Public data networks

Public telephone network l

= Broadband
Network

Broadcasting networks

LD,

Wireless access networks

USP
Sao Carlos

<D

Murilo Araujo Romero, Ph.D.



Cenario na Transmissao
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Arquitetura de Rede SDH
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entroncamento
multi Gb/s

= CATV rede | |
IIII ( R Lo K multi-A )

rede de
alta velocidade
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Ultimo quilémetro da rede

W troca do cabo coaxial ou
| 5

:EE par de fios

o da rede convencional

. por fibra optica

loop do assinante
HDTV

- D\
(1.125 linhas) ~—

canais de video - wEE
comutados pela rede HE

internet
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Rede Optica Passiva - PON

Acesso Radio — Wi-Fi, WiMax, LMDS 1.5-45 Mb/s

HFC/Cable modem 56Kb/s-10 Mbl/s

ADSL completo - 2.5-8 MDb/s
ADSL Lite | 128Kb/s-1.5 Mb/s

RDSI | 56-128 Kbls
Modem “Dial-Up” ||  |§/14.4-56 Kbls
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Servicos Faixa-Larga

Servicos Servicos de
Interativos Distribuicéo
| || | | | |
Servicos de Servicos de Servicos de Distribuicéo de Distribuicdo de
Conversacéao Mensagem Recuperacéao Servicos Servigcos
(retrieval) Com Controle Sem Controle

do Usuario do Usuario

didlogo em correio recuperacao video TV e Radio
tempo real: por video de informacéo por Fluxo continuo
teleshopping correio por em banco de dados encomenda de sinal
documento de uso publico
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Estrutura Basica

Bl B2 D

2BFD - vbrs | 6akbis | 16 koss

Taxa Primaria B. Estrutura da Interface de Canal

Potencial para oferecer

HO1 HO2 HO3 D servicos de telemetria
384 kb/s | 384 kb/s | 384 kb/s | 16 kb/s com baixa taxa de

transmissao: seguranca,
gerenciamento de

H1 energia.
a0 cana- 1,536 Mb/s

lizado
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Term.

Assinante
Extensor
Provedor de Linha
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Programacéo e

STU TV

Microondas/
Link Optico

Y
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Divisor
Passivo
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“Upstream” “Downstream”

telefonia e controle telefonia
() Y )
Servicos
interativos
( Digitais )

O planejamento do espectro e diferente para
cada pais.
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Requisitos tipicos de largura de banda para
varias aplicacoes

Aplicacao

Sentido Downstream

\VolP

80 Kbps

Videofone

124 Kbps — 2Mbps

Jogos on-line

256 Kbps

TV (MPEG-2)

3-5 Mbps

TV (MPEG-4)

2-4 Mbps

HDTV (MPEG-2)

18-20 Mbps

HDTV (MPEG-4)

S
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Esquemas de Ultima/Primeira Milha:
Distancia Coberta e Largura de Banda Disponivel
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Pontode

_ Fibra Optica
Comutacao

FTTB “l
FTTB: Fiber-to-the-building :
FTTC: Fiber-to-the-curb S SiSiS
PON: Passive optical network m—
VDSL : Very-high-speed digital Si=S
subscriber line =

Al
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Funcionamento das redes PON

ONUO1 Downstream — Broadcast;

|a) Downstream /

_— > - s o
e Compartilhamento de um udnico par de
P P

a
Q
Q

Upstream — acesso em TDM,;

Central de

ONU 02 comprimentos entre OLT - conjuntos de
Servigo

ONTs;

ONU: Dptical Network Unit “Compartilhamento de banda”;

DOP: Divisor Opt co Passivo

Uso de divisores/combinadores de

(b) Upstream poténcia (splitters);

9
. n
Servigo

' Taxa de transmissédo por ONT e distancia
ONU: Opticol Network Uni: de cobertura limitados ao numero de

DOP: Divisor Ogtico Passivo usuérios na rede.

LY
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virtude da  “baixa  complexidade
tecnologica” exigida para implantacao
desses sistemas;

<——.— Relagdo custo-beneficio atrativa em




(Operation-and-Maintenance Expense) de US$ 125,00 assinante/ano.

 Imibidor: Politicas Regulatorias de LLU (“Local-Loop Unbundling”)

« Motivador: As redes de acesso estao se tornando predominantemente
“video-céntricas’ (servigos Netflix etc...)

SER
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Comparing Standards: GPON vs. EPON

G-PON |IEEE E-PON
(FSAN/ITU-T)

Traffic Type | Full Service Ethernet Data
(Ethernet, TDM,

POTS)

Transport Frame GEM Frame Ethernet Frame
(Camada GTC)

Typical PhyS|caI
Reach

Split ratio 64 32
(maximum)

Transmission 2.5 Gbits/s (down) | 1.25 Gbits/s (bi-
Rate e 1.25 Gbits/s (up) directional)

The E-PON standard is prevalent in Asia, while network operators such as Verizon, AT&T, Qwest,
Bell Canada, France Telecom, DT, Telefonica, Telecom Italia and major Brazilian Telcos have chosen
GPON.
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ATM-PON - 54 Mbits/s

1990 1992 1994

Murilo Araujo Romero, Ph.D.

