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Abst ract

This draft outlines the pluggable nodule attributes within a host
device. It includes representations of optical pluggable nodule
capabilities, configuration, states, and telenetry data. These
attributes draws fromexisting | ETF standards and i ncorporates input
fromother industry foruns and standards, such as ITU T, OpenConfig,
O F and ONF TAPI, to ensure uniformstructuring and consistent nam ng
conventions. Note that the IETF term nol ogy shall be given
precedence wherever possible. 1In case there is a duplication of an
attribute, this draft nay describe how the attribute is named in the
rel ated docunent. Only if no attribute exists in | ETF RFCs or | ETF
WG drafts, new attributes shall be introduced if they are needed.

This draft provides a gap analysis with respect to existing | ETF work
in the foll owi ng areas:

* |t provides an analysis of optical attributes in a set of |IETF
docunments with specifications of other organizations to identify
nmodel i ng gaps.

* It identifies nmodeling needs addressing the specific aspect of
pl uggability of transceiver nobdules. The authors recognize the
fact that that not all pluggabl e nodul es are coherent, not al
coherent pluggabl e nodul es are DWDM capabl e and not all DWDM
capable interfaces are inplemented as pluggable nodules. This
anal ysis identifies gaps to manage the lifecycle of an optica
pl uggabl e nodul e, from operator approval and viability assessnent,
to deploynment, nonitoring and phase-out.
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The lifecycle of an optical pluggable nodule, from operator approva
and viability assessment to depl oyment and nonitoring, is also
addr essed.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at

https://ital obusi.github.io/actn-wdm pl uggabl e-nodel | i ng/ draft-rokui -
ccanp- act n-wdm pl uggabl e-nodel ling. html. Status information for this
docunent nay be found at https://datatracker.ietf.org/doc/draft-ietf-
ccanp- act n-wdm pl uggabl e- nodel | i ng/ .

Di scussion of this docunent takes place on the Conmmon Control and
Measur enment Pl ane Working Group mailing list (mailto:ccanp@etf.org),
which is archived at https://mailarchive.ietf.org/arch/browse/ccanp/.
Subscribe at https://ww.ietf.org/mailmn/listinfol/ccanp/.

Source for this draft and an issue tracker can be found at
https://github. comital obusi/actn-wdm pl uggabl e-nodel | i ng.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mum of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 13 July 2026
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
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and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunent nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here

The following terns abbreviations are used in this docunent:

* Optical nodul es: short termfor optical transceiver nodules. Such
modul e can be of fixed or pluggabl e nbdul e nature and provi des the
optical interface for commrunication

* Pluggabl e nodul es: short termfor pluggable optical transceiver
nmodul e. Pluggabl e nodul es are a specific formof optical nodul es
that are field replaceable. They pro

* Coherent nodul e: short termfor optical transceiver nodul e
provi di ng coherent optical nodul ati on capabilities.

*  DWDM nodul e: short term for coherent nodul e supporting the use of
a DWDM | i ne system

*  Conmon Managenent Interface Specification (CMS): The Common
Management |Interface Specification is an Inplenmentation Agreenent
(I'A) devel oped by the Optical Internet Forum (O F) [CMS]. This
specification defines an interface for nmanagi ng optical (and
copper) nodules in a standardi zed way while still permitting
vendor-specific functionality. It eases the integration of
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modul es supporting the CMS interface into host platforms from
different systemvendors. It shall be noted that CM S targets any
modul e, not only coherent optical nodul es, which is the scope of
this document. The CM S interface is applicable to on-board
nmodul e types (fixed optics) as well as pluggabl e nbdul es types
such as QSFP Doubl e-Density (QSFP-DD), OSFP, COBO, QSFP and ot her
modul e types

* optical nodul e nmedia side
* optical nodul e host side:

* Mnitored attributes: The optical nodule attributes which can be
measur ed, nonitored, estimated, or otherw se observed. The
monitored attributes are the inputs to performance nonitors which
in turn provide real tine sanples, threshold crossing supervision,
and sonetinmes sanple statistics

I nt roducti on

Packet traffic has been transmtted across optical networks for many
years, |everaging the advantages of optical transm ssion and

swi tching conbined with packet switching. Traditionally, Optica

Line Systens were fully integrated with DWM Transponder nodul es in
proprietary inplenentations while non-DWM (aka. client) nodul es were
integrated with their hosts. Wth the advent of open optica
net wor ki ng, al so DWDM transponder mnodul es are now hosted by sytens
outside the Line System

I n nunerous network setups, packet and optical networks have been
engi neered, operated, and rmanaged separately, leading to siloed
operations that can be suboptimal and inefficient. Advancements in
optical component design have led to increased density, enabling
entire coherent optical termnal systens that previously required
multiple circuit packs to now fit into a single snall formfactor
"coherent optical nodule." Integrating coherent optical nodules into
switching and routing devices can result in reduced network costs,
power consunption, and footprint, while al so enhancing data transfer
rates, reducing |atency, and expandi ng capacity, although in some
cases, separate packet and optical solutions may still be preferred
due to other engineering and depl oynent consi derations.

These trends, coupled with the desire to utilize the best conponents
avai | abl e, have given rise to open optical pluggabl e nodul es.

Conmuni cati on between optical nodul es and the host occurs through the
CM S standard developed by OF [CM S].
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Wi | e standardi zed transm ssion nodes |ike ZR can handl e basic
applications, proprietary nodes fromvendors are often necessary to
achi eve optimal perfornmance.

This draft provides a gap anal ysis of optical pluggable nodules in
the context of a packet over optical network. The nodel presented in
this docunment anal yzes three key functional bl ocks:

*  Photonic/Optical attributes: These attributes defines the
characteristics of the optical and photonic properties such as
spectrum pol ari zation, dispersion etc.

* Host/Electrical attributes: These attributes defines the
characteristics of interconnect between the host and the optica
pl uggabl e nodul e, such as | ane count, FEC etc., which both the
optical pluggabl e nodul e and the packet host nust understand and
act upon.

* Physical and functional aspects of the pluggable nodule (i.e.,
equi prent): This defines attributes of the optical pluggable
modul e itself, such as plug type, version, therma
characteristics, power consunption etc.

For each of these functional blocks, the nmodel shall provide the
necessary attributes in foll ow ng areas:

* Capabilities: These attributes are read-only and defines the
functional capabilities of the optical nodule. They are defined
in a profile called "operational -nbde" and contains attributes
such as nodul ation, bit-rate, baud-rate, chronmatic-di spersion
pol ari zation, FEC etc. An optical nodul e nmight support one or
mul ti pl e operational - nodes.

* Configurations: Since an optical nodule can support nmultiple
operational -nodes, these read-write attributes configure the
nmodul e to be functional in one of those operational - nodes.
Exanpl e of configuration attributes are output power, centra
frequency and operati onal - node.

* States and performance nonitoring telenmetry data: These read-only
attributes will be generated by optical nodul es and represents
various states and PM data of the optical npdul es such as channe
i nput power, channel output power, central frequency, |aser
tenperature, current OSNR, Link Up/Down State, Alarm State, Laser

On/Of State etc. |In nost cases these attributes are changi ng
with tinme and optical nodul es report current, average, mn and nmax
values. It is also possible to apply thresholds on each of these

attributes to support threshold crossing alert (TCA).
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Bot h vendor-agnostic and vendor-specific attributes are inportant
considerations in the nodeling of optical pluggable nodul es.

The docurent is divided into the foll owi ng sections:

* Section 3. Optical pluggable nodule in a Device with Packet
Functi ons

* Section 4: Optical Mdule Functional Building Bl ock
* Section 5: Optical Mdul es Data Mdeling

* Section 6: Conplete list of Optical Mdules Attributes From Googl e
Sheet

* Section 7: Optical Mdule Data Mdeling Gap Anal ysis
* Section 8. Optical Pluggables Lifecycle Managenent
3. Optical pluggable nodule in a Device with Packet Functions

Figure 1 shows a host packet device fromvendor X, which is connected
to optical device, equipped with optical pluggabl e nodul es from
vendor X and Y. This figure exposes the follow ng internal and
external interfaces:

A. This interface provides the control of the host and all it’s
conponents. Note that the YANG data nodel addressing pl uggabl e
nmodul es will be provided at interface (A), i.e., the managenent
interface of the device. |In general the HOST can be any devices
(packet, OTN etc.) But in specific this draft addresses this when
the Host is a packet device.

B. The CMS [CM S] defines the conmunication interface between host
devi ces and optical nodul es.

C. The data flow between the optical pluggable nodul e and the packet
data function through this interface. This is electrical interface
bet ween optical pluggable nodule and the host. Section 4 wll
discuss this in nore details.

D. Optical fiber connecting the optical devices to optical pluggable
nmodul es. This carries the flow of photonic signal fromthe optica
device to the optical pluggable nodules. Section 4 will discuss this
in nore details.
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The nodel presented in Section 5 consolidates properties of optica
pl uggabl e nodul e on interfaces (D) and (C) in Figure 1 where
interface (D) provides the photonic/optical attributes and interface
(O provides the host/electrical attributes.

Packet Device

I I

| |

I I

I I

| \Y | Vendor X

| R | | (i.e, Host)
I v v I

| |----------- | [---------- [

| | Packet | | optical | |

| | Function |.......... | Plug |

| | Data | | Data |

| |- I [---------- [

I I

| o

| |- - I (O [=--mmmmmee e | (D
| | Packet Device |<------- >| optical Plug #1 |=======
| | Function | <---| | Vendor X |

| |- I I R R I

| | |

I I [----mmmmmm s I

| | --->| optical Plug #2 |=======
| | Vendor Y |

| R SRRt |

I I

o e m e e e e e e e e e e e e e e me e +

Legend
(A) Packet device managenent interfaces
(e.g., YANG NETCONF, gNM, etc.)
(B) CMS interface between Optical pluggable nodul e and Host
(C) Host side of coherent optical pluggable nodul e (towards Host)
(D) Media side of coherent optical pluggabl e nodul e
(towards Optical / Phot oni ¢ networ k)
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4.

Figure 1: Packet device with optical pluggable nodul es

Optical Modul e Functional Buil di ng Bl ocks

The functional building bl ocks of the optical nodules of Figure 1 are
shown in Figure 2 and has three major functions:

*

Rokui ,

Medi a side: This functional block represents all Photonic/Optical
attributes of the optical nodules (interface (D) in Figure 1)
These attributes define the characteristics of the optical and
photoni c properties such as spectrum polarization, dispersion
etc., which do not directly affect the behavior of the host packet
device. Note that the goal of this draft is to identify optica
modul e capabilities, configuration, states, and telenetry data
attributes fromexisting | ETF standards and i ncorporates input
fromother industry foruns and standards, such as ITUT,
penConfig, OF and ONF TAPI and then performthe gap analysis to
conpare optical nmodule attributes with current |ETF drafts,

i dentifying any nodeling gaps. Eventually based on the identified
gaps, the draft proposes solutions to address nissing attributes,
such as augnenting or updating existing | ETF YANG nodels. Note
that | ETF term nol ogy are given precedence wherever possible. In
case there is a duplication of an attribute, this draft nmay
describe how the attribute is nanmed in the related docunment. Only
if no attribute exists in I|ETF RFCs or | ETF WG drafts, new
attributes shall be introduced if they are needed.

