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Implication of end to end 

optical very high rate communications 

on network architectural and protocol requirements
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Traffic evolution in Telecommunication Networks

In 2015 five billion people will be connected 

permanently via telecommunication networks. The 

data transport will increase 

by a factor of 100 compared to 2007.

Simon Beresford-Wylie, CEO NSN,  

Die Welt, April 7th,2007 
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Development of IP-Traffic in the US-Internet

CAGR: Compound annual growth rate

8 years

Factor 

100

NSN is expecting traffic growth 

slightly higher than Moore´s law
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Driving Forces (1)

Å Video will become one of the most important communications 

media: Higher Definition, Interactive Video, Intelligent 3D 

environments, Immersive Video,é, also data will include more 

and more video clips ( hotel reservation, electronic manuals, 

gamingé.)

US figures (internet innovation alliance):

Å Internet video services >>> $   1.7 billion by 2010

Å Video on Demand >>>    $ 13.0 billion by 2010

Å IPTV subscriptions >>>    $ 13.2 billion by 2010

Å Streaming video and music >>>    $ 27.0   billion by 2011 
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Driving Forces (2)

ÅAmbient intelligence

ïBB could save $ 800 billion in health cost over 25 years

ïRemote patient monitoring could cut overall heath care 

expenditures by 25% (E-Health)

ïTelecommuting (Tele-Working, Tele-Teaching) could save $ 3.9 

billion a year in fuel

ÅMachines and computers will  communicate without human support

ÅGaming > 100 million game players online

ÅGlobalization, world wide information exchange

ÅSecurity, application of video techniques
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Service Capacity Requirements
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Teleworking
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Information exchange, 
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Videoconf.

POTS
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e. g. DVD-9

Interactive

entertainment
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Next Gen Wireless Backhaul
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Basic requirements for telecommunication networks

Traffic volume will increase dramatically 

high capacity network

Short response times required

fast network

Peer to peer traffic will increase significantly

symmetrical network

Traffic volume will increase dramatically 

high capacity network
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Big 

Business 

Customers

Local Exchange

FTTP Customers

Non-FTTP

Customers

backhaul/metro

network

Cabinet

Point to point fiber

End to end fiber network (1)

Cabinet

David Payne BT 2007
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Big Business 

Customer

MSAN

Non-FTTP

Customers

copper 

backhaul/metro

network

FTTP Customers

WDM PON

Local Exchange
WDM 

Splitter

WDM 

Multiplexer

Cabinet

End to end fiber network (2)

David Payne BT 2007
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Cabinet 

Big Business 

Customer

FTTP

Customers

Non-FTTP

Customers

copper

backhaul/metro

Long reach access.

100km

Cabinet

MSAN
Customer ONU has fixed ñblocking filterò to select 

operating wavelength. All ñmass marketò ONUs 

operate at the same wavelength.

End to end fiber network (3)

David Payne BT 2007
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Cabinet 

Long reach access

100 km

BT´s Network Reduced to ~100 exchanges

Intelligent 

Photonic Inner 

Core Network

Metro 

nodes

Optical 

switches

Cabinet

MSAN

Tunable & self install ONU (for residential customers)

Splitter to enable any 

lor combination of 

ls to any customer

End to end fiber network (4)

David Payne BT 2007
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Cabinet 

backhaul/metro

Long reach access

100 km

Network Reduced to ~100 exchanges

Intelligent 

Photonic Inner 

Core Network

Metro 

nodes

Optical 

switches

Cabinet

MSAN

Tunable & self install ONU (for residential customers)

Splitter to enable any 

lor combination of 

ls to any customer

Steps in network architecture evolution

Today:    copper access

fiber backbone

Step 1: long reach PON access

fiber backbone

Step 2: LR PON, 10G up/down

intelligent inner core

Longterm: point to point ??
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Visible light communications in the office

EU project Omega
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Increasing transport capacity (1)

10 Gb/s 40 Gb/s 160 Gb/s 640 Gb/s 2.5 Tb/s

Commercial

systems

Laboratory

Demonstrations

Electrical

TDM

Optical

TDM

Status:

Technologies:

Next

step

100

Gb/s
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Weber et.al., ECOC 2005
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Increasing transport capacity (2)

2.56 Tbit/s 160km Experiment

one wavelength, OTDM ïDQPSK

Fraunhofer Institut
Nachrichtentechnik
Heinrich-Hertz-Institut

Fujitsu
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Increasing transport capacity (4)

ÅFuture Globally Integrated Network

Increasing capacity demand

(200 Tb/s, 50 Tb/s per fiber in 10-15 years )

ÅMixture of WDM and TDM

Today: 25 Tb/s (160 wavelength) in the lab

about 3-5 Tb/s (80+ wavelength) commercial

Future systems will require higher single channel

bit rates

Higher-Order Modulation Formats
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Power Consumption and Components (1)

Example 1:

DT total networks net energy consumption in 2006:

1800 Million kWh 6 nuclear power plants
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21C MSAN

20 racks 

75 -100 kw

Long Reach PON

<1 rack

1,5 kw

Today

900 racks 

826 kw

Example 2:

Based on Ipswich Exchange serving ~15,000 customers

Power Consumption and Components (2)

Factor 550 

David Payne BT 2007
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Power Consumption and Components (3)

Components will become crucial because of 
power consumption and high rate (symbol 
duration below ps)

2.5 Gb PON and especially 10 Gb PON will require currently high end 
opto chips like APDs, SOAs, high performance DFBs at 
significantly lower costs -> major R&D efforts required

Automation in manufacturing and hybrid electro/optical integration
is starting

LAN Standard for 100 Gb Ethernet by IEEE HSSG written with 
photonic Integration in mind 

End to end fiber network and integrated components 

will reduce power consumption dramatically
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Concept Partners

photo diode
(1.49 µm)

optical

motherboard

(polymers)

laser diode
(1.3 µm)

multiplexer
(1.3 / 1.49 µm)

Berlin Access: Polymer based FTTH Transceivers
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Growth of Ethernet from Metro to Core

Traditional 

Transport Network

Ethernet Metro

Network

Switched OpticalPPE

SDH Switched OpticalEthernet

Full Ethernet

Network

PPE

1GE 10GE

1GE 10G SDH N x 10G SDH

in WDM

N x 10/40G 

in WDM

1GE 10GE 100GE*

100GE optical/ 

electrical Switching

100GE 

optical Transport

* later M x 100GE

Packet

Circuit

METRO CORE

Switched Optical
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Summary

Implications of high bit rates for 

Å Access
Long Reach PON will reduce capex and opex

Å Core
Large optical switches on waveband and wavelength level are required
Concentration and cascading of nodes demands for ultra longhaul systems 
and ultra low loss components

Å Optical transport also has potential for huge energy savings

Å Protocol requirements
Packet aware transport for efficient aggregation + full OAM
Carrier Grade Ethernet
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Related Projects

Multiservice everywhere

PIEMAN

Photonic Integrated Extended Metro & Access Network
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Interactive 3D Displays:   3D Media Center

Å UXGA resolution

Å Video head tracking 

Å Gesture interface

Å Stereo video communication

Prototype applications (T-Com):

Å 3D telephone directory

Å 3D video telephony via IP 

Å 3D video show (3D-IPTV)

Å 3D online shopping
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Multi projection

Multi projection system for D-Cinema, advertisement, amusement 

parks etc. :

- Real time  hardware system with cascadable HD decoders 

- Smooth edge blending (horizontal and vertical)

- Synchronised play-out of distributed MPEG-2 sources 

- Planned system with 19 x 7 XGA projectors (panorama of 20.000 x 5.400 

pixels)
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Pictures (1/4)
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slide 32

Super High Resolution Video

D20 Kamera (3k x 2k) D20 Kamera (3k x 2k)

5k Panorama (5k x 2k)
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Ultra-High Resolution Projection

ÅMulti-view projection using 5 SXGA+ projectors (5 x 1K x 

1.4K resolution)

5000 x 1400


