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Agenda

Technology update

* Photonics & Modems

» Coherent Pluggable

* NMS Evolution

« 3nm CMOS

* Network Management Evolution

» Evolution of the Submarine Network Wetplant
* Repeaterless System
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Submarine Cable Industry Current Trends

Open Networks

>1Tbl/s high
baud modems

Automation

Multi-core &
multi-mode
fibre

Coherent
Pluggables

Evolution of Open Cables to Open Networks
Open APIs on wet plant NMS to allow integration with SLTE NMS
Industry Standardisation of APls and Cable Model to follow

Target up to 1.6Tb/s with 3nm CMOS - 800G anywhere on submarine
Spectral efficiency improvement and fewer modems, reducing cost/bit
Green solution reducing capex and opex with space & power optimisation

For validation and acceptance of open systems — optimiser tool
Maximum capacity from upshifting channels with margin
Continuous monitoring of multiple parameters from today’s modems

C+L terrestrial backhaul to satisfy backhaul demand with SDM systems
Terrestrial backhaul with reduced fibre count
Regen optimization can reduce overall system cost significantly

Increase capacity through single fibre
Multi-core fibre (MCF) first stage, 2-4 cores, trial in 2024
Multi-mode and higher count MCF significant R&D challenges to overcome

400G and 800G client everywhere

Extreme low power consumption 15W/24W to make CLS Regeneration possible

High performance for BH/Metro/Regional ROADM networks
Retaining Design capacity from Wetplant

SLTE Dry Wet
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Terminating
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High Logic Density: >1B Gates
Mixed Signal Ultra-HS DAC & ADC g
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Photonics and Modems
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Coherent optics becoming ubiquitous choice in transport — various designs
required

Unamplified Access
O (DAA, 5G) Metro DCI Multi-span Metro Long Haul

10s to 100s km 100s to 1000s km
10s km ﬂ\ 100 km ::: 10,000km
T B =—rF SIS ] o I 1 =1 = =
-|;|-_| o9 -|:|-?| / 10s km :@:Il_ - - EI_I - :[>_-EI>:E nl- - A
(ﬁﬂ_)) Tier 2 city Metro City T -

« Rx dynamic range | ° Set central freq.
« Adjust. output power

* Monitor SNR

-Powerdissipaton | >
« Ethernet Support « Ethernet + OTN clients

» Adjustable line rate
* CD/PMD/SOP comp.
O CP, line protection

* Adjust. baud

* Extreme CD, cycle slip
* Different Link modes tolerance
 L-band * Monitor SOP

* Nonlinear comp.
‘ . . . . * Link optimization modes
© Ciena Corporation 2023. All rights reserved. Proprietary Information. .
for diff. cable env

« Spectral shaping for
ROADM tolerance

- Coherent Optic requirements




Coherent Technology Evolution
Objective: Continued cost/power per bit reduction through technology innovation

1o
T & B @ 5
End Goal LUL
Reduction in Operational - N
Scale $/bit and W per km Simplification Adaptability Ability to

innovate
250G 5 m
Performance Adjustable line, baud :
CMOS 3 700G 850G % 5
* New materials

INDUSTRY LEADING TODAY NEZ'?\ngZlSJiE];J? -
2006 4:2:(3 SIP! InP . CMOS CMOS
Throughput-optimized FEC  ¢4710cRd L ky
« Higher baud,

PCS ¥l B T w22 e Photonic integration: e
FOM e S HH
7nm 800G 550G
« New CMOS gen.
Rich metrics, monitoring

* Interop ' ___ Photonic integration capacity
: « High perf. w/PCS JT i SiP « More intelligence,
Footprint . Low power design ' 7nm g programmability
. CMOS 5 « Latency

Packaging key focus 60-70GBd

Choice in technology, DSP algorithms and implementation/co-design dictate performance & savings
ciena
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Appropriate CMOS technology for DSP