Host side: This functional block represents all Host/El ectrica
attributes of the coherent pluggables (interface (C in Figure 1).
These attributes defines the characteristics of interconnect

bet ween the host and the optical pluggable, such as |ane count,
FEC etc., which both the optical pluggable and the packet host
shoul d understand and act upon. Note that the mapping between
host and nedia m ght be one to many, i.e., a host logical channe
m ght map to one or nore nedia | ogical channel

Equi pnent attributes: These attributes represent all physical and
functional aspects of the optical pluggable nodul e such as plug
type, software version, thermal characteristics, power consunption
et c.
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4.

1.

optical Pluggabl e Mdul e

I I
I I
| Equi prent |
R R R T EEEETE |
I I
| Host si de Medi a side |
| [ I R | ]
|| |1 ||
ININEEEEEEEES I EEEESREEE R EEEESEEEE R RS
----- | Elec. | | Host | | | | Mdia | | Optical | ----->
----- | Channels|--| Logical |-------| Logical |--| Channel | <-----
----- | | | Channel sj (RX)

| Channels| | (OISsi) |
I

Figure 2: Optical pluggable nodul e Building Bl ocks

The foll owing sections are describing the details of optica
pl uggabl e modul e functional blocks in nore details.

Opti cal Channel / OTSi

The nedia side of the optical nodule is further divided into two
functional blocks; Optical Channel/OrSi and Medi a Logical Channels.
The characteristics of the Optical channel/OISi are (See section
2.3.1 of [I-D.ietf-ccanp-optical-inpairnent-topol ogy-yang] and al so
section 3.2.4 [G 959.1]).

* This is the nodule interfaces facing the optical network.

* Represents the digital wapper that transports services over a
wavel engt h

* Represents the wavel ength and the optical aspects of the signa
nmodul ated onto baud-rate, bit-rate, nodul ation schene, frequency,
t x- power, etc.

* (Optical signal FEC term nation/source, FEC characteristic
informati on configuration, if possible, Pre-FEC BER, Post-FEC
BER, fail/degrade thresholds, raw corrected/ uncorrected counts

* Provides configuration of the signal and nonitoring capabilities
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* Provides nonitoring capabilities in the Tx (toward fiber/nediunm

4. 2.

and Rx (fromfiber/nmedium directions, Total optical power,
opti cal channel power, optical statistics

Medi a Logi cal Channel s

The characteristics of the Media Logi cal Channels are:

* Logical representation of the hierarchical view of the digita

fram ng | ayers used for transport of services over the wavel ength

* Provides access to information for configuration and nonitoring

4. 3.

characteristics. For exanple, for 400ZR/ OpenZR+ [O F-400ZR], it
represents the 400ZR frame structure in which Ethernet services
are mapped and for an OIN encapsul ated signal, it represents the
Ory, ObU, OPU frane structures, perhaps with a nmulti-|ayer

mul tiplex structure, in which Ethernet and other types of services
are napped

Host Logi cal Channel s

The host side of the optical nodule is further divided into two
functional bl ocks; Host Logical Channels and El ectrical channels.
The characteristics of the Host Logical Channels are:

* Logical representation of the hierarchical view of the digita

4. 4.

Rok

fram ng | ayers for services carried on the electrical |anes of the
devi ce

* Provides information for configuration and nonitoring

characteristics of each service

* Represents each service carried over the nedia |ogical channel and

optical interface/wavel ength, e.g., 25GE, 50GE, 100GE, 200GE
400CE, OTW, OTUCn etc.

El ectri cal Channels

The characteristics of the Electrical Channels are:

Note that the purpose of this section is to clarify the role of

el ectrical channel in the optical nodule. This purpose of this draft

is not to define the data nodel of the electrical channels.

* The host side |anes of the device form ng the physical interface
to the host platformdata path device(s)
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* Lanes grouped to support the type/format and bandw dth of the

signal used for a service

* Provides information for configuration and nonitoring
characteristics of the signal for a service in the electrica
domain, e.g., Interface-format, FEC, alarm ng thresholds, etc.

* Provides nmonitoring capabilities in the Tx (toward fiber) and Rx
(fromthe fiber)

Equi pnent

The "Equi prent functional block" in Figure 2 represents the pluggable
modul e itself and has the follow ng characteristics:

*  Provides manufacturer identification information for the device

* Advertises capabilities of the device including capabilities for
the host/client side and the nedia/line side

* Provides nmonitoring capabilities of physical characteristics and
health of the device, e.g., tenperature, voltage, optica
transm tter/receiver characteristics

* Provides for configuration where applicable e.g., of device
envi ronnment al threshol ds

* Supports device level capabilities such as firmvare installation,
restarts, etc.

Optical modul es Data Modeling

[Editor’s notes: As part of Gap anal ysis, YANG reference/ YANG code
m ght be added to the data nodeling section/subsections and that the
current content shall be considered as pl acehol der for the nodel.]

The data nodeling of each functional blocks provides attributes in
fol |l owi ng areas:

* Section 5.1: optical nodule capability attributes (i.e.,
support ed- nodes)

* Section 5.2: optical nodule configuration attributes

* Section 5.3: optical nodul e performance nmonitoring data (including
State data)

* Section 5.4: optical nodul e threshold definition
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* Section 5.5: optical nodule alarmnotifications
* Section 10: Support of Opaque Attributes
5.1. optical nodule Capability Attributes (aka, Supported-Mdes)

Coherent optical nodul es have revol utioni zed optical networking by

of fering a powerful conbination of high performance, flexibility, and
ease of deploynent. These nodul es support a broad range of
capabilities, nmaking themboth efficient and versatile. Their
extensive functional capabilities further enhance their effectiveness
in diverse networking environnments.

From a data nodel i ng perspective, a set of attributes is grouped
together and represented by a single identifier known as the
"Operational Mdde." |In essence, each operational npde encapsul ates a
conbi nation of properties, limtations and capabilities, such as
nmodul ation type, bit rate, baud rate, chromatic dispersion,

pol ari zation, FEC, and nore. Some of these attributes linit value
ranges (e.g., mnimmand maximum). A optical nodul e can support
mul ti pl e operational nodes, each of which can be defined by one of
the follow ng nethods.

Note that this current draft adheres to the definitions provided in
draft [I-D.ietf-ccanp-optical-inpairment-topol ogy-yang]. See
Section 2.6 of draft
[I-D.ietf-ccanp-optical-inpairnment-topol ogy-yang] for

* Standard Mode: This node pertains to optical specifications
devel oped by standards devel opnent organi zati ons (SDOs), such as
the I TU- T recommendation [G 698. 2].

* (Organi zational Mde: In this node, optical interface
specifications are defined by operators, industry foruns (e.g.,
Optical Internetworking Forum (O F) or OpenConfig), or equi pnent
vendors. This allows for the utilization of optical nodule
capabilities that extend beyond existing standards.

* Explicit Mdde: This node enables the explicit encodi ng of any
subset of paraneters (e.g., FEC type, nodul ation type) to
facilitate interoperability checks by a controller entity through
means not covered within this draft.

For nore detailed information, please refer to draft
[1-D.ietf-ccanp-optical-inpairment-topol ogy-yang].
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5.

5

2

optical nodul e Configurations Attributes

Referring to Figure 3, optical nodul es support a set of read-wite
attributes which are configurable. Exanple of such configuration
attributes are output power, central frequency and operational - node.
Note that as discussed in Section 5.1, since optical nodul es may
support multiple operational -nodes, as part of these configuration
attributes, operator should configure which of these operational - node
is desired and should be functional

optical -channel // OTSi channels |
configuration // list of RRWplug configuration attributes

config-attribute-1 |

config-attribute-2 |

I

I

Figure 3: Data structure for optical nodule Configuration Attributes

3.

Fi

optical optical nodul e Performance Mnitoring Data

gure 4 shows the list of optical nodul e Perfornmance Mnitoring (PM

and state data, which are critical conmponents in optical networks,
enabl i ng network engi neers to ensure optimal perfornmance, identify

i ssues, and maintain network reliability. Operators nonitor a range
of attributes on both the optical/photonic and el ectrical sides of
optical nodul es, including channel input power, channel output power,
central frequency, current Optical Signal-to-Noise Ratio (OSNR), Bit
Error Rate (BER), chromatic dispersion, |aser tenmperature, link
status, and nore. These paraneters directly inpact the quality and
integrity of the transmtted data across both optical and electrica
domai ns.

optical -channel // OISi channels
pmand states // list of RRO pmand state attributes
/1 Note-1: Each pmattribute m ght have

/1 t hreshol d definitions
/!l Note-2: For each nonitored attributes,
11 one SCTG profile can be assigned

nmoni tored-attribute-1
moni tored-attri bute-2
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Figure 4: Data structure for optical nmodule PM Attributes

As coherent optical technology continues to gain traction, PM has
evol ved to include nore advanced techni ques, such as nonitoring the
qual ity of nodul ated signals and detecting inpairments that could
degrade perfornmance over |ong distances. By |everaging these PM
capabilities, engineers can ensure that the optical |ayer operates
effectively, optinmize the utilization of optical resources, and

mai ntain high levels of service continuity and performance throughout
t he network

It is inportant to note that the "nonitored attributes" enconpass
paraneters fromthe nedia side, host side, and hardware conponents of
optical nodul es.

Performance Monitoring (PM data is generated for various "nonitored
attributes" by optical nodul es, representing a range of real-tine
metrics, including current, average, mininum and maxi mum val ues, as
well as counters and states. The PM data can be categorized as
fol |l ows:

* Basic Mnitoring PMdata: The anal ogue val ues which provide the
"current values" of a "nmonitored attributes" such as |aser
tenperature, eSNR (Effective Signal-to-Noise Ratio) at nedia
i nput, eSNR at host input, laser frequency error, and nore.

* Advanced Monitoring PMdata: The anal ogue val ues whi ch provide the
"current, average, mninmum and nmaxi nrum val ues" of "nonitored
attributes" such as transnit signal power, Bit Error Rate (BER)
chromatic di spersion, etc.

* Up Counters: The discrete counter values of "nonitored attributes”
that only increnment, such as Bit Error Count, FEC (Forward Error
Correction) Uncorrected Errors, Loss of Signal (LOS) count, Loss
of Frane (LOF) count, and ot hers.

* Up/ Down Counters: The discrete counter values of "nonitored
attributes"” that can both increnented and decrenent ed.

* (Operational/Adnin States: Represents the states of "nonitored
attributes" such as Iink up/down state, alarmstate, |aser on/off
state, Automatic Power Control (APC) status, and nore.

For "Up Counters" there mght be two approaches:

* Continuous Increnent: The counter val ue continuously increnents
wi t hout resetting upon read.
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* Reset on Read: The counter value resets either on read or based on
a predefined condition.

For "advanced nonitoring performnce nmanagenent (PM data", where
current, average, mninum and nmaxi num val ues are provi ded by the
optical nodule, a "wi ndowi ng mechanism' is essential. Currently,
this mechanismis inplenmented by the host platform not the nodul e
itself. For instance, the host platformutilizes the w ndow ng
mechanismto segment the PM data coll ected by the optical nodul e.
Wthin each wi ndow, the host cal cul ates the mnimum naxi num and
average values of the PMdata, enabling a granular and tine-specific
anal ysis of the nodul e’ s performance.

A variety of performance monitoring nmetrics, including mninmm

maxi mum average, and instantaneous values, can be collected. These
metrics offer a conprehensive view of performance fluctuations,

all owing for precise nonitoring and qui cker response tines to

anomal ies. M ni mum and maxi mum val ues help identify the extrenmes of
performance, while average val ues give a sense of typical perfornmance
| evel s. Instantaneous val ues, on the other hand, provide real-tinme
insights, which are crucial for inmrediate issue detection and
resolution. This multi-faceted approach ensures that network
performance is consistently nonitored and nai ntai ned at high

st andar ds.
Section 5.4 will discuss the collection type and how they are rel ated
to the above-nentioned PMdata. It also covers the optical nodules

support for threshold crossing alerts (TCA) for all or a subset of
nmonitored attri butes.

