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1 Understand IP & Optical Convergence
Why should we care about optical networks ?
Evolution of Optical Technology

Sl Role of Coherent plug on IP & Optical Convergence
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Get your hands on Ciena merchandise

The first 50 people to complete our
survey will receive

Ciena merchandise

Scan the QR code or go to

https:/lwww.surveymonkey.com/r/
Ciena_Ausnog

T&Cs apply
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What does IP and Optical convergence mean?

Q: What does IP and Optical Convergence mean to you?

24 < Automation for service management and more

SO

@ < Simple Operations: Single Pane of glass
g < Multi-Layer Control Plane

% < Platform convergence
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Functional components of Optical Networks

Grey Optics
(QSFP28, QSFP-DD, CFP2...)
(100G, 400G, 800G)

\—\
S
e

Router

1G/10G/100G

What does “light & mirrors”
do to my data?
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Can this
knowledge help
us to optimise
end to end
networks?
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Simple example explaining value of optical layer

400GE

Grey Optics Fiber Capacity: 400G
% E,} ﬁ% Distance: 10s Kms

Small, incremental
Networking value
Replace Grey Optics with 400G Coherent Plug

% {"'} 5:"3% Fiber Capacity: 400G
Distance: ~25Kms (low launch power)

S O Distance: ~100Kms (high launch power)

v

400G Coherent Plug + Photonic Line System

* ﬁ-m_’ __ﬁ& Fiber Capacity: ~25.6 Thps
Distance: ~500Kms (low launch power)
Coherent  Photonic Line Distance: ~1500Kms (high launch power)
Optics System

Dramatic improvement in
Both capacity and reach

/X

Coherent optics works the photonic line system to maximize fiber capacity and performance
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Functional components of Optical Networks

Filter/AWG/C’less Mux/Demux: Multiple options with
basic role of multiplexing & demultiplexing inputs coming
from Transponders, Muxponders or coherent plugs.

Grey Optics
(QSFP28, QSFP-DD, CFP2...)
(100G, 400G, 800G)

Amplifier Nodes: Amplify incoming light so that
signals can travel longer. Amplification brings in
TRP / MXP unwanted guests known as noise, hence significant

(é') consideration for optical networks design.
3 = = (=
=
8 7 Mux/DeMux Mux/DeMux
=
& ~ AMP / ILA
- 1
Router — T »- A ’ (= )\ > - Router
{0 J
ROADM
n x Wavelength ROADM ROADM n x Wavelength
Transponder / Muxponder I I m J
Convert and/or aggregate incoming I
client connection to a wavelength.
Optical Switch Node / ROADM / WSS:
Client Network « Steer Wavelengths in optimised way by-passing
dependency on electrical interconnection.
TRP Tunable Wavelength « Equalise gain of every wavelength on link, helps to
I : Up to 1.6 Thps 1.6 Tbos achieve error free transmission.
100G-800G —> -0 Top
. 012Tbps
) 800 Gbps What you should know about ROADM
<4+—> Tunable p Mandatory for equalising wavelengths after chain of
<«—»| MXP | ypto 1.6 Tbps () 400 Gbps amps
> [—> () 200 Gbps «  Too many ROADMs on link causes penalty, can be
10G-800G countered by high performing transponder/coherent
plugs.

Performance Matrix

* Max Line Rate

* Optical Signal to Noise Ratio
* Tuneable Granularity

* Reach of x-ponder

* Line rate encoding
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Functional components of Optical Networks

Layer-2&3

Router Router

Client / Data Service
b R R R R RN R R R NN AR AN NN N R AR EEE N R AR AR EENEEE A AR ENNEEEERREARREEEEEEENNEEEEEEEEEEEEEEEEEEEEE »
Grey Optics Grey Optics

(QSFP28, QSFP-DD, CFP2...) (QSFP28, QSFP-DD, CFP2...)
(100G, 400G, 800G) (100G, 400G, 800G)

Data
Layer

1G/10G/100G
1G/10G/100

=

TRP / MXP Layer-1

Optical Channel / Wavelength Service

Service
Layer (OTN)

Layer-0

.

