ2
E.g. Higher-rate TDM,
DWDM, CDM,
OFDM, etc.

Component R&D to enable NG-PON2

___ﬂ--',\?mﬂnt
‘Coexistence’ NG-PON1 inci~_ | &8 con ™%
enables gradual long-reach option Daa “"”ﬁz\e
migration in the 052
same ODN. WDM option to

enable to overlay/multiple
XGPONs

XG-PON

(Up: 2.5G or 106G,
Down: 10G)

Splitter for NG-PON2
(power splitter or
something new)
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Service Platform _ NMS/EMS V Residential Users in green filed
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i Video Video
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FTTX :Fiber To The X

GPON: Gigabit Passive Optical Network
ODN: Optical Distribution Network
OLT: Optical Line Terminal

ONU: Optical Network Unit

ONT: Optical Network termination

CO: Central Office (POP) Sy sw S
LCP: Local Convergence Point




NAP: Network Access Point

NIU: Network Interface Unit

A S LCPSCO o sleliS 4 1 i S
i e NAP SLCP o slelilS 43 1y 55 S
A e NIUSNAP O sl 40l a Jis



Local

convergence
points

Network access Natwork
points nterface units

L1

Central Feeder

cables
office  cables

Al
Oy




FTTX psese g

A oS ) ) Alald aa U (5 ) 50 jud aSl Galial o o
A gdna =8 FTTX Con 625 52038

lue 0 7 JGFTTX alisa sl gl (59 (et ) o
-TTN: Fiber To THE Node Or Neihborhood
-TTCab: Fiber To The Cabinet .
-TTB: Fiber To The Business Or Building .




FTTX ps¢e g il

FTTH: Fiber To The Home
-TTC: Fiber To The Curb
-TTP: Fiber To The premise
O: Fiber To The Office
FTTZ: Fiber To The Zone
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 MDU:Multiple Dwelling Unit
sledna b8 sl adinac Al Ll sla oSy 4y o
e o JLE! Lealial s b (S) il
 MTU:Multiple Tenant Unit

A OJLUA‘ LSJ\A.\ LSJ\A.LUA‘ LS\A.J;\)

o

 MHU:Multiple Hospitably Unit
AiSaa o LSl (agd 58I e b LealSa 5 jaceiling jlandlelia 4y o



FTTX o el o) o S

e SDU:Single Dewlling Unit
A o LA adlue 0l A G 348 5 S 4y e
« SFU: Single Dewlling Unit
AiSe o JLAISDU D) e 5240 o
e SOHO:Small Office Home Office
28 o HLEl (SHA L Sa S (o)l a4y o
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PON alisa sla o 5l

A/B PON: ATM/BOARD BAND PON
EPON: ETHERNET PON

GPON: GIGABIT PON

NG-EPON: Next Generation EPON
NG-GPON: Next Generation GPON
XG-PON: NG-GPON
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o 3 ylailinl [TU-T 5 FSAN o3 8 1w 5i A/BPON
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ATM Gled sl B ) cileDUal b (5 5L8 Gl o
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EPON g

A% (et |[EEE 802.3ah 2 i) GaSFPON
sl % Voice,Data,CATV ) oSt S cile MUl
D gdine (S i il

1. 25Gbps < 55 4US sDS s e fiSlas
Adbae o)le EPON o Jlas)

sl 20KmM Alald Uy Jsha yiSlas

ol 1:32 (SaiS apnsi cus LSplitting Ratio



GPON 7 i

iG.984.1 » jlei L [TU-T sFSAN o5 S L 53 GPON
) sl .AJ\.MUM\ Yool Jla dﬁ‘)}‘ 2 (.984.4

