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Abst r act

Conput ati on-aware Traffic Steering (CATS) offers a franework for

sel ecting conputation service sites based on conputation capabilities
and | oad, and considering the network capabilities and state on the
paths to the sites.

Optical Transport Networks (OTN) provide guaranteed separation of
traffic along with reserved hardware resources offering bandw dth and
quality of service pronises.

Thi s docunent describes how OIN nmay be used to support a CATS system
to achieve the stringent performance targets required by denmandi ng
servi ce environments.

Status of This Meno

This Internet-Draft is submtted in full conformance 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 docunments valid for a maxi num of six nonths
and nmay 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 1 Septenber 2026.
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1. Introduction

Conputing service architectures have evolved toward multi-site

envi ronments, where coll aborative service sites work together to
optimze performance. This decentralized approach addresses critica
i ssues |like long response tines and ensures a nore efficient use of
service and network resources, avoiding |ocalized resource under-
utilization or exhaustion

Net wor ki ng i nfrastructures that incorporate conputing resources have
typically enployed static service dispatching nmechani sms,
particularly for the selection of service instances. Wthin these
architectures, service-specific traffic is frequently steered toward
the nearest service site based on optical network service
availability (such as fixed light-path or pre-established
connections). This approach, however, often overlooks the real-tine
network state (e.g., utilization or congestion) and the dynamc
service site state (e.g., GPU availability).

Consistent with the use cases and requirenents described in
[I-D.ietf-cats-usecases-requirenents], various services stand to
benefit fromtraffic steering that integrates know edge of network
capabilities and state with conputing resource netrics (such as
capabilities and current usage). Al large-nodel training, sone Al

i nference jobs, and distributed conputing workl oads i npose stringent
requi renents on network deterninism These tasks rely on high-
bandwi dth, deterministic |atency, and mnimal jitter to ensure
efficient synchronization between massive GPU clusters. Al though the
Conputing-Aware Traffic Steering (CATS) franmework
[1-D.ietf-cats-framework] supports neking joint conpute- and networ k-
aware decisions, the utilization of Optical Transport Network (OTN)
features offers a reliable "hard-isolation" infrastructure. This
integration is particularly effective for achieving the stringent
performance targets required by demandi ng service environnents.

Current enterprise environnments frequently distribute Al training and
i nference workl oads across hybrid infrastructures, including on-

prem ses and cl oud- based networks. To ensure high availability and
responsi veness, the CATS framework enabl es a specific service to be
delivered through one or nore service instances depl oyed across
multiple service sites. These service instances are reached by
clients via service contact instances. Wile a single service site,
such as an intelligent conputing center, can host multiple service
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contact instances, its available conputing resources (e.g., GPU
menory or FLOPS) may be constrained at any given tine (usually
because they are in use for other services). Since resource
availability fluctuates across different service sites, steering
traffic via dynam cally reconfigurable optical paths provides an
effective mechanismto mitigate resource linitations within a
specific service site.

The primary objective of traffic steering within the CATS franmework
is toidentify an optinmal service contact instance for each request,
based on a conbi nation of network and conmputing netrics. |In certain
scenarios, such as hierarchical or recursive contexts, this selection
process does not necessarily expose the specific service instance
that ultimately handles the client’s invocation. Instead, only a
service contact instance that acts as a gateway to nultiple service
instance is identified. Consequently, the netrics associated with a
service contact instance may represent aggregate netrics derived from
a collection of underlying service instances.

Achi eving determnistic performance for packet-based (e.g., IP)
traffic steering is challenging because path sel ection and forwarding
are perfornmed on a hop-by-hop basis, which may introduce variability
in latency, jitter, and queuing behavior. This limtation nay render
packet - based CATS insufficient to nmeet the strict performance

requi renents of highly performance-sensitive use cases, such as Al
training and tel e-health.

This docunment introduces CATS-aware OIN which is intended to

conpl enent packet - based CATS by providing deternministic transport
capabilities to support highly performance-sensitive use cases. It
maps service flows into optim zed optical containers (e.g., ODUk or
OSU). By incorporating optical-layer characteristics (e.qg.,
determnistic path | atency, wavel ength continuity constraints, and
optical link performance paraneters) together wth conputing-|ayer
metrics, the framework enabl es the establishment of an end-to-end
"hard-isol ati on" capabl e of delivering the performance stability
required by Al cluster workl oads.