1. Power consumption 2. Die Area (cost)
considerations

: finFET or GAA CMOS
Planar CMOS technology finFET CMOS technology technology
Transistor
Digital gate
o 3 10nm 7nm 5nm 3nm
shrink ratio 0.5X 0.35X 0.30X 0.20X
Heat ratio 1X 0.28X 0.18X 0.11X 0.065X 0.049X
e Yol

[
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Long Haul /
Submarine

Multi-Span
Metro /
Regional

Metro DCI /
Access

DC Campus

10,000km

100s to 1000s km

T o

100s km

Eﬁ

Tier 2 city

| —

=S

Tl

f...]

Litl Metro City

* Performance
* Spectral Efficiency

* Performance
* Versatility
* Options

* Form Factor
* Power

* Form Factor
* Power
* Volume & Scale

© Ciena Corporation 2023. All rights reserved. Proprietary Information.

2020-2023

200G LH 400G LH

Coherent Pluggable

2024 and beyond

—

800G LH

3nm
0.20X
1.6T
A.;(
(,
3NM g
0.20X

Coherent Pluggable

3nm CMOS
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Industry Expands upon already rich portfolio offering with Latest CMOS development
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200GBaud design enables 800G network coverage over virtually all links,
as well as improved cost and power efficiencies

3nm CMOS 200Gbd 1.6T vs 5nm 140Gbd 1.2T
Real Network modeling example

2x 800G coverage

25% fewer modems

25% less energy consumption

0% 20% 40% 60% 80% 100%

m16T200GBd ®=1.2T 140GBd

[
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Next Generation Photonic System
What will be the requirement nowadays?

Advanced Programmability and

Ultra-dense design for
optimal scale and efficiencies

Simple to Deploy

Openness

L = NS _.‘ .
Upen ROADM

(REST } SNMP {OPENCONFIG (||

 Ultra-dense configurations * Integrated channelized ASE source in Model-driven config
every ROADM blade and streaming telemetry

and Operate

Signal

Channelized ASE

Power

Wavelength

 Future-proof design, ready for
100Gbaud signals + System is kept in constant loading
condition by filling any empty channel slot

Multi-model

» Optimized for Uncompensated Open Multi-protocol

Submarne Bables s  Architected for 3rd party SW with SDK
- C&L Band Ready Platform . Commpn submarine and terrestrial
operation

» Ultra low power and small footprint

Delivering scale and programmability required for a more adaptive network

]
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Wide Range of End-to-end Photonic Application Connectivity

Wave Service 4b

Wave Service 3

=N AéE= =
1+1 TP
T

<« )\ N - )\ Shared Mesh

Restoration

ko
N2
>

(

>

1+1 Trunk
Protection

S ==
= v

J
J -0 K 1+1 Trunk Protection J

e;\—>

p
— N

Wave Service 2
2 W
rrestria errestril
errestria CLS to CLS crrestria CLS to CLS Terrestrial

Backhaul Crossing Mesh

1~
[ Transponder ad ROADM Terminal # Coherent Plug J
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400G/800G
coherent pluggable -
today and tomorrow
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Drivers for the next generation of coherent pluggables
Cienaleading contributor in standards bodies/forums defining new rates

400ZR (OIF) optimized for
12.8 / 25.6T switch

HopzRe o Tneroperable convergec > B400G (ITU-T / Open ROADM)
P 800G packet-optimized metro

800ZR (OIF) optimized for 51.2T switch

800G transport ROADM metro networks

400G (ITU-T / Open ROADM) for 400G, 600G long haul transport

metro transport ROADM networks

400G high performance for 800G high performance for metro/regional
metro/regional ROADM networks ROADM and converged IP/Optical transport

- . . Discussions in standards on using coherent
IMDD hitting physical limits > > for 800G LR (800LR) and higher speeds

[
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IMDD: Intensity Modulation — Direct Detection
COH: COHerent

