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Coherent Opens Up 3D Capacity Evolution

QAM, M-ARY Three mechanisms to grow capacity

— » Challenge the baud rate
» Challenge the bit/symbol
« Challenge fixed A spacing

Symbols per second
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Flexibility in Spectrum Optimization Enabled by DSP



40G/100G System: Baseline Nortel Tenets

Investment Tenets Capactty
e Lower system life cycle 1 Pbps " _
COSt/blt/Km ~300 Million MPEG videos
e No network re-engineering: Today w—0onouo 01
10G rules/reach for
406/1006 1 prS ~300 Thousand MPEG videos
= Simplify: no compensating Direct
units Detection (DD)
e Agile photoni
in%‘rgs?ruoc;[’fu reC with 1 Gbps : | ~300 MPEG videos

unrestricted networking
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Plug and Play Optical Volume Deployable

Future Proof Evolution Fiber Efficient



40 Gbps Dual Polarization QPSK

« 40 Gbit/s on a single A at 10 GBaud
= Using Quadrature Phase Shift Keying (QPSK), 2
bits/symbol: X 2
= 2 orthogonal polarizations: X 2
= World’s 15t Integrated 40G coherent digital receiver

= Propagates like a 10 Gbps signal

= For non-linear impairments, dispersion tolerance,
PMD tolerance, etc...

e Uses 10G components: cost optimized,
mature technologies with numerous vendors
e Fully leverages existing 10G infrastructure
= Same Reach - no A reduction to overcome increase
in noise
e Same tolerance of cascaded ROADMSs
e No Dispersion Compensation required

e Dual Polarization provides better PMD
performance than 10G systems

« All fiber that could be used for 10G can now
be used for 40G

= Viable option for 100G transmission
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Nortel's 100G Technology

100 Gb/s Modulation Coherent Detection Client Encapsulation
e Spectral efficiency leap e Intelligent interpretation-- < ODU4 encapsulation of
with techniques borrowed amplitude, phase, 100 GbE
from wireless transmission  polarization - Full rate ODU4 (112
e Coherent FDM Dual e 1000Km+ reach without Gbps) for service
Polarization QPSK, regeneration transparency
14Gbaud - +/- 40,000 ps/nm CD, 20ps = Fully instrumented for
e High tolerance to 50GHz mean DGD PMD tolerance network and service
networking

e DSP at CMOS speeds

Coherent Transmission System

X-pol 1

Analog to Digital Clock and
Digital Signal Data
Converter Processing Recovery




Public Milestones to 100G

OFC/NFOEC
5A: 10G (2), 40G (2),
100G, 1000km, 50GHz
3 fiber types, no comp

SCO08 - Supercomputing
Nortel 100G in SCinet
Carried live traffic for the
duration of the event
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NEOS Networks
Manchester — London
705km, no regens
10G/40G/100G over
existing network

JANET/Verizon Business
London, Reading 103km
25ps mean DGD added

COMCAST
Carrying live Internet for IETF
Philadelphia - Washington
335km, 4x 50GHz ROADM
100G error-free 7 days

100GE over 100G

100G wavelength

World’s 1st;: 100GE over

800km, PMD 60ps DGD
10G/40G/100G, 50GHz

BANVERKET R

Sundsvall - Stockholm
810km, no regens

10G/40G/100G over
existing network V.

Foreign 40G live video traffic

VERIZON
100G over fibre that could
not carry 10G, 73km
Passed 107ps DGD PMD

OFC/NFOEC
10x10GE over 100G A
800km, 4 x 50GHz ROADM
Colorless OADM with
coherent receiver

TELSTRA

10x10GE over 100G A

-

Amsterdam, Hamburg

N

SURFENET

1244km, no regens
80ps DGD
10G/40G/100G over
existing network
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Reference Links to 100G Trials:

e Comcast 100G Trial, March 2008

e Verizon 100G Trial, October 2008

e 100G Carrying Live Traffic for SCO8 Event, November 2008
e 100GE over 100G Wavelength, December 2008

e 10x10GE over 100G Wavelength, March 2009

e NEOS Networks 100G trial, March 2009

e Banverket 100G Trial, April 2009

e JANET, Verizon Business 100G Trial, May 2009

e SURFnet 100G Trial, June 2009

e Telstra 100G Trial, July 2009



http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100237988
http://www.verizonbusiness.com/about/news/displaynews.xml?newsid=25194&mode=vzlong&lang=en&width=530
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100228557&locale=en-US
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100250543&locale=en-US
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100253951&locale=en-US
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100253962&locale=en-US
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100254915&locale=en-US
http://www.ja.net/company/news-2009/100g.html
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100257448&locale=en-US
http://www2.nortel.com/go/news_detail.jsp?cat_id=-8055&oid=100259822&locale=en-US
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