5.4. optical nodule Threshold Definition

As indicated in Section 5.3, optical nodul es are capable of providing
the threshold crossing alert (TCA) for all or subset of "nonitored
attributes”. In this situation, the optical nodule raises an alert
whi ch inforns the host about operationally undesired situations or
about critical threshold crossings of nonitored attributes. The
optical nodule raises an alert by setting an associated Flag on
nmodul e nenory-map that represents the alert.
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As nentioned previously, the TCA might be supported for a subset of
optical nodule monitored attributes. Since it is possible that the
optical nodule has different capabilities to raise threshold for
different nonitored attributes, to provide a general solution for
threshold definition on optical nbdule nonitored attributes, this
draft introduces the concept of "Supported Coll ection and Threshol d
G oup (SCTG@" shown in Figure 5 which defines the configurable
threshol d val ues and collection types (i.e., the collection of
current value, average value, m n/max val ue are supported).

In summary, as outlined in Section 5.3 and Section 5.4, each optical
nmodul e PM State attribute can have nultiple Performance Mnitoring
(PM val ues, such as current, average, mninum and maxi rum as well
as multiple threshold | evels, including warning, mnor, nmajor, and
critical. To streanmiine this representation in a Google Sheet, each
optical nmodule PM State attribute will be associated with a
correspondi ng SCTG Type reference.

For exanple, consider the optical nodule PMattribute "channel -i nput -
power." Tthe optical nodule collects PMvalues for current, average,
m ni num and maxi num while al so supporting the configuration of
threshold values for warning, mnor, najor, and critical levels. As
illustrated in Figure 5, the PMattribute "channel -i nput-power" is
linked to "SCTG Type-1" to sinplify its representation in Google
Sheet .

Supported- Col | ecti on-and- Threshol d- G oup (SCTGQ

SCTG Type-1:
Col l ection: current, average, mn, max
Configured Threshol d: warning, mnor, major, critical

I

I

|

| SCTG Type- 2:

| Col | ection: current
| Configured Threshol d: warning, mnor, major, critical
I

I

I

|

I

SCTG Type- 3:
Col l ection: current, average, mn, max

SCTG Type- n:

/1 Not e:
/1 These are just a few exanples. Mrre SCTG can be defined

Figure 5: optical nodule Collection and Threshold G oup Definition
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To define the warning, minor, nmajor, critical threshold values for a
optical nodule monitored attribute, operator should set upper and
lower limts that delineate acceptable performance ranges. This
ensures that any deviations can be quickly identified and addressed.
A rolling window between nmin-tinme and nmax-tinme shoul d be enpl oyed to
dynani cal | y adjust these threshol ds based on recent data trends,
providing a nore accurate reflection of current network conditions.
By continuously updating the thresholds, network performance can be
mai ntai ned within optimal paraneters, reducing the risk of undetected
i ssues.

Note that sonetinmes these thresholds are configurable and sonetine
they are hard-coded. It is also possible that a vendor can support a
sub-set and super-set of nonitored attributes (for super-set they
need to augnment the yang nodel).

5.5. optical nodule Alarm Notifications
[Editor’s note: To be added in a later rel ease.]

The optical nmodul es m ght generate various alarmnotifications due to
the various reasons.

6. Conplete list of optical nodules Attributes From Googl e Sheet
This draft was initiated to evaluate the conpl eteness of existing
| ETF nodels related to optical nodul es by incorporating data nodel s
and insights fromother industry forums and standards bodi es,
including ITUT, OpenConfig, OF, and ONF TAPI. |In particular, the
foll owi ng docunents are examni ned

* | ETF Common YANG Data Types for Layer 0 Networks
[1-D.ietf-ccanp-rfc9093-bi s]

* | ETF YANG data nodel to nanage configurabl e DWDM optica
interfaces [I-D.ietf-ccanp-dwdmif-param yang]

* | ETF YANG Data Model for Optical |npairnent-aware Topol ogy
[I-D.ietf-ccanp-optical-inpairnment-topol ogy-yang]

* | ETF YANG Data Model for WDM Tunnel s
[1-D.ietf-ccanp-wdmtunnel -yang]

* | ETF YANG Data Mddels for requesting Path Conputation in WM
Optical Networks [I-D.ietf-ccanp-optical -path-conputation-yang]

* | nplenmentation Agreenent 400ZR [ O F-400ZR]
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*  (OpenConfig system conponent inventory[ OC pl atforni
* (OpenConfig term nal device [ OC device]
* | TU-T Miltichannel DWDM applications [ G 698. 1]

* |TUT Amplified nultichannel dense wavel ength division
mul ti pl exing [ G 698. 2]

* |TU-T Optical interfaces for coarse wavel ength division
mul ti pl exi ng [ G 695]

* |ITU-T Optical transport network physical |ayer interfaces
[ G 959. 1]

* Linux Foundation Transport APl project [TAPI-2.5.0]
The primary objective is to assess the properties and structures
within these nodels that are relevant to coherent optical nodul es and

to identify any m ssing el enents or gaps.

To support this ongoing anal ysis, rel evant properties and structures
fromboth | ETF nodel s and external organi zations or standards bodies

are being collected in Google Sheet. 1In Section 7, these properties
will serve as the foundation for conducting a conprehensive gap
anal ysi s.

As discussed in Section 5.1, Section 5.2, and Section 5.3, the google
sheet provides the Capabilities, Configuration, and Perfornmance
Monitoring attributes for coherent pluggable. The google sheet

i ncludes various read-only capability attributes, read-wite
configuration attributes, and read-only performance nonitoring
attributes. For a conprehensive list of these attributes, refer to

t he acconpanyi ng optical nodul e Googl e Sheet.

[Editorial Note: The reference to the external CGoogle Sheet is used
to finalize the gap content, once all the info are incorporated in
the draft, and in any case before publication, this link shall be
renoved. Please also note that the content of the google sheet is
very inportant and shall be captured in draft as a table or sonething
el se in Appendi x section]

You can downl oad the CGoogl e sheet (/Users/rrokui/Desktop/optical -
pl uggabl e-attri but es-v00- GAP. xsl x) to see all the details.
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7.

7.

Optical Mdule Data Mdeling Gap Anal ysis

[Editorial Note: The “Optical Mdule Data Mdeling Gap Anal ysis”
section is still work in progress and the attributes listed in the 3
tabl es bel ow are subject to change since some conments present in the
ori gi nal Google sheet have not been resol ved and agreed yet]

To support gap analysis of optical pluggables in packet-over-optica
net wor ks, the Google Sheet referenced in Section 6 is utilized. The
attributes listed in the sheet are systematically exam ned to
determine their applicability to optical pluggables. For applicable
attributes, a cross-check is perforned to verify whether they are
included in existing | ETF data nodels. Attributes not present in the
| ETF nodels are identified as gaps. Were necessary, proposals for
updates or nodifications to the | ETF nodel s are devel oped to address
these gaps or m salignnents.

1. List of Mssing Optical Pluggable Capability Attributes Based on
Gap Anal ysi s

Figure 6 provides the mssing capabilities attributes highlights

i mportant optical pluggable paraneters and features that are defined
by ot her standards devel opment organi zations (SDOs) and industry
forunms, but are currently absent from | ETF YANG nodel s.

Note that the "Attribute Number" refers to nunbering in Google Sheet.

Har noni zi ng these attributes between SDGCs, and | ETF nodels woul d
support the evolution of open, programmbl e, and interoperable
optical networks.

For each Attribute Nane,

- First table displays the "M ssing Capability Attributes”

- Second table displays the "Sunmmary Description of M ssing
Capability Attributes"

I
| Attribute | Mssing Capability Attributes | source |

| Number | | |
| e | | oo |
| 4 | tag-id | IETF |
| 16 | Post FEC BER | oif |
| 17 | pre-fec-ber | |
| 18 | Target reach | oif/itu-t |
| 19 | Ripple | oif/itu-t |
| 20 | mex-bit-error-ratio | Ttu-t |
| 22 | mn-chromatic-di spersion | oif |
| 36 | Polarization Rotation Speed | oif/itu-t |
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126
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160
161

162

163
164
168
169

170
171

174
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m n-t x-osnr

pul se- shapi ng-type

fec-codi ng

M ni mum nean i nput power

Maxi mum nean total input power
Maxi mum nean total output power
Maxi mum channel power difference
M ni mum equi val ent sensitivity
Maxi mum r ef | ect ance of receiver
max- | aser-tenperature

grid-type
adj ustnent-granul arity

noi se-figure

Maxi mum spectral excursion

M ni mum si de nbde suppression ratio
max-transmtter-residual -di spersion-osnr-
penal ty

I i ne-codi ng

max- cent ral - wavel engt h-devi ati on
max- dut y-cycl e

max-| aser-1inew dth

Maxi mum of f set between the carrier and the
nom nal central frequency

Maxi mum skew bet ween the two pol ari zati ons
Maxi mum spectral power density
Maxi mum TDECQ

Maxi mum | - Q of f set

Laser frequency accuracy

Laser frequency noise

TX spectral Upper Mask & TX spectral Lower
Mask

Laser RIN

Tx cl ock phase noise (PN): Mxi mum PN mask
for | ow frequency PN

Tx cl ock phase noise (PN); Mxinmmtotal

i ntegrated RMS phase jitter between 10kHz
and 10MHz

Tx cl ock phase noise (PN

M ni mum Excess Bandwi dt h

Total output power with Tx disabl ed

Total output power during wavel ength
swi t chi ng

Transmit output power stability

Transmt output power control absolute
accur acy

Transmitter reflectance

Expires 13 July 2026

January 2026

OpenConf g
OpenConf g
OpenConf g
itu-t
itu-t
itu-t
itu-t
itu-t
itu-t
ietf
OpenConf g
/ t api
OpenConf g
/ t api
| ETF/ t api
itu-t
itu-t
itu-t

itu-t
itu-t
itu-t
itu-t
itu-t

itu-t
itu-t
itu-t
itu-t
oi f
oi f
oi f
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| 175 | Transmitter back reflection tolerance | oif |
| 176 | Transmitter polarization dependent power | oif |
| 177 | X-Y Skew | oif |
| 178 | DC1-Q offset (mean per polarization) | oif

| 179 | I'-Q instantaneous offset | oif

| 180 | Mean |-Q anplitude inbal ance | oif |
| 181 | I-Q phase error | oif

| 182 | I'-Q Skew | oif |
| 184 | Frequency offset between received carrier | oif |
| | and LO | |
| 188 | Optical return |oss | oif |
| 195 | Tolerance to change in SOP | oif |
| 196 | Optical input power transient tolerance | oif |
| 197 | Adjacent Channel Crosstal k OSNR Tol erance | oif |
| | penalty | |
| 198 | I'ntra-Channel filtering penalty | oif

| Attribute | Sunmary Description of |
| Nunber | Mssing Capability Attributes |

list of {tag-type, tag-value}

I I I
| 16 | Refers to error rate neasured after applying FEC |
| 17 | Bit error rate nmeasured before forward error |
| | correction decoding |
| 18 | Max optical transmi ssion distance that a coherent |
| | pluggabl e nodul e can support |
| 19 | Peak-to-peak insertion loss difference within filter

| | clear bandwi dth of the Mux or Denux |
| 20 | Max acceptable bit error rate for a pluggable optical

| | nodul e |
| 22 | Mn value of chromatic dispersion (CD) conpensation |
| | range supported by an optical pluggable |
| 36 | Max rate a coherent optical receiver can track and |
| | conmpensate for changes in polarization state of |
| | incom ng optical signal |
| 39 | Mn OSNR that the pluggable nodule’s transmtter is |
| | capabl e of generating |
| 46 | Digital filtering technique applied to electrical |
| | signal before it nmodul ates optical carrier |
| 53 | Forward error correction coding schema used in the |
| | transm ssion node |
| 68 | Mn values of the average received power at point RS |
| 70 | Hi ghest allowabl e average power |evel that can be |
| | input into a systemor conponent at a specified point

| 71 | Anal ogous to "Maxi mum nmean total input power," but for
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160