The CATS framework serves as an overlay architecture designed to
facilitate the selection of optinal service contact instances anobng
mul tiple candi dates. The determ nation of whether a service instance
is deened 'suitabl e’ depends on a nulti-dinmensional evaluation of
bot h networ ki ng and conputing netrics. This docunent extends the
application of the CATS franmework into the OIN domain, specifying how
optical path computation and connection establishment can be nade
conput e- anar e
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Additionally, this docunment outlines the operational workflow of the
pri mary CATS procedures (see Section 4) as they are inpl enented
across both the control and data planes within a CATS-aware OTN
infrastructure. It is assuned that the CATS functional elenents are
situated within a single provider network. Consequently, deploynent
scenarios involving the co-location of these el enents at the client
site are considered out of scope for this discussion

2. Term nol ogy

The following terns are defined in [I-D.ietf-cats-franework] and are
not redefined here:

* Cdient

*  Conputing-Aware Traffic Steering (CATS).
* Metric

* Conputing netrics

*  Service

*  Conputing Service

* CATS Service ID (CS-1D)

* Service instance

* Service contact instance

* CATS Service Contact Instance I D (CSCl-ID)
* Service request

* CATS Path Sel ector (C PS)

* CATS Service Metric Agent (C SMA)

* CATS Network Metric Agent (C NMVR)

*  CATS forwarder

The followi ng definitions are extended fromthose provided in
[I-D.ietf-cats-franmework].
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3.

Thi

Fl ow. A set of packets or signals grouped logically over a defined
period. Wthin the context of CATS-aware OIN, a flow is generally
encapsul ated into an Optical Data Unit (ODU) or a fine-grain OIN
(fgOIN) connection to provide determ nistic transport for Al

wor k|l oads.

CATS Traffic Cassifier (CGTC: A functional entity responsible
for identifying which packets or client signals constitute a
traffic flow for a particular service request. It operates in
coordination with the Ingress CATS-aware OIN edge node to ensure
that such traffic is encapsulated into an OTN connection (e.g.,
ODWk) and follows the path conputed by the CGPS. Refer to <<sec-
ctc>> for additional details.

s docunent makes use of the follow ng additional ternmns:

CATS-awar e OTN edge node: An OIN node depl oyed at the network edge
that is capable of functioning as a CATS-Forwarder. |t operates
based on forwardi ng instructions provided by a CATS Path Sel ector
(GPS), which mght be integrated into or external to the CATS-
aware OTN edge node.

A CATS-aware OTN edge node can function in either an |Ingress or
Egress capacity. Refer to Section 3.4.6 for further details.

- Ingress CATS-aware OIN edge node: A functional entity that
directs service-specific traffic along a path determ ned by
CATS. In a CATS-aware OIN, an ingress CATS-aware OTN edge node
connecting to the client site is responsible for mappi ng of
client signals into ODU fgOTN containers. |t serves as the
i ngress point.

- Egress CATS-aware OTN edge node: An entity situated at the
term nation of a CATS-conputed path that interfaces with a
service site. In a CATS-aware OIN, a Egress CATS-aware OIN
edge node connecting to the Service Contact |Instance is
responsi bl e for de-mapping signals from ODU fgOTN cont ai ners.
It serves as the egress point.

CATS Framewor k and Conponents

Zhao,
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3.1. Assunptions

Under the CATS franework, a specific service can be inplenented
through single or multiple service instances, which may be depl oyed
across one or several service sites. Each service is uniquely
identified by a consistent service identifier (see Section 3.2).

Furt hernmore, CATS operates under the premi se that these instances are
accessi bl e through one or nore service contact instances, wthout
requiring further internal details of the instances themnsel ves.

3.2. CATS ldentifiers

The CATS architecture utilizes two functional identifiers as defined
in[l-Dietf-cats-framework]: the CATS Service ID (CS-1D) and the
CATS Service Contact Instance ID (CSCl-1D).

Thi s docunent nmaintains neutrality regarding the internal structure
or semantics of the CSCI-ID. Wthin the context of CATS-aware OIN, a
uni cast | P address may serve as a CSCl-1D to uniquely identify the

| ocation or access point of a service instance.

3.3. Franmework Overview

Figure 1 in [I-D.ietf-cats-framework] provides a high-1leve
conceptual overview of the CATS framework, abstracting the interna
functional entities within the network.

[I-D.ietf-cats-framework] further categorizes the architecture into
three functional planes: the CATS Managenent Pl ane, the CATS Control
Pl ane, and the CATS Data Plane. |In the context of this docunent, the
CATS Managenent Pl ane handl es the configurati on and mai nt enance of
CATS- aware OTN edge nodes. The CATS Control Pl ane manages service
schedul i ng by eval uating both conputing and network status. In the
context of OTN, this augnented Control Pl ane determ nes the

est abl i shnent and cross-connection of optical paths or connections
(e.g., ODUk/fgOTN) across the associ ated CATS-aware OIN edge nodes,
relaying these instructions to the CATS Data Pl ane for execution

The CATS Data Pl ane manages conpute-aware optical transport, which

i nvol ves encapsul ating service traffic into optical containers (e.g.,
ODWk), directing themvia designated optical paths toward sel ected
service contact instances, and perform ng signhal cross-connections to
mai ntain deterministic performance throughout the transit.
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Dependi ng on the specific inplenentation and depl oynent scenari o,
these planes may conprise various functional conponents; subsequent
sections will provide further details. For instance, the contro

pl ane may incorporate el enents such as C-PS and CNVA, while the data
pl ane may include CATS-aware OIN edge nodes, C-TC, and other rel ated
entities.