IMDD vs Coherent Transition and Evolution CPO: Co-Packaged Opics

3.2T IMDD vs COH

3.2T
CPO vs FPP

1.6T 1.6TIMDDvs COH 1.6Tvs 1.6T 1600ZR

x800G, 4x400G) [ \\ I

- |
800GBASE-LR

800G 800GBASE-DR S%O”Z:R I?S%;R 800G High Performance
(1x800G, 800GBASE-FR vs [BOOLR  (OIF) ( )
x400G, 8x100G) - - - 7\
l = _ leooG L
400G now now now
x400G, 4x100G) 400GBASE-DR
oeam e PR 400GBASE-LR | 400ZR 400ZR+ 400G PKT-MAX —}>[400G LH
<2km <10km <80-120km <500km ~1,000km 1,000+km

cliena
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wWL6n 800ZR QSFP-DD

;]
* 800ZR coherent optics
* OIF 800ZR IA compliant
« Ciena 3nm CMOS WL6n DSP
» Ciena high speed electro-optics
* Fully integrated design for optimal performance /""z@

Module Specifications Optical Specifications Primary Use Case

« Single carrier, 150GHz grid compliant « 800G 118GBd DP-16QAM « Data Center 120 km Interconnect
transmission
« OFEC = =
+ 100GE, 200GE, 400GE, 800GE . Full C-Band tunable DWDM EE? 8006 L_'IEEI
clients _ «  Up to 120 km single span amplified s006 & 400
« 8x112G electrical lanes

« Standard operating temperature
* 12C, CMIS compliant

«  QSFP-DD800 MSA compliant
(OSFP1600 also supported)

[
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High Level Design — Low cost and Power for Regeneration at CLS

Coherent Pluggable QSFP-DD
Cable Landing site

Next Gen Photonics

Next Gen Photonics

== > 7\ y AN =5 7\ > = '=E=
QFSP-DD QFSP-DD
SLTE Unprotected only
Coherent Pluggable
[ QSFP-DD ports J [ QSFP-DD DCO ]

800G Submarine wavelength Pluggables 800ZR wavelength Terrestrial Route gl)l(;-rc])tc;GE

To maintain end to end design capacity with low cost and power pluggable

cliena
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Network Management
Evolution
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New NMS — More than a Network Management System

andmore... _ [1 «» |'g

Rp— APIs Emulation Cloud
Open environment for training, integration testing, and

ﬁ | Emitaton Cloud deployments

_ l_ A Advanced Apps
Adaptive IP™ Apps | unnon ® Apps to enhance operations and simplify user experience
(=] Liquid Spectrum applications driving intelligent optical
@ Advanced Apps PlannerPlus management and optimization
w—v— PlannerPlus, Channel Planner

Planning for accurate network design, wavelength
assignment

Liquid Spectrum™ _|

Manage, Control and Plan
Multi-layer domain controller for automated network and
service lifecycle operations

MCP multi-layer domain control enables advanced apps

to accelerate operations & optimize infrastructure
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Network Visibility & Intelligent Control Across Entire Submarine Network

@ SLA Metrics @

Smart o Third Party
r Notification fo\' APIs
@ = OB Remote Opticall
L J Domain Controller < 7\1\") Add/Drop Multiplexor
Visibility 7 'O' “ (ROADM)
7 ~ Submarine Line
= N
”, 7 =\ (1 S .><. Terminal Equipment
P 4 Liquid Spectrum Enhanced Operations N (SLTE)
N\
P 7 N Cable Landing Station (CLS)
N\

’ kPoint of Presence (PoP) /
PoP

Pop cLS CLS Shared Mesh
1+1 Trunk e B Restoration
Protection e N p—— < \
X ~»
Third Party Wet Plant \ \

Submarine Connectivity Service

Spectrum Sharing / Wavelength / Fiber Pair Connectivity Service

cliena
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Multi-Layer Visualization of Submarine Networks