161
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output direction |
max al l owabl e difference in power |evels between |
channel s in a nulti-channel optical transm ssion |
mn optical power |evel that a receiver requires to |
decode incom ng signhals accurately |
hi ghest all owabl e | evel of optical reflectance fromthe|
receiver within those conmponents |
hi ghest | aser tenperature recorded or allowed for a |
| aser |
attribute that defines frequency grid used for optical |
channel s |
m n spectrum separation between the central frequencies|
of two adjacent optical channels |
expressed as ratio of input SNR to output SNR |
Quantifies how nuch noi se a conponent adds to signal |
max acceptabl e difference between the nominal central |
frequency and signal power drops |
A measure of how nuch the power of the main node in a

| aser exceeds that of its side nopdes |
An additional SNR penalty at | owest power with |
wor st - case di spersion |
Li st of nmethods of encoding digital data into signal |
wavef orns, ensuring proper timng and synchroni zati on

di fference between the noninal central wavel ength and |
the actual central wavel ength |
max percentage of tine that a signhal is in an active or|
"ON' state within a given period |
max al | onabl e width of |aser optical signal |
max al | owed devi ati on between actual carrier frequency |
of an optical signal and its nominal central frequency |
max difference in timng or phase between signals |
transmtted on different polarizations |
max al | owabl e optical power per unit frequency or |
wavel ength interval in a system |
Transmitter Dispersion and Eye Cosure Quaternary, a
metric to evaluate performance of optical transmitters
max |-Q of fset difference between in-phase (1) and |
quadrature (Q of a nodul ated signal |
max devi ation of a |laser’s actual output frequency fron
its nom nal channel frequency |
Descri bes the random fluctuations in the laser’s output]|
frequency over tine |
max al |l owabl e optical power limts at specific |
frequency offsets fromthe carrier wavel ength |
Laser Relative Intensity Noise quantifies random |
fluctuations in laser’ s optical power output

refers to random fluctuations in the timng of the |
transmitted signal’'s clock |
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163

164

168

169

170

171

174

175

176

177

178

179

180

181

182

184

188

195

196

197

198
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refers to the random fluctuations in timng of the |
transmtted signal’s clock |
refers to the random fluctuations in the timng of the
transmtted signal’s clock |
m n spectral wi dth beyond theoretical m nimumrequired
by the signal’s data rate |
anount of optical power enitted by pluggabl e when |
transmitter is intentionally turned off |
optical power |evel of pluggable transmtter during
brief period when it is changing its output wavel ength
ability of a transmitter to maintain a consistent |
optical output power |evel over tine |
how cl osely actual output power matches the desired or
configured output power |evel |
anount of optical power reflected back fromthe |
transmtter into the optical fiber |
Max anount of optical power reflected back towards |
transmtter w thout perfornmance degradation |
variation in optical power emitted by a transnmitter |
dependi ng on the pol arization state of the Iight |
timng skew between the X and Y pol ari zati on conponent s|
of an optical signal in a coherent system |
average DC offset |In-phase (1) and Quadrature (Q |
conponents of received signal for each polarization |
ti me-varying or dynamic offset between |In-phase (I) |
and Quadrature (Q comnponents of received signal |
average difference in anmplitude between In-phase (1) |
and Quadrature (Q conponents of the received signal |
devi ation from 90-degree phase rel ati onshi p between |
I n-phase (1) and Quadrature (Q of received signal |
time delay or misalignhnment between |n-phase (1) and |
Quadrature (Q conponents of a signal |
di fference between frequency of incom ng optical signal
and the local oscillator (LO frequency |
total reflected |ight caused by discontinuities in an
optical path, expressed as ratio of incident to |
refl ected power |
ability of an optical receiver to maintain acceptable |
performance despite variations in State of Polarization
(SCP) I
ability of an optical receiver to nmaintain acceptable |
per f ormance when subjected to sudden changes in |
recei ved optical power |evel |
increase in required OSNR to maintain a specific BER |
due to interference caused by nei ghboring opti cal |
channel s |
degradation in signal quality, nmeasured as an increase
in required OSNR to achieve a target BER |
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Note: The "Attribute Nunber"” refers to nunbering in Google Sheet

Figure 6: List of Optical Pluggable Capability Attributes Based
on Gap Analysis

7.2. List of Mssing Optical Pluggable Configuration Attributes Based
on Gap Anal ysis

Figure 7 identifies configuration attributes for optical pluggables
defined by other standards devel opnent organi zati ons (SDGCs) and

i ndustry forums which may not be fully represented in | ETF YANG
nmodel s.

Note that the "Attribute Nunber" refers to nunbering in Google Sheet.

For each Attribute Nane,

- First table displays the "M ssing Configuration Attributes"

- Second table displays the "Summary Description of M ssing
Configuration Attributes”

| Attribute | Mssing Configuration Attributes | source |
| Nunber | | |
| oo | o [EEREEEEES |
| 206 | admin-state | |
| 210 | line-coding-bit-rate | tapi |

| Attribute | Sunmary Description of |

| Number | Mssing Configuration Attributes |
| oo | |
| 206 | This is pluggable admin state. |
| 210 | Identifies the line coding e.g. NRZ-10G and is drawn |
| | from G 698. 2. |

Note: The "Attribute Nunber"” refers to nunbering in Google Sheet

Figure 7: List of Optical Pluggable Configuration Attributes
Based on Gap Anal ysis
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7. 3.

Li st of Mssing Optical
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Gap Anal ysi s

For each Attri bute Name,

First table displays the "M ssing PM States Attributes”
Second tabl e displays the "Sunmmary Description of M ssing

PM States Attri butes”

Attribute |
Nunber |

222

233
234
235
237
238
239
250
251
252
253

255
256
257
258

259

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

254 |
I

I

I

I

I

I

260 |
I

261 |
264 |
265 |
I

266 |
I

I

267

Rokui, et al.

operational -state
central -frequency-of f set

chromati c-di spersion

suppl y-vol t age

| aser - bi as-current

max- pol ari zat i on- dependent - | 0ss
nmodul ation-error-ratio

f ec-uncorrect abl e- bl ocks
g-val ue

EVMrax

EVM ns

MER

eSNR

SNR Mar gi n

CD- high granularity, short link
CD-low granularity, long link
DGD

SOPMD

PDL
SOP ROC

Tx Total Power

CFO

Modul ator Bias X/ |
Modul ator Bias X/ Q

Modul ator Bias Y/

Expires 13 July 2026

January 2026

Pl uggabl e PM States Attri butes Based on

Figure 8 highlights mssing Perfornance nonitoring and States
attributes for optical pluggables.
refers to nunbering in Google Sheet.

Note that the "Attri bute Nunber"

OpenConf g/ |
oif/t-api |
OpenConf g/ |
oif/tapi |
OpenConfg |
OpenConfg |
OpenConfg |
OpenConfg |
OpenConfg |
OpenConfg |
oi f |
oi f |
oi f |
OpenConf g/ |
oi f |
oi f |
oi f |
oi f |
oi f |
OpenConf g/ |
oi f |
oi f |
OpenConf g/ |
oi f |
oi f |
oi f |
OpenConf g/ |
oi f

OpenConf g/ |
oi f

OpenConf g/ |
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| oif
Modul ator Bias Y/ Q | OpenConfg/ |
| oif
Modul at or Bi as X Phase | OpenConfg/|
| oif |
Modul at or Bi as Y Phase | OpenConfg/ |
| oif |
sel f - phase- nodul ati on (SPM | itu-t |
cross- phase- nodul ati on ( XPM | itu-t |
Frequency of fset between received carrier | oif |
and LO | |
t ot al - channel - out put - power | IETF |

Sunmary Description of |
M ssing PM States Attributes |

This is pluggabl e adnmin state. |
Frequency difference between nom nal and actual optical|
carrier frequencies, causing phase rotation and |
requi ring DSP conpensation in coherent systenms. It is |
a key paraneter in OF and T-APlI for channel alignnent |
and interoperability in DWM networks. |
Wavel engt h- dependent variation in |ight speed within an|
optical fiber causing pul se broadening, expressed in |
ps/nmkm and is a key factor limting optical |
transm ssion performance as defined in ITUT fiber |
st andar ds |
Supply voltage to the transceiver in volts |
Current applied by the systemto the transnmit |aser to |
achi eve the output power. |
Maxi mum pol ari zat i on- dependent -1 oss accumul at ed val ue, |
supported by the optical channel associated to the |
associ ated transm ssi on node expressed in dB |
Modul ation error ratio in dB with two deci mal precision|
Nunber of bl ocks or franes that were uncorrectable by |
the FEC |
Quality value (factor) in dB of a channel with two |
deci mal precision. |
EVMrax (Error Vector Magnitude M) is a netric for |
eval uati ng maxi mum error vector nagnitude in coherent |
optics, used for quality and inpairnent neasurement in |
coherent optical transceivers |
Error Vector Magnitude nornalized by RMS val ue of |
reference constellation points used to eval uate |
coherent optical signal quality |
Modul ation Error Ratio (MER) is a neasure of how far |
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recei ved synbols deviate fromtheir ideal constellation
posi ti on.

Ef fective Signal-to-Noise Ratio, reflecting conbi ned
optical and el ectrical inpairnents.

The difference between the neasured SNGR and the
tolerable SNR that still allows acceptabl e BER and/ or
Qfactor.

Hi gh-granul arity chromatic di spersion nmeasuremnment for
short spans (nedi a-side fiber estimate). DSP esti mates
chromati c di spersion based on signal shape and
conpensati on requirenents.

