Uvod v optiCha dostopovna omrezja
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Aplikacije In storitve

Fiber to-the-home L‘ ; “Triple play”: 1+2+3
Service — IP-TV, VoD . By “Quadruple play”: 123+4

(PON, up to 100Mb/s)

& 4
g}' (Korea, Japan)

Wireless =

Voice (13/7 Kb/s) /:g;_ o _,,| A
Data (~Mb/s esidentia
ser(vices ] Global Internet Service

(Modem 56Kb/s,

Transport Network DSL1-3Mb/s, VDSL
Traffic example for large global network 10-20Mb/s)
operator: 3.7Petabit/day <> 343 Gbit/s 2

Enterprise LAN

Interconnect POTS
(Ethernet 10/100Mb/s, (Plain Old
GbE, 10GE)

Telephone
Data centers Service),
Storage ISDN (264 kb/s)

Grid computing
Gaming

Alcatel-Lucent 2008



Dostopovno omrezje

FI'Tx F1'TP FI'TH
FI'TB FI'TU FITA
FI'TD FITO FI'TZ

FITCabFTTc FTTN



FTTx = Fiber-to-the-x

-TTH - Home

-TTC - Curb

~TTN - Node or Neighborhood
-TTP - Premise

-TTB - Building or Business
-TTU - User
-TTZ - Zone
-TTO - Office
~TTD - Desk




Dostopovne tehnologije

Vodnisko omrezje

Ziéno in vlakensko omrezje

Vodniske dostopovne tehnologije

vlakenske: velik b/s in QoS

Brezvodnisko omrezje
BrezziCno omrezje

Radijske dostopovne tehnologije
*  mobilnost in pokrivanje

Celi¢no dostop :
omrezje | WiMAX Lokalni §
LTE WiFi




Razvojne smeri dostopovhega omrezja

ADSL

ADSL2+/VDSL2

Eternet P-P GPON | EPON




Radijski in zicni dostop

- Radijska 20 i
: Omreila 3G(R99/R4) :
; J 3G/HSDPA(RS5) i
3G/HSXPA(R6R7) -
3G/HSPA+(R8?) :
Base station : LTE :
S é,.___._.___._._____._____._.___._._____._ _""""__GPONH_B}-
2iéna ADSL2+ Rc?zultélt Ic.)dV|sen :
; v g.shdsl (4 pairs bonding) Q0 cara0 s Je :
om reZJa ' g.shdsl.bis (4 pairs bonding) .
Upstream 150 100 25 20 10 505 10 15 20 25 100 150 300 Downstream



Spekter, storitve in tehnologije

Internet
Video konf., video telefon
VOD - video na zahtevo SDTV- standardna TV (VOD)
Podatkovne baze
— SDTV oddaje

POTREBE: Igre in u€enje na daljavo

i Lokalno omrezje
——— Telemedicina
= Velike podatkovne baze
S HDTV-TV visoke razlocljivosti (VOD)

HD TV . (3,()
. PR ER T generacija (3x)
e 21
FTTP FTTP
HFC -
TEHNOLOGIJE:
‘i : VDSL -
Zveza gor ADSL2+ Zveza dol |
35 ADSL2-- I -
Tel. -

Mb/s 1510 50 5 1015 20 25 100 1000 Mb/s



TV formati

100 50 | G 150
3D HDTV

Ultra HDTV
3D SDTV

Super HDTV

HDTV

Upstream 096 28 L ~ downstream

Napoved:
3D HDTV 2010 - 2015 ? (brez ocal)
Ultra HDTV 2011 —2012 ? Nokia Siemens, 2010

3D TV je storitev, ki bo kot glavni porabnik b/s mo¢éno pospesevala razvo;.



Cas sprejema datotek

10’ Connection
Time B 1Mbps =1 . . W
sec] [ _Y_ 2Mops 7L sz 1 Day
20Mbps : N7
100Mbps
1 Hour
107 = P |
---------- i 1 Minute
19 | - g
~0.004 0740 47 10 25 Data

(MP3-File ) (CD) (DVD) (Blue-Ray DVD) [GB]



Dostop

Users
Dvosmerna zveza " 1
1
Central Office : !
_______________ [ asicl 1 |
| 1 1
| | Flavors
i e i downstream 1% n ! A :
' TxH] ! ! o !
: ASICH:H i | . |
! : T Power : : EPON
: | P Spliter ' | GPON
------------ : Asic| 0|
| 1
0 to 20 km L
Upstream Downstream Downstream
data data RF Video
I | ] ,
1260 1360 1490 1550

A (nm)



Segmenti dostopovnega omrezja
PON, GPON, EPON, Eth.T-T

Centralna postaja “ Razdelilno omrezje
CO w1 (distribucija)

= GPON, Eth.T-T

Pasivni
delilnik

A
I

T g
I

Centrala Omrezje Objekt
CO ODN



Sistemi ziénega in vlakenskega dostopa

Banda Larga ‘

Central Office iPrimary Network Cabinet iSecondary Network: Building
(200-3000m) ; (100-700m) NGN
7 | I ADSLZI
— A | rame | @ rame | | = 3-20 Mbit/s Exchange
T8« <1 Mbit/ss centrale
=t (> vbsLz |
FTTCab  fibra E - rame ~2550M | ol
! . —Ee= 2- 1[} M
i i — armadio
| | , T+ vbsL T
e @ | e /f'bra g = 50100 M | Bullding
i : O = 25-40 M | edificio
FTTH : . | (@ Optical T
| fibra ﬁbra 0.1-1 Gbit/ss Home
— ,_» - ' | casa

‘ Banda Ultra Larga

|| Fonte: Telecom ltalia




Napredovanje vlakna proti narocr

KU

Service Node Q

FTTx

Internet

3
&
Optical Fiber e

e

Leased Line

Frame/Cell
Relay

Telephone

i

Twisted Pair

*.