0--0
eee J om0

More Edit

Client1 | OME-5078 == OME-5079 (7]
Transport Client | DSR_ETHERNET | 100GE | Network mismatch detected

Status Tests (0)

view:  orn | ([

Topology | Attributes  Performance  Alarms (0)  Dependson()  Supports(0)  Related services (0) History

» Physical layer including repeaters oo aeevHE O

« OTN layer to show client traffic

eoe /

OME-5078 = = OME-5079 [7)
More Edit

tClient | DSR_ETHERNET | 100GE | Network mismatch detected

Status Tests (0)

ttributes Performance Alarms (0) Depends on (1) Supports (0) Related services (0) History

Muhllayerm @
View: OTN ‘ ssv0
(o) L2 ol

e path
2 Links = OME-5079
4 | > ;i o .. ol |- o ... ... ... ...
5
- . R P
. o oo ce H- < o :-e (o :oo-- e ----- W Lo o beoe o N
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----- YM --cox WO he--c WOMM poeco MM --eo DM ke > > - I I S ITS'! '!)}! 's''''f'"''™m o~
- a
----- g o ...
r L
----- W --on JECH oo G -ooo BECM F-- G -eeo- < < boce QM Feoer POM F-c-e MGHM f---- BROM o-oo o G- BEGM fo--c MG ooco KOH F---o MEOM oo
TRM CCMDi2  SMD LM WSSOPM UCS LM BU M UCS ~ WSSOPM  WSSOPM M LM WSSOPM LM SMD  ccwDi2  TRM
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Multi-layer modelling and visualization from layer O to layer 3

\ « Ethernet over DWDM multi-layer support
omiannES /] 3 « Supports/Depends tabs on L2 to LO

viginr U swioes Vv i debcostel el e « 3D multi-layer trace visual (MCP Plus)

orpisry [ B » Supports/Depends tabs on L3 to LO (W/AIPA)

Sou PE
Source VRF TSLA-SEA-113 Clear
Destination prefix 10.64.0.135/21
Path1
ECMP 1 | via SEA-P- 1T
Active
ECMP 2 | via LAX-P-102
Active

Path 2
ECMP 3 | via SEA-P-111
Active > (@Y

» CIENA_2_VRFs -
ECMP 4 | via LAX-PE-102 7/oao P-122 l SVPN | 1P o). ooy
Active )’
-
v Show protection { | _
"

Topology Attributes VRFs (#) 1P Imertaces Static routes (0)

l /e;, [ ThGITAI | ; L DIGHTAL ]
- Select any segment - gy
R to see underlying | _mm e B -
optical infrastructure i, g A s

. . o = - +
Subway view of selected infrastructure el
s T 3 "l =
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Functionality:

Network Utilization — Geographic map view

Capacity and utilization overlays are
available in the network map sidebar —
visible as heat map or highest
usage interval display styles

Visualize provisioned capacity
on network map links (Fiber,
ROADMLine, OTU, OTN OSRP line)

Overlays legend

Network element alarms

Visualize 24h and 7d B waring
utilization metrics on client B Minor
ports W raior

. Critical

Network element state

Link-based heat map shows the
utilization percentage on each link

Supported on specific releases of 6500,
Waveserver and RLS devices

. Not connected

Link operational state

mmm Down
= [Degraded

Capacity and utilization

0% 20% 40% 60% 80% 100%

4 Links

B GA65009_e05701 1-7-5-10 (sh-eqptGrp-si-pt)
J—l GA650013_e05701 1-7-6-2 {sh-eqptGrp-si-pt)

© Ciena Corporation 2023. All rights reserved. Proprietary Information.