3.4. CATS Functional Conponents

CATS nodes deternmine the forwarding path for service requests
received fromclients by evaluating the operational status and
capabilities of both service contact instances and the network.
Wthin a CATS-aware OIN environment, this process incorporates the
sel ection and provisioning of deterministic optical paths. The
primary functional entities of the CATS framework and their
interworking are illustrated in Figure 2 of [I-D.ietf-cats-franework]
where CATS-aware OIN edge nodes access the underlying OIN
infrastructure

3.4.1. Service Sites, Service Instances, and Service Contact |nstances

Service sites are described in [I-D.ietf-cats-franework]. They
represent physical or l|ogical |ocations hosting the necessary
resources (such as GPU clusters for Al training) to provide a
specific service

A compute service is identified by a CATS Service ldentifier (CS-1D).

Figure 2 in[I-D.ietf-cats-framework] illustrates two CATS nodes
(which in a CATS-aware OTN are CATS-aware OTN edge node 1 and CATS-
aware OTN edge node 3) that facilitate access to these service
contact instances. These entities function as Egress CATS-aware OIN
edge nodes (see Section 3.4.6) inplemented as CATS-aware OIN edge
nodes.

Note: "Egress" refers to the direction of service request placenent,
specifically identifying the exit point of the CATS infrastructure.

3.4.2. CATS Service Metric Agent (C SMA)

As described in [I-D.ietf-cats-franework], the CATS Service Metric
Agent (C-SMA) is a functional entity that collects data regarding
service sites and server resources (such as GPU utilization and
menory availability), alongside the operational status of various
service instances. Depending on the deploynent, a C- SMA can be
integrated with or positioned near a service contact instance, or

host ed by/adjacent to an Egress CATS-aware OTN edge node (see

Section 3.4.6). A given deploynent nay utilize one or multiple C SMA
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i nst ances.
3.4.3. CATS Network Metric Agent (C NMVA)

The CATS Network Metric Agent (C-NMA) is a functional conponent
described in [I-D.ietf-cats-framework]. It is responsible for
acquiring informati on about the underlay network state. Wthin the
context of CATS-aware OTN, the C-NVA retrieves optical-1ayer
performance indicators, including Optical Signal-to-Noise Ratio
(OSNR), wavel ength or tineslot availability, and determnistic

| at ency derived from physical fiber distance.

The C-NMA is expected to enpl oy established mechanisnms (e.g.,
[ RFC7471], [RFC8570], and [ RFC8571]) in addition to specialized
optical performance nonitoring protocols.

3.4.4. CATS Path Sel ector (C PS)

The C-PS receives aggregated data from CGSMAs and C-NMAs to determ ne
the optimal Egress CATS-aware OIN edge nodes for routing specific
service requests. In the context of CATS-aware OIN, C PSes focus on
the conputation and sel ection of optical paths (such as ODUk or fgOIN
connections) to satisfy the rigorous demands of Al workl oads.

A CPS may enploy the Path Conputation El ement Conmuni cation Protocol
(PCEP) [ RFC5440] or PCEP Link-State (PCEP-LS) [I-D.ietf-pce-pcep-Is]
wi th PCEP-LS optical extensions [I-D.|ee-pce-pcep-Is-optical] to
advertise netrics and synchroni ze path sel ection, adhering to the
procedures outlined in [ RFC9730].

A G- PS can be enbedded within CATS-aware OTN edge nodes or

i npl emented as a standal one entity. Typically, a standal one G PS
functions as a part of a centralized controller, such as a Path
Conput ati on El enent (PCE) [ RFC4655] capabl e of addressing optical
constraints..

3.4.5. CATS Traffic Cassifier (CTQ

As described in [I-D.ietf-cats-framework], the CATS Traffic
Classifier (GTC) is a functional entity responsible for napping
incomng client signals or packets to their respective service
requests. Wthin CATS-aware OIN, the CGTC identifies traffic through
physi cal ports, VLAN tags, or specific Service |IDs, ensuring these
flows are encapsul ated into the appropriate optical containers (e.g.,
ODWk/ fgOTN) as directed by the C PS.