Interactive
Video

g

SNI

N ATM-PON *DSL




Prodiranje vlakna proti narocniku

Access network Backhaul network

Copper

Tiezdiny
L]

Customer

)
|

Customer
Connected by
internal copper
wiring

Customer

&)

Street Local exchange Metro node Core network

cabinet
@? Vprasanje $e pred n@

Street Local exchange Metro node Core network

cabinet
@énika! Odgovor daneD

Splitter or Local exchange Metro node Core network
splicing

FTTx architectures [Source: Analysys Mason, 2010]



Obmocja dostopovnega omrezja

1.Novo dostopovno obmocje (greenfield):

« obmocje stanovanjskih his, novogradnje (SFU, single flat unit)
« obmocdje stanovanjskih blokov (MDU, multi-dwelling unit)

2. ObstojeCe dostopovno omrezje (brownfield):

« Gosto pozidano urbano podro€je, mestna jedra, dostopnost
kanalske infrastrukture

3. Reqgulacija:

« Razvezava zanke (Japonska, Koreja, Eu)

* Novo grajena omrezja izvzeta iz razvezave (ZDA)
- u€inek na povecanje stevila novozgrajenih prikljuckov (Verizon, AT&T,
pooblas€ene organizacije — “incumbents”)



Tri glavne dostopovne topologije

AON T-MT (PON) T-T
ToCka-mnogo tocCk ToCka toCka
centrala centrala centrala
aktivno Pasivni
N / delilnik

naroCniki naroCniki naroCniki



Tehnologije dostopovnega omrezja
Aktualne tehnologije (2010):

« GPON (Gigabit PON), xGPON; priporocila ITU

« EPON (Ethernet PON), GEPON; standardi IEEE

« Eth. T-T (Ethernet T-T)

« AON (aktivni elementi v omrezju, ojacevalniki, stikala)

Nove tehnologije (2010 — 2020):

- WDM PON (CWDM, DWDM, standard v pripravi)
« WDM T-T
- TDM/WDM PON

Prihodnje tehnologije (2010 — 2030):

NG PONT1, nova generacija LR PONa za velike razdalje
« NG PON2, NG PONBS,...



Zmogljivost ziCnega in vlakenskega omrezja
Active Ethernet {Dedicated ﬁbefi [ | ' 1,000 Mbps

S00
800
700
Vlakensko
600
<4 "% 500
400
WDM-PON (10 G split 32 ways)

VOSL2 . 200

2 bonded pairs ZlénO
vO8L3 GPON (2.5 G split 32 ways) 100

ADS ¥ “‘_
0 2 4 5 8 ~50 miles

ZICNO: Nizka do srednja vrednost b/s Vlakensko: skoraj neomejena b/s
zelo kratka do kratka razdalja srednje do velike razdalje




Primerjave med vliakenskimi omrezji

P2p

g

PoP

Scalable and transparent bandwidth per customer

Highest security/availability due to physical/logical
separation of customer links

High fiber count in access network (i.e., high OPEX)
High space and power consumption

Splitter PON Passive
Splitter

PoP

ZIN

Very low fiber count in feeder network part

Low port (interface) number, and space and power
consumption in PoP

Limited bandwidth and bandwidth upgrade
Reduced security/availability in case of TDMA
High insertion loss, low max. reach

WDM-PON WDM

emux "

Mux/D

PoP =

~ ANV/A

o N e W
Optical Networking

Very low fiber count in feeder network part
Scalable and transparent bandwidth per customer

High security/availability due to optical/logical
separation of customer links

High port number in PoP equipment



Sestavni deli omrzja PON

OLT: Optical Line Termination

Fiber link
ONU: Optical Network Unit .
_ . . Copper link Office
ONT: Optical Network Terminal Building
ODN: Optical Distribution Network -
RN: Remote Node Q ONU g
Voice ﬂ
t= ONU i | Apartment
0 Building
Passive
‘IL\{)LT Device
75':_! ISP A / ONU ""‘““*/ H
e o & ouses
>

Central Offic
o




PON v dostopovnem omrezju

Arhitekture in tehnologije:

« G PON (Gigabit PON)

 GE PON (Gigabit Ethernet PON)
 ER/LR PON - nadgradnja GPON
« WDM PON - nadgradnja GPON
- WDM/TDM PON

« LR WDM PON (VelePON)

« LR WDM/TDM PON

« OFDMA — PON?

» Koherentni PON




ral Office Users

<
N ONU 1 |« 4 }---- [1}-
D <
R 2 el T3
OLT — ONU2 €] 2 F------
spﬂ|wer <€--—-
tter \ 0 .
o T3l
_________ ONU 3 +-——- 3]--
.hnical issues:
1ging
st Tx and Rx (gain & clock)
“allocation

Downstream - Broadcast to all users, identification by packet addresses



Opticno delilno omrezje PON

Naroc¢nik
ONU ’
Distribucija signala
Centrala
ONU
OLT
Optical Line Pagi\{ni
Terminal delilnik
ONU ’

Optical Network
Unit (Termination)



Zveza od centrale do narocnika

« Zveza T-MT navzdol, dotok (downstream)
 Nacini delitve signala iz OLTa:
- vsem ONU (broadcast)
- nekaterim ONU (multicast)
ONU ’

spektra

- enemu (unicast) Delitev
ONU ’

OLT

Pasivni
delilnik

moci In
ONU ’




Zveza TDM navzdol

Zagotavljanje namembnosti in zasebnosti (tajnosti) sporocila:

» Vsem naroCnikom posljamo skupen signal, ki obsega vse signale, namenjene
vsem prejemnikom. Deli signala, namenjeni dolo€enemu naroCniku, so oznaceni
z adreso narocnika.