Lowgranul arity chromatic di spersion measurenent for

| onger spans (nmedi a-side fiber estinmate). DSP estimates
chromati c di spersion based on signal shape and
compensati on requirenents

Differential Goup Delay - nmax del ay between

pol ari zati on nodes. Transponder DSP measures
Differential Goup Delay as part of PMD conpensation
Second Order Pol arization Mdde Di spersion nmeasured with
fine granularity

Pol ari zati on Dependent Loss (affects coherent detection
DSP can estimate it dynamically

Rat e of change of polarization state. Measured in

real -tine by tracking the speed of polarization state
rotation at the Rx

Total optical power emtted by the transmtter nodul e,
critical for link budget and interoperability

Central Frequency Ofset is frequency m snmatch between
transmtter and receiver oscillators causing phase
errors and interference in coherent optical systens

Bi as on the in-phase (1) path of polarization Xin a
coherent optical nodul ator, expressed as a percentage
with 2 decimal places, including statistical values
(instant, avg, mn, nax)

Bias on the quadrature (Q path of polarization Xin a
coherent optical nodulator, sinilarly expressed as a
percentage with 2 decimal places, including the same
set of statistical values (instant, avg, mn, nmax)
Bias on the in-phase (1) path of polarization Y in a
coherent optical nodul ator, expressed as a percentage
with 2 decinal places, including statistical values

(i nstant aneous, average, mn, nax)

Bi as on the quadrature (Q path of polarization Yin a
coherent optical nodul ator, expressed as a percentage
with 2 decimal places, including statistical values

(i nstant aneous, average, mn, nax)

Bi as on phase path of polarization X in a coherent
optical nodul ator, expressed as a percentage with 2
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deci mal places, including statistical values

(i nstant aneous, average, mn, nmax)

Bi as on phase path of polarization Y in a coherent
optical nodul ator, expressed as a percentage with 2
deci mal places, including statistical values

(i nstant aneous, average, mn, nax)

A nonlinear optical effect where the phase of a |ight
pul se is nodul ated by its own intensity due to the Kerr
effect, leading to a time-dependent phase shift and
spectral broadening of the pulse as it propagates
through an optical nmediumlike a fiber

A nonlinear optical effect where the intensity of one
Iight signal nodul ates the phase of another signa
traveling through the sane fiber, leading to inter-
channel crosstal k and signal degradation in wavel ength
division nmultiplexing (WDM system

Estimated frequency offset is a key performance

i ndicator that can be nonitored to assess the health
and stability of the link

The total output power of this interface

270

271

272

Note: The "Attribute Nunber" refers to nunbering in Google Sheet

Figure 8: List of Optical Pluggable PM State Attributes Based on
Gap Anal ysis

7.4. Coherent Pluggable Syntax Gaps

Addr essi ng syntax gaps in coherent pluggable attributes is crucial
for achieving consistent and interoperabl e managenent across
different inplementations. One key issue lies in establishing a

st andardi zed nam ng convention. There are sone nam ng inconsistency
on existing IETF drafts
[1-D.ietf-ccanp-optical-inpairnent-topol ogy-yang],
[I-D.ietf-ccanp-rfc9093-bis] and [I-D.ietf-ccanmp-dwdmi f-param yang].
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Figure 9 shows a proposal for nam ng convention of optical pluggable
attributes. The current proposal, while illustrative, may need
further refinement to ensure clarity and avoid anbiguity.
Specifically, the prefixing of attributes with directions like "tx"
or "rx" should be consistently applied to all relevant paraneters to
clearly identify the directionality of the signal. The exanple also
shows the need to clearly define the value type associated with the
attribute, such as mn, max, current, or none, for a cohesive and

st andar di zed approach. Furthernore, the exanples for attribute

nam ng should be universally adopted to establish an attribute
mapping that is aligned with | ETF, inproving the overall clarity and
usability of the YANG nodel s for managi ng coherent pluggabl es.

Nam ng conventi on:
direction [tx/rx/both/none]-
[name of the attribute]-
value [min / max / current / none]

Exanpl es:
for IETF attribute rx-channel - power-max, use
r x- channel - power - max (no change)

for ITUT attribute "Mn (residual) chronmatic di spersion", use
resi dual - chromati c-di spersion-mn

for 1ETF attribute "max-central -frequency”, use
central - frequency- max

for IETF attribute "channel -out put-power", use
t x- channel - power

Figure 9: Proposed nanmi ng convention for optical pluggable
attribute nanes

7.5. Next Steps on Optical Mdule Data Mdeling Gap Anal ysis
Based on the results of the gap analysis, the next step will be to
incorporate the identified pluggable attributes using one of the
proposed approaches. It is inmportant to note that this step
represents the final phase of this draft, and its details will be
provided in the next version of this draft.

* Augnentation of existing | ETF YANG data nodel (e.g. augnentation
of draft [I-D.ietf-ccanp-optical-inpairment-topol ogy-yang])

* Extend the content of an existing | ETF YANG nodel via "bis/update"
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8.

Optical pluggabl e nmodul es Lifecycl e Managenent

[Editorial Note: it is under review It was agreed that this section
is inportant. Having said that, there are a few potential solution
to address this topic:

* Keep it is this draft

* Talk to author of use-case draft to be included in that draft
https://datatracker.ietf.org/doc/draft-ietf-ccanp-actn-poi-
pl uggabl e- usecases- gaps/

* NMve it to other | ETF draft]

Thi s section discusses the conplete lifecycle of an optical pluggable
nmodul e as shown in Figure 10. It includes discussion on the pre-
purchase eval uati on of pluggabl e nodul es through installation to the
operation of a pluggable nodule in a live network.

Most of this lifecycle discussion applies to a najority of equi prent
types. VWhere the pluggable nodule is special, this is highlighted.

The figure bel ow provides a high level flow. 1In a real environnent,
all stages will be running in parallel for various plug versions etc.
and there may be feedback from any stage to a previous stage. For
exanpl e, the research, evaluation and pl anni ng exerci ses are ongoi ng
activities that continue as the network grows and changes and as new
pl uggabl e nodul e type & versions are introduced by vendors and

i nsight fromdepl oynent nmay feed back to the eval uation stage.

Thr oughout the lifecycle specific use cases and scenarios will be
consi dered and applied. These will be devel oped during the early
stages and applied in service design.

Not e: The stages and the term nol ogy used are not intended to reflect
any specific operational practice. They are intended to be neutra
with respect to any existing operator’s processes, aligning with the
essence of the processes.

Trials & PoCs
I

\Y

Mar ket research \
I I
v I
Testing of pluggabl e nodul e sanpl es | Refer to
| | Section 9.1
v |
I
I
I
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~

Approve pluggabl e nodul e type
I

\% \
Servi ce demand Anal ysi s |
I I
v | Refer to
Net wor k pl anni ng | Section 9.2
I I
v |
Service type realization analysis |
I I
v I
Pur chase pl uggabl e nodul es /
| .........
\% \
Optical infrastructure creation |
I I
v I
Servi ce demand received | Refer to
| | Section 9.3
v |
Desi gn service |
I I
v I
Val i date optical design /
| .........
\% \
Work Order (physical) |
I I
v I
Installation of pluggable nodules etc. |
| | Refer to
\% | Section 9.4
Service configuration |
I I
v I
Service validation & test |
I I
v |
Enabl e Service |
I I
v I
Qperate service /

Figure 10: Lifecycle of a optical pluggable nodule

The foll owi ng sub-sections discuss the overall flow of activities and
then work through the lifecycle stages in sone detail.
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8.1. Approving the pluggabl e nodul e type and version

pl uggabl e nodul es, like all equipnent, are carefully chosen. A

net wor k operations conpany (the operator) w Il decide what pluggable
nmodul es to use in the network based upon research and an
under st andi ng of capabilities of the pluggabl e nodul es available in
the marketplace. These capabilities will be considered agai nst the
specific applications, use cases and scenarios that are of rel evance
to the operator’s business.

It is expected that these applications, use cases and scenarios wl|l
be devel oped through "Market research" and as pluggabl e nodul es etc.
are assessed. The use cases and scenarios will be applied
extensively in | ater stages.

The operator will acquire sanples of each type & version of pluggable
nmodul e of interest and probably test and then trial them They will
al so probably carry out "type approval" considering each type&version
of pluggable nodule for a particular set of applications (where those
applications may be defined by the operator thenselves or may be
standardi zed definitions) etc. The full detail of the capability of
each type & version of pluggable nodule is relevant at all of these
stages (see Section 8.5). The capabilities are expected to be
expressed in a Repository.

[Editorial Note: As the mmin goal of this draft is to identify, we
m ght want to nove a portion of this section to an annex or separate
draft].

8.2. Planning the network

Speci fic pluggabl e nodul es (type&version) will be purchased only
after detailed planning of the network. To carry out this planning,
full know edge of each type&version of pluggable nodule will be
required. The planning process will account for key pluggabl e nodul e
properties to explore viability and conpatibility. The planning wll
use predictions of "service demand" (e.g., using a demand matrix) and
hence infrastructure need to determ ne purchase vol unes, phasing etc.

During the "Network planning" process different types of service

rel evant for the applications, use cases and scenarios (identified in
Section 8.1) will be explores and specific approaches to realizing
each resulting type of service will be determined. This will result
in design of specific "service realization" patterns and tenpl ates
that will be used in |ater stages of the process. The approach to
depl oyi ng each service type is defined for each operational context
(application etc.)
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As a result of the planning exercise, numbers of each pluggabl e
modul e type&version required will be known and purchasing can be
initiated. The purchased pluggabl e nodules will be added to the
i nventory and spares hol di ngs.

8.3. Dealing with service dermand

The pl anning exercise |leads to optical infrastructure requirenents
with some timetable for deployment. The "Optical infrastructure” is
desi gned (using the patterns/tenpl ates designed in Section 8.2. The
infrastructure will be depl oyed as appropriate based upon predicted
and actual service demand etc.

When optical "services demand" is received, perhaps to provide
underl ay for the packet network or driven by a specific service
contract, optical network analysis is carried out to evaluate how to
efficiently and effectively achi eve the specific service denanded.
This analysis will consider the whole optical network including the
plugs and ROADMs etc. In nost cases this "Service design" will use
patterns/tenpl ates constructed in Section 8.2 in conjunction with
rel evant capability information for the pluggabl e nodul e
type&versi on.

Prior to progressing further it is inportant to note that pluggable
modul es are hi ghly val uabl e, and correspondi ngly expensive. They are
deployed in a controlled fashion. There are a range of policies for
depl oynent of pluggabl e nodul es.

In sone cases, at one extrene end of the range of policy choices, an
operator nmay decide to fully popul ate a packet device with a

sel ection of pluggabl e modul es and nay cable themto adjacent ROADVS
However, it is nore likely that pluggabl e nodul e depl oynment will be
on a just-in-time basis, at the other end of the range of policy

choi ces, so a pluggable nodule is not deployed (and hence is not
cabled) until the solution to realization of the optical service has
been det erm ned.
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Regar dl ess of the depl oynment approach, the nodul e capability will be
accounted for in the optical network analysis activity. Were
modul es are present, the range of installed nodul es constrain the
possi bl e realizations, where pluggabl e nodul e nodul es have not been
depl oyed all approved pluggabl e nodul e nodul es (type&version) could
be considered during the analysis, although capability of the

rel evant packet devices to support specific pluggabl e nodul e nodul es
will also need to be considered, and this nmay elimnate sone

pl uggabl e nodul e nodules. In addition, if there is sone urgency, the
availability of the type of pluggable nodules to the installation
engi neer and/or in the | ocal spares holding inventory may al so be
consi der ed.

The optical design will be "validated" in terms of "viability" and
compatibility prior to proceeding. This analysis takes into account
the full definitions of the pluggabl e nodul e type&versions of
interest, where each is defined in a correspondi ng and referenced
Repository.

8.4. Installing and operationalizing the pluggabl e nodul e

Once the design is available, any necessary physical installation
exerci se (pluggable nodule installation, cabling etc.) is carried
out, driven by "Wirk orders" that identify the type&version of

pl uggabl e nmodul e to instal etc.

On detection of the pluggable nodul e i nstance, the control system
will validate that the work order has been carried out correctly. To
do this, the full type&version of the pluggable nodule is read and
conpared with the intent. Were there are discrepancies, either a
work order is constructed to correct the installation error after the
det ect ed pl uggabl e nodul e type&version is evaluated for conpatibility
with the specific design. This evaluation is done using the
Repository for that type&version. It is possible that the
type&versi on may be acceptabl e although perhaps a little nore
expensi ve than the optinmum choice etc.

