





Why Routed Optical Networking?

Today’s Network Routed Optical Network

Packet Management Plane
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Routed Optical Networking

IP and Optical Convergence

Automation e

0SS LAYER

OPTICS SILICON SOFTWARE AUTOMATION
High speed pluggable 2\Th in a single chip IP and Optical Multi Layer IP and
Optical
Small footprint Extremely Low power Segment Routing
Silicon photonics + Open Standard
CMOS wafer No compromise on Openconfig Telemetry,
functionalities Restconf/Yang,
Low cost Telemetry Openconfig, TAPI
3 times more efficient
Low power than any other existing Packet and circuit Multi vendor IP and
chipset transport services i i
standard and p p Hierarchical Controllers L J Senite OptlleEd Transport ‘ ONE“
interoperable Cloud Enhanced
application

p— L

Customer
Access Point

Access Pre Aggregation Aggregation Core Peering
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We Got Here With Over S6 Billion of Investments

=5
LIGHTWIRE

CORE OPTICS LIGHTWIRE
Innovator in coherent Innovatorin
optical technologies silicon photonics
@ @ @ @ @

2010 2014

CARIDEN TAIL-F

Network planning, design and traffic ~ Network orchestration for multi-
management vendor networks
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LEABA LUXTERA
Next Gen Silicon for Leading automation of SiP Innovative high-speed
Routing/Switching manufacturing process coherent optics
O ®

2018 2020

SINGULARITY SEDONA SYSTEMS

Cloud analytics Deep visibility and insights into Hierarchical Controller
applications and services
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Why now: the checklist enZR+
What’s different from the old IPoDWDM?
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* No compromise in density and overall router capacity ﬂ

Universal port for grey/colored: no dedicated linecard - /

It is standard and interoperable: framing, FEC, modulation

Can be fully automated with standard/open interfaces

* |tis standard it the way it is automated and managed: via Openconfig, Streaming
Telemetry, TAPI for multivendor Hierarchical Controller integration

It is providing a huge saving in TCO, and around 70% cut in power for high
sustainability
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Standardization and OpenZR+ MSA

.

Flexible Client Mapping +
High Performance FEC (oFEC)

( )
OIF 400ZR
Edge DCI
Client 2 Line
400GE - ﬂ | - 4002R
Simplified functionality
9 Edge optimized FEC (C-FEC)
-
OpenROADM
100G SP Metro, Regional, LH
200G :
3006 Line ;ggg
Ethernet 400G
OTN OpenROADM
FlexO
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nZR+

MULTI-SOURCE AGREEMENT

N
OpenZR+
Metro and Regional
100GE Client % Line ;ggg
200GE - - 2006
400GE 300G
Simplified functionality +
g High performance FEC (oFEC) Open RU&EM) .}

Combines two standardization efforts to enable
high performance pluggable modules that provide
multi-vendor interoperability.



From integrated IPoDWDM to...
pluggable IPODWDM

QSFP-DD DCO
(DSP on pluggable)

-

. Dedicated Ports: DSP on-board - Universal Ports: DSP on pluggable
. All 6 ports dedicated to DWDM - Any port can be grey, DWDM and supports 400GE,
2x100GE, 100G
. 100G/200G CFP2 based

. Analog pluggable (ACO) - 400G QSFP-DD based

. Digital pluggable (DCO)

- 33.3% Throughput (DWDM dedicated only)
- 100% Throughput (as combination of grey and

DWDM)

© 2022 Cisco and/or its affiliates. All rights reserved. 9



Shipped more than 60k 400G ZR/ZR+ units

Support over the entire Cisco Routing and DC portfolio

Cisco 8000
ASR 9000

NCS 5700

ﬁ ACACIA.

COMMUNICATIONS,INC.
now part of Cisco

Main OEM supplier in the ZR/ZR+ market
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Pluggable vs. External Transponder
up to 50% Capex Savings

Transport Router ‘ anE(sawngs oo
Grey Optics % @R IPODWDM vs TXP
TXPIMXP 4

IPoDWDM Pluggable ¥

Cost per Gig (a.u.)
dXIN/dXL SA sBuies xaden

XP === |PoDWDM Pluggable e [P0 DWD M Ca pEX{Saving
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Pluggable vs. External Transponder

Router

ZR+ Optic

External Transponder Layer Convergence
“Routed Optical Network"

Separate Physical Layers

* Power comparison between Router + Transponder and Router IPoDWDM
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Gamechanging Energy Efficiency

70%

50%

Power
Savings %~

25%

68%
s3%)
6%
100G 200G 400G

13



Getting rid of transponders and transponder c

| Cisco 8812 | | Cisco NCS 1004 2RU |

54RU

21RU

50% ZR+ colored optics
216x400G colored interaces

NassIs

Colorless, FlexSpectrum & Omni-

Directional ROADM - 4 degree

(" Router Client ) 4 Transponder ) 4

Fiber Patch . Fiber Patch
I< m— > Electrical s

J g J G

-

DWDM multiplexer and
ROADM

~

Router Client ) (

\_ J G

DWDM multiplexer and
ROADM
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Using our customers needs as design reference

» Optical SDN Controller
typically per-vendor

A

TELECOM INFRA PROJECT Fefefonica Ovodafone mg & Telia T .