« Signal, namenjen naroc¢niku, in signale namenjene preostalim narocnikom,
prepustimo ali zavrnemo z enkripcijo. A

Casovni interval Prejme A, zavrne

B,CinB

B ’

Prejme B in B,

OLT

zavrne Ain C

C ’

Prejme C, zavrne
A,BinB

Z enkripcijo oz. adresiranjem sprejema se v ONU zagotavljata
namembnost in zasebnost sprejema.




/veza od narocnika do centrale

ONU ’

- Zveza T-MT navzgor, odtok (upstream)

ONU ’

OLT

ONU ’




Primer nekoordiniranega odtoka

« Kolizija odto€nih signalov zaradi Casovne neusklajenosti
oddaje v ONUjih.

ONU

ONU

OLT

ONU




Zveza TDMA navzgor

* ONU med seboj sinhronizirajo svoje signale glede razli¢ne razdalje do pasivhega
delilnika tako, da ne pride do Casovne kolizije med njimi.
* Pritem je pomembna razdalja med ONU in pasivnim delilnikom.

ONU

Casovni interval

ONU
OLT

Pasivni

delilnik

ONU




PON

* prostrano obmocje pokrivanja, vecja razlika v razdaljah

» razli¢no slabljenje in mocC pri sprejemu

* razdalje pomembne za €asovno sinhronizacijo odtoka

Passive
Splitter

Tkm

OLT




PON — eno- in veCkratna pasivna delitev

" Single splitter located as close as
Enkratna de“tev possible to high-density housing

OLT

Primerno za obmocja goste naseljenosti 1:32 splitter

Two tiers of splitters, to reduce the fibre
requirement in lower-density areas

Veckratna delitev

OLT
1:4 splitter

Primerno za obmocdja razprSene
naseljenosti

1:8 splitters

ONT 1
ONT 2
ONT 3

ONT 32

ONT 1

ONT 8
ONT 9

ONT 16
ONT 17

ONT 24
ONT 25

ONT 32



Dotok in odtok

—>
USER I
1

EHEERIEA > 0 fa
1
ol ' |1 :I < Hd []
slot
1
I I EHEEpan - HEERDEE > ., E - :IUSER
OLT
2 2
ol 1 [1]12]2] 2 | 3 aall2]2] 2| 2| 2
slot slot slot slot
1 2 3 2
EHEERian - :IDNU B
3
<— |
Centrala L < B

slot
3

USER
3

Uporabniki

» Dotok [2] DM Odtok [€] TDMA

* Vse sprejemne enote (ONU) prejmejo « Sprejemne enote sinhronizirajo

enako vsebino (broadcast)

» Sprejemne enote z enkripcijo izloc€ijo njim
namenjeno vsebino in s tem zagotavljajo
zasebnost,.

oddajo posameznega uporabnika
v Casovne intervale tako, da se ne
prekrivajo.



PON dotok in odtok

Datafor
customers

on 1 | 1.2 and 3

1 2 3 ! 2 - ] 1 2 3
ONT 2 : OLT 2

1 2 3
ONT 3

Customers
(ONUs)
Data from

1T «—— customertin
ONT 1 timeslot1

t

2 1 2 3
ONT 2 i | OLT 2
2 [|
3
ONT 3 t
3
Customers

(ONUs)



PON — zveza navzdol

1010101 1010101 '




PON — zveza navzgor

111222333




Zveza z RZ in NRZ sighalom

» Signalna oblika opti¢nega signala v vlaknu je RZ (Return to Zero, povratno na
ni€) in NRZ (Non Return to Zero, nepovratno na nic).

 Razli¢ni digitalni modulacijski formati (npr. QAM) uporabljajo obe obliki.

» RZ je zahtevnejSa oblika signala, potrebuje 2xSirsi spekter, je obcutljiva na disperzijo,
odporna na nelinearne motnje in omogoca vecji doseg.

. IFRZ je zaradi preprostosti v danasniji praksi najbolj razSirjena oinka_?ignaIa.

—> Binarni signal —

/* T

Laser™ | |,_.‘ NRZ v\Sprejemnik

Modulator ‘ - t




BER in sprejeta mocC

1E 00
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1E-02 E
2
—~ 1E-04 )
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N 1E-06
S
— 1E-08
1E-10

1E-12

1E-14



Multipleksiranje (razvrs€anje) v dostopu
1. SDM (prostorsko)
2. TDM (Casovno)
3. WDM (valovno)
4. TDM/WDM (HPON) (hibridno)
5. SCM/OFDM (podnosilnisko)

6. OFDMA (ortognalno frekvencno)



Barvni delilnik in razvrstilnik

WDM broadcast

OLT

A,

_n"

“

WDM razvrs€anje

OLT

A

1-n

>

ONU

ONU

ONU

ONU

ONU

N
-
=
N

ONU




WDM PON

- NarocCniki uporabljajo vsak svojo valovno dolzino in tako
lahko izkoris€ajo celotno kapaciteto vlakna.