Mux/DeMux Photonic
Layer

i ¥
’ €A €A
Mux/DeMux | N 4

AMP/ILA ROADM ROADM
' 10
L e A 9

& | r
n x Wavelength | ROADM S ~ ROADM
N Y

ROADM AMP/ILA ROADM AMP/ILA

n x Wavelength
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Why should we care about Optical Networks?

Grey Optics Grey Optics

(QSFP28, QSFP-DD, CFP2...) (QSFP28, QSFP-DD, CFP2...)

(1OOG 400G, 800G) (100G, 400G, 800G)

o TRP / MXP TRP / MXP o
S S
2 S 2
I0) ~ o I0)
g EF it:“f >\ N 5 i 2
5 otonic Layer Layer-0 5

ROUter Mux/DeMux Mux/DeMux Router
L ey
S AMP/ILA AMP/ILA kS
Grey to Color % T ™ g Grey to Color
Transition z = A >S5 A ’ . S d == e Transition
= 4 {5 =
X — — X
< ROADM c
® Router ROADM ROADM Router ®
o o
o o
I0) ~ ~ * 0]
o o
@ A @ $ ® Y
Coherent Optics - - Coherent Optics
(QSFP-DD, OSFP, CFP2..) Form Factor Line Rate Regch & Capacity E?&g’-ﬁ%g%g&wl-)
(100G, 400G, 800G) * OpEx » CapEx * Fibre Overlay —

* Rack Power Limits * Router Port Efficiencies ¢ More Electronics
» Cooling Limits

a— Line Rate C —‘D
CFP2-DcO  CFP2-DCO f—
(Bail latch) (2 )
e
QFSP-DD (s ()

(]
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Why should we care about Optical Networks?

Router % % Router
)

Y
(L
N . Rout e
@@ outer \/’b\x
A\
6\’0
Q
&
\&
&
0\9

1 P
€A €A
b J

S AMP/ILA ROADM ROADM 2
Q}' 7D €A Q}
N\ “A> N2 ’Zﬁ
\/’b 3 | I ) 0\/
ROADM ROAOM o(\\
- - ‘00\
S L o
¥ b Q
ROADM AMP/ILA ROADM AMP/ILA
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@

Visualisation

» Understanding of optical underlay for IP services
» Enabling holistic planning of LO to L3 infrastructure

@

Service Assurance

 Layer-1&0 Network alarms & how they can impact IP Services

®

Multi Layer Control Plane

* Provides autonomous control of a network

» Enables Topology discovery, Path computation, resulting in
faster roll out of services

» Understanding Photonic control plane helps to appreciate value
of Multi-Layer PCE

» Multi layer awareness assurances optimization and path
computation based on real network conditions

cna | «




Evolution of Optical Technology

1G/10G/100G

Router \_\

T
S
ﬁ}i

TRP / MXP

1t
’— €A
¥

Grey Optics
(QSFP28, QSFP-DD, CFP2...)
(100G, 400G, 800G)

>< T
—
. N2

ROADM

|

1

i

T

1 AMP / ILA
1

nx Wavelength
[}

TRP / MXP

A=

Sl —

=

1
[}
[}
1
\
1
nx Wavelength

N

Upper
Frequency

C-Band spectrum

191.275 THz 196.15 THz

(Higher End)

C Band

e

L Band

S—
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Evolution of Optical Technology

1
’— €A
J

AMP / ILA ROADM
ROADM

o TRP / MXP

g i

Q EE}E ~=>A\ Mux/DeMux

5 P —s ™
Router \_\ —_—

Grey Optics

(QSFP28, QSFP-DD, CFP2...) n x Wavelength

(100G, 400G, 800G)

.

