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Abstract

Thi s docunent describes the OAM franework and requirenents for
Conputing-Aware Traffic Steering (CATS). The framework defines the
CATS OAM | ayeri ng nodel and OAM components. It also describes the
requirenents to enable the fault and the performance managenent of
end-to-end connections fromclients to networks and finally to
servi ces instances.
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Internet-Drafts are working docunents of the Internet Engineering
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I nt roduction

As described in [I-D.ietf-cats-usecases-requirenents], edge conputing
provi des | ower response tinme and hi gher transm ssion rate than cl oud
computing by noving conputing instances to the network edge. To neet
the requirenents of users that are highly distributive, service

provi ders depl oy the sane type of service instances at multiple edge
sites, which involves steering traffic fromclients to the nost
appropriate conputing instance.

Conpute-aware traffic steering (CATS) [I-D.ietf-cats-framework] is a
traffic engineering approach as per [I-D.ietf-teas-rfc3272bi s]

devel oped to address the aforenentioned traffic steering problem

Thi s approach takes into account the dynam c nature of both the
conputing resources and the network states to optim ze the way that
traffic is forwarded towards a given service instance. Various
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metrics can be taken into account to devise and enforce such service-
specific and computing-aware traffic steering policies. To achieve
better service assurance, it is necessary to not only rapidly detect
whet her the QoS provided by the conputing networks nmeets the SLA
requirenents of clients, but also dynamically trigger the cal culation
and t he adjustnent of both the conmputing and the networking services.
There are sone OAM technol ogi es devel oped for networks, but they are
only deployed to facilitate the operations and the nai ntenance of

net wor k operators, and cannot provi de neasurenents of an end-to-end
connection froma client to a service instance.

To this end, based on the CATS framework as per [I-D.ietf-cats-
framework], this docunent describes the OAM franmework and
requirenents for Conputing-Aware Traffic Steering (CATS). The
framewor k defines the CATS OAM | ayeri ng nodel and OAM components. |t
al so describes the requirenents to enable the fault and the
performance managenent of end-to-end connections fromclients to
networks and finally to services instances. The depl oynent

consi derations are also described as well.

Requi renent s Language

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

Ter mi nol ogy

Thi s docunent nakes use of the ternms defined in [I-D.ietf-cats-
f ramewor K] .

* FM Fault Managenent.

* PM Performance Mnitoring.

* SI-OAM Service |Instance OAM

* TCGOAM Traffic Cassifier OAM
* AF-OAM Application Fl ow CAM

* |OAM In-situ OAM
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Mot i vati on

The main objectives of OAM are to detect anonalies before they
intensify, reduce the nunber of traffic flows inpacted by these
abnornalities, and ensure that network operators fulfill their QS
guarantee conmitnments to neet the Service Level Agreenent(SLA) of
clients.

As a traffic engineering method, conmputing-aware traffic steering
(CATS) takes into account the dynamic nature of both the conputing
resources and the network states to optimze the way that traffic is
forwarded toward a given service instance. However, existing OAM
technol ogi es cannot be used to collect netrics associated with the
computing resources. Therefore, it is necessary to extend the

exi sting OAM technol ogies to build an end-to-end OAM for CATS. Key
obj ectives incl ude:

* Convergence |l atency is conpressed fromthe order of tens of
seconds to sub-second tinmescale: In CATS,the status information of
the conputing instances is collected by the CATS Service Metric
Agent (C SMA) conponent and processed at the control plane for
performance nonitoring and failure detection. However, to limt
control -plane | oad, such sensing nmechanisns are typically
engi neered to operate on the order of tens of seconds.
Accordingly, rapid detection of data-plane degradation affecting
both service instances and network states is mandatory, so that
CATS Path Sel ector (C-PS) convergence is triggered and its |atency
conpressed fromtens of seconds to sub-second scal e.

* (Cl osed-1o0op network path evaluation : In CATS, the CATS Path
Sel ector (C-PS) cal cul ates and sel ects the paths towards
appropri ate egress PEs and conputing service instances. 1In this
process, it is necessary to verify whether the calculation and the
sel ection results neet the SLA requirenents of clients taking into
account both the network states and the conputing instance status.