- _— - /\

| | valovna ONU

| | dolzina

| i naroc‘fri\k‘a /\
} |

| l .

. internet | i 1 ali 2 -
| \ | vliakni
{ | ¥

| AT priklju¢na D
! —> _ : i

| omrezja WDM OLT VIR | omarica ONU

| |

| / - | i

| opticna |

' telefon - | WDM

| razdelilna " razvrstilnik

i postaja | P

I |

| | ONU

| |

! |

WDM PON je virtualni P-P



TDM dotok in TDMA odtok

Uporabniki
Navzdol: TDM CTTTToNe T H —=6lasie
,__(__\"_e_[]fte_lle_l__q Navzgor: TDMA i o i BPON Ile.
i OLTTx i Zveza navzdol 1xn i E gggﬁ
E ASIC ]: e E :
E . Zvezanavzgor  PellnkS | i
LR : AsiC| 11 E
L (do 20 km)
D R LR e PP >
Zveza Prihodnji  <£V€Z2 Raz&ireni _ . . .
gor pas dol pas Prihodniji
. pas
manl Il Es
1260 1300 1360 1400 190,500 . 1600
Eno ali dve vlakni: Video

Eno: CWDM 1490 in 1310 nm (1550-1560)



Benefits of point-point over a shared infrastructure

Central Office

Users
A k Pt K
. OLT i ; |
| | LT= i ! Rx :
i Bx : 1 ! Tx : :
| | ) ds Wavelength I '
Iy ) '
: . | Z > Splitter e :
: ] : ______ > I ] :
| . T €--———- A
| 1xn ! c | |
I I us 1
| D X : Z }Lk I = 1l :
I Rx : : Tx :
1 1
1 1
e R 20k —mmmmmmmeee MO R

Access Requirements:

- Passive remote node

- Common TxRx for each user
- Single fiber connectivity




Primerjava zveze T-T in WDM

Tx =
= Tx
. v v °
e OLT Povezava tocka - tocka ONU o
° (primer dveh vlaken) ®
Tx -
— Tx

A\

Tx

enaka funkcionalnost

: N

o OLT
]
1Xn 1Xn
T
— WDM A PON WDM
delilnik razvrstilnik



Modifikacila A PONa

OLT

S o888

WDM PON

| RX>>
n | BEx

1Xn

enaka funkmonalnost

P —
° . ”

1Xn
I A-PON

ONU
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Topologija T-T

Distribution

Pedestal fh
/
I~ a

Distribution

B

‘ﬁ Pedestal

; A
- 4\

e R IS = S,

Distribution
Pedestal

Distribution
Pedestal




GPON v tOpOIOQiji M

Distribution

_ Pedestal

Distribution

s

oA e

PON Node with
1 x 32 Splitter

Fa
|

4

il

Distribution
Pedestal

L

N

\ Lf/

Distribution |

Pedestal



Danasnji PON — evolucija v NG PON

Omejitve: razdalja 20 km, skupni b/s in naroCniski b/s

. (20 km) ,
1490 nm

1480-1500 nm I
ONT
CO p > 2,5 Gbls
1310 nm 1,25 Gb/s
e

1260-1360 nm

OLT _\

J —
/ Video ~ 320NTs N
Video 1550 nm | W
64 I "
Ll ) H” i
II "

ONT

OLT = Optical line terminal | |
ONT = Optical network terminal



T-T z aktivnim stikalom

Access network Backhaul network

Ethernet

o) — =)

Local exchange Metro node Core network

A,

s

Customers

ONTs
( ) Typical PTP architecture [Source. Analysys Mason, 2010]



TDM in WDM PON

OLT

Power splitter =

OLT

RT

4 ONU,

= ONU,

~oNU,,

GPON
EPON

Future
Upgrade



TDM-PON, WDM-PON

TDM-PON
© Flexible sharing of LT

1, capacity = efficient
4 me — =
«—demuyx ® Time slot(s) per user
] - congestion at high loads
WDM-PON
© each user own iA-channel data1 “[Rx|_
= no congestion data 2 «{RxH WEM
o demux
® No sharing of capacity
= inefficient

= Combine into hybrid WDM-TDM PON

dinjk 8

Koonen, ECOC, 2007




Topologiji T-T in T-MT

/vezda, T-T

CO | I
Aktivno stikalo ﬁ

CO & L km

Drevo, T-MT, PON ﬁ




KoliCina vlakna in elektronske opreme

Point-to-point links
- ber lines
- ‘ransceivers ?

N subscribers

CO |+

Concentration switch Sl
in the neighborhood
+ 1 fiber line
- Power in the field ’
- 2N + 2 transceivers ﬁ
CO N L km

PON - a distributed

SWI h _ Passive =]
<+ | Ine ’ optical
) splitter
+transce|vers ﬁ '
1 ’ R N . Y e I i -I . nI .




N N N PN 2 o

S N 2N N P T 2

Primerjave

T-T

N fibers
2N optical transceivers

AON

1 fiber

Minimum fiber/space in CO
2N+2 optical transceivers
Electrical power in the field

T-MT (PON)

1 fiber

Minimum fibers/space in CO
N+1 optical transceivers

No electrical power in field

Drop throughput up to trunk rate
Downstream broadcast (video)

o

32/64 fibers
64 transceivers

P2P

1/2 fiber
66 transceivers

P2P

| fiber
33 transceivers

PIMP passive
optical splitter



Cene

Fixed and variable national deployment costs: UK

35

30 The major costs
are civil works

25

20 -

15

23.8
10 19.3

Deployment costs (GBP billions)

S I ¥ S
3.7

o**Yanalysys FTTCVDSL FTTH/GPON FTTHPTP

e MASON . .
Fixed B Variable

Ofcom 2010
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SV

Od T-T do NGOA

hitekturi T-T in PON imata vsaka
oje prednosti in pomanijkljivosti.