LLDP | ETHERNET |

‘v B GA65009_e05701 1-1-1-12 (sh-eqptGrp-si-pt)

LLDP | ETHERNET |

‘»l GA65009_e05701 1-7-6-7 (sh-eqptGrp-si-pt)
‘W GA650013_e05701 1-7-6-7 (sh-eqptGrp-si-pt)

LLDP | ETHERNET |

‘I GA65009_e05701 1-1-1-10 (sh-eqptGrp-si-pt)
‘M GA650013_e05701 1-1-1-4 (sh-eqp!Grp-sl-pt)

LLDP | ETHERNET |

‘@ GA650013_e05701 1-2-2-12 (sh-eqptGrp-si-pt)

[e3%] >

43%] >

@ >

[75%] >

ciena




Network Trends — Proactively manage network performance

Benefits:
» Visualize historical trends & reports across services, Resources fzezs FEpeile
equipment, and performance measurements (PMs) &)

= Mitigate optical service performance degradation by ; @) 1 ranseon Audts
proactively monitoring fiber health

v C 38 mr_m m\ 7K w0 m @ & admin

_ . e S e s | s
Functionality: T | .
» Generate historical graphs and reports based on captured rssoniirmion | [} Sl
network data
184 261 e s
= User can schedule network capture daily or weekly, and 0 s e
manage captures 1104 354 Notconnectéd NEs —
. ) . Wavelengths Fiber 0
= Retrieve and look at a trend graph for a particular attribute v e
over time, to find predictive patterns e Can

= Compare snapshots from two different points in time

= Trend key PM data points such as SNR with Liquid
Spectrum Channel Margin Gauge (CMG), Photonic
Performance Gauge (PPG), and Tx/Rx optical power levels

Wavelength utilization

Wavelengths per section

to mitigate service issues and fiber degradation |
= Supported for all device types

[
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Problem Analyzer

Benefits
» Alarms for all related infrastructure
Acknowledge problem, or show more and services (Fiber/OTS, ROADM
: details for that problem.... petsils 0 line, Photonic services) grouped
iggest problem in last 30 days : : . A
Advanced Search to filter out less important problems __f\j?knwledge togeth_er _ _
\ \ * Helps identify customer impacts of
. network alarms quickly
Problem Analysis JEZZB () | 16 Problems Advanced search C Reset {3 Settings 5:;2::1:;31(\jgia?r;g?;sz;ﬁi:;:ﬂLﬁost)ers?czg?j?S) 13 Customers  3Tag | R Dashboard f||ter|ng to narrow down
s \ ® O 06 o JR— focus area
35 Severity Description Affected services (%)
n | Rx Loss of Channel 7
] n | SNCG Unavailable 4
£ = | sNCounmaable 2 Selected problem high level data:
é 20 n | Rx Local Fault 1 ° When dld It Start’)
: = | R Local P : i «  How many and what alarms
§ *] Affected services by type have been Corr6|ated9
10 Service type Down Total ® HOW many ||nkS / SGerceS
@ SNC 0 9 H
5 g ® Transport Client 9 9 ImpaCted by-
i o From: s 7 «  Service types
(@ (L) ther B 7
i 27m33s nh37m 1d12n 1d11h 30d0h ot 4 B ° Customers
ho Affected services by customer ¢ Tags
Top service types Top customers Top ta Customer Down  Total
@ customerA 2 2
SNC I customerd | | OTN-CP-LINK; ® customers : !
Photanic | customerC | I WLS-LINKS I ® customerC 1 1
Embedded Ethern | customerB | WLAFLINK |
. Further breakdown of how many of
Lo ] Top affected service tags these services are actually DOWN
DSRP Line I
oru ! B Down - Tetal (could be protected)
ROADM Line | ® WLSLINKS 2 2
® OTN-CP-LINKS 1 1
Shee l 1 ® WLAHLINK 0 1
0 2 4 6 8 0 2 3 4 0
Number of problems Number of problems Mumber of problems \
I N\
High Level problem filters by service type/customer/tags Low impact active problems that happened in the past

[
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Spectrum Sharing Application