1996

XG-PON
10 Ghits/s downstream

GPON
2.5 Gbits/s downstream

ATM-PON
155 Mbits/s

1998 2000
YEAR

2002

2004 2006 2008




— uso de multiplexacao por divisao de tempo

— metodo tradicional escolhido
—redes SONET (padrao norte-americano)
— redes SDH (padrao internacional)

— Incremento em implementacao no Brasil
—de 10 Gb/s para 40 Gb/s (ou 100 Gb/s)
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Alternativa: Uso da Tecnica de Multiplexacao por
Divisdao em Comprimento de Onda (DWDM)
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channels

1.2 13 14 15
Wavelength, um

» Busca-se aproveitar a totalidade da largura de banda util em torno de 1550 nm
(~ 25 THz) empregando diversas portadoras opticas separados por 0,8 nm (~ 100 GHz),
ou menos. A capacidade de sistemas reais e limitada pela banda passante do
amplificador optico disponivel, algo em torno de 3 THz, i.e, 30 canais
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Evolucao da Capacidade de Transmissao em
Sistemas Opticos em Backbone

Fonte:
Bell Labs Technical
Journal, Marco 2002
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1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
Year

Commercial ETDM - Electronic time-division multiplexing
W Single channel (ETDM) @ Single channel (ETDM) Mux - Multiplexed
A Multi-channel (WDM) A Multi-channel (WDM) OTDM - Optical time-division multiplexing
® Single channel (OTDM) WDM - Wavelength-division multiplexing
4 WDM and OTDM
Y WDM and polarization mux




All wavelengths are still present at the output ports of the splitters.
Optical filtering is needed at the ONU receiver

(Tuning time is very long, can be detrimental in some applications -
we addressed this problem about 15 years ago)

| Y USP

2 i Carlos Murilo Araujo Romero, Ph.D.
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fibra Optica

~
demultiplexador
Optico
ndo- reconfigurdvel circuitos de
chaveamento

Receptor Optico Proposto

Tese de Doutoramento de S.K. Manfrin, encerrada,
colaboracdo com a Univ. Roma, Tor Vergata Implementacéo FE,
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Resposta em Frequéncia Canal 1, FE2: (Ch 1) saida chaveada, (Ch 2) sinal de entrada de
1 GHz e (Ch 3) sinal de controle de aproximadamente 10 MHz.

Base de tempo do osciloscopio de 5 ns/div.

LY
’4" Sao Car




\/

\l

most business needs) and NG-PON2 (with 80 Gbits/s overall capacity
and possibility of adding additional PtP WDM links) should be able to
address all demands for bandwidth, even considering the most stringent
new driver: backhaul/fronthaul in 5G mobile networks.
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Therefore, two questions can be immediately brought up: a) when a
next-generation passive optical networks (NGPON 3) will be needed
? b) which technological options are available ?
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e Coherent-PON

« OFDM-PON
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(“injection locking” ) de lasers de Fabry-Perot idénticos.

1) Fatiamento de espectral: problemas de orcamento de poténcia, exige amplificacao

para aumento da distancia coberta

2) Fontes Opticas Centralizadas : muito em voga atualmente,

usam somente um RSOA como modulador/amplificador na ONT/ONU
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SELF-SEEDING

Optical Cavity

0

7
<
©
@
-w
7))

(wgp) 1amod |eando

length (nm)

Wave

22 round-trip

Optical seed

C

Y UsP

N



Received Optical Power (UA)
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A Nossa Configuracao WDM-PON em Self-Seeding

The self-seeding technique is used to eliminate the need of a
centralized light source.

U.R. Duarte, J.B. Rosolem and M.A. Romero, “Combined self-
seeding and carrier remodulation scheme for WDM-PON”
IEEE J. Lightwave Tech (earlier version at OFC 2013)
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Experimental Transmission Performance —
Upstream

(4] ]
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—$—120 km
—4— 140 km

Received Power (dBm)

We were able to demonstrate optical transmission within the FEC-
limit up to a distance of 140km, with a 2.7 power penalty compared
to the back-to-back condition
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Fonte: “Sources
appliquées aux cavités
auto-alimentées pour
Les nouveaux réseaux
d’acces multiplexés en
longueur d’onde ,
Tese de doutorado de
A.Maho, Telecom Sud
Paris, 2017

LY
Sao Ca

LABO.

PAYS FINANCEMENT

1 IERE

PUBLI

FREQ.
PUBLL

CONTRIBU-
TEURS

APPROCHE

Uni. de

Melbourne AU

Académique

2006

Ponctuel

E. Wong

Référence

Politecnico di
IT
Milano

Académique

2010

Treés actif

P. Parolari; L.
Marazzi

Performances

Orange Labs FR

Industriel

Historique

Treés actif

F. Saliou; P.
Chanclou

Pragmatique,
opérateur

Uni. Pise IT

Académique

2011

Tres actif

M. Presi; E.
Ciaramella

Polarisation

I1I-V Lab FR

Industriel

Historique

Régulier

R. Brenot

Composant

Huawei/
China Tel.

Industriel

2011

Régulier

N. Cheng; Y. Ma Démonstrateur

ZTH

Academique

2012

Ponctuel

]. Leuthold

Modélisation

Uni. Sao Paulo/
CQPD

Acadeémique

2011

Régulier

U.R. Duarte; A.

Romero

Globale

Uni. Zagreb

Acadeémique

2011

Régulier

T. Komljenovic Elément réflectif

Uni. Tokyo
/ Oclaro

Académique,
industriel

2015

Ponctuel

T.Tanemura ;Y.

Nakano

Composant

Ericsson

Industriel

2013

Ponctuel

L. Giorgi

Uni. Catalogne ES

Académique

2015

Ponctuel

J. Prat

Exploratoire

Uni. Laval CA

Académique

2009

Ponctuel

W. Mathlouthi

Uni. Chend Du /
British Tel.

CN, UK

Académique,
industriel

2015

Ponctuel

M. L. Deng

Table 1.5- Principaux contributeurs sur les RSOA en cavités auto-alimentées.




