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Multiple options for accessing capacity...

What is Spectrum Sharing?
A submarine view...
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Options for Adding Capacity to a Submarine Cable

When the capacity of a single fiber pair exceeds the needs of a single customer, it can be
advantageous to share this fiber pair among multiple customers.

There are several different models for sharing this bandwidth, and they can be categorized as follows:

1. Managed Services: The customer accesses capacity through a standardized, short reach interface (e.g.
STM64 or 100GE) and the cable owner provides the modems & SLTE and manages the spectrum

Customer Cable Owner
4 I e I 4 I
Short-reach DWDM SLTE
Client < Submarine <+« . < Submarine Cable>
Photonics
Interface Modem
o v o j o j
Optical Power PFE &
Management Cable
(ASE) Management
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Options for Adding Capacity to a Submarine Cable

When the capacity of a single fiber pair exceeds the needs of a single customer, it can be
advantageous to share this fiber pair among multiple customers.

There are several different models for sharing this bandwidth, and they can be categorized as follows:

2. Managed Spectrum: The customer provides the modems, and the cable owner provides the SLTE
photonics and manages all of the spectrum (aka “Alien Wavelength”)
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Options for Adding Capacity to a Submarine Cable

When the capacity of a single fiber pair exceeds the needs of a single customer, it can be
advantageous to share this fiber pair among multiple customers.

There are several different models for sharing this bandwidth, and they can be categorized as follows:

3. Spectrum Sharing: The customer provides their own modems and SLTE, and the cable owner provides
a spectrum sharing solution with appropriate access and security features

Customer Cable Owner
4 N 4 N 4 ) 4 )
Short-reach DWDM
Client «<— Submarine +«— SLTE. < > Spect_rum < Submarine Cable>
Photonics Sharing
Interface Modem
. / . / . / o /
Optical Power PFE &
Management Cable
(ASE) Management
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Managed Spectrum - Some Historical Examples

! J.‘ : -~ : FARICE-1
TNC 2012 o _

+ 100G & 10G over Submarine & Terrestrial (GeoMesh) system oaNGE

« Demo 4K Video From Amsterdam to TNC-2012 Venue in Iceland
* NORDUnet and SURFnet terrestrial sections
* FARICE submarine section (DANICE cable)

TNC 2013
100G GeoMesh circuit NY to Amsterdam
« First trans-Atlantic 100G link reserved specifically for R&E networks
* ANA-100G: https://www.engadget.com/2013/06/04/first-100-gbps-transatlantic-link-research-education/

http://www.farice.is/network/network-map/nr/194

&.BEAN{:E D «
NORTH A?LﬁtMTIC

cwna Copyright © Ciena Corporation 2017. All rights reserved. Confidential & Proprietary.


https://www.engadget.com/2013/06/04/first-100-gbps-transatlantic-link-research-education/

-.iﬂb.h{:
J— o -

Pillars of Spectrum ,Shafing

Y A

.

w B

®
cwna Copyright © Ciena Corporation 2017. All rights reserved. Confidential & Proprietary.

P
J !




Key Technical Attributes of a Submarine Spectrum Sharing Solution

Primary Motivation = Technology Independence

Each spectrum owner must be able to select terminal and/or modem technology from any vendor, independent of other owners.

S S X X
Spectrum Security Spectrum Privacy Spectral Monitoring Power Management
Independence between Spectrum Owners can onl Ve @roilieEl] SEEEim mol G2eh e ool
S ecEr)rum Owners in the accgss their allocated s ectr)L/Jm SpectiumOwnenmustadnere e e

pT it direct i the Receive dir f to both total power and power management for unallocated
ransmit direction. in the Receive direction. e SRy e spectrum and failure scenarios.
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Terrestrial vs. Submarine Spectrum Sharing

Terrestrial Spectrum Sharing shares the same fundamental requirements as Submarine Spectrum
Sharing, with the exception of Optical Power Management

Technology Independence

Each spectrum owner must be able to select terminal and/or modem technology from any vendor, independent of other owners.