* (C osed-1oop service SLAs guarantee for flows : In CATS, subsequent
packets of service flows in an established session are forwarded
through the CATS Traffic Classifier (CGTC) to the same service
i nstance. However, during such a process, the conputing/network
performance may degrade. To ensure consistent experience for end
users, it is necessary to nmeasure the flow | evel perfornmance of
service instances and nake appropriate adjustnents, e.g., change
segnments of routing paths or enabl e backup paths, according to the
SLA requirements.
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* Fault delimting and troubl eshooting: Wen user experience
deteriorates, it is necessary to rapidly |locate the fault on the
end-to-end path fromthe user term nal through the network to the
service instance to inplenent fast end-to-end fault |ocation and
troubl eshoot i ng.

5. CATS OAM Fr anmewor k
5.1. CATS OAM Layeri ng Model

The CATS OAM | ayering nodel is shown in Fig. 1. 1In this
architecture, both the CATS router and the underlay node are depl oyed
with the existing OAM technol ogi es. These OQAM t echnol ogi es are used to
detect anomalies and nonitor service performance in the network

domai n, and can be divided into three categories: |ink OAM tunnel
OAM and service OAM

S S R e oy R R +
| cl'i ent +- +CATS- +- - - - +under | ay+- - - +CATS- +- +ser vi ce|
| | | For war der 1| | node]| | For war der 2| | i nst ance|
R S (TSR R S S (TSR R T
O------------- Service OAM ----------- O--------------- 0
O------------- Tunnel OAM ----------- 0
0----0 0----0 0----0 Li nk OAM

Figure 1. CATS OAM Layeri ng Mbdel

* In link OAM anonaly detection and performance nonitoring are
conducted for a single ethernet link. The link layer is an
optional sublayer inplemented in the data link |ayer between the
Logi cal Link Control (LLC) and the MAC sublayer in the Open
Systens | nterconnection (OSI) nodel. Comon detection tools of
Iink OAM i ncl ude | EEE-802 . 3ah.

* A tunnel bears multiple services so the tunnel OAM nust ensure
that the performance of a given service is not degraded when the
network fails or the nunber of services in the tunnel increases.
As a result, failure detection and perfornmance nonitoring are
conducted on the LSP layer to inplenent service protection. Conmobn
detection tools of tunnel OAMinclude ITU-T Y.1711, MPLS-LM DM
BFD, etc.
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* Service OAMis generally conducted for the L2VPN L3VPN service
|l ayer that is provided by the network to evaluate the service
quality and protect services. Comon detection tools of service
OAM i nclude I TU-T Y.1731, TWAMP, STAMP, etc.

CATS sinultaneously steers traffic along network paths and toward
compute instances. Wthin the network domain the three conventi onal
OAM nechani sns remai n applicable, yet link-level OAM can at best
cover the direct |ink between conpute instances; no effective QAM
exists fromthe ingress/egress gateways to the conpute instances
thensel ves. Mreover, the introduction of flowaffinity policies
mandat es that end-to-end quality assessnent of service flows span
bot h network and conpute domai ns.

CATS OAM Conmponent s
The CATS OAM | ayeri ng nodel should flexibly support existing OAM

detection tools and it consists of the follow ng three conponents,
SI-0CAM TC- OAM and AF- OAM as Figure 2 shown.

[ S, B S B s e B +
| cli ent +- +CATS- +- - - - +under | ay+- - - +CATS- +- +ser vi ce|

| | | Forwar der 1| | node]| | For war der 2| | i nst ance|

Fomm o - R T R R R L
AAAl

|11

|| +---+----+4

| ]]SI_CAM <-->|

- T SR +

[ | TC OAM <-- - e m o m oo m oo >

| +--+----- +|

|1

| +--+----- +|

R e O Y I e >
Fom - - +

Figure 2: CATS OAM Functi onal Components

5.2.1. SlI-0AM Conponent

Fu,

The functions of this conponent include (but are not linmted to)
detecting the failures that happen between the CATS-Forwarder 2 and
the service instance, and nmeasuring the associated nmetrics such as

| at ency, packet |oss, and bandwi dt h. The SI-OQAM conponent generally
woul d not dive into the internal structure of the network between the
CATS- Forwarder 2 and the service instance and only nmakes the

measur enents of the end-to-end connection. These nmeasurenents are
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generally fed back to the C SMA conponent to achi eve faster failure
detection and performance nonitoring than the CATS control plane.

