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Fiber-Optic Communications Systems, Third Edition. Govind P. Agrawal
Copyright © 2002 John Wiley & Sons, Inc.
ISBNs: 0-471-21571-6 (Hardback): 0-471-22114-7 (Electronic)
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Third Edition
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Figure 1.2: Increase i bit rate—distance product BL during the period 1850-2000. The emer-
gence of a new technology 1s marked by a solid circle.
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Figure 1.3: Increase in the capacity of lightwave systems realized after 1980, Commercial
systems (circles) follow research demonstrations (squares) with a few-year lag. The change in
the slope after 1992 is due to the advent of WDM technology.
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Figure 1.4: Increase in the BL product over the period 1975 to 1980 through several generations
of lightwave systems. Different symbols are used for successive generations. (After Ref. [12]:
()2000 IEEE: reprinted with permission.)




Figure 1.5: International undersea network of fiber-optic communication systems around 2000.
(After Ref. [22]: (©)2000 Academic: reprinted with permission.)
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Figure 1.10: Generic optical communication system.
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Figure 1.11: Components of an optical transmitter.
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Figure 1.12: Components of an optical receiver.
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Figure 2.1: Cross section and refractive-index profile for step-index and graded-index fibers.
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Figure 2.2: Light confinement through total internal reflection in step-index fibers. Rays for
which ¢ < @, are refracted out of the core.
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Access Network
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_______________________
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Equipment
Access Network is between the end users and the exchange ne
provide channels for the end users connect to the core netwa




Catalogue of access network

Access network

Wired access Wireless access

copper

|

Cable

i it

Power line

TR

ADSL is the most commonly technology in copper access network
GPON is the most commonly technology in fiber access networ
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before 2000 around 2005 around 2010




Bandwidth Demand

services

Data Download

VoIP and videoconference

Music ,multimedia contents

On-line gaming

SD Digital TV

HD Digital TV, Additional TV channels
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Solutions for Optical Access Net
» P2P Method--ETTH

» N pieces of fiber, 2N sets of optical
T/X modules

» Each channel is respectively
manageable

32 pieces of fiber

» Suitable for non dense area or gray i
O 84 sets of T/X modules

Subscribers

field.
» PON Method--FTTH
» One or two backbone fiber to End office )
district P2MP B
| ! el B o
» N+1 sets of optical T/X modules | 1 pieces of fiber splitter | _
» Save Exchange Office space 33 sets of T/Xmodules™.__.~ Subscribers

» No active devices between end
office and subscribers

» Ease manageable

» Suitable for dense area or green
field, especially good solution for

|:r'na hrn:r"'\:nrl i VYalalfal o o r~|an|n\1mon'|'




The advantage of PON technology

2.Low CAPEX

\

3.Manageable

PON Network Service Operators’ Philosophy
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PON s (5,5U8 30 s
Moving to Full Service Providers Using

| FTTB Triple Play

o~

Mobhile Core
4




FTTé? : Optics access networks pushed into the most ec

the most effective place

Difference Mode

Fiber to the most Fiber to the most

FTTC xDSL CO

©ffective point € conomical point

Same Goal : FTTX

According to the actual situation of FTTX deployment

l Page 37
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The composition of the PON né

® PON network is a P2MP Passive Optical Network

@ PON network comprised by OLT,ODN,ONU. Network structure is ver
simple.

OLT——0p
Terminal

ONU——Optica
Network Unit

ODN——0ptic
Distribution Ne



Optical split technology

OLT ONU

Datato _| Fvedium |4 TX

transmi \

t Access / WDM
Data -

&eceive Logic |1 RX

K 1 : 32coupler
structure

Single mode
fiber




e/ thieltid fibe) divkd BHa heatifty £oint kHexwo fiber will

together. The light from a branch into fusion point, is divided in
parts, carefully,it is light power, and not be signal

= 4
/N

Manufacturing method

neating




How to make different split
ratio

€ We 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 port,we can get 2:N splitter
and 2:N splitter have the same structure.