TRP / MXP

Mux/DeMux AEC= E"]E

=

&
D
2

1G/10G/100G

T

Router

2l —
2

ROADM n x Wavelength

>

AMP /ILA

* Flexible channel width options
* Reduction in insertion loss
» Constant improvement in form factor

: Flexible Channel Option - Scalable

|
'
:
50-100 GHz “:> Flex Grid w
'
'
'
|
'
|
'
|

§ 50-100 GHz Flex Grid
Performance Space Saving
— 1
| 3dB || JL |
‘ i LRUs ] :

* Improvement in optical power gain

* Integration of fiber monitoring capabilities

* Integration leading to form factor
reduction.

i Improved Optical Gain — Higher Span Distance

e —prm

Fiber Monitoring Integrated Amplifier
Assurance i1 Reduced TCO

14 =0
' 7] [o% O 3
Integration led : (] g D 8 ﬂ:> [a Y
9 3 = < o 5 S §>
; x

optimisation

cost

vV \ / }
Increased b SEB(¢ 4 “:> A o 3
Scalability / % \ // N Highermesh

/ N\ | \\\ connectivity
Application | Optical « Evolving key enabler for Photonic Control plane §
Evolution | Fabric + Enabler for new products for service providers
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Overview of Coherent Plugs

Wavelength >

(100G to 400G)
q

e
()]
©
C
(@)
o
(7))
C
Q)
S
s

Data Rates & Standards

MUXPONDER ROUTER

OIF 400ZR 400G CFEC ~120 kms

OIF

Open 400ZR+ -
MSA 400G OFEC 1000 kms
?‘;‘E? 400G OFEC ~1100 K -
FRY s ;
ITU-T/ 200G* OFEC ~3000 Kms Wavelenath
Cpen ROADM Open ROADM / Wavelength aveleng
= == | CableLabs (*) 200G* OFEC ~1100 Kms (100G to 400G) (100G to 400G)
S >
Cablelabs 100G OFEC  ~3000 Kms
Vendor specific proprietary modes
« Enables higher reach with more data rates
* Optimised power budgets
(]
cliena
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Coherent Plug Use Case Example

Metro Data Centre
Interconnection

Edge: Access/Aggregation Metro/Metro-regional Core

8 o)

O =EES fimd o
i/ Et = st oin ]
-)T(— —)T(- <« s <« I_> 3
L2/L3/VNF @ 8' - {'}}D {ﬁ/m };} ¢ ﬁ’} 5 oA 0 ﬁg @
BS:?\'/T;SSS % Universal _T_ Y, Qj

S
Aggregation Data centre —

i (otn),
e P
400G ZR s Physical Infrastructure

CSR
A

&F 4 QSFP-DD « Link distances are limited to 120 kms
e « Easier to integrate with existing OLS

{.}} @O} Point to Point topology without multiple ROADM spans
{'S’} b_) enables easier adaptation
ogio“vli:fd Achievable Simple to integrate
. Router port in existing optical )
°°"Sl;'2‘7vt'°"~ Efﬁciengies Layer mmd  Standards have enabled non-bookended scenarios
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Coherent Plug Use Case Example

Metro Data Centre
Interconnection

Edge: Access/Aggregation Metro/Metro-regional Core

)

e o\ ESES - =

&
EH:
(2]
A

= 80 /50N (i B P
< X - ¢ <A~ ROADM “A> : @;
L2/L3/VNF 8'{'3'} . . ﬁD Bt ) Oyt O & v o
aumness [3] W W =
NS Aggregation Data centre ﬁ i

Mobile  ((offn)
e "M@

%
EH:

CSR
=l Physical Infrastructure 400G ZR+
+ Link distances fall in range of 100 to 600 kms D 2 R — P

g reduces -
W dependency of V@*‘

Complexities of Optical Line Syst - deploying
ompiexities o ptica Ine yS ems QSFP'DD :gndgltiiﬁgra; CFPZ'DCO

