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Resumo

Graciosa, Henrique Bastos; Mosso, Marbey Manhaes (Orientador). A
Transformacdo das Redes Opticas no Acesso e no Anel Backbone
Metropolitano: Alternativas Tecnoldgicas, Econdmicas e Novos Servicos. Rio
de Janeiro, 2012. 160p. Dissertagdo de Mestrado - Departamento de Engenharia
Elétrica, Pontificia Universidade Catélica do Rio de Janeiro.

A presente dissertagdo tem como objetivo avaliar as mudangas que estdo
ocorrendo nas arquiteturas das redes Opticas dos operadores de telecomunicacdes para
adequarem-se aos novos servigos oferecidos aos usuarios. Esses servicos demandam cada
vez mais flexibilidade, confiabilidade e capacidade de todos os niveis das redes Opticas,
desde o acesso até os backbones metropolitanos e de longa distancia, passando pelas
redes de agregacdo. No acesso, a principal transformacdo ¢ a extensdo da fibra optica
para pontos cada vez mais proximos do usudrio, utilizando-se de tecnologia PON
(Passive Optical Network), de maneira a oferecer maior banda permitindo a
diversificagdo de servigos e aplicagdes, como video de alta defini¢do com interatividade.
No backbone metropolitano também sédo verificadas importantes mudangas, implicando a
necessidade de capacidades de transporte cada vez maiores (multiplos lambdas de 40
Gbps ou 100 Gbps) com uso de DWDM (Dense Wavelength Division Multiplexing) e
OTN (Optical Transport Network), com roteamento de lambda no nivel optico por meio
do uso de ROADM (Reconfigurable Add-Drop Multiplexer) e switching eletronico
também suportado pela OTN. Essa rede de elevada capacidade conecta-se diretamente as
redes de acesso ou redes coletoras ou de agregacao, aptas a transportar de forma eficiente
trafego baseado em pacotes. Nesse contexto, substituem-se as solucdes tradicionais
baseadas em TDM (Time Division Multiplexing) por solu¢des mais adaptadas ao
transporte de pacotes e que garantam qualidade de servigo. Essa mesma rede de alta
capacidade metropolitana também deve fazer interface com as redes de transmissdo
regionais e interurbanas de longa distancia. O trabalho dara especial atengdo as topologias
de rede de acesso ¢ backbone metropolitano descritas acima, comparando arquiteturas e

investimentos associados.

Palavras-chave

ETHERNET, Redes de Acesso, GPON, XG-PON, WDM-PON, CAPEX,
OPEX, Valor Adicional, ODN, Redes Metropolitanas, DWDM, ROADM,
OTN/G709,TCO.
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Abstract

Graciosa, Henrique Bastos; Mosso, Marbey Manhaes (Advisor). Optical
Network Transformation on Access and Metropolitan Backbone Ring:
Technological and Economical Alternatives and New Services. Rio de
Janeiro, 2012. 160p. MSc. Dissertation - Departamento de Engenharia
Elétrica, Pontificia Universidade Catolica do Rio de Janeiro.

This dissertation aims to evaluate the changes that are occurring in the telecom
operators’ optical network infrastructures to suit to the new services offered to their
customers. These services demand increasingly flexibility, reliability and capacity from
all optical network layers, from access to long-haul and metropolitan backbone, including
aggregation layer. On access, the main transformation is the extension of the optical fiber
to points closer to the customers using PON (Passive Optical Networks) technologies in
order to offer higher bandwidths. With this strategy it is possible to enable applications
and services diversification, like interactivity high definition video. It is also verified
important changes on the metropolitan backbone. It is observed the need of improving the
transport capacity (multiple 40 Gbps or 100 Gbps wavelengths) using DWDM (Dense
Wavelength Division Multiplexing) and OTN (Optical Transport Network), with
wavelength routing using ROADM (Reconfigurable Add-Drop Multiplexer) and
electronic switching. This high-capacity network is connected directly to the access or
aggregation networks, which are able to efficiently carry packet-based traffic. In this
context, traditional solutions based on TDM (Time Division Multiplexing) are replaced
by solutions best adapted for packet transport with reliable quality of service. This same
high-capacity metropolitan network should also be connected with the regional and long-
haul networks. This work will give special attention to the access network topologies and

metro backbone described above, comparing architectures and related investments.