C-TCs are generally situated within CATS-aware OIN edge nodes (acting
as I ngress CATS-aware OTN edge nodes).
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3.4.6. CATS-Aware OTN Edge Nodes

I ngress CATS-aware OIN edge nodes are tasked with directing service-
specific traffic along a path deternmined by the CATS framework. In
the context of this docunent, these are CATS-aware OIN edge nodes
that encapsul ate client signals into deterninistic optical pipes.
Egress CATS-aware OTN edge nodes function as the exit points for
service requests by decapsul ating the optical containers back into
their original client formats.

Wthin a CATS-aware OIN i nfrastructure, these CATS-aware OTN edge
nodes execute wavel ength or tineslot cross-connections at the
physical and link layers. This ensures the zero-jitter and high-
bandwi dth transnmi ssion essential for the synchronization of Al
clusters.

3.4.7. Underlay Infrastructure

The "underlay infrastructure" depicted in Figure 2 of
[I-D.ietf-cats-franmework] represents an OIN and optical network
(which may include WDM | ayers) that does not inherently need to be
CATS-aware. The CATS-specific paths deternmined by a CGPS are
distributed to the CATS-aware OIN edge nodes, ensuring that the
underlying optical nodes (such as P-nodes) remain unaffected by CATS-
| evel steering.

4., CATS- Aware OTN Wor kf | ow

The foll owi ng subsections outline an operational workflow for CATS
aware OTN. To activate CATS within a specific domain, certain
provi sioning steps are required, as detailed in Section 5.1
Furthernmore, Section 5.3 explores various depl oynent strategies
(including distributed, centralized, and hybrid architectures) to
suit different operational environnents.

4.1. Service Announcenent

A service provider assigns a unique identifier, known as a CS-1D, to
each service

Wthin CATS-aware OTN, the service announcenent procedure facilitates
the alignnent of service demands with deterninistic optica

resources. The service provider or the controller links the CS-ID
with particular ingress CATS-aware OIN edge nodes to ensure that
traffic is accurately identified and encapsul ated into the rel evant
optical containers (e.g., ODUk/fgOIN).
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4.2. Metrics Distribution

As outlined in Section 3.4, a C SMA gathers computing capabilities
and performance netrics, linking themto the service-specific CS-1D.
The C-SMA is responsible for either aggregating these nmetrics across
mul ti ple service contact instances or maintaining individual records
for each, or a combination of both approaches.

G ven that computing metrics often fluctuate rapidly (as discussed in
Section 5.3 of [I-D.ietf-cats-usecases-requirenents]), the frequency
of their distribution is defined by the specific comrmunication
protocol enployed. Potential update nmechani sns include interval -
based, threshold-triggered, or policy-driven updates, as well as the
use of normalized nmetrics to ensure stability.

Furthernore, the CGNVA is responsible for collecting optical network-
| ayer capabilities and netrics. This information may be di sseni nated
usi ng PCEP-LS for optical networks [I-D.|ee-pce-pcep-|s-optical],

whi ch may require extensions to support additional optical paraneters
such as link latency, OSNR, and wavel ength availability. By
distributing these optical netrics to C PSes, the system enabl es them
to evaluate both service and network conditions to identify the

opti mal Egress CATS-aware OTN edge node for servicing a request.

Consi stent with conmputing nmetrics, optical network data can be
distributed through centralized, distributed, or hybrid franeworks,
the specifics of which remain depl oynent - dependent .

Optical network state may al so vary over time. To avoid excessive
control plane overhead or flooding, a ttol such as PCEP-LS for
optical networks [I-D. | ee-pce-pcep-Is-optical] can utilize existing
mechani sms to manage state change notifications. Simlar to G SMAs,
C-NMAs should be configured with specific triggers or intervals to
regul ate when updates are reported to the C PSes.

4.3. Service Access Processing

Based on the service and optical network netrics advertised to the
C-PS (for example, via PCEP-LS for optical networks

[1-D. | ee-pce-pcep-ls-optical], a GPSidentifies the optimal paths to
the rel evant CATS-aware OIN edge nodes (acting as egress points).

The C-PS nay be integrated into an Ingress CATS-aware OIN edge node
(as illustrated in Figure 3 of [I-D.ietf-cats-framework]) or operate
as a logically centralized entity, consistent with the centralized or
hybrid nodel s di scussed in Section 5. 3.

In the scenario depicted in Figure 3 of [I-D.ietf-cats-framework], a

client initiates a service request through CATS-aware OIN edge node
1, which serves as the Ingress CATS-aware OIN edge node. Such
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service requests may involve high-bandwi dth data flows (e.g., RDVA or
Et hernet) identified by VLAN tags or specific physical ports that
convey the CS-1D and associ ated paraneters.