2. TG OAM Conponent

The functions of this conponent include but are not linmted to
detecting the failures that happen between the CATS-Forwarder 1 and
the service instance of a certain specific ID, and measuring the
associated netrics such as delay and packet |oss. The testing
packets are delivered through the CATS Path Selector (G-PS) to the
associ ated service instance according to the correspondi ng forwarding
table entry of the CATS Traffic Cassifier (CGTC) to verify whether
the measurenents of the connection neet the service | evel agreenent
(SLA) requirements. And if it does not, recalculation is triggered

3. AF- GAM Conponent

The functions of this conponent include but are not linmted to
measuring the metrics such as del ay, packet |oss, and bandw dth, of
the service flowin CATS. 1In general, the user experience of an
active connection nmay be affected by a number of factors, such as the
processing |l atency of the service instances may increase or the

net wor k performance nay degrade due to the increase of the incomng
traffic to the service instance. For CATS-Forwarder 1, it is
necessary to eval uate whether the SLA requirenments of service flows
are achieved, and if the SLA requirements are not achi eved, conduct
appropriate path adjustments to conpensate for the deviation as nuch
as possible to ensure the clients have consi stent experience. For
client termnals, if the experience is degraded, it is necessary to
accurately |l ocate where the problem occurs and qui ckly conduct

troubl eshooting. It should be noted that related OAM tools can al so
be devel oped, so that the entire network stack (L2-L7) can be
observed for applications and the entire network stack,instead of
merely traditional application-level visibility or network-I|eve
visibility, providing a conprehensive solution for operators

ef ficiency.

CATS OAM Requi rement s
Qperation
*  Sub-second/ second-granularity telenetry SHALL be collected for

CPU, GPU, nenory, accelerator utilization and energy consunption
to produce unified conpute netrics (e.g., TOPS/W TFLOPS)
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* These metrics SHALL be fused with network telenmetry to generate an
integrated “conpute-network” telenmetry stream enconpassi ng packet
| oss, latency, throughput and conpute | oad, providing real-tine
decision inputs to the C PS.

Adm ni stration

*  Conput e-resource provisioning: A node SHALL present a conpute-
capability tenplate (type, capacity, affinity) at boot; OAM SHALL
authenticate the tenplate and synchronize it to the network-w de
routing dat abase.

* Service contract and billing: OAM SHALL generate a billing nodel
frommulti-di mensional factors—conpute class, usage duration,
net wor k di stance—and push the nodel to edge controllers.

* Unified orchestration: OAM SHALL abstract conpute workl oads into
rout abl e Conmpute-SIDs and, together with network SIDs, inject them
into the SRv6/BGP SR Policy orchestration plane to enabl e resource
schedul i ng across domai ns, clouds, and edges.

Mai nt enance

* End-to-end quality assessnent:1) Network segment: Enpl oy BFD, TWAMP
and | OAM to detect link/node faults; convergence |atency SHALL be
50 ms.2) Conpute segment: Utilize keep-alive plus health probes
to nonitor container/VM accel erator |iveness; crashes or overl oad
SHALL be detected within seconds.

* Fault correlation and localization: OAM SHALL correlate “conpute
unavai l abl e” events with “network-path degradation” events to
det erm ne whether the root cause is resource exhaustion or packet
| oss, elimnating needl ess path shifts.

* Intelligent self-healing: 1) Conpute-node failure SHALL trigger the
CATS Path Selector to re-select a path and nove traffic in real
time to an alternate node in the same or a renote pool. 2) Network-
link failure SHALL invoke TI-LFA/ SR-TE protection switching within
< 50 nms while simultaneously updating the compute topology to
prevent bl ack-holing.