Once the type&version of pluggabl e nmodul e has been confirned, the
cabling to the pluggable nodule will be validated and the service set
up and validated. Depending upon the operator practices, there may
be an extensive service test phase prior to handi ng over the service.
The service may not be enabled immediately, but will be at sone point
after which the service will become operational. Fromthis point on,
normal |ive servicel/equipnent managenent/control will be active

Beyond this point nornal operational activities such as engineering

wor ks, restoration, upgrade, fault |ocation etc. will be carried out.
Clearly, there is also the reverse sequence which includes
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8.

5

deactivating a service and renoving the plug and there are also
various edits and refinenents that result from changes in demand and
changes in understanding of the service needs etc. These steps have
not been covered at this stage as the initial |ist above is
sufficient to the devel op a deep understanding of the control of the
plugs. Further stages will be added in a future version of this
docunent .

In addition, during transition towards a nore automated future, there
are processes related to discovery of existing network etc. In many
of these processes the current state of the network i s understood

i ncluding the type&version of each pluggabl e nodule. Sone degree of
under st andi ng of capability of pluggabl e nodul es (and any ot her

equi prent) is rel evant.

Expressing capabilities

As hi ghlighted above, prior to installation of an optical pluggable
nmodul e in a device, various research, approval, planning and design
activities nust be carried out (as they would be for any hardware).

Al of these activities will require information on the capabilities
of the pluggabl e nodul e.

Detailed information on the capability of the pluggable nodule is
required long before it is installed and operating. This points to
the need for a nodel of capability (of a type of pluggabl e nmodul e)
that is independent of the nodel of a running instance (and hence

poi nts to decoupling of the nodel of capability fromthe nodel of the
operation of the pluggable nodule). This also suggest that discovery
of capability detail fromthe pluggable nodule is not sufficient/
appropriate for deploynent (although it nay be useful in a lab

cont ext).

A machine interpretable definition/specification for the pluggable
nmodul e shoul d be avail abl e (i ndependent of the pluggabl e nodul e

i nstance) for each pluggabl e nodul e type&versi on where the statenent
of type&version (conplete type&version) used is to the degree
sufficient to precisely identify the relevant (unique) definition/
specification. The conplete type&version may include hardware
type&version, firmwvare type&version and software type&version details
(where the firmvare/ software influences the operation/control of the
pl uggabl e nmodule). This is essentially the type&version used when
consi dering spares holding and like-for-like replacenment in the
field.
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Fromthis perspective, all that is required froma running pluggable
modul e is to report the conmplete type&version detail so that this can
be confirmed as the right type&version. The type&version can be used
to reference the rel evant uni que specification

It is inmportant to clarify the definition of capability. |In this
docunent, the termcapability neans "A quality or facility that
enabl es something to carry out some activity and/or take some role".
In the context of an equipnent, the termapplies to its functiona
and physical properties.

Consi dering a pluggabl e nodul e (as for many other equi pnents), this
woul d i nclude specification of capabilities such as:

* physical size, formfactor and shape (the capability to fit in a
particul ar type of |ocation)

* connector type (the capability to physically interconnect with a
compati bl e connect or)

* bus architecture (the capability to communicate with a conpatible
conponent)

* optical term nation characteristics (the functional capabilities
energent fromthe powered physical equipnent, allow ng
i nterconnection with correspondi ng conpati bl e functions)

* measurenent opportunities (the functional capabilities to provide
informati on to various control functions)

A capability statement may be a precise single value with no
uncertainty, a range, a collection of related ranges and threshol ds
etc. \Were sone aspect has variability or is controllable, this is
al so required to be specified

For an equi prrent to be understood and used by a control system the
detailed information on capabilities nust be avail able in machine
interpretable form(to the degree necessary for any particul ar
function to be carried out). The machine interpretable statenents
may be in the formof software, but preferably should be in the form
of data (information) that can be readily ingested by tooling and
ideally in a standardi zed | anguage.

Traditionally, the published statenments of capability have been in
somewhat ambi guous text that require interpretati on and conversion
into a nmachine interpretable formthrough a manual internediate step
(normally perfornmed, with errors and performed many tines for any
particul ar device type etc.). It is suggested here that the best
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source of the machine interpretable data is the specifying authority
(e.g., ITUT for standard applications, the vendor for plug
capabilities, an operator for non-standard applications).

9. Appendix A - Coherent pluggabl e nodul e Exanpl es

Wthin this section, we present a few use-cases showcasing the
practical application of the coherent pluggable repository. |In this
section, we present several use cases that denonstrate the practica
application of coherent pluggable life cycle managenent.

9.1. Exanple-1: Coherent Pluggabl es Al ready Provisioned

The first exanple is illustrated in Figure 11. This is a sinple
exanpl e where the packet over optical network has been al ready
provi sioned with both optical underlay and packet overlay services.
The role of SDN controller is just to discover and nanage the

network. In other words, the SDN controller was not involved in
various aspects of service provisioning and viability. The second
exanple will come all these aspects in nore detail
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LT L3 service-1 ------------------- >
R TE-Tunnel -1 ------------------ >
O IPlink-1 ----------------- >
S LO service-1 ------------- >
| -m oo | |- |
| Coherent | | |
| Pluggable | <--> | SDN Controller |
| Repository | | |
|- | |- |
N
%
|- |
port_a | |
|- | p1 |- | |
| R1 ++-\ | | port b
|------ A EEERS | |------ | P2 |------ |
\ | | m |----- ++ R2 |
O | |------ | |------ |
\-| 2| |
|- | |
I I
R RRREETEEEE |
Legend:

---- Optical fibers

++ pl, p2 Coher ent pl uggabl es

R1, R2 Packet device (i.e., Router)
mL, nR, n8 Photonic node (ROADM

Figure 11: Coherent Pluggabl e Repository Exanple-1

In this exanple, all optical and | P/ MPLS services had been al ready
provi sioned and depl oyed and the packet over optical network is fully
functional

Wthin packet devices R1L and R2, coherent pluggables pl and p2, are
installed, interfacing through ports port_a and port_b, respectively.
Bot h coherent pluggables are provisioned for the follow ng
operational - node (see section 3 YANG Model of
[1-D.ietf-ccanp-optical-inpairnent-topol ogy-yang]):

* [organi zation-identifier, operational-node] = [OF, Ox3F]
A single photonic service is established between these pluggabl es and

an I[P link is mapped to this LO photonic service. The overlay TE-
Tunnel -1 and L3 service-1 had been al so provisioned. The follow ng
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steps outline the details of how this network is di scovered and
managed by SDN controllers (note that the SDN controller was not
i nvol ved in provisioning):

* Packet devices (Rl, R2), pluggables (pl, p2), and photonic devices
(mL, nm2, nB) are all discovered by SDN controllers.

* The SDN controller also discovers all underlay and overl ay
services, i.e., LO service-1, IP link-1, TE-Tunnel-1 and L3
service- 1.

* The SDN controller has the network inventory, including coherent
pl uggabl es pl and p2. |In particular for coherent pluggabl es,
basic information such as pluggabl e type, vendor, manufacturer,
serial nunber and software version will be provided by pluggabl es
to SDN controller.

* The inventory of packet devices Rl and R2 contains the
configurations of pluggable attributes such as "configured
operational -node, " "configured central frequency," and "configured
out put power".

* Specifically, using the basic information of pluggables pl and p2
such as pluggabl e type, vendor, nmanufacturer, serial nunmber and
software version collected earlier from packet devices RL and R2,
the SDN controller can use the "Coherent Pluggable Repository,” to
access the entire informati on of both pluggables pl and p2. This
includes all supported operational -nodes along with all attributes
rel ated to each supported operational - node.

* The SDN controller can collect all PMtelenetry data fromthe
net wor k (i ncluding pluggabl es).

* The SDN controller can collect all alarmnotifications fromthe
net wor k (i ncluding pluggabl es).

* The SDN controller can further change, nodify, optimnize the
network (if needed).

9.2. Exanple-2: Coherent Pluggabl es Pl anni ng
The exanple in Figure 12 denonstrates the usage of the "Coherent
Pl uggabl e Repository" for entire lifecycle of photonic service from

i ncludi ng service planning, viability, provisioning, collection of PM
telemetry, collection of alarmnotifications and optim zation
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Note that the packet over optical network in Figure 12 is not created
yet. The ports port_a and port_b of packet device Rl and R2 are
enpty and can accept coherent pluggables. In addition, ports port_a
and port b are not connected to the optical network yet, i.e., there
is no connection between packet devices RlL, R2 and optical network.
The port_a and port_b of packet device RL and R2 can be potentially
connected to any photonic nodes ml, n2 or nS.

Qperator’s goal is to use the SDN controller to plan, provision and
monitor an optinal |P link-2 between packet devices Rl and R2.
Optionally they can al so provision overlay TE-Tunnel -2 and L3
service-2. To achieve this, the SDN controller should first plan an
optical service-2, performthe viability to make sure this photonic
service is feasible, provision it and then map it to an IP link-2
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LT L3 service-2 ------------------- >
R TE-Tunnel -2 -----------mmom-n- >
O IPlink-2 ---------ummmm--- >
S LO service-2 ------------- >
| -m oo | |- |
| Coherent | | |
| Pluggable | <--> | SDN Controller |
| Repository | | |
|- | |- |
N
%
|- |
port_a | |
|- | |- | |
| RL ......... | | port b
|------ | |------ | |------ | |------ |
| | nmB |..... .. R2 |
|------ | |------ | |------ |
| n2 | |
|- | |
I I
R RRREETEEEE |
Legend

..... Packet device can be potentially
connected to photonic nodes mi, nR2, nB

Rl, Rz2: Packet device (i.e., Router)

mL, nR, n8 Photonic node (ROADM

port_a Router Rl port which is enpty and can
potentially popul ated by coherent pluggabl es

port_b Router R2 port which is enpty and can

potentially popul ated by coherent pluggabl es
Fi gure 12: Coherent Pluggabl e Repository Usage 2

Let’s assune that the operator of this network has al ready purchased
coherent pluggabl es from Vendor-X, which can support the follow ng
two operational -nbdes. Note that the detail information of these
operational -nodes including all optical and photonic attributes are
al ready upl oaded to "Coherent Pl uggabl e Repository" by Vendor-X and
O F (see section 3 YANG Model of
[1-D.ietf-ccanp-optical-inpairment-topol ogy-yang]):

* [organization-identifier, operational-node] [OF, Ox3E]

* [organization-identifier, operational-node] [ Vendor - X, 0x22]
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The following steps outline the details of howthis network is
pl anned, provisioned, discovered and managed by SDN controllers:

*

Rokui ,

At first, there are no coherent pluggables installed in the packet
devices yet. There are also no connection between packet devices
and optical network.

Al'l packet devices (Rl, R2) and photonic devices (nl, n2, nB) are
managed by the SDN controll er

As a result, the SDN controller naintains an inventory of packet
and photonic devices within the network (i.e., nodes Rl, R2, ni,
n2, nB8).

To create the IP link-2, the SDN controller should plan and then
provi sion the optical service-2 between port_a and port_b.

To this end, the SDN controller should first design an optica
service and then perfornms the viability check to nmake sure the
optical service is viable in this network.

So, the SDN controller calculates the best optical path from
port _a to port_b.

Next, the SDN controller perforns the viability on optical route
to nake sure the optical path is viable in the network.