Upon identifying a matching classification entry via the GTC, the

I ngress CATS-aware OIN edge node maps and encapsul ates the incom ng
signals into an Optical Data Unit (ODUk) or fine-grain OIN (fgOTIN)
container, as defined in [ITUT-G709]. This encapsulated traffic is
subsequently steered toward the Egress CATS-aware OTN edge node

sel ected by the CGPS, followi ng the optical path established through
PCEP.

Once these optical containers arrive at the Egress CATS-aware OIN
edge node, the ODUk/fgOTN overhead is stripped away (via
decapsul ati on/ demappi ng per [ITU-T-G 709]), allow ng the origina
client signals to be delivered to the designated service contact

i nst ance.

4.4. Service Contact Instance Affinity

Service contact instance affinity requires that all packets or
signals constituting a flow for a given service request are
consistently routed to the sanme service contact instance.
Additionally, such traffic should follow a uniformpath to prevent
packet m s-ordering and avoid the introduction of jitter or
unpredictable latency. Wthin a CATS-aware OIN environnment, this
pat h consistency is fundanentally maintai ned through the use of

dedi cated optical channels which provide a circuit-swtched
infrastructure that inherently elimnates reordering and guarant ees
determnistic performance. Any CATS franework inplenmentation for OTN
must ensure that both the service instance selection and the
subsequent path steering remain stable for the duration of a flow

Specifically, the traffic nmust be directed through the same Egress
CATS-aware OTN edge node. Maintaining service affinity is a
capability that can be provisioned on the CGPS during service

depl oynent (applying to all associated flows) or assigned dynamically
when a new service request is initiated (applying to a specific

f1ow).
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5

5.

It should be noted that the definition of a 'flow nmay vary across
different services. In a CATS-aware OTN infrastructure, a flow can
be identified using physical or link-layer attributes as defined in
[ITUT-G 709], such as a designated port or a specific ODUk/fgOTN
timeslot. Therefore, any protocol designed to convey affinity
information to the CGTC should provide flexible flowidentification
mechani sms.  More broadly, there nust be a way to define and
recogni ze the specific set of signals or packets that require
affinity.

Crucially, the criteria for flowidentification should remain

appl i cation-independent to prevent the proliferation of service-
specific affinity nethods. Nonetheless, affinity paraneters (such as
identification types, methods, and tinmeout val ues) may be
configurable on a per-service basis, adhering to the mappi ng and
policy frameworks of [ITU-T-G 709].

Thi s docunent does not specify the particular mechani snms used to
define or enforce service contact instance affinity.

Oper ational Considerations
1. Provisioning of CATS Conponents

The depl oyment of CATS within an OIN can be achi eved through an
incremental approach. 1t is not nandatory for all CATS-aware OIN
edge nodes (such as Term nal Mixes) to be upgraded sinmultaneously.
Support for CATS awareness may be restricted to specific CATS aware
OIN edge nodes. For exanpl e, CATS capabilities could be prioritized
on CATS-aware OTN edge nodes that interconnect Al conputing data
centers (DCl nodes), while the remaining intermnmedi ate nodes maintain
transparent transport.

Beyond the CATS steering policies transnitted by a CGPS to an Ingress
CATS-aware OTN edge node, several provisioning actions are necessary.
These tasks include, but are not Iimted to:

* Locating Ingress Entities: Supplying CPS elenents with the
| ocators of avail able Ingress CATS-aware OIN edge nodes (e.g.,
node identifiers or termnation points). These |locators nay al so
be dynami cally di scovered fromthe network topol ogy via the
optical control plane.

* Agent Connectivity: Providing the necessary information to
establ i sh conmmuni cati on between C-PS el enents, C NMAs, and C- SMAs.

* |dentifier Managenment: Assigning CS-ID/CSCI-I1D identifiers and
associating themw th particular service contact instances.
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Policy Definition: Configuring G-PS elenents with service-specific
optimization metrics and policies, enphasizing |atency
determnism bandwidth rigidity, and optical-layer availability to
meet the requirenents of (for exanple) Al training tasks.

Traffic Mapping: Configuring the mapping and mul ti pl exi ng
functions of CATS-aware OTN edge nodes, such as allocating Al
traffic to desi gnated wavel engths or ODUk/fgOTN tineslots to
ensure physical isolation. This also includes credentials for
mut ual aut henticati on between peer CATS-aware OTN edge nodes.

Classifier Initialization: Cearing or updating the classification
tables within CTC el ements.