T-T ima prednost za zahtevne uporabnike,
PON za mnoziéne uporabnike (stroski).

Arhitektura WDM PON zdruzuje prednosti
obeh in je najbol] perspektivna.

LR WDM/TDM PON je najobetavnejsa in
naj

cenejsa izbira prihodnjega NGOA.



Video
distribution

FM signal

IP multicast
~10 ch

2 3 4 5
Freq. [GHZ]



FTTH/B naro&nigki prikljucki, 2010

Dec. 2009




Sirokopasovni dostop v svetu, 2009

« junij 2009

FTTHB VDSL FTITLA  FTTx+LAN Total FTTx
Western Europe (1) 18063515 1645350 20000 0 3471865
Eastern & Central Europe (1) 962 165 34000 225393 0 1221558
North America (2) 4805500 1585000 ha 0 6 390 500
Latin America 2000 0 ha 0 2000
Asia 26293 000 1500 na 16900 000 43 194 500
Middle East & Africa 66 100 0 0 0 66 100
TOTAL WORLD 33935280 3265850 245393 16900000 94 346 523

(1) Western, Eastern & Central Europe counts EUZ27+Norway+Switzerland +|celand+Andorra+Luxembourg+Croatia+Russia

(3) USA, Canada & Mexco
Source: IDATE and FTTH Council Europe

- V prvi polovici 2009 je bila svetovna rast 17%.

- Premoc¢no vodstvo Azije v graditvi dostopovnega omrezjaFTTH/B
(80% svetovnega stevila narocnikov FTTH/B v 2009).

 Evropa (z Rusijo) ima le 8,3% delez vseh naroCnikov v svetu.



v

Stevilo naro¢nikov v milionih

Rast FTTx v svetu

2006 2007 2008 2009 2010

B EMEA B APAC [0 Americas




Stevilo &irokopasovnih naroénikov (BB)

OECD Broadband subscribers per 100 inhabitants, by technology, June 2009
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» The OECD statistics is good for global comparison over the years

. . . OECD 2009
» NB: Fixed wireless access not adequately included



HOUSEHOLD PENETRATION

FTTH/B leta 2008

35%
3l Economies with greater |
S50, than 1% household penetration
s Modro: FTTH
15% = _
’ Oranzno: FTTB + LAN
10% —
5% —
0% —
TN
S & ® N @
o < & &

FTTH Council 2008



12,0%

Europe mid 200

o = JM FTTH/B
8 0%. subscribers
6.0%- = 13MFTTH/B
homes passed
4.0%
" AM FTTxX
2 0% I I I I subscribers
0.0% I I I l = 30MFTTx
i &

o b o > @
I ﬁ*‘ @ o {@ & & & @Q homes passed
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- Fiber To The Home Subscribers
| Fiber To The Building Subscribers Source: IDATE for FTTH Council Europe

5 | Sanjay 5. Patel - WIK Berlin, April 2010 All Rights Reserved ® Alcatel-Lucent 2010 Alcatel-Lucent @
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Operater;ji in tehnologije

FTTH operator Technology deployed Location

BT GPON Ebbsfleet, UK
FT GPON France

Lyse PTP Norway

NTT EPON Japan

SK Telecom GPON South Korea
Swisscom PTP Switzerland
Telekom Slovenije PTP Slovenia
Unet WDM PON The Netherlands
Verizon GPON JSA

Virgin Media Cable UK

Figure 6.1. Case studies [Source: Analysys Mason, 2010]

Ofcom



WDM/TDM PON

PON naslednje generacije (>2020) s TDM in WDM odcepi
« primer kombinacije topologij

Ay Ay -
P

3
‘f" ;/13 :J# '-l

TDM

@ TDM-PON ONU
TDM L HR [€] ToM-PON RN
N @ WDM-PON ONU
Wl WDM-PON RN



SOHO -

- PSTN
SN“B -

’ InterneWPNJ

; &
SRS e

m P2P Fiber for high end customers
- Single fiber solution to save fiber resource
» High density with 16 P2P port for each board
m GPON/EPON for SMB customers

» Supports native TDM service
- Support E1/T1/STM-1/0C-3 uplink

Baﬁk
Enterprise

In practice both Point to Point and Passive Optical Networks will co-exist in
the network for different market situations. However PON will be the mass
market solution. -

BTl




Polozeno viakno

Customer connecting Vertical cabling & floor box
NRO site Customer active CPE ‘
Network active LI 1] E
equipment & ODF C [ ONT & | ONT
| NRO | Optional splitter 1:N || []] []] T[] 1 [ [T

w m M ONT

" : afi ool A& |mm 0m

. L il B P Ol [ " A
Sewer
Optical fiber deployment Uptical node d ON pa D bution pa
In sewer or civil work needed Splicing box Induction box Distribution box

Including splitter 1:N

Operator A me— e (Jp&rator B




IDre street capinets and electronics equipment

Cooling fans Copper out



The Slot Cutting process

Making worksite safe

Mechanised network
installation system

Opening
a micro-
trench

etail of
tting tool k\
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FTTx, 10 najvecjih operaterjev

