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Top-of-mind for Network Operators Today

= Competitive/Profitable Business models

= Traffic Growth, New Services,

Video, Voice, Over the Top, Peer-to-peer,
Managed, Fixed Mobile Convergence

= Competition, Regulation

= Customers

User Experience, Residential, Business,
Personalization, Device Divergence
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How to meet the requirements?

» Intelligent Service Routers
IP as the ubiquitous layer
IP/MPLS Routers provides a single end-to-end control plane and data plane for
Ethernet Services (Pt2Pt, Pt2MPt, MPt{2MP1)
Legacy Services (ATM, FR, TDM)
IP Services (L3VPN, Unicast, Multicast)
* Increase Core Link/Wavelength Capacity
40G and beyond (100G) as router core links see increased flow size
Cannot / no longer rely on aggregation technology only
= Remove Unnecessary Layer
Simplified network architecture with:

Service Layer (IP/MPLS)
Transport Layer (DWDM)



Why Converge at the Optical Layer ?

Optical Transport Layer is a standard — enables interop.
ITU-T G.709 Digital Wrapper

Optical Transport Layer is transparent and flexible
Natively supports Synchronous and Asynchronous services
Point-Point, Ring and Mesh Topologies

Optical Transport Layer provides OAM features
Same best-in-class OAM features as SDH/SONET

Optical Transport Layer is scalable — can handle growth
Supports 40Gbps today, scale to 100Gbps+ per channel (wavelength)
Multiple wavelengths per fibre (e.g. 80CH @ 50GHz spacing for C-band DWDM)

Optical Transport can provide very fast protection/restoration
1+1 protection achieved with a few ms switchover times

Optical Transport has demonstrated economical price points

not just in core, but also in aggregation & access networks
Multi-haul capability



Traditional Core Network Architecture

Routers

- Aggregation of IP traffic to 10G
- Fast restoration at Layer 3

- Performance monitoring L2/L.3

Distinct IP and
DWDM Management
Planes

Distinct IP and
DWDM Control :

Planes Control .7 e TDM Cross Connects
/ / - Groom low speed circuits

- Fast restoration at Layer 1

Expensive Electrical - Performance monitoring L1

Cross Connects
(OEO)

Multiple
Transponders per
Wavelength (OEO)

Control

DWDM

Truck Rolls for - Multiplexing As onto fiber

Reconfiguration




IP-over-DWDM Architecture
Simplifying the network to support IP efficiently

Benefits
y ’ IP Network
anagement an Control - Efficient interconnection directly
Control-plane e /= at 10/40G
coordination. —_—— - Performance Monitoring

- Fast L3 Protection - FRR

Less electrical

processing (OEO).

Intellingent optical A )

network. Point and = [_I?WDM NSt\INgrk.

click provisioning ransparent Multi-Service
Transport

WDM Automation (hiding
complexity of fiber
transmission)




Cisco IPoDWDM Strategy

Platform Integration

= Element Integration

Integrate transponder
functionality onto
routing platforms (10GE, 40G)

Integrating photonic switching
into DWDM optical platforms
(ROADM / WXC)

= Control Integration

GMPLS for
provisioning of lambdas driven
by IP control plane

= Management Integration

Separate or integrated
management
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Scale & Performance
Lower CAPEX/OPEX
Increased Reliability
Speed to Service

Control
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Integration

DWDM Layer
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IPoDWDM

Reducing Complexity, # of Elements

Traditional Model: External Transponder
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Immediate Benefits of IPODWDM solution

DNV NSPOINUETS
INEYIEAEUNRIONSOULET:

= Lower CapEx
Elimination of OEOs
= Lower OpEXx

Space, power,
management

= Enhanced resiliency

Fewer active components

"Investment protection

40G and beyond,
Router Transponder, ROADM Roliter interoperability over

existing 10G systems




WDMPHY: Cost-Effective 10GE DWDM

= Main Features "1 78 w6y 3824 3825 4080
- 10GE LANPHY payload over G.709 | FAS | OTU
payload (over-clocked) ’ i 10GE LANPHY FEC
- OAM&P based G.709 Standard 3
(SDH-like) |
- FEC enabled transmission
G.709 Standard modes, and
Enhanced-FEC >1500 km km of Reach (in a typical WDM system)
1400
1200 ETEL
1000 o
=|TU standard references: 800 —— c
600 /-/-7./-/';-\’:‘
- ITU-T G.709 400 & :
- Overclocking: G.sup43, sub- 200 -;&a No-FEC
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- Enhanced FEC: G.975.1 N E? GlCEE
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o
How to enable OAMP (substitute TDM)

functions?