S sSGEM 2 st s sledli&n 5 sl 5 cle Ul

A seia
GEM :GPON Encapsulation Method



GPON g i

Jilas 52.5Gbps »l »DS 2 ey yiSlas
Adlue 1,24Gbps

J8las 2.5 Gbps 9 xUS o Cie s yiSIas
sl 155Mbps

Splitting Ratio 1:64



PON 4uslas

Passive Optical Network Type

Characteristic BPON EPON GPON

Standards family ITU-T G.983 IEEE 802.3ah  ITU-T G.984

Protocol ATM Ethernet ATM and Ethernet

Transmission speeds ~ 622/1244 downstream, 1244 upstream, 155 to 2488 upstream,

(Mbps) 155/622 upstream 1244 1244 or 2488

downstream downstream

Span 20km 10km 20km

Number of splits 32 16 nominal, 64

32 allowed




GPON LEPON 4sulas

ITU GPON
2.5Gbps
2.5Gbps L 1.25
NRZ

1:64
20Km
ATM 5 &yl
GEM s5,TDM
OMCI+PLOAM
ASE

|IEEE EPON PON g s

1.25Gbps DS e yu
1.25Gbps US ey
8B/10B i KaS
1:32 SIS api g
20Km alald yilaa
& ) IS5
< )i 55 TDM B
OAM s i OAM

Triple Churning DS st K
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Data for specified ONU

1490nm
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Data from specified user

Data from specified ONU
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N 4y adads S Jlall &) gas PON dial )2 o
<l P2MP 4k

Adbe 3 G eaPON ) 38 dis Gl jead o
OLT : Optical Line Terminal
ONU: Optical Network Unit
ONT: Optical Neywork Tremination
ODN:Optical Distribution Termination
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PONGs I ) Gt (5 jlara Ly lial

e JONB'S 7 . OLT——Optical
- | Line Terminal
Passive Optical Splitter ﬂ
L

= + ONU——Optical
. Network Unit

Passive Optical Splitter

ODN——0Optical
Distribution Networks
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User
Interface

Multiplex /
Function

Demultiplex

Function

User
Interface
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ODN
Interface
Function

Interface
Function

ODN
Interface
*  Function

Multiplex /

Demultiplex

Function
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‘ The same as Layer 2 switch

: TDM
i ’ \ 5 : \ Interface
Public Mgdule®, \ / Public Module
7 ’ ¥ 0
" 4 \ 4 R M
__-H"’ \‘\ /‘hl‘P ~‘*"'"n.._ __..-'"”
h‘h-I—’p’ - -

PON Core Function

The same as Layer 2 switch
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Wavelength 1-to-N optical ONT in a building

combiner splitter S
Packet / T r—
1310 nm 00
»
OLT (voice/data) "
MDU/MTU
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Em—
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" | | Single
1490 nm

fiber
Video (voice/data)

ONU
oL i— atthocut B
video
Small
optical
Central office A £r T
Local |]|].
ONU
SDU

et CoTn e
Cluster of homes I]UI s uﬂl
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Wavelength |

combiner I 1xN<64 S
Packet optical splitter SRR
OLT 1310 nm \ | O0g(H
(voice/data)
| SDUs
o > | Single bidirectional
{vL?-f;;;a} optical fiber aoen
Video
OLT Local ONU
1550 nm E—
(video) 1244/2488 Mbps downstream
i 155 to 2488 Mbps upstream
P |
MDU/MHU/MTU

Central office i
1 |
]
'«—— GPON: max. of 10 or 20 km —-i
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DBA: Dynamic Bandwidth Assisgment
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Type C full backup
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FTTX sl S alisa (sla 5 )l

Curb

Fiber To The Home

A

Fiber
Fiber To The Building LAN
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= 2| ONU [seme
Fiber Ethernet |
Fiber To The Curb xDSL
~ s i 'S 5 % ~
ONU e
Fiber - Copper
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PON Jalsa ai g

1G-PON 10G-PON NG-PON2 NG-PON3?

on [ G o
— —
y GPON Eeamd XG-PON

A/BPON

. S

2000~2005 2006~2009 -

Standardization 2012~2015+
2002~2008 2008~2010 -
2007 2011

Commercialization 2018+ 2025+
2009 2014

DS/US bandwidth | 1G/2.5G 10G N*10G 1000*1G

User bandwidth 20-50M 100-300M 500-1000M 1G

ITU-T : 1G PON->XG-PON->40G TWDM-PON->P2P WDM



PON Jel&5 aig
-mmmmm

Standard sgggih gg&l IEEE 802.3av ITU-T G.987

DS Speed 1.25Gbps 2.5Gbps 10Gbps 10Gbps 40Gbps 2.5G/10G/40G
US Speed 1.25Gbps 1.25Gbps 10G/1Gbps  2.5Gbps 10Gbps  2.5G/10G/40G
Line coding 8B/10B NRZ 64B/66B NRZ NRZ -
Lﬁ::?ﬁ‘::ffr 60/20km  60/20km  60/20km 60/40km  60/40km 60-80km
:’;'tiit:i“g 1:64 1:64 1:128 1:128 1:128 32/80 waves
Encapsulation Ethernet GEM Ethernet GEM GEM Flexible
conTpatihility £ ! z ! ¥ !