Rank Operator Main technology & architecture FTTx subscribers
1 NTT Japan FTTH/B GEPON 11 793 000
2 China Telecom (1)  China FTTH - FTTx+LAN EPON LAN/DSL 11 150 000
3 KT South Korea FTTB EPOMN/GEPON 3 555 644
4 Verizon USA FTTH BPON/GPON 3 100 000
5 SK Broadband South Korea FTTB/LAN GEPON 2733 141
6 ATET USA FTTN VDSL2 1585 000
7 LG Powercom South Korea FTTH/E EPON/GEFPON 1504 090
8 Chunghwa Telecom Taiwan FTTB GEPON 1342 000
9 KDDI Japan FTTH/E EFON/GEPON 1211000
10 Beeline Russia FTTB EP2P 724 000

(1) 260 000 FTTH subscribers and 10.6 millions FTTx/LAN subscribers

- lzmed 10 najvecjih svetovnih operaterjev jih je 7 iz Azije, 2 iz
Severne Amerike in 1 iz Rusije. Med njimi ni nobenega iz
Zahodne Evrope.

* NTT je najvecji svetovni operater, tesno mu sledi ChinaTelecom.



Napoved razvoja sistemov - BT

Narocniska

b/s t
Tunable A-PONs
Something new?
WDM-PON Coherent?
1 Gbit/s 1 , ,
(different splitter to GPON) CDMA-PONs?
100 Mbit/s -
10 Mbit/s 1 Optional mid-span extender box in all cases

2007 Leto 2025



Zahtevnost 3DTV in primerjava stroskov
Mb/s

Timescale TV service type Downstream bandwidth requirements
2015 3DTV 30Mbit/s (x3)

2025 High-definition 3DTV 100Mbit/s (x3)

2035 Ultra high-definition 3DTV 300Mbit/s (x3)*”

Stroski za hisni prikljucek

Active equipment cost (GBP) TDM PON (GPON) WDM PON PTP
Active equipment (per user) 120 650 140
OLT (per user) 40 350 80
ONT (per user) 80 300 60
Passive infrastructure 2275 2364 2708

(per home connected)
Total (per home connected) 2395 3014 2848




Razvo] PONa

(bit/s)
10G i )
NG PON
[10Gbit/s]
1G ( ]
NG-PON1
| | IEEE E-PON [1Gbj ~2010
100M B-PON [622Mbit/s] NG-PON?2
2015
ATM-PON [156Mbit/s] g
10M

1998 2000 2002 2004 2006 2008 2010 2012

Leto o
Hitachi



Kronologija nastajanja GPONa

FSAN

7 GPON
GGPTOSN Interop Event
1995 ‘98 9 2000  <of ‘02 ‘03 ‘04 05 ‘06 /‘-.;.7 ‘08 \-09
/ FSAN l
FSAN  BPON begins |
founded (ITU G.983.1) '{:*cf g;‘;";f NG-PON 1% GPON G845 G.984.1,
published BPON IEEE FSAN BPON pul'ﬂm_'led Interop Event published ©.984.3
OMCI EPON  begins OMCI IEEE gff;ﬂ
(¢.983.2) begins  GPON (G.983.2) cpon' g Pegins hrehad
published Revised omcl  soa.san 10GEPON P
(G.984.4) (EPON) G.984.2
published published amdz,
G.984.6
published
BPON Completed: April 2000 GPON Completed: June 2004
BPON 1st Interop Event: March 2004 GPON 1st Interop Event: Jan 2006

BPON 1stwide-scale deployment: May 2004 GPON 1st wide-scale deployment: 4Q 2007
GPON Specs focused & enhanced: 3Q07-1Q08

8 #* Telcordia.

ikt 2OM2 Talanrdia



Nova generacija NG — PON 1
+ 2010 - 2015

« TDM PON
« Kompatibilnost z GPON in GEPON
* 10 Gb/s dotok, 2,5 (ali 10) Gb/s odtok

« Zagotovljeni b/s na uporabnika 160 — 320
Mb/s dotok, 40 — 80 Mb/s odtok

* Delilno razmerje 64 : 1

« Standardizacija 2010, prvi preizkusi konec
2010, uvajanje 2012



Nova generacija NG PON 2
2015 - 2020

HPON — Hybrid TDM/WDM PON
CDM, OFDM

40 Gb/s 0z. 1 Gb/s/A

Doseg 80 km

Veliko delilno razmerje 128:1



Next-Gen Broadband Architecture Options

+WDM PON: Dedicated wavelengths (high capacity) per user
«Long Reach PON: Consolidation of metro (telecom) and access networks

CiPS:




Napoved razvoja PONa

2010 2015 2020 2025 2030 2035

Converged WDM/TDM PON

Evolution of

the active

layer |

TDM
fL 10Gbits? DL  40or 100Gbit/s®
Max capaci DL 25Ghits DL  10Gbitls DL  1Gbitis* DL  10Gbitis* DL  100Gbits
P UL  10Gbits? 3
2 ' : | L 10Gbits .
per user UL 1.25Gbitls UL 25Ghits O e  tocons! UL 10Gbits

Ofcom 2010



Nove tehnologije in njihov vpliv

/ Applicability \

Integration
Manufacturability
Cost

Complexity

/ Technologies \
@. Modulation formats

Gnergy eﬁiciencyj

L Polarisation
x diversity/muxing
“°r Coherent systems

H” Multiple subcarriers

Powerful signal
processing

/ Performance \

OSNR

Insensitivity to
impairments

Specitral efficiency

< 4

¢ y




PON za urbano in ruralno podrocje

Rural/lsolated
island

2008.2 ITU-T G.984.6
(PON ExtenderBox)



NG (ER ali LR) PON za velike razdalje

Opticno ojaCevanje o
Optical Line
Termination

__________ (OLT)

PEED-SEE

I I
Splitter I Remote site |
__________

128:1

fE

Local exchange

:

Customers
(ONUs)

Opto-elektriéna regeneracija

‘mmr Tmimation
B
L (OLT)
‘mm}
i =,
o 1
- : I N
i .,,,/' : i . -
- Splitter j romala ate i Local exchange
N 128:1

Customers
(ONUs) <: 60km >




Budzet modi

Link budget — razmerje v dB moci na vhodu in izhodu vlakna (vkljuCuje vsa slabljenja)

CFE
— il FW
EED QEH WDM-PON, D Unamplified | OLT amp® | FRN amp**
Power budoef 32.0 dB 32.0 dB 60.0 d&
OLT FRN ST
Filter losses 12,0 dB 6.0 dB 12.0 dB
CPE Patch cord/connector losses 0.9 dB 0.6 dB 1.2 dB
- Optical h | d d d
ptical path penalty 2.0 B 2.0 dB 3.0 dB
System mardgin 1.0 dB 1.0 dB 1.0dB
OLT FRN S—1 Link budget 16.1 cB 25.8 db 42.8 db
CPE Link loss/km 0.3 dB 0.3 dB 0.3 dB
— Link length in km 53.7 km 74.7 km 142.7 km
— & *) With EDFA-C-820-GCE
QLT FRM — Y WIth EDFA-C-D20-YGC and DCG dispersion compensation
NG-GPON GPON WOM | GPON WM
unampl. | unampl. | OLT ampl. | QLT ampl.
FRMN CPE Power budget 33.0dB| 36.0dB| 37.0dB | 36.0dB
/ m Filter and splitter losses 220dB| 27.0dB | 22048 | 22.0dB
é = Patch cord/connector losses | 09 dB| 1.2dB 0.9 dB 0.9 dB
~ % Cptical path penalty 1.0dB 1.0dB 1.0dB 1.0dB
1:.64 T Systern margin 1.0 dB 1.0 dB 1.0 dB 1.0 dB
Include Blocking Filters Link budget 8.1 dB 58dB| 121 B 11.1 dB
9 Lirk loss/lkm 0.4 d& 0.3 dB 0.4 dB 0.3 dB
Link length in km 20.3 km | 19.3 km | 30.3 km | 37.0 km
33 dB (10G): +4 dBm...-26 dBm + 3 dB FEC gain, 36 dB (2G5} +4 dBm...-32 dBm
. .. . _— , . . ~AMNV\A
Pewer budget — razmerje v dB moci oddajnika in obCutljivosti sprejemnika 2« m= = =



WDM PON, NG PON — budzet modi

_FE
—
EED QEH WDM-PON. DFW Unamplified | OLT amp* | FRN amp**
M Power budget 32.0 dB 32.0dB 60.0 dB
oLt PRI Filter Iosseg 12,0 dB 6.0 dB 12.0 cB
CPE Patch cord/connector |osses 0.9d 0.6 dB 1.2 dB
EED% QE - Optical path penalty 2.0 dB 2.0 dB 3.0dB
System margin 1.0dB 1.0 dB 1.0dB
QLT FEN S—il Link budget 16.1 dB 25.8 dB 42.8 dB
CPE Link loss/am 0.3 dB 0.3 dB 0.3 dB
— Link length in km 53.7 km 74.7 km 142.7 km
EED 1 *)  With EDFA-C-820-GCE
OLT FRN — 10 Y With EDFA-C-D20-YGC and DCG dispersion compensation
NG-GFPON GROMN W GPOMN WM
unampl. | unampl. | OLT ampl. | QLT ampl.
o FRMN CPE Power budget 33.0dB| 36.0dB | 37.0dB | 36.0dB
=:D—I*‘H / o Filter and splitter losses 220dB| 27.0dB| 220dB | 22.0dB
o — L] Patch cord/connector losses | 0.9dB| 1.2dB| 09dB 0.9dB
' : \ % Optical path penalty 10dB| 1.0dB 1.0dB 1.0dB
1:64 T Systerm margin 1.0cdB 1.0dB 1.0dB 1.0dB
e ; ; Link budget 8.1 dB 58| 121 dB it £ 5 !
?A? ‘:-I-A- IelaeB e ngsinte Cink Toss,/kim 048] 038 04dB| 03dE
' Link length in km 20,3 km|19.3 km | 30.3 km | 37.0 km

32 dB (10G): +4 dBm...-26 dBm + 3 dB FEC gain, 36 dB (2G5} +4 dBm...-22 dBm
Budzet moci — razlika v dB med mocjo oddajnika in obcutljivostjo sprejemnika
Budzet zveze — slabljenje zveze v dB ADVA 2009



Nezna evolucija
TDM-PON

« WDM may be the best solution for future PONs

 The challenge is how to get to it with:
— Cost efficiency and scalable upgrades.

— Graceful evolution priorities:
= Support legacy equipment (TDM PONs);

* Add new customers and new services in existing PONSs:
v" Improve service to current customers with no disruptions;
v No improvement, no disruption to current customers;
v Temporary disruption of service.

» Greenfield installation only. "f‘ﬂll_.