< SITEA | OTS-1-1

OMET | 2/8 customer portis) in uss | .Z

7
GCZLIM

\ CELIM

SMD

Portig: C2 | LIM-1-9 | GLOBMNET

Performance Spectra

Measurement point
OFTMON-1-2-6

OFTMON-1-9-8

lanalyzis

Alzrms

Parameter

OFR-OTS

OPR-OTS

ASE spurce
¥
<
WESOPM LM
1-10 1-13
Location
NEAR_EMD

Fortid: C1 | LIM-

Severity

* Arelated list of Customers with spectrum allocations
» User Selects one (1) for further investigation based on tabs in the lower screen
+ Performance Monitoring Data, or Spectral Data or Alarms
3 Expart
24 hours 15 minute
Direction Current Previous Current Previous Untimed Baseline
RECEIVE -2 - - - -21 o
Live stream m 1t01 of = Export
Description Class Card type Devize t... Device n... Device tags Raiged Mative co... Service af... Relate... IP add MAC addr Mativ
| Loss Of Signal OPTMON 6300 SITEA OPTMOMN-1-3-8 1990-12-27T05:31:42+03:30 | LOS_0TS ] 10.188.133 00:01:02:03:01
Portid: C2 | LIM-1-9 | GLOBMET
Berformance Spectral analysis Alzrms
Spectram use B e - W TS
é A M AU A M i B A i R I Iulr\-‘.h_.“.\.,-\lIlr\_,.-r'\\r\‘\z\l-\'.\r-.\_-v““’p‘lr\l e M L A AP AN e i e W W A Wy,

EUA  Customer ports Commeon line interface

Customer port

C1]LIM-1-5

Customer name

AMGOLACABLE

CZ|LiM-1-9 GLOBHET

Alarms

Frequency range
0.00%

1.04% |

-193.675000 THz In use

Port status

Mo frequency provisioned

Opens to the Customer View with :
A graphic of the terminal with up to 8 possible Customer ports

Unknown

Normal

Switch selector state

I Y e SN L TP P
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CMQOS Technology,
Modem and Photonic
Evolution
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New CMOS engine design addresses the next generation of networking
requirements

3nm FinFET to
1OQGHz electro- meet aggressive
optics to enable power and ADC /
ZOOGdbd kl)n bgth Leading DAC bandwidth
C and L-ban CMOS targets

1st 200GBaud
receiver

1st 200GBaud

New DSP .
transmitter

800G everywhere algorithms

1.6T per A
~15% increase in
spectral efficiency

Co-optimized design achieved via vertical integration and real-time optimization

]
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DSP enhancements deliver capacity optimization in all environments

o )

N

0,
g Y
8 Gb/s ’
AP
W o
00 e

.__Adjustabié'_‘
&

P
||
&

2 [Adjustable}
= '
$

i , , Al

. -150 -100 50 0
-150 -100 -50 ] 50 100 e T T pequency [GHz]
Frequency [GHz]

) Frequency [GHz) )

Edgeless clock recovery Variable FDM (from 1 to 8) Variable Line Rate and Baud

PCS Multi-dimensional Non-linear
constellations compensation

Single technology for optimal capacity over any fiber,

for terrestrial multi-haul applications
and over new and legacy submarine cables

[
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Edgeless Clock Recovery

Near-perfect rectangular shaping, for greater
throughput within the same amount of spectrum

= New DSP feature

= |mproved tolerance to cascaded filters for
better performance

= Tightest wavelength spacing, providing ~13%
improvement in spectral efficiency

= No notches or dead space between
subcarriers

© Ciena Corporation 2023. All rights reserved. Proprietary Information.