1. Easy operations (OAM&P)
—  G.709 overheads mimic SONET/SDH functions
—  GMPLS allows optical layer visibility into hard to detect failures
— Integrated optics allows for low cost optical monitoring
2. Fast protection
. Control plane provides fast failure indications to optical switches

. Router based fast reroute (FRR) may be more economical and as
fast/reliable as SONET/SDH protection

3. Sub-wavelength grooming
. Not needed — router trunks can fill 10G wavelengths
. Manage bandwidth at the wavelength level using optical switches

Conclusion: MPLS + G.709 + DWDM allow for OAMP (similar to TDM)
and a simpler architecture!



IPoDWDM OAM&P
G.709 Functionality

No Transponders

IPoDWDM NGN SP Architecture

Can Rely on G.709 OAMP 10GE LANPHY Inside
E.g. MPLS FRR - but Trigger much Earlier than SDH LOS G.709 on a Wavelength




IP-over-DWDM Advanced Protection

feature
Working jSwitchover Working
Path Lost Data Path
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g LOF Hitless Switch
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Protection
Trigger

Optical impairments

10GE WDM + G.709 on Router

Transponder
Corrected bits

Optical impairments

Superior Protection Compared to Transponder-Based Networks




Best Quality Subscriber Experience
Measure and Ensure Video Quality End-to-End

Video

< 1 artifact per 2 hr movie requires

low loss service 10 packet loss rate maximum



IPODWDM Products

= 10G WDMPHY: CRS, GSR (33s), 7600
(CY08)

- 4 port PLIM in CRS and 1-port SPA GSR with Full C-
Band Tunability and E-FEC, and 4-port in 7600 with XFP
with FEC

- G.709 OAM&P (SDH-like)
- Benefiting 10GE price points

» 40G WDMPOS: CRS

- 1 port OC-768/STM-256 PLIM in CRS-1 with Full C-
Band Tunability and E-FEC

- Optical Duobinary line code (spectral efficiency), and
compatible with 10G systems

- DPSK (in 3.6) with enhanced distance (>1,000 km)




IPoDWDM Roadmap

IPoDWDM IPoDWDM IPoDWDM 100GE Colourless and
1.0 1.5 2.0 IPoDWDM Directionless
|P+Optical
NEWYIS
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40G and 50102011
4x10GE

WDMPHY ISR 2009

Launched 2008 Increased

oyl Bandwidth and  |[RNSRARNN
- 2006 Next Generation Leading Edge *Market Leading

Modulation and Technology: Technology
DPSK+ and Cross Platform 100G IPoDWDM
IPoDWDM Management Integration: across existing 10G

«Simplifying IP+Optical

Introduction: Integration: Allows more networks
Worlds First Doubling the reach J customers to deploy
IPoDWDM 40G of 40G IPoDWDM
Link in Production



Leveraging the Intelligent WDM layer

Open WDM Architecture:

* Transparent Transmission
- High-performance (EFEC, adv. moa.)
- Bit-rate Independent
- ‘Alien Wavelength’ (emerging
standard)

= Operationally Friendly
-G.709 OAMP
- Tunability
- GMPLS

IPoDWDM interoperability:

= Network planning flexibility -State-of-the-art performance over MSTP

-ROADM/WXC

_ - Field tested ‘Alien-Wavelength’ over existing (3rd
- Planning tools

party) WDM Systems



Enabling the Experience Provider

Transformation
More Services, Greater Efficiencies, Better Control

Fiber/Resource Ethernet-Enabled Dependable
Optimization DWDM Performance

Infrastructure . .
Flexibility and Service Comprehensive
8 Flexibilit Optical Solution
Scalability y P
- - - Investment
Operationalize . Packetize :
Protection
Ring to Mesh Migration for: Ethernet becomes Pervasive Leveraging Cisco ROAIZ_)M,
* Fiber Efficiency, Scale and Cisco Integrates Ethernet into Sz o [P Logetsnts
Flexibility DWDM: Drivin_g Innovation for Transport
OAM Rich Feature set to simplify  Cost Effective Ethernet Sellifans/ Sieng R
operations Aggregation and transport Engineering Proqgssgs/
Cisco Delivers Operational » Sub-wavelength Add/Drop for gﬁ;n,ﬁ 7nent CElTEEren § LRl
Innovation Lambda Conservation

Cisco Brings It All Together