Cost Low Low Medium High High High

Maturity High High High Low Low Low



NG-PON LS\A &)}Uﬂ
10G-¢ 51 52 51 JIEEE802.3aV 2,)2iiul:NG-EPON
<uwsEPON
1G(US),10G(DS) :(10/1GBase- PRX)o_ il ¢ 5 s
10G(US),10G(DS) :(10GBase-PR) ¢l g s o

g02.3ah: 1 Gbps downstream /J 1 Gbps upstream

»  The first commercial FTTH technology with Gigabit bandwidth deployed in the world
*  Currently specified in IEEE Std. 802.3-2005

EPEY (300 Mbga ), On-Demomd (260 Mbpa), riomes (500 Mibpa)

HTT P'.‘_I_"IF-'E_:!"_-.‘ 'I'ﬁ.l 'Im]' (L E.“

A5 Option 1: 10 Gbps downstream J/ 1 Gbps upstream

~  Providing more downstream bandwidth to support advanced digital TV services
»  CATY replacemeasnt

IPTV (& Ghpa), On-Demand (2.5 Ghpal,
Internet, Gaming, ¢tc. (2.5 Ghpa)

HITP. FTP. S, Vil TEsgnony 1 Sngs)

Option 2: 10 Gbps downstream / 10 Gbps upstream
v Support for advanced, bandwidth-intensive upstream and downstream services
~  Support for more subscribers / dense deployments / MDU markets

IFTV (& Gbps), On-Demand (2.5 Ghpa),
Intermet, Gaming, etc. (2.5 Ghpa)

Hﬂ:ia'r';l-t.'lr Mhm-i'llﬂl R, 'ﬁ;l-::u
Surveillance, Video Telephony (10 Ghps)
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1575~1580nm(1577nm)  : DS(10G) Ju&u
1260~1280nm(1270nm)  : US (10G) J&om
1480~1550nm(1490nm) :(1G) DS CATV Ji&

1260~1360nm(1310) :(1G) US Ju&

10G upstream 10G downstream
1270 £ 10 nm 1577 -2/+3 nm
1G upstream RF video
1310 £ 50 nm
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1G downstream | =
1490+ 10nm [ =
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B Next Generation GPON Technology (XG-PON)

__item Specifications

Wavelength Upstream: 1260 to1280 nm, Downstream: 1575 to 1580 nm
o T N1: 14 to 29 dB (for applications that are not co-existent)
ower budge N2: 16 to 31 dB (used for applications that are coexistent)
Line rate Upstream: 2.48832 Gbps, Downstream: 9.95328 Gbps

Split ratio At least 1:64, Scalable to 1:128 and 1:256

Max physical transmission reach At least 20 km
Max logical transmission reach At least 60 km

Max differential logical reach Scalable to 40 km
FSAN/ITU-T PON RF  1577nm

GPON 1310nm E 1490nm

XG-PON 1270nm

1577nm

1.21 1.26 1.31 1.36 1.41 1.46 1.51 1.56 1.61 1.66 A
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B Next Generation GPON Technology (XG-PON)

Inherit

Innovation

— e — e — e — ——

~

(O GPON CARD
@ XGPON CARD

B WDMl1lr component(G.984.5)
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40Gbps TWDM PON

i [J [: Central Office
1961.161 ‘:m'E’ =

Stack-PONEONUSE

i

FENGPON &
- Trill Stack-FON

il i # B HIGPON ONU

State 863 project : (IFRA : 40G stack PON)



P2P WDM PON

B Next Generation PON Technology (P2P WDM PON)

TDM-PON (EPON, GPON,10G

EPON,XG-PON)
Time
¢ Divisio

2 1234

ONU/ONT
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o 10Km USlaa b (Feeder Cable)xé slelis
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Premises
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1-10-N <32 splice boxes e
splitter
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1= 4 splitters