Stanford University




Nadgradnja GPONa z WDM PONom

Passive splitter

| (GPON) i
i i GPON
| (r—— ? ® = L= GPON
| e | ONT
25Gbitls GPON Wavelength ...« 0 O— ffoeon
10Gbit/s GPON wavelength === 0 & — I
WDMPON wavelengths J +emssenass | —
ATTTTTTTY — WDM PON
: | ) ONT
I | WDM PON
: : — — ONT
i AWG mux/demux |
GPON / WDM PON; (WDM PON) ;

____________________________________________

wavelength de-multiplexer

WDM PON upgrade over existing PON network [Source: Analysys Mason, 2010]



1/10 Gb/s zveza EPON

Upstream TDM Overlay 1G ONU
OLT ——1G Rx
1G DS (1.490um) / WDM
1G Tx - / — 116G Tx
10G DS (1.577/1 5gmm}ﬁ/
/
10G Tx — WDM |
1G US 1.310um \ 10G ONU (Asymmetric)
1G/10G Rx P
: 1:16 WDM

/\/ [ | 1G Tx

Dual rate OLT receiver

May incur 3dB splitting loss 10G ONU (Symmetric)
at OLT

— 10G Rx
WDM
[ 110G Tx

To be finalized by IEEE802.3av task force.




Asimetricni in simetricni EPON, GPON

10/1G Asymmetric

10/1G Asymmetric ONU
OLT
10G Rx
a
10G Tx 10G DS (1 .55’?’!1.590u.m) _
H] 1G US 1.310um
1:16 EPON
1:64 GPON
10G Symmetric
10G Symmetric ONU
OLT
1 10G Rx
10G DS (1.577/1.590um)
106 Tx ] o t 10G Tx
10G Rx TD‘G US 1.270um
1:16 EPON

1:64 GPON



Koeksistenca NG PON 2

ONU

Central Office

ONU

ONU

OLT \WDM ONU

WDM
razvrstilnik

= ONU

Equipment and Facilities initially deployed

. Equipment and Facilities deployed as part of upgrade

Equipment and Facilities removed as part of upgrade



Koeksistenca NG PON 1

10G/10G

Central Office

OLT WDM

Pasivni
delilnik

Equipment and Facilities initially deployed

. Equipment and Facilities deployed as part of upgrade

Equipment and Facilities removed as part of upgrade

ONU

ONU

ONU

ONU

< ONU




Koesistenca NG PONT

10 G/4x2,5G ONU
Rx
Central Office X1
ONU

ONU

OLT WDM ONU

< ONU

Equipment and Facilities initially deployed

. Equipment and Facilities deployed as part of upgrade

Equipment and Facilities removed as part of upgrade



Koeksistenca GPONa in WDM PONa

Wavelength filters

Passive splitter l
[
GPON or

GPOM or
WDOM POMN ONT

GPOM or
WDM POMN ONT

Coexistence of GPON and WDM PON at one site [Source: Analysys Mason, 2010]

2.5Gbit/'s GPON wavelength
10Gbit/s GPON wavelength l

i

WDMPON wavelengths
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|0/Nx2.5G Scheme “XG-PON1”

ONU

Central Office

ONU

ONU

OLT WDM ONU

< ONU

Equipment and Facilities initially deployed

. Equipment and Facilities deployed as part of upgrade

Equipment and Facilities removed as part of upgrade



Odprto omrezje

Ponudniki
storitev K r

The Open Network

Naro¢niki I:/I:/ |:I| \tl\j



Kaj je odprto omrezje

o A network that:

Network Operator and Service Operator are
discrete entities

Reciprocal contracts between end users and
service providers

Network Operator is not involved in any other
operation except for the connectivity service

End users may select a service from any
service provider over a shared infrastructure
controlled by the network operator

o This is an OPEN NETWORK



A

Customers
(ONUs)

Razvezava WDM PONa

Passive
optical
splitter

Local exchange

Ethernet
link

2.5G OLT Card

10G OLT Card

2.5G OLT Card

Operator 1, 2.5 Gbps
1 wavelength per GPO Operator 1, 10 Gbps

Operator N, 2.5 Gbps

Ofcom, Analysys Mason 2010



Frekvence radijskega dostopa

UMTS
GH: B 5l
900MHz "
1800MHz HlperAccess MVDS
WLAN 17GHz 40GHz
v 51GHz 3.5GHz o < b
10GHZ -
26GHz

1 10 (GHz)



Vlakenski dostop je koncCna resitev sirokopasovnega dostopa
do stacionarnega uporabnika za prihodnji Cas, ko se bo
mocno razsirila ponudba novih swokopasovmh storitev.

Vlakenski dostop je edina tehnologija, ki omogoca prenos zelo
sirokih pasov (potencialno 100 Gb/s in ve€) na zelo velike
razdalje (do 100 km) med fiksnima toCkama.

Radijski dostop (WiIMAX, LTE) za obmocje MAN obeta
fiksnemu in mobilnemu uporabniku storitve do 50 oz. 25 Mb/s
v ugodnih pogojih propagacije.

Zicni (xDSL) in kabelski (KOAX) dostop so vzporedne cenene
tehnologije, ki kljub velikim izboljsavam v zadnjem casu
dolgorocCno niso in ne bodo postale nadomestilo fiksnega
opticnega dostopa. Radijski dostop (WIMAX) pa je
nenadomestljiv v nomadskih in mobilninh zvezah.

Zicni in radijski dostop sta kratkoroCno ekonomsko upravicena
za obiCajne storitve oz. nekatera obmocja, in sicer ziCni za
zelo kratke razdalje, radijski dostop pa za oddaljena prostrana
redko naseljena podrocja.



Gostota narocnikov

Cluster Subscriber density per km?