Monitoring and Correlation: Initializing traffic counters and
performance nonitoring (PM paraneters at CATS-aware OTN edge
nodes to facilitate correl ation between |Ingress and Egress CATS-
aware OTN edge nodes. This correlation is essential for

i dentifying performance degradations in the underlying optica
transport layer, utilizing the native OAM nechani sns of OIN for
end-to-end delay and error-rate nonitoring.

Provi si oni ng enconpasses both static configuration and dynanic
distribution via protocols. These tasks can be inpl enented through
various mechani sms, such as NETCONF [ RFC6241], | PFI X [ RFC7011],
RESTCONF [ RFC8040], or YANG Push [RFC8639]. Detailed discussion of
speci fic CATS extensions for these protocols is beyond the scope of
thi s docunent.

5.2

Supervi si on of CATS Conponents and CATS OAM

Conpl erent ary supervi sion and OAM nmechani sns are essential to guide
CATS provi sioning and evaluate the effectiveness of CATS operations.
Key requirenments include:

*

Zhao,

Capabi lities Exposure: Reporting the classification features of
C-TC elements (e.g., identifying Al traffic through desi gnated
physi cal ports or VLAN tags for traffic mapping).

Mappi ng Capabilities: ldentifying the mappi ng and nul ti pl exi ng
functions supported by CATS-aware OTN edge nodes, adhering to the
frameworks established in [ITUT-G 709].

State Retrieval: Accessing the active classification and mappi ng
tables from G TC el enents.

Forwardi ng Rul es: Retrieving current cross-connect and tinesl ot
assi gnnent configurations wthin CATS-aware OIN edge nodes.
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* Policy Auditing: Extracting the active policies currently residing
in C PSes.

* Perfornmance Monitoring: Collecting OIN performance nonitoring (PM
data (such as Bit Error Rate (BER), Pre-FEC Post-FEC status, and
wavel engt h power) from CATS-aware OTN edge nodes to sinplify
operational correlation between Ingress and Egress CATS-aware OIN
edge nodes.

* Hardware-level Verification: Utilizing hardware-based OAM tool s
(e.g., OIN Overhead and Tandem Connection Mnitoring (TCM) to
verify the integrity of various functional entities, including
classification, cross-connect, and forwarding behaviors. In
contrast to packet-based OAM OIN OAM | ever ages dedi cated frane
over head, which prevents any inpact on service traffic. Refer to
Section 5.5.

* Determnistic Measurenent: |nplenenting OAM tool s focused on
deterministic performance, specifically for high-precision
monitoring of latency and jitter.

Depl oynent Consi derati ons

Thi s docunent remains agnhostic regarding the specific inplenmentation
and depl oynent of CATS-aware OTN functional entities. |In practice,
whet her a CATS architecture adopts a fully decentralized design or
utilizes a combination of centralized (e.g., a centralized CPS) and
di stributed conponents (e.g., CTCs) is a deploynent-specific
decision. Wthin a CATS-aware OIN infrastructure, this typically
necessitates coordinati on between Customer Network Controllers (CNCs)
and Physical Network Controllers (PNCs) as outlined in the ACTN
framework [ RFC8453]. Furthernore, specific use cases
[1-D.ietf-cats-usecases-requirenents] may influence the chosen

depl oynent strategy.

For instance, in a centralized architecture, a logically centralized
pat h conputation entity (such as a PCE or an ACTN MDSC) aggregates
both conputing netrics from C SMAs and networ k performance data. In
this scenario, the path conputation |ogic processes service requests
to determne the optinmal paths to service contact instances. For
wor kl oads i nvol ving hi gh-bandwi dth and | ong-duration flows (such as
Al training), paths and optical channels (e.g., ODUk/fgOTN) may be
pre-provi sioned to guarantee zero packet loss and i nmedi ate service
availability. The G-PS then identifies the nost suitable path based
on current netrics and synchroni zes these decisions with the C TCs.
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Dependi ng on the distribution and coll ection mechani sms for conputing
metrics, the CATS framework supports three prinmary depl oynent nodels
as set out in [l-Dietf-cats-framework]. |In a CATS-aware OIN
context, these can be re-stated as foll ows:

* Distributed nodel: In this nodel, the service scheduling function
is executed by the CATS-aware OTN edge nodes; consequently, the
C-PSis integrated within an I ngress CATS-aware OTN edge node.

* Centralized nodel: Centralized control entities (e.g., CNC or
MDSC) collect all conputing netrics and conpute forwardi ng paths
for service requests via PCEP and synchronize with the Ingress
CATS-aware OTN edge nodes. Here, the C-PS resides within the
centralized controller.

* Hybrid nodel: This nobdel integrates elenents of both distributed
and centralized architectures.