S N N N
Spectrum Security Spectrum Privacy Spectral Monitoring Power Management
Spectrum Owners can onl The optical spectrum from The.shared spectru.m
Independence between paccess their allocated y each Spectrum Owner solution should provide
Spectrum Owners in the soectrum in the Receive must adhere to both total ASE power management
Transmit direction. P direct power and power spectral for unallocated spectrum
irection. density masks. and failure scenarios.
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Terrestrial vs. Submarine Spectrum Sharing

Terrestrial Spectrum Sharing shares the same fundamental requirements as Submarine Spectrum
Sharing, with the exception of Optical Power Management

Technology Independence

Each spectrum owner must be able to select terminal and/or modem technology from any vendor, independent of other owners.
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Spectrum Security Spectrum Privacy Spectral Monitoring

The optical spectrum from
Ind ndence between SIEOIIT (EIEES G2 €l each Spectrum Owner
ependence betwee access their allocated P

Spectrum prerg in the spectrum in the Receive must adhere to both total
Transmit direction. L power and power spectral
direction. .
density masks.
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Example:
Submarine Spectrum Sharing
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Spectrum Sharing Example

Spectrum Sharing: Normal Operation
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:" Spectrum Sharing Example

Spectrum Sharing: Spectral Monitoring Points
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)AQ? = Spectral Monitoring Points for Cable Owner
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i" Spectrum Sharing Example

Spectrum Sharing: Normal Operation } q—
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4 Spectrum Sharing Example :
Spectrum Sharing: Normal Operation P e S o
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- Spectrum Sharing Example
Spectrum Sharing: Normal Operation =
33% Operator

---------------------------------------------------------------------------

)wner SLTE

Power
Management

No light here
Spectrum Spectrum (as expected) =
Owner #1 Owner #2 Spectrum = Ciena Flexible
Security Grid SLTE

Mux/Demux

Cienc
Spectrum
Controller

2018-01-08 23:26:02

Independent Available for Spectrum .
SLTE Future SLTE Interface #4

Cable Owner Spectrum Controller

Spectrum Owner #2
SLTE

[ ]
cwna Copyright © Ciena Corporation 2017. All rights reserved. Confidential & Proprietary.




Spectrum Sharing: Normal Operation
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i" Spectrum Sharing Example
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Spectrum Sharing: Normal Operation
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i" Spectrum Sharing Example

Spectrum Sharing: Normal Operation | — S
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i" Spectrum Sharing Example :
Spectrum Sharing: Normal Operation P e S o
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Spectrum Sharing: Normal Operation } q—
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Technical Maturity &
Deployment Considerations
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Technical Maturity

The hardware required for spectrum sharing is mature
» Essentially require Flexible Grid WSS and OCM technologies
« These have been generally available for several years and are currently shipping in product

The maturity of software required for Spectrum Sharing varies
« Mature: Hardware Configuration & OAM
 Emerging: Implementation and Enforcement of Spectrum Sharing Policies
« Open Interfaces may play a role in policy management, but are not strictly required

Commercial constructs = biggest challenge!
« Agreeing on specific constraints for Spectral Policing is a complex technical & legal task
» Consequent actions for contractual violations are obvious in some cases, less obvious in others...
* Is there a role for Open Interfaces in solving some of these commercial challenges?
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Deployment Considerations

Accessing spectrum # Controlling the network

Deployment of new traffic by Spectrum Owners
« With Spectrum Security, this action should pose a low risk to other Spectrum Owners

« However, the possibility of optical transients exists during such actions

Equality of Spectrum
«  While most spectrum is comparable, it isn’t strictly equal in performance (especially in Submarine!)

« Thus, it is not just a question of how much spectrum, but also what spectrum is being purchased

Automation of Policing Functions
» Not all customers want an autonomous process to squelch their traffic due to a detected violation

« Customers are concerned with the precise definition of each ‘policy violation’ and the associated
consequent actions, as well as the handling of corner cases

« This is expected to change with time as the industry demonstrates robust policy definitions
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Spectrum Sharing Conclusions

Conclusions

1 There are multiple options for accessing traffic capacity on a fiber pair
2  Spectrum Sharing is a good solution when different users need different terminal technologies

3  Spectrum Sharing is very similar for Submarine and Terrestrial Networks

The pillars of Spectrum Sharing are:
« Spectrum Security
4 « Spectrum Privacy
« Spectral Monitoring
« Optical Power Management (Submarine)

5 The HW is mature, but work remains on the automation and contractual aspects
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