-150

Signal [dBm]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
| |
1
1
1
1
1
lI
0

-100 -50 50 100 150

Frequency [GHz]

\—'—J
200GHz 1600Gb/s within 200GHz = 8 bits/s/Hz

+12.5% S.E. mc

AND fewer modems
----------------
-

AND better performance
800Gb/s within 112.5GHz = 7.1 bits/s/Hz

95GBd

112.5GHz
MC
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Variable FDM

Signal [dBm]
Bm]

o 50 5 0 50 E E 0
Frequency [GW2) | Frequenc ylGW2 Frequenc y [GHz] Frequency [GHz]

2 FDM 4 FDM 8 FDM

Optimal performance for non-linear applications, reducing intra-FWM, improving capacity or reach
« System automatically implements number of FDM subcarriers
« High dispersion links (uncompensated cables, D+) - high FDM
* Very low dispersion links (compensated cables, Legacy) - single subcarrier

[
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DSP Nonlinear Compensation

6 10 Span TWC Link Tx NLC ON Rx BER: 0.055
5t
o
D4
o
=
17)]
g
1 3r
I:'z: Tx NLC OFF Rx BER: 0.056
7]
o
£2[
.:
1 L
O 1 1 1 1 1
-4 -2 0 2 4 6

Launch Power [dBm]

Nonlinear compensation feature provides ability to launch at higher power, and gain significant

improvement in SNR margin in nonlinear environments

[
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Industry’s first 3nm CMOS and 200GBaud in the lab!

100GHz U ”\ \\\ 100GHz \

ICR CDM

50 75 100 125
Frequency (GHz)
—XidB —xQdB —YidB Yads

50 75 100 12!

Frequency (GHz)
—X —XQ Yl YQ /

od T T I T
100 Gbaud
| 110 Gbaud & - .
or i P 120 Ghaud N3E ADC bandwidth testing results
130 Gbaud
sk 140 Gbaud | | )
- 150 Gbaud i ]
a 160 Ghaud 6 o IRAETN
S L0 coaue PSRV Y o SO L e e
E 2 — - |
S -15 o L
Z . |\
3 4 W\
2 -20 E \¥
o 5 \\
a . \\
-25 10 \L
12 IRIS-T Gain
.30 " ADC-FE Breakout VNA 521
6 Limit line 100GHz
35 | 1 | 1 -18 :r-::\llrr:;-::-'r response based an ADC-FE breakout
200 -150 -100 -50 0 50 100 150 200 - 3 ’

Frequency [GHz]
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Increase resiliency for terrestrial backhaul in GeoMesh applications

TPS (Trunk
Terrestrial Switch) \wss
Network Module Module
- - T 1 0 Wet Plant 0
>->-p Pl GRS €A a — £
S J J ﬁmmmﬂ 4
WSS 1pg (Trunk WSS WSS
Module Switch) ’_’_’_ Module Module
Module
Filter Filter Filter x
/ \ Coherent /[ \ Coherent Cable Cable Coherent / \
Transceivers Transceivers gggg]r? ggﬁg}? Transceivers

« RLS can provide trunk switch protection of C-band or C&L-band terrestrial
backhaul segments of optical bypass networks
« Two Path or multiple path protection with the TPS module
* Provides solutions for single or multi-span networks
« Supports EFDA and Raman amplification
» Supports cascading of trunk switches to enable three optical paths

Next Gen Photonics increases network resiliency and improves service

reliability for terrestrial backhaul segments with optional trunk protection

[
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Cable Landing Station Bypass to reduce space, cost, and power at the
landing station

Cable Landing Station Bypass

POP/DC

Cable Landing Station Bypass with Trunk Protected Line Amps

m POP/ DC . _ 0 o _ POP / DC

M . o B = m—
|

o [ s P>

Cable Land |
Station

POP/DC

Use a DLE instead of a ROADM to save space, cost, and power at the Cable Landing Station (CLS)
* Move the SLTE to a remote POP / Data Center

TPS can be used at the CLS to provide trunk protection for the line amps on the terrestrial link
between the landing station and the POP or DC

© Ciena Corporation 2023. All rights reserved. Proprietary Information.
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Use of C&L Band — Terrestrial Backhaul Consolidation

C&L on the terrestrial link can double capacity on single fibre pair
Allows consolidation of multiple submarine segments