Real splitter example

size : 128%x78%x15mm

size : 482mm X 160mm X 43.5mm
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GPON Standards

» Specifications of ODN param

* Specifications of 2.488Gbps
port

* Specifications of 1.244Gbps

* Overhead allocation at physical

» Parameter description of GPON
network

* Requirements of protection switch-
over networking

imple development process
werful compatibility

ITU-T G.984.3

« Specifications of TC layer in the GPON
system

« GTC multiplexing architecture and
protocol stack

* GTC frame

* ONU registration and activation

» DBA specifications

* Alarms and performance

ITU-T G.984.4

* OMCI message format
* OMCI device management frame
* OMCI working principle




GPON Principle---Data Multiplexi

GPON adopts Wavelength Division Multiplexing (WDM) technology, facilitating bi-
communication over a single fiber.

1310nm

ONU/ONT

—
1490nm

To separate upstream/downstream signals of multiple users over a single fiber, GPO
two multiplexing mechanisms:
» In downstream direction, data packets are transmitted in a broadcast mann
» In upstream direction, data packets are transmitted in a TDMA manner




GPON Principle----Downstream

D7ta for specified ONU / >
|

Broadcast mode
38880bit/s*8000=2.48832Gbit/s




GPON Principle----Upstream

Data from specified ONU

o

—
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Basic parameters of GPON

> GPON rates :
1.24416 Gbit/s up, 2.48832 Gbit/s down (most used)

> max logic distance: 60km

» max phy distance: 20km(The coverage of G.984 recommended with 1:64 sp
> max differential distance: 20km

> splitting ratio 1: 64, support upgrade to 1: 128

Loagical reach : 60 km

A

UNI
+H-{oNU \

!

*Ranging based on
synchronous framing
8 kHz clock transport
or recovery
Survivability using
PST bytes
*Security based on
encryption

Logical split ratio\\128

ONU

»
»

-gk——------

'Maximum differential
between the farthest and the nearest
ONU from the OLT: 20km




PON protection

ONU#1

OLT 1: N splitter

Backup
fiber o Type B prao
Type A fiber backup can provide
backbone
OLT PON
ONU#1 have backup

OLT 2: N splitter

Type B OLT port backup




PON protection

ONU#1

~ ——

1: N splitter

Type C full backup

® Type C protection is full protection, OLT ,backbone fiber, s
branch fiber and ONU PON port, all can be protected. Bu
must construct double ODN.




PON protection

1: 2 splitter

2: N splitter

OLT

1. 2 splitter 2: N splitter

Type D mixed backup

® Type D protection can avoid two faults as follow in the same
backbone , branch fiber and splitter ,any two point fault ,t

network can still work. But we must construct double O
type C.
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PON develop roadmap

/]

Capacity

" NG-PON technology roadmap

NG-PON2

E.g. Higher-rate TDM,
DWDM, CDM,

Component R&D to enable NG-PON2

“Coexistence”
enables gradual

migration in the
same ODN.

NG-PON1 incl.
long-reach option

WDM option to
enable to overlay/multiple
XGPONs

XG-PON

(Up: 2.5G or 10G, .
Down: 10G) Splitter for NG-PON2

(power splitter or
something new)




FTTX technology deployment road

b?{“i‘ii_dff‘____1_QQE<TQ9§______2_I\_/I_b S ] 2 Q__5_9M_tzp§ ___________ 1 QQ!\;l_bp_S:____
2007~2015 2011~2020 \ (Vi
PSTN dial-up ISDN/ADSL xPON/+ADSL/VDSL/LAN xPON/10G PON 10G PON/APON
FTTN/B/H FTTH A TTH
& O Q@ @
OLT OLT NG-OLT
DSLAM ODN ODN ODN "

Outdoor M.XU

cabinet AL n
Modem ONU ONT d ONT

cé % qf O ™ Q O

m Access Network technology develop so fast, but however the construction cost is much

User

high, so the operator should consider the risk of their investment, make every period
technology life cycle up to 10 years.

m Users and Service demand drive bandwidth increasing, fiber to the home is a trend, and

wavelength to the home is ultimate goal.