To do viability, the SDN controller checks all attributes of all
operational -nobdes to find the nost optinmal operational -node. To
do this, the SDN controller connects to the "Coherent Pluggable
Repository" and access all optical and photonic attributes of al
operati onal - nodes (such as chromatic dispersion, FEC, nodul ation,
pol ari zati on nmode di spersion etc.) and perforns the viability.

After performing the optical path cal culation and optica
viability, the SDN controller selects the best coherent pluggable
to be installed on port_a and port_b and the best optical route
fromport_a to port_b.

Upon conpl etion of the photonic viability check, the SDN
controll er determ nes which photonic devices (ml, n2, nB) should
be connected to ports port_a and port_b.

The SDN controller informs the operator of the sel ected coherent
pl uggabl es for ports port_a and port_b and provides instructions
on how to connect themto the respective photonic devices (nl, ng,
nB) .
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* The operator installs the designated pluggables into ports port_a
and port_b and connects themto the specified photonic devices.
* The SDN controller then manages the newy installed pluggabl es.
* As part of the photonic viability process, the SDN controller
knows the specific attributes of the pluggables, including
"configured operational node," "configured central frequency," and

"configured output power."

* As a result, the SDN controller configures these configurations to
each pluggable on port_a and port_b

* The SDN controller should al so configure optical nodes nil, nR2, nB
with attributes such as output power.

* The SDN controller provisions the optical service 1 between two
coherent pluggabl es on port_a and port _b.

* The SDN controller also provisions the IP |ink-2 between packet
device R1 and R2.

* The SDN controller can collect all PMtelenetry data fromthe
networ k (i ncluding pluggabl es).

* The SDN controller can collect all alarmnotifications fromthe
net wor k (i ncluding pluggabl es).

* The SDN controller can further change, nodify, optinize the
network (if needed).

10. Appendi x B - Support of Opaque Attributes

[Editorial Note: This section in under review. The G hHub issue #14
addresses this].

In certain cases, a coherent pluggable nay support attributes that
are specific to a particular vendor. This draft refers to such
attributes as "Qpaque Attributes”. G ven that coherent pluggables
enconpass capability, configuration, and performance nonitoring
(PM/state attributes, each category nmay contain opaque attributes.
Consequently, the opaque attributes could include the foll ow ng:

* Read-only opaque capability attributes

* Read-wite opaque configuration attributes

* Read-only opaque PMstate attributes
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As part of coherent pluggable work, we need to address this situation
where a coherent pluggabl e contains some proprietary capability,
configuration and PM states attri butes which are needed to be
configured or accessed from coherent pluggables. In this situation
we need to address how opaque attributes are treated by packet device
host. This allows different coherent pluggables to be used in
various multi-vendor hosts in plug-and-play fashion

It is inportant to note that "opaque attributes” are not sinply
attributes that can be addressed through augnentation of the YANG
data nodel. The reason for this is that the coherent pluggable is
exposed to external systens via the host packet device northbound
interface as shown in Figure 1. |f the host packet device does not
recogni ze any of these "opaque attributes". it may prevent the

di scovery of the coherent pluggable.

When such opaque attributes exist, although the host packet device
may not conprehend the senmantics of these opaque attributes, it
shoul d function as a proxy and nedi at or between the coherent

pl uggabl e and the northbound SDN controller. Specifically, the host
packet device shoul d understand the syntax of the opaque attributes
and facilitate conmunication between the coherent pluggable and the
nort hbound SDN controller. To achieve plug-and-play functionality in
a multi-vendor environnent, the host packet device should be capable
of supporting these opaque attributes. The rest of this section wll
provi de details on how to achieve this.

Anot her consideration is the privacy of opaque attributes, i.e.,
there are situations where these attributes my be comrercially
sensitive. 1In these cases, it would be reasonable to assune that the

opaque attributes are in encrypted format allowing themto be passed
from coherent pluggable to northbound of the host w thout being
observed or interpreted in any way by host.

To achieve this, the coherent pluggable YANG data nodel (the work
done as part of this draft - Google Sheet) should first be augnented
with vendor proprietary capability, configuration or PMattributes.
As noted above, it might be al so necessary to define how these new
attributes are mapped to the internal protocol between the host and
the pluggable via CM S protocol. A key consideration is that the
host does not need to understand the senmantics of these new
attributes and may not even need to know their syntax.

There are multiple solutions to this problemwhich will be discussed

bel ow. To denpbnstrate these sol utions, consider the host Vendor-X
and pluggable Vendor-Y in Figure 1. Let's assune:
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10.

10.

1.

Vendor-Y has a new read-write proprietary configuration attributes
"AA" whi ch should be configured in pluggable (in addition to well -
known attributes such as central -frequency, power and operational -
nmode). The value of attribute AAis 100 and its nenory map in
coherent pluggable is 0x1100.

In addition, consider a new read-only proprietary capability
attributes "CC' supported on pluggable in range of {CC min, CC
max}={1.1, 3. 3}.

Support of Opaque Capability Attributes

The coherent pluggabl e YANG data nodel is augnmented with a list of
new capability attributes. As denonstrated in Figure 13, the YANG
data nodel is augnented with the follow ng information

*

I D of new capability proprietary attribute
Nanme of new capability proprietary attribute
M ni mum val ue of new attribute

Maxi mum val ue of new attri bute

The Figure 13 shows an exanpl e of new capability attribute "CC' whose
m n and max values are 1.1 and 3.3, respectively.

+--r0 opaque-capability-attribute-list* [cap-attribute-id]

+--ro0 cap-attribute-id ui nt 32
+--ro0 cap-attribute-nane string
+--ro cap-nn-val ue deci nal 64
+--ro cap- max-val ue deci nal 64

<opaque-capability-attribute-list xm ns="urn:exanple:cc">

<cap-attribute-id> 1 </cap-attribute-id >
<cap-attribute-nane> CC </cap-attribute-nanme>
<cap-m n-val ue> 1.1 </cap-m n-val ue>

<cap- max-val ue> 3. 3 </cap- max-val ue>

</ opaque-capability-attribute-list>

2

Fi gure 13: Support of Opaque Capability Attributes

Support of Opaque Secret Capability Attributes

to be added
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10.3. Support of Opaque Configuration Attributes (Solution-1)

To support the opaque configuration attributes, there are a few
potential solutions which are discussed below. This approach is the
sinplest solution, as it requires no interpretation by the host
platform The coherent pluggabl e YANG data nodel is augnmented with a
list that directly maps the values of new configuration attributes to
the correspondi ng menory-map | ocati ons on the pluggable device. In
this solution, the nenory-map | ocations nust be known to the
operator, potentially provided in the Coherent Pluggabl e Repository.
The Figure 14 illustrates the coherent pluggabl e YANG data nodel,

whi ch has been augnented with the follow ng information:

* | D of new proprietary configuration attribute
* Nane of new proprietary configuration attribute
* Value of new proprietary attribute

* The menmory map of new proprietary attribute (which is used in CM S
communi cati on between host and pl uggabl e)

For instance, consider a scenario where the operator intends to
configure a new proprietary attribute, "AA " with a value of 100, and
a menory-nmap | ocation on the pluggable set to 0x1100. |In this
process, the host platformreceives the attribute "AA" as defined in
Figure 14. The host platformthen relays this information to the
coherent pluggable via the CM S protocol, wi thout perform ng any
interpretation. In other words, the host platformis not required to
understand the syntax or semantics of these attributes; it functions
merely as a conduit, transmtting the values fromthe NBI to the

desi gnated nenory-map | ocations on the pluggabl e.

+--rw opaque-config-attribute-list* [conf-attribute-id]

+--rw conf-attribute-id ui nt 32
+--rw conf-attribute-nane string
+--rw val ue deci nal 64
+--rw menory- map deci nal 64

<opaque-config-attribute-list xm ns="urn: exanpl e:cc">
<config-attribute-id> 1 </config-attribute-id >
<config-attribute-nane> AA </config-attribute-nanme>
<val ue> 100 </val ue>
<menory-map> 1100 </ menory- map>

</ opaque-config-attribute-Iist>

Figure 14: Solution-1 for support of opaque config attributes
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10. 4. Support of Opaque Configuration Attributes (Solution-2)

This approach is simlar to Figure 14 but requires the host platform
to inplenent |ookup logic to determ ne the menory-map | ocation on the
pl uggables. In this solution, the coherent pluggabl e YANG data nodel
is augrmented with the following new attri butes, as shown in

Fi gure 15:

* | D of new proprietary configuration attribute
* Nanme of new proprietary configuration attribute
*  Value of new proprietary attribute

The operator does not have visibility into the specific nenory-map
| ocations for these attributes on the coherent pluggabl e devi ce.

I nstead, the nenory-map for each new attribute is provided in the
Coherent Pluggable Repository. |In this scenario, the host platform
must search the pluggable Repository to |ocate the correspondi ng
menory-nmap |l ocation for each new attribute. These values are then
communi cated to the pluggable via the CMS protocol for
configuration. As in Figure 14, the host platform does not need to
understand the syntax or semantics of the new attributes; it only
needs to search the pluggable Repository to identify the menory-nmap
| ocations for the new attri butes.

As illustrated in Figure 15, the host platformreceives the new
attribute "AA" via its Northbound Interface (NBI), with a
configuration value of 0x1100. The host then searches the coherent
pl uggabl e Repository to determine the nenory-map | ocation associ ated
with this attribute and identifies it as 0x1100. W thout
interpreting the attribute’s syntax or semantics, the host platform
communi cates this information to the coherent pluggable via the CM S
protocol. Essentially, the host platformfunctions as a proxy,
transmtting the values fromthe NBI to the appropriate nmenory-nap

| ocations on the pluggabl e without needing to understand the nmeani ng
of the attributes.
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10.

+--rw opaque-config-attribute-list* [conf-attribute-id]

+--rw conf-attribute-id ui nt 32
+--rw conf-attribute-nane string
+--rw val ue deci nal 64

Not e: The nenory-map for each new attribute is provided in
pl uggabl e Repository.

<opaque-config-attribute-list xm ns="urn: exanpl e: cc">
<config-attribute-id> 1 </config-attribute-id >
<config-attribute-nane> AA </config-attribute-nane>
<val ue> 1100 </val ue>

</ opaque-config-attribute-list>

Figure 15: Solution-2 for support of opaque config attributes
5. Support of Opaque Configuration Attributes (Solution-3)

Thi s solution represents an advanced approach when a new opaque
configuration attribute is nmapped to nultiple nmenory-nmap | ocations on
a pluggabl e device, or when multiple such attributes are mapped to a
single menory-map | ocation on pluggable. Simlar to Figure 15, the
mappi ng between these new attributes and their correspondi ng nenory-
map | ocations should be detailed in the pluggabl e Repository. For
each new opaque attribute, the host platformis required to performa
| ookup in the pluggable Repository to identify the rel evant menory-
map | ocations. The platformthen assenbles the correspondi ng val ues,
whi ch are comunicated to the pluggable device via the CMS protocol

Al though this solution is included for conpleteness, it is not
practical or desirable due to its conplexity and the need for
interpretation by the host software

6. Support of Opaque Secret Configuration Attributes

There are situations where opaque configuration attributes are
confidential, and the vendor w shes to conceal their meanings and
val ues. Wen considering the interface fromthe pluggabl e device to
the host via CMS, it is crucial that the pluggabl e does not expose
the meaning or value of these confidential attributes. Ideally, the
pl uggabl e devi ce woul d encrypt the data. Wthin the context of CMS
it may be sufficient to allocate an array of register locations to
convey the property values. These registers would store an encrypted
data blob for read-only properties and accept an encrypted bl ob for
witable registers. The specific value mght be set or read through
different register positions on each read/wite, depending on the
encryption techni que used.
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10.