Regenerated Wavelength Service 500G
C&L
Single FP Sb/S/HZ
Regenerated Wavelength Service 45T

Two regenerated 7,000km DLS over 6,000km submarine segment plus single
C&L 1,000km terrestrial = 500G channels with spectral efficiency of ~ 5b/s/Hz
Total 2 x DLS capacity = 45T

Terrestrial C&L halves the fibre requirement

Note: capacities based on typical submarine cable & terrestrial key parameters and current generation of transmission equipment

[
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C&L-band Initial deployment

ROADM Site

C&L-band

~

C-band

Transponder

A

_/

ROADM Site
C&L-band

r_

~

" Bi-directional ) [ Bi-directional [ Bidirectional )
Amplifier Site Amplifier Site Amplifier Site
(emnall 1l Nenel 1OI[ NongllO
C&L- C&L- Ca&L- Ca&L-
C&L-band band band C&L-band band band C&L-band
Amplifier Raman Raman  amplifier Raman Raman  amplifier
L J \ ) . J
View of Optical Spectrum
il
~ Built-in ASE noise loading
5 = provides optimal,
3 - predictable performance
¥ across C&L-bands for the
(4] lifetime of the system.
L C-band Wavelengths L-band Wavelengths J

!

ASE

C-band
Addfdrop

Transponder

S

» Integrated C&L-band amps are installed at all in-line amplifier sites, so the system is ready for L-band from day-one
» Built-in ASE noise loading ensures stable, optimal performance from day-one until the system is fully-filled

* L-band ROADM and add/drop can be deferred to lower the initial cost
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RLS expansion to the L-band

C-band
Addidrop

ROADM Site

Cé&L-band

~

<)

~

4 Bi-directional
Amplifier Site

~

III_,;"

Bi-directional
Amplifier Site

~

[

W

[ )

4 Bi-directional )

Amplifier Site

ROADM Site

CE&L-band

-

>
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-
p

L
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L-band ROADM
upgrade
L-band
Add/drop

Transponder

_/

E&L—
I::-a nd
Raman

CEL-band
Amplifier

.

J/

4]

CaL-
band
Raman

N

C&L-band
Amplifier

A

band
Raman

_J

C&L-band
Amplifier

. J/

Raman

[

Power

View of Optical Spectrum

C-band wavelengths

Channelized ASE

L .

C-band Wavelengths

L-band Wavelengths

)

Channelized L-band ASE
replaces bulk ASE, and new
L-band wavelengths are
added with no impact to
the system.

Double fiber capacity with simple, hitless L-band expansion
No additional planning/engineering required for L-band
No amplifier site visits or impact to existing in-service C-band traffic
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Evolution of the
Submarine Network
Wet Plant
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Evolution of the Submarine Network Wet Plant

SDM MCF C&L Band
Submarine Cable Fiber
ooo C-Band L-Band
Core (o ) 4 Fiber Pairs » Fiber Core > °
(o

R
Submarine Cable Fiber
16 Fiber Pairs Multiple Fiber Cores

SDM + MCF + C&L

[
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Repeaterless system
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Rep eate r ed SySte m el e m e n tS Specialized Installation Vessel
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Repeaterless system elements
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Repeaterless System Types
Island festoon Island festoon

Island connections Island connections

PS Virgin
Islands

Connecting oil rigs

aaaaaaaaaaaaaaaaaa

United
Kingdom

{

aaaaaa Technology also used on terrestrial systems
= To increase reach

= Hut skipping ciena
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System Design and Equipment Configuration

. <200k
G500 LTE

In house — — 200 - 250km
Raman Amplifier (SRA) L SRA =

Eﬂ%_ 250 - >400km
Exter.nal Ram_an | 6500 LTE S ——
(multiple configurations)

6500 LTE ROPA 6500 LTE

Distances dependant on fibre type, modulation format and number of channels
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Thank You
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