In the hybrid approach, sone conputing netrics are shared anong
networ k devices while others are gathered by a centralized
controller. For exanple, static optical paraneters (such as fiber
di stance, Shared Ri sk Link Goups (SRLG, or maxinmum port capacity)
may be distributed anbng network devices due to their stability.
Conversely, highly dynam c information (such as GPU resource
utilization, wavelength availability, or optical power fluctuations)
is centralized to prevent excessive flooding within the distributed
control plane. Service scheduling may be perforned by a centralized
controller, Ingress CATS-aware OIN edge nodes (co-located with a
C-PS), or both, based on l|ocal policies. Wen path conputation is
distributed, centralized entities nust comunicate collected path
information to the I ngress CATS-aware OTN edge nodes (co-located with
a CPS) to ensure the full netric set is considered for scheduling.

5.4. Inplenentation Considerations on Using CATS Metrics

[I-D.ietf-cats-franework] observes the scaling concerns when
distributing computing-related metrics.

Wthin CATS-aware OIN infrastructure, normalization of netrics is

i mportant for managi ng het erogeneous hardware accel erators, such as
GPUs, NPUs, or FPGAs. These nornmalized conputing scores can then be
correlated with OTN-specific network resources (including avail able
ODUk/ fgOTN timesl ots or bandwi dth) to create a conposite netric for
path selection. For further discussion on nmetrics and their
distribution, refer to [I-D.ietf-cats-netric-definition].
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The pl acenent of normalization and aggregation functions depends on
the avail abl e processing capacity of the CATS conponents. One
strategy is to host these functions away from C PSes, particularly
when C-PSes are integrated i nto CATS-aware OIN edge nodes.
Consequently, these functions may be situated at service contact

i nstances, C-SMAs, or specialized conputing gateways interfaced with
the OTN i ngress.

In scenari os where C-SMAs are co-located with CATS-aware OTN edge
nodes that have limted processing power, inplenmenting nornalization
within the CSMA nmay generate excessive overhead and degrade the
efficiency of netric distribution (for exanple via PCEP-LS optica
extensions [I-D. | ee-pce-pcep-ls-optical]. Therefore, this docunent
recomends perform ng nornmalization at the service contact instances.
Aggregation functions, however, nmay reside in either the CGSMA or the
servi ce contact instances.

To mai ntain consistency in CATS path selection, all participating
CATS conponents mnust utilize identical nornalization and aggregation
functions. Furthernore, in environments involving multiple vendors
or where service contact instances and CSMAs are provi ded by
different parties, a standardi zed set of common functions is
necessary to ensure fair selection across all instances. To this
end, these functions nmust be standardized, potentially |everaging
YANG nodel s conpatible with ACTN PNC/ CNC architectures. CATS

i mpl ement ati ons nust provide a configuration paraneter to manage and
activate these specific functions in contexts where nmultiple versions
are support ed.

5.5. Verifying Correct Operations

A CATS inplementation nmust maintain |logs of error events (such as
light-path switching failures, wavelength conflicts, or computing
resource downtine) to facilitate enhanced network nmanagenent and
operations. Mechanisnms to evaluate reachability and perform CATS
path traci ng shoul d be provided.

Wthin a CATS-aware OIN i nfrastructure, reachability assessnent
utilizes hardware-level nonitoring of end-to-end optical or
electrical trails. The operational status of a CATS path can be
verified in real-tine using ODUk/fgOIN nmai nt enance signals (e.g.,
Alarm I ndication Signal (Al'S) or Locked (LCK) signals) as specified
in [ITUT-G709], thereby removing the requirenent for active probe
packets.

Additionally, path tracing is supported by the Trail Trace ldentifier

(TTlI) within the OIN franme overhead. This enabl es the physica
verification that traffic is traversing the exact sequence of nodes
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as determined by the GPS. Such verification data should be
synchroni zed with the PNC or CNC to mmintain alignment between the
control plane steering policies and the actual state of the data
pl ane.

5.6. Inpact on Network Operations

The col l ection and distribution of computing nmetrics within the CATS
framewor k necessitate a managenment function to coordinate

i nteractions between network and conputing resources. This role can
be fulfilled by an orchestrator, such as a Custoner Network
Controller (CNC) or a Miulti-Donmain Service Coordi nator (MDSC) within
the ACTN framework [RFC8453], which interfaces with both the C SVA
and CNMA. Uilizing existing optical control hierarchies in this
manner mnimzes the requirenent for entirely new functiona
entities.