Keywords

ETHERNET, Access Networks, GPON, XG-PON, WDM-PON, CAPEX,
OPEX, Value Added, ODN, Metropolitan Networks, DWDM, ROADM,
OTN/G709,TCO.
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ADSL2+ — Asymmetric Digital Subscriber Line 2 Plus
AMP — Asynchronous Mapping Procedure

ANSI — American National Standards Institute

ATM — Asynchronous Transfer Mode

AWG — Arrayed Waveguide Grating

BER — Bit Error Rate

BMP — Bit-Synchronous Mapping Procedure

B-RAS — Broadband Remote Access Servers

BSS — Business Support Systems

Capex — Capital Expediture

CATV —Cable TV

CDC - Colorless, Directionless, Contentioless

CDN — Content Distribution/Delivery Network
CDN-P2P — Content Distribution Network Peer-to-Peer
CWDM - Coarse Wavelength Division Multiplexing
DBA — Dynamic Bandwidth Assignment

DCF — Dispersion Compensating Fiber

DFB — Distributed Feedback

DGO — Distribuidor Geral Optico

DMB - Digital Multimedia Broadcast

DOCSIS — Data Over Cable Service Interface Specification
DSL — Digital Subscriber Line

DSLAMs — Digital Subscriber Line Access Multiplexers
DVB-H — Direct Video Broadcast - Handset

DWDM - Dense Wavelength Division Multiplexing
EDFA — Erbium-Doped Fiber Amplifier
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EOAM - Ethernet Operation, Administration and Maintenance
EPON — Ethernet Passive Optical Network

ESCON — Enterprise Systems Connection

FAT — Fiber Access Terminal

FC — Fiber Channel

FDM - Frequency Division Multiplexing

FDT — Fiber Distribution Terminal

FEC — Forward Error Correction

FICON - Fiber Connection

FSAN — Full Service Access Network

FTTH - Fiber-to-the-Home

GbE — Gigabit Ethernet

Gbps — Gigabits per second

GFC — Gigabit Fiber Channel

GFP-F — Frame-Mapped Generic Framing Procedure
GPON - Gigabit Capable Passive Optical Network
HD — High-Definition

HD-SDI — High-Definition Serial Digital Interface
HDTYV — High-Definition Television

HFC — Hybrid Fiber-Coaxial

IEEE — Institute of Electrical and Electronics Engineers
IP — Internet Protocol

IPTV — Internet Protocol Television

ITU-T — International Telecommunication Union - Telecommunication

Standardization Sector

km — quilémetro

LAN — Local Area Network

MAN — Metropolitan Area Network

Mbps — Megabits per seconds

MPLS — Multiprotocol Label Switching

MPLS-TP — Multiprotocol Label Switching - Transport Profile
NG-PON — Next Generation - Passive Optical Network

nm — nandometro

OADM - Optical Add-Drop Multiplexer
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OAM - Operation, Administration and Maintenance
OCh/OChr — Optical Channel

ODN - Optical Distribution Network

ODU - Optical Data Unit

OLT - Optical Line Terminator

OMS — Optical Multiplex Section

ONT — Optical Network Terminal

ONU - Optical Network Unit

Opex — Operational Expenditure

OPS — Optical Physical Section

OPU - Optical Payload Unit

OSI — Open Systems Interconnection

OSS — Operational Support Systems

OTN — Optical Transport Network

OTS — Optical Transmission Section

OTU — Optical Channel Transport Unit

P2P — Peer-to-Peer system

PLC — Planar Lightwave Circuit

PMD - Polarization Mode Dispersion

PON — Passive Optical Network

P-OTS — Packet-Optical Transport System

QoE — Quality of Experience

QoS — Quality of Service

RF — Radio Frequency

ROADM - Reconfigurable Add-Drop Multiplexer
RPT — Remote Protocol Termination

SAN — Storage Area Network

SD — Standard-Definition

SDH — Synchronous Digital Hierarchy

SDI — Serial Digital Interface

SD-SDI — Standard-Definition Serial Digital Interface
SDTV - Standard-Definition Television

SMF — Single-Mode Optical Fiber

SMPTE — Society of Motion Picture and Television Engineers
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SNIA — Storage Network Industry Association

STM — Synchronous Transport Module

Tbps — Terabits per second

TCM — Tandem Connection Monitoring

TCO — Total Cost of Ownership

TDM — Time Division Multiplexing

TS — Timeslot

UHDTYV — Ultra High-Definition Television

VDSL — Very High Speed Digital Subscriber Line

VDSL2 — Very High Speed Digital Subscriber Line 2

VoD — Video on Demand

VoIP — Voice over Internet Protocol

WB — Wavelength Blocking

WDM — Wavelength Division Multiplexing

WDM-PON — Wavelength Division Multiplexer - Passive Optical Network
WEFB — Wavelength Blocking Filter

WiMAX — Worldwide Interoperability for Microwave Access
WSS — Wavelength Selective Switch

XG-PON — Ten Gigabit - Passive Optical Network
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