Pure Data Solution



Voice Solution

SIP MGC  H.248 MGC

Built-in IAD voi¢e _—
process module 10G/1G |
| =

Ethernet Port

communication with SS , GPON system |
IP packets.

®GPON system has many method to ens
voice traffic QOS.

»T-CONT



IPTV Solution

EMS

Video Content

Provider Serve

0G/1G
Ether?l/ort
va 106/1G,,- ﬁ/*

/ Ethernet’i’ort

e

I
’
’
’
’
’ \
;7 - -
’ E
- \%

IPTV Server

OLT

GPON system can suppom feature ‘

to carry IPTV:

®IGMP V2/V3 Ve
. (S

®Broadcast and multicast

Controllable multicast

Hierarchical QOS

Telephone Internet



TDM Service Solution

GPON is a choice for Mobile backhaul!

FE ONU
BTS/ Node?

(«e»)

Optic
Splitter




Mobile Backhaul Solution over GP

S

BTS/ Node
‘ o)
Vi :“‘

BTS/ Node B '
I I
1. Node Syn w Network Syn
ONU:1 PPS OLT:1 PPS
10MHzTOD €~~~ ~~ 10MHz TOD

eTime transport via PON link

«BTS/Node B can also receive syn signal from local GPS ref

«Mobile backhaul solution over GPON will support smooth upgrade f
2G mobile system to 3G or NG mobile system.




Triple Play Service Solution

IS_e_r\_/lgt_a Platform _ NMS/EMS I Res:dentlal Users in green filed
. - e-Fim-ANM2000 I

Video Video
? s | WLAN Monitor Conference
I

S

1:32/j.:64 JJ EI
S e JE— Lo\ e .
. T o o e o) e e e e e e e e e omm m—

Multiple Internet
User( DSL/Ethernet)

OSS/BSS

@ Security Monitor

STB]_ — A PV




Value-added Service Overview

NMS/EMS

e-Fim-ANM2000

OSS/BSS

|
I WLAN Video
|

Ve Conference
Monitor —

| Video

Residence/ Office

FTTO

Video Video
Company/0fflce Monitor Conference

Video
MDU/ONU Monitor

Conference
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(> Proposal of GPON deployment |




Gray field

Green field
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GPON deployment mode

SNI

OLT

Curb

Fiber To The Home
A !

—
Fiber
Fiber To The Building
A
—
Fiber
Fiber To The Curb |
I - IR :/ i
ONU ‘r!:::::::::::::::!!!!!::::!::!:=!==:“.H!==!==HHHHHHHHHHHH
Fiber 3 ‘
Fiber To The Curb :
. - ™ /
ONU G REEERIOENIEEEIEEEEEESIEEEIEESRIEERnNE:
Fiber SE—




o b AUl 40 (6598 yaud

ki @y
> WWW.YEKHA.NET

» r.ghader@yahoo.com
» +989120876890

switching-Ghader




FTTX
Solutions

\




Option [-FTTH Solution

I$e_r\_/|£<_a Platform _ NMS/EMS I ReSIdentlal Users in green filea
. e-Fim-ANM2000 I

Video Video
WLAN Monitor Conference

155M/E1l OLT
—

. AR
- GPON/EPON WU
1:32/1:64

Service Provision

GPON

EPON 1. 25G 32

Turn to the Most Advanced
but Mature Technology 10G PON | 106G 128




Option II-FTTB Solution

Copper Cable -..,,

May save the existing copper sou
in buildings

10G/1G

Ethernet Port . ( - AN
, Feeder fiber * _

e - / i "._‘
Cabinet } "‘

-

Distributed Cabl




by providing subscribers 2M~8M bandwidth Interne

e

This application is used for optimizing the existing copper netwg

Option lI-FTTB Solution--Large Scale FTTB Solution
architectur




Option llI-FTTC Solution

10G/1G

|

:

I |
I |

Outdoor Cabinet

Existing Copper



& FiberHome

—— MREEQABEEER

Option.d-FTTC Solytion
. A 5

A—/

/7 V5 interface

@ (AN3300 01)/
-~ yd
7
Y.

PSTN

Soft
Switch

— \oice

— Data

— IPTV
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