Whil e introducing this coordination function may increase network
management conplexity (particularly if it is exclusively dedicated to
CATS) this is balanced by the superior determ nismoffered by the OIN
| ayer for workloads. |In contrast to connectionless |IP networks,
CATS-aware OTN is connection-oriented. Once conputing-aware paths
are provisioned (for exanple, through PCEP-LS nmechani sns for optica
networks [I-D.|ee.pce-pcep-ls-optical]) operational efforts
transition from addressing routing oscillations to maintaining
stabl e, high-bandwi dth "hard-isolations.” This approach greatly
stream i nes the supervision of long-duration traffic flows, such as
for Al training traffic

Additionally, the CNC can act as a Northbound interface for externa
computing platforns, such as Al job schedulers, to enable coordi nated
resource allocation. This allows the CATS-aware OIN i nfrastructure
to adapt reliably to the specific |latency and topol ogi cal demands of,
for exanple, distributed Al clusters.

6. | ANA Consi derations
Thi s docunent does not make any requests of | ANA
7. Security Considerations

Conmputing resource information is highly dynamc, fluctuating rapidly
as service instances are initialized or termnated. |If this
information is dissem nated via a distribution protocol (such as
PCEP-LS for optical networks [I-D.|ee.pce-pcep-ls-optical], an
excessi ve vol une of updates can underm ne network stability. An
attacker mght exploit this vulnerability by rapidly creating and
deleting service instances to trigger instability. Consequently,
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CATS sol utions nust inplenent safeguards agai nst such behavi or,

i ncl udi ng aggregati on techni ques, danpeni ng nmechani sms, and
threshol d-tri ggered updates. Wthin CATS-aware OIN, where path setup
is resource-intensive, the architecture should incorporate a
"conmputing fluctuation window." This ensures that optical |ayer
reconfigurations are only initiated by significant or sustained
shifts in conpute metrics

The data distributed by CGSMAs and CNMAs is often sensitive, as it
may reveal network intelligence, the precise topology of GPU
clusters, and the specific |ocations of conmpute resources within
service sites. Attackers could |leverage this data to pinpoint

vul nerabilities in a provider’'s infrastructure. Furthernore,

unaut hori zed modification of this information could disrupt service
delivery or redirect traffic to malicious service instances. CATS
aware OTN provides a distinct security advantage by supporting Layer
1 physical |ayer encryption (e.g., OINNSEC). This provides high-

t hroughput security for data flows w thout the header overhead or

| at ency increases typical of higher-layer encryption like |Psec,
which is vital for the performance of | atency-sensitive Al training.

CATS i npl enent ati ons nust provi de robust authentication and integrity
protection between C SMAs/C-NMAs and C- PSes, as well as between
C-PSes and | ngress CATS-aware OTN edge nodes. |In an ACTN based

envi ronment, stringent mutual authentication is required between the
PNC/ CNC and t he CATS-aware OIN edge nodes to prevent unauthorized
changes to optical cross-connects or tinmeslot allocations.
Additionally, C SMAs nust have nmechani sns to authenticate the
services for which they provide data to the CPS selection |ogic.

This docunent is restricted to a single service provider scenario.
The centralized architecture of the OIN control plane within a single
domain facilitates a cl osed managenent | oop, effectively mnimzing
the external attack surface. Therefore, security issues specific to
mul ti-provider deploynments are consi dered out of scope.

8. Privacy Considerations

CATS solutions are required to prevent on-path nodes within the
underlay infrastructure fromperformng client fingerprinting or
tracking (e.g., identifying which client is accessing a particular
service). Cenerally, the CATS framework nust ensure that persona
data is not disclosed to external parties, exceeding the information
al ready present in the original packets transmitted by the client.

Wthin a CATS-aware OIN infrastructure, privacy is naturally

bol stered by the use of Layer 1 rigid "Hard-isolations." Because
intermedi ate el enments (such as Optical Amplifiers) function at the
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10.

10.

physical layer, they are unable to inspect the payl oad of the
encapsul ated traffic. This transparency at the physical |ayer
ensures that on-path nodes cannot performtraffic analysis or track
appl i cation behavior through packet header inspection.

In certain scenarios, a CATS solution mght require know edge of
specific applications, clients, or user identities. Such sensitive
data nmust be protected via encryption. To mitigate the risk of

i nformati on | eakage anmong CATS conponents, path information conputed
by the C-PS and specific mapping instructions (such as ODUk/fgOIN
ti mesl ot assignments) should be encrypted during distribution. For
i nstance, communi cation between the PNC CNC and CATS-aware OIN edge
nodes shoul d be protected using secure southbound protocols Iike
NETCONF over TLS or RESTCONF. The choice of encryption-whether at
the network, transport, or application layer-is inplenmentation-
dependent and remai ns outside the scope of this docunent.

This docunent is restricted to a single service provider environnent.
Consequently, privacy issues related to multi-provider deploynents
are not addressed here.

For further details on privacy, refer to [ RFC6462] and [ RFC6973].
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