* Multiple ROADM By-pass required
* Challenging deployment scenario for Standard QSFP-DD

* High launch power required in small formfactor ﬁ}
{E)\} EE’} Efficiently utilising router
—_— -> ﬁ]ﬁ ports will be a balancing
_ ﬁ} act
mm Thermal budget & Router port efficiency Simple to integrate Power consumption
in existing optical ~22W

Layer with right plug

(]
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Coherent Plug Use Case Example

Metro & Edge

)

Edge: Access/Aggregation N:reiit:::'czit:e?:fir;:e Metro/Metro-regional Core
Cable ONU ) =ESEES lﬁ El lﬁ
i > : : o & B0
S ) gtk gib

& f’?@ [ >N\ (g B <D

e ) g w HY 88 8 Be LT B .

Business [+ :® Universal 3 3 3

Services N Aggregation

Mobile

—
Data centre | —{EE i
(%))
4G/5G %
CSR

mumd Physical Infrastructure

« Link distances can range between 1000 to 5000 kms.

| Performance Optics |
sl Cost implications

« Maximise ROI for fibre assets

o0 900 1000 o0 900 1000
S S@my % S gy o
s AN R 40N
2 §E : 3
» Optimised assurance through photonic control plane %, s %, O s
mmmmn  Sustainability

%, K »
Y 200 16008

2 S
Y 200 1600®

* Lesser number of coherent electronics in network
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Multi Layer Management — The Bedrock of Convergence

Router ﬁ} ﬁ} ﬁ} ﬁ}

‘,‘b OB
<
N

4 Router a ™ ONF T-API
Router@ﬁ} ﬁ}@t‘} IETF Model
e'q’ Domain
N Controller
;:,;‘_,} .
o
&
i<
A o
° \
2 Network Topology
L Discovery )
TRP .
Enable simple &
¢ I single workflow
¥
£ I AMP/ILA . | -~
58 I_ J A , Construct holistic
P l I_ ROADM Qe network model
ROADM = 0\0 . J
o > i > QS

ROADM AMP/ILA ROADM AMP/ILA
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Topology Discovery

+  NETCONF/YANG, T-API,

* OpenConfig, CLI, TL1, gNMI

* BGP-LS, IS-IS, OSPF, MP-BGP, PCEP

Traffic & Performance telemetry
» Streaming gNMI/gRPC
*  NetFlow/IPFIX, SNMP

Provisioning
*  NETCONF/YANG, OpenConfig
« gNMI, TL1, PCEP

cieha | -



Multi Layer IP/Optical Convergence Operational Benefits

\

Visualisation

[ Simple 3-D visualisation of IP Links

|

——

[

Zoom into underlying technology: L2, L1 or

———

T

)\
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[ s

LO
C) > R B
- S- \?@ I_uum l_mnﬂ Rw .&&@
Lo —m ]
! . . 0
ét% | [ Optimised Planning ] ! p e @e @2,
i ¢ 3 - Router &
@ i 1 N4 - & e s}é &68
: . 1 4 e o B P Qs@y
Multi-Layer Network » Ensuring Spectral efficiency & rOLfIFte'r port k o @oe . "Le@e -@c S
imisati ) efficiency S :
(@) Optimisation ! y 4 Y o s
: : o | r- B
! Zoom into underlying technology: L2, L1 or : [ . S —B———
' |

|

Optical Restoration is complementary to IP
Protection

LO

Domain
Controller

\

g\/

[ Multi-Layer Assurance }

Multilayer Alarm Correlation & RCA

PR

\

IP & Optical Telemetry Data

Single Click provisioning of Services

2

A

’
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Follow us for more information

Don’t forget:
Get your hands on Ciena merchandise
https://www.surveymonkey.com/r/Ciena_Ausnog

On-demand Optical Basics for IP experts sessions
https://www.ciena.com/technology-deep-dive-webinar-series

& ®

www.ciena.com @CienaCorp @Ciena
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