1x 8 splitter B !
1
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a Drop
cables

Distribution
cables

1= 8 splitters

1= 4 splitter = 4
1
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Feeder 4 Reap

cubile T cables
Distribution

cables
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1= 16 splitters

1x 2 splitter ——— 1
1 -
.
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Feeder — 2 th;?gﬂ
cable Distribution

cables




r ————————————— —
| 1xN splitter 1 |
| |
Feeder cable with Mﬁf;:f:r | |
atg ot : N distribution fibers |
"r,:- i A Flber 1 I fﬂr PDN 1 |
7777 : | |
11 1 '
Fiber M | : |
iy | '
I . N distribution fibers |
| ) for PON M |
Central | |
office |
| 1 x N splitter M }
; ; Common equipment cabinet
FiRerk vV W FRarhs 4 for M different FTTP networks

K — M fibers to other equipment
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| 1xN splitter 1 |
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Feeder cable with M;g::fr | |
KM ihems : N distribution fibers |
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Fiber M | = |
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| . N distribution fibers |
- | * for PON M |
Central | |
office |
| 1 x N splitter M
waE: | 0 T T AT e e T Sl e -
3 ; Commeon equipment cabinet
Fiber K v v E[ReriE+ for M different FTTP networks

K — M fibers to other equipment
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e Class A: 5-20 dB
e Class B: 10-25dB

e Class C:15-30dB
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Bandwidth Needed

Service (Mbps)
Two HDTV channels (20 Mbps each) 40
Two standard digital TV channels (3 Mbps each) 6
Two Internet users (2Mbps each) 4
Standard telephone 0.1
Video phone 2
Home security monitoring 2

Total 54 .1
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Compenent Type Charactenstics or Use

Optical fibers Single-mode or multimode Attenuation, dispersion, SBS tolerance

Optical cables Aernal, duct, orunderground  Fiber count, strength members, FTTP
segment application

Light source LED, DFB laser, or FF laser  Modulation rate, output power,
wavelength, spectral width, cost

Photodetectors pin or AFD Sensitivity, responsivity

Connectors =ingle or multiple channel Loss, size, mounting type

Optical splitters Fiber-based or PLC Size (1 < A, insertion loss, packaging

Passiva components

Transcaivers (OLT,
ONT, or ONU)

Optical filters, aptical
izolators, and power
couplers

Indoor or outdoor

Wavelength response, loss, sizs, cost,
reliability

Environmental ruggedness, size, cost,
reliability, electric power use




FTTPS
Carrponent Trpé Charactensics or Uss
Tost instruments  BER tester, OTOR, spectum ~ Oplical power, wavelength range,
analyzer, power matef portabilty, cost, reliabily
Cabinets Agnial, aboveqround, or Ervironmental ruggedness, size,
undarqround; indoar or outdoor  cost, reliapilty
Powar supplias  Indoor or outdoor Size, cost, rellabilty, backup batery

Cable ducts Macro- or mini-qct Material, size, cost, rellaniity
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OLT Solitter
. COMNT#1
Main feedaer catle = -
= | ONT#N
Spare feedar cable
Tyvpe A (spare feeder fiber)
FAaim OLT Splitter
oo Main feedaer cable OMNTHA
— i :
el ] T COINTEMN
Duplicate feeder cabls &
EHpliesenerl Type B (duplicate OLT)
: N T#1a O MNTH#1b
OLT& Splitter

Feeder cabls

(13

OLTHZ Splitter OMNTHMA

i Feeder cable

Type C (duplicate POMN)

(11
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Cables placed in raceways (overhead cable trays)

Equipment patch cords Intrafacility cable

Cross- \ 4 Feeder
ifili] noon

connect cable

patch ——p-ﬂ :w Fiber to OSP
aoan oona cord Q0040 entre‘m[:e T

ahanag cabinet
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Vidao rack OLT rack Fibar distibution frame
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From OLT To0SP

Rear panal connections
00000000
I I I I I I I I
FOF {top view) ¥ 3§ 18 : |
Front panel cannactions 00 %) 000 0

Cross-connect patch cord
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