e |IP SDN controller can be BSSEATER
m u |ti _Ve n d O r SRS Performance Orchestration Design AL
e ey ege Standard Interface | | i Standard Interface
« HCO has complete visibility Teleensy, Al . RESTCOE VNG
. Hierarch
into the network and run e
mU|t|'|ayer ana'ytICS Standard Interface Standard Interface
Telemetry, Alarms ! RESTCONF/YANG
* Not all calls needs to pass via SON Boln
H CO Standard Interface 3 1 Standard Interface
Telemetry, Alarms, Control NETCONF/YANG
Please join the conversation! - -

T

Figure 1: Open Transport SDN Architecture Vision
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Crosswork Hierarchical Controller

Service-to-fiber visibility
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ISP P R__R__ R_.. ETH ODU OTU OCH OMS

| SO0
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©
|
{ SOZFLOY
[
SO2FD
p SOTRO1
) SO2FLOY
SOUFLO
;D‘,IL:H

¢ SOUFLOY

© SOZMIAO

< sedona

systems

AL A

==

il sadona Systems is
CISCO now part of Cisco.

Visualization of a protected private line
service — zoom-out and zoom-in views
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Business

Crosswork Network Automation

Your Technology choice in a single multi-layer topology

Less time to
operate

Deployment scenarios:

Faster
RON is deployed in part of the network (e.g., core) but other parts stay as they are % Time to service
RON routers are deployed over legacy WDM systems

Role of Crosswork Hierarchical Controller RON: control and assure the entire network in a unified and easy manner
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Architectural Options

IP Services

IP Services All Services All Services

OTN Services

et e

Hop by hop






Transformation through unified MPLS Switching Layer

NxDSO0, DS1 VT15,STS 10GE/100GE Packet

0OC48/0C192 L2/L.3
! OTUk

SONET
v
SR MPLS

DWDM
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NxDSO, DS1  VT15,STS 10GE/100GE Packet
0C48/0C192 L2/L3
OTUk

CESoP/
SAToP CEP PLE

v

\4 \4 \ 4
SR MPLS

DWDM
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Providing a point2point pipe using packet transport

A circuit / service becomes a pseudowire

DS1/0Ch —

0C48/0C192/1-10GE/100BE_ )

- 1:1 0or N:1 service to RSVP-TE/SR-TE mapping
- Service bandwidth accounting - MPLS/SR midpoints are not aware of services
- all they know how forward RSVP-TE/SR-TE traffic

-------- SAToP/CEP pseudowire

Private Line Emulation pseudowire
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RON
Use Cases

Different Use Cases and
Deployment Models

QDD-ZR/ZRP P2P WDM
over 3rd party OLS 3" Party
QDD-ZR P2P over

dark fiber or passive

DWDM

QDD-ZRP Cisco
over Cisco OLS OLS

Cisco 8000 Cisco 9000
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RON E

Public References

5 Press Releases
around value and

Different Use Cases and
Deployment Models

benefit with

technology
QDD-ZR/ZRP P2P innovation and layers
over 3rd party OLS convergence

QDD-ZR P2P over
dark fiber

QDD-ZRP
over Cisco OLS
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SP EMEAR Innovation Lab










Ing LAB

— |PoDWDM / Routed Optical Network

SP Routing




Lab topology — HCO

Cisco 8201 ASR 9903

| Battipaglia-54 100 km distance between routers e

A
- QDD-400G-ZRP

P2 - 100G 0/0/1/8

A i - W i

o Minori-57
Ik ' : 50Km of Real Fiber NCS 2006
Bellizzi-56 @ % g™ ROADM node
NCS 2006
ROADM node G0l
Cetara-110
NCS 2006
ILA node
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Cisco Open automation at each level

. Restconf/Ul
Multi-vendor Cisco acquired

Crosswork

H ie rarc h | Cd | Hierarchical Controller ’
Controller

Restconf Restconf

IETF Models TAPI
Domain Level Crosswork Network Cisco Optical
Corftroller Network Controller
(multi-vendor)

Netconf, CLI
gNMI, SNMP e
NCS

Device Level ==
4

Multi-vendor IP Optical Devices
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Routed Optical Networking

Router T S

AY

\

Router /'

Transponder
integration
IPoDWDM

CapEx Savings

Opex Savings,
including Power and Space

«  \Visibility
* Analytics
+ e2e mgmt
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o 46% TCO reduction o

THE ECONOMIC BENEFITS OF IP
TRANSPORT AT 400G*

Cumulative TCO Comparison

$300
$250
57% OPEX Savings
$200
46% TCO Savings

$150 35% CAPEX Savings_
$300 S :

R -

$

Puer Router Bypass

= Cum CAPEX = Cum OPEX

Figure 5. Five-Year TCO Comparison of IP Transport to Router Bypass

Animated

' Automation °

L3 VPN - L2VPN — VPWS — Multicast - PLE

Intent Based Forwarding

Segment Routing

Network de-layering
« Simplified IP infra for SR MPLS and SRv6
+ BGP signaled VPN/EVPN
« Intent based forwarding
« Transport orientated P2P services 1+1+R

Tailend acoeping traffic
@ rentonvangan
protect path

@ Sicovesprtect
peth routing

Service Cornvergerce
IP L2 L3 and TDM/PLE