11.

It is inportant to note that since the pluggabl e device encrypts the
data, mapping the data offers no additional benefit. The YANG node
woul d sinply convey the register values as requested. The properties
are applied to the nenory map in a nanner that rmay appear disordered.
The | ocation val ues nust always be read together and witten as
specified, potentially requiring nmultiple reads to retrieve al
properties. This approach could be incorporated into the basic

regi ster-based option discussed in Section 10. 3.

As an exanple, let’s assune a vendor defines secret attribute "DD"
for its coherent pluggable. Vendor first needs to augnent | ETF data
nmodel with a list of encrypted values and menory-maps shown in
Figure 16. This very simlar to Figure 14 where essentially the host
functions as a proxy, transmtting the values fromthe NBI to the
appropriate nmenory-map | ocati ons on the pluggable w thout needing to
under stand the neani ng and senmantics of these attributes.

+--rw opaque-config-attribute-list* [conf-attribute-id]

+--rw conf-attribute-id ui nt 32
+--rw encrypted-attribut e-nane string
+--rw encrypted-attribute-val ue string
+--Tr'W IMenory- map deci nal 64

Figure 16: Solution-4 for support of opaque secret configuration
attributes

7. Support of Opaque Perfornmance Mnitoring Data

The host packet device is informed of the properties via YANG
augnments and appropriate nmapping definitions. The napping
definitions tell the host that the related properties are related to
performance nonitoring data such that the host will periodically read
the appropriate parts of the pluggable interface as for any other
performance nonitoring data. AS for all other performance nonitoring
data, the host does not need to understand the data. The client
controller can carry out analysis or can propagate the neasures
transparently to sone other controller etc.

Appendi x C - Coherent Pl uggabl e Repository
[Editor’s note: Formerly Manifest. G tHub issue #15 covers this].

[Editor’s note: Based on CCAMP W5 s suggestion, this section is noved
to Appendix for now It mght be noved fromthis draft to an
existing | ETF draft or to a newdraft. W need to align with draft
https://datatracker.ietf.org/doc/draft-ietf-ccanp-actn-poi-pluggabl e-
usecases-gaps/ as well]
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Referring to Section 5.1, the coherent pluggable capability
attributes (i.e., supported-nodes) are crucial aspects of coherent
pl uggabl es and shoul d be easily accessible for various reasons and
activities. Those m ght include:

*  Network Engineers: Network engi neers needs to know the
capabilities and characteristics of any coherent pluggabl e whether
the coherent pluggable is already deployed or will potentially be
installed and deployed in their network

* SDN Controllers: The optical, packet or higher-layer SDN
controllers need to have detail ed know edge of the coherent
pl uggabl es for various reasons such as network planning, viability
assessnent of the photonic services from plug-to-plug,
configuration and performance nonitoring collection, alarm
notifications etc.

* Packet Device (e.g., Router): Optionally the host packet device
need al so access to coherent pluggable capabilities to provide
details of coherent pluggables already installed in packet devices
for exanple during the debugging and troubl eshooti ng of
pl uggabl es.

To facilitate the utilization of coherent pluggable attributes, this
draft introduces the concept of the "Coherent Pluggabl e Repository”
The term serves as a conprehensive collection of information that is
appropriately structured and interrelated, providing a detailed
description of the capabilities of a pluggable device. In
alternative term nol ogy, the Coherent Pluggable Repository nay al so
be referred to as a Specification, a Profile, or a Plug database,
anong ot her terns.

It should be noted that any equi prment could have a repository
describing its capabilities and it nay be broken down into units that
can be referenced and reused, i.e., the definition can be nodul ar.

To facilitate the stages, each vendor woul d be expected to provide
this information for each pluggable type & version

A pluggabl e type & version may offer a subset of standard

capabilities. The subset is described by sinply omtting
definitions.
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A pluggabl e type & version may offer a super-set. The super-set is
detail ed by adding definitions via "augnmentation" to the set of
standard definitions available for use in the Coherent Pluggable
Repository. These capability augnmentations relate to augnentations
to the YANG nodel used at the interface to the host. Note that host
has no need to understand the semantics of the augnmented properties,
but does need to know the mapping to the pluggable interface. This
is discussed in nore detail elsewhere in this docunent.

We should al so consider the fact that some proprietary attributes and
capabilities of the coherent pluggable nmight be comercially
sensitive and hence confidential and a vendor m ght not want to
provide it to publicly to everyone. |n other words, some guidelines
and restriction mght be applicable to some portion of "Coherent

Pl uggabl e Repository”. To provide nore security, the access to the
pl uggabl e Repository could be restricted or password protected and
potentially encrypted. It is also possible to provided restrict
access to an operator or a teamor group of people of an operator
where there may al so be a requirenent for an NDA to enabl e access to
the data. It is also possible that the encrypted section of the
Repository mght only be passed to a specific vendor contro

conponent (w thout being meani ngfully observed by other contro
conponents from ot her vendors). The encrypted information nmay be
passed via a special secure channel directly to a conponent

aut horized to decrypt the information into machine interpretable form
and use it.

Consi deri ng the above, it appears reasonable that all pluggable
capabilities whether they be proprietary or standard should be fully
described in the Repository (considering that sone portions of the
Repository mght have restrictions as previously described). This
may be achieved by a reference to a standard that is itself fully
defined in machine interpretable form This approach would allow for
a far nore flexible and future-proofed control solution.

In sunmary, to facilitate easy access to coherent pluggable
attributes, the details of coherent pluggabl e operational -nodes are
collected in a repository (access restriction night be applicable to
some portions of this docunment), such as G tHub and SharePoi nt,
call ed "Coherent Pluggabl e Repository". The Repository nust be both
human and nmachi ne-readabl e repository and can be read and interpreted
easily by any SDN controller, operators, or other devices in the
network. A Repository contains multiple records which are uniquely
identified by tuple [organization-identifier, operational-node].

The Coherent Pl uggabl e Repository contains four sections:
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* Photonic/ Optical capability section: This section contains al
phot oni c/ optical capabilities of the coherent pluggable and
identifies all read-only attributes. It also allow augmentation
of this section for vendor-specific attributes.

* Configuration attributes: This section contains all read-witer
attributes which can be configured on coherent pluggable. 1t also
al | ow augnentation of this section for vendor-specific
configuration attributes.

* PMCollection style for nonitored attributes: List of all read-
only nonitored attributes where the coherent pluggabl e can coll ect
PM data. This section identifies if the collection of current,
average, mn and max val ues are possible.

* PM Threshold values: For all or a subset of read-only nonitored
attributes, this section contains the threshold settings for
threshol d crossing alerts (TCA) if applicable.

Figure 17 illustrates the overall structure of the "Coherent

Pl uggabl e Repository”. It contains several operational-node records
where each record includes all the capability attributes for tuple
[organi zation-identifier, operational-node]. As discussed in
Section 5.1, "organization-identifier" refers to any authority that
defines these attributes.

Each record in the coherent pluggable Repository is nmachine readabl e/
interpretable and is uniquely identified by a tuple [organization-
i dentifier, operational-node].

Usi ng "Coherent Pl uggabl e Repository", the format of all operational -
nmodes are identical whether it is defined by for example ITUT, OF,
OpenConfi g, or defined by a vendor

A record identified by
tupl e [organi zation-identifier, operational-node]

organi zation-identifier
oper ati onal - node
versi on:

Phot oni ¢/ Optical capabilities attributes

| (i.e., Read-only attributes defined in

| operational -node of this draft. For each attribute,
| m n, max, default values m ght be avail abl e)
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- attribute Al
- attribute A2

I

I

| o

| - attribute An
| - List of vendor-specific capability attributes
| (augnent ed yang nodel)

I
I

Configuration attributes
( The list of all read-write attributes where
can be configured on coherent pluggables )
are possible )

- attribute C1

- attribute C2

L.éttributecmm
- sone vendor specific config attributes
(augnent ed yang nodel)

Monitored attri butes PM coll ection
(i.e., list of nonitored attributes where
coherent pluggable can collect PMdata for
current, average, mn, max val ues)

- attribute ML

- attribute M2

- attribute M

Monitored attributes Threshold setting

- threshold-for-critical-alert (if applicable)

| For all or some attribute M, ... M, define

| - threshol d-for-warning-al ert (if applicable)
| - threshold-for-mnor-alert (i f applicable)
| - threshol d-for-mjor-alert (i f applicable)
I

I

Coherent Pl uggabl e Repository
- Contains one or nore operational -nopde records
- Each record for tuple [organization-identifier,operational-node]
- It is machi ne-readabl e/interpretable

Figure 17: Coherent Pluggabl e Repository
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Bel ow are several exanples that denonstrate the concept of the
"Coherent Pluggable Repository." Figure 18 illustrates the content
of a Repository record for operational node Ox3E, as defined by the
OF forum This operational node is w dely recogni zed and supported
by nearly all coherent pluggable devices. Detailed infornmation
regarding this operational node can be found in [ SFF8024], Table 4-7

organi zation-identifier: OF
oper ati onal - nnde: Ox3E
/1 Photonic/Optical capabilities attributes
list of attributes
nmodul ati on: DP- 16QAM
bit-rate: 478.75 CGhps
baud-rate: 59.84375 CGbd
nmore attributes ..
/1 Configuration attributes
/1 Monitored attributes PMcollection
/1 Monitored attributes Threshold setting

Fi gure 18: Coherent Pluggable repository Defined by OF

Figure 19 is anther repository record where the Vendor-X has defined
the operational -nbde 0x22. |In this case, Vendor-X defines all the
attributes related to this operational -node, which mght not be
supported by other pluggabl e vendors.

organi zation-identifier: Vendor-X
oper ati onal - node: 0x22
/1 Photonic/Optical capabilities attributes
list of attributes
modul ati on: 16- QAM
bit-rate: 400 CGbhps
baud-rate: 56 GBd
nmore attributes ..
/1 Configuration attributes
/1 Monitored attributes PMcoll ection
/1 Monitored attributes Threshold setting

Fi gure 19: Coherent Pluggabl e repository Exanple-2

"Fi gure 20" presents an exanpl e where the Vendor-Y defined an
operational -node 0x22 as well. In this scenario, the organization
associated with the pluggable nodule is Vendor-Y, which defined the
same operational -node 0x22 as "Vendor - X"

It is inportant to note that while the operational -nodes in both

Figure 19 and Figure 20 share the sane val ues, they are defined by
di fferent vendors. Consequently, these operational -nodes are not
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12.

13.

14.

14.

related and may differ significantly in their attributes. In other
wor ds, al though the semantics of these nodes are identical, their
actual content mght vary significantly. This is one of the reasons
that any record in Coherent Pluggable Repository is uniquely
identified by tuple [organization-identifier, operational-node].

organi zation-identifier: Vendor-Y
oper ati onal - nrode: 0x22
/1 Photonic/Optical capabilities attributes
type: NON- STANDARD
list of attributes
nmodul ati on: QPSK
bit-rate: 800 CGhps
baud-rate: 96 GBd
more attributes ...
/1 Configuration attributes
/1 Monitored attributes PMcollection
/1 Monitored attributes Threshold setting

Fi gure 20: Coherent Pluggabl e repository Exanple-3
Security Considerations
TODO Security
I ANA Consi derati ons
Thi s document has no | ANA acti ons.
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