Depl oynment Consi derati ons
To denonstrate the conpl ete CATS OAM procedure, a proper QAM
detection tool needs to be selected and depl oyed on the network and

service instance hosts of the CATS OAM architecture. The sel ection
of OAM detection tools is out of the scope of this docunent.
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T +
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Figure 3: An Example OF CATS OAM Depl oynent

As illustrated in Fig. 3, the OMMP and the |OAMtools are sel ected
as exanples to describe how the CATS OAM conponent works with these
detection tools to fulfill the four objectives :

* Convergence latency is conpressed fromthe order of tens of
seconds to sub-second tinmescale: The SI-QAM conponent is depl oyed
on the CATS-Forwarder 2 and the OMMP tool is used to neasure the
del ay and packet loss fromthe CATS-Forwarder 2 to the associated
service instance. The source and the destination IP of the
detection packets are the CATS-Forwarder 2 interface |IP and the
service instance | P, respectively.According to the returned
packets, the status and the netrics of both the service instance
and the network that connects the service instance with the
clients are obtained. The SI-OAM conponent feeds back the
measurenent results to the C SMA conponent, which further spreads
the computing resource information in the CATS network to
accel erate CATS Path Sel ector (C PS) convergence to avoid bl ack
hol es.

Fu, et al. Expires 13 April 2026 [ Page 9]



I nternet-Draft Conputing-Aware Traffic Steering (CATS) Cct ober 2025

Fu,

*

Cl osed-| oop network SLA guarantee: The TC OAM conponent is

depl oyed on the CATS-Forwarder 1 and the OMM tool is used to
measure the delay and packet | oss fromthe CATS-Forwarder 1 to the
associ ated service instance. To ensure OMM packets are
delivered according to the table itemof TC, the source and the
destination |IP addresses of the detection packets are set to the

| P address of the interface of CATS-Forwarder 1 and the |IP address
corresponding to the service ID, respectively. OMM packets
usual Iy pass through the tunnel to the egress network and are
forwarded to the service instance. According to the returned
OMMP packets, the TC- OAM obt ai ns the neasurenent results and
feeds back the results to the CPS conponent. |[|f the nmeasurenent
results deviate fromthe expected SLAs, recalculation is triggered
to fulfill the closed-l1oop network SLA guarantee for the service

I D.

Cl osed-| oop SLA guarantee for service flow for service flows that
have been initiated, the flow affinity function is executed to
guar ant ee that subsequent packets reach the sanme service instance
as the first packet. To conduct neasuring and perfornmance
monitoring for the entire end-to-end flows, the fl ow based
detection tool such as 1OAM i s selected and the AF- OAM conponent

i s depl oyed on the CATS-Forwarder 1. Note that the PostCard or
the PassPort nodes are generally used in the fl ow based detection
and a centralized collector is required to obtain the neasurenent
results and feed the results back to the CGPS. The network path
can be adjusted according to the difference between the OAM
measurenent results and the SLA requirenents to ensure a

consi stent user experience.

Service fault delimting and troubl eshooting: For fast
delinmtation and troubl eshooti ng under user experience
degradation, the AF-OAM conponent can be depl oyed on a user

term nal when a fl ow detection tool such as |OAM i s perforned. The
| OAM can use the postcard nbpde and can directly report the

| ocati on where packet |oss or |onger delay occurs according to the
measurenent results obtained by a centralized collector. This is
a typical scenario of IOAM and details are not described herein.

For different detection targets, flexible choices of detection
protocol s and nechani sns can be made, which will not be el aborated
upon here.

Security Considerations

To be discussed in future versions of this docunent.

et al. Expires 13 April 2026 [ Page 10]



I nternet-Draft Conputing-Aware Traffic Steering (CATS) Cct ober 2025

9. Acknow edgenent s
To be added upon contributions, comments and suggesti ons.
10. | ANA Consi derations
TBD.
11. References
11.1. Normative References

[1-D.1dbc-cats-frameworKk]
Li, C, Du, Z, Boucadair, M, Contreras, L. M, and J.
Drake, "A Franmework for Conputing-Aware Traffic Steering
(CATS)", Work in Progress, Internet-Draft, draft-Idbc-
cats-framewor k- 06, 8 February 2024,
<https://datatracker.ietf.org/doc/htm/draft-I|dbc-cats-
f r amewor k- 06>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119,
DO 10.17487/ RFC2119, March 1997,
<https://ww. rfc-editor.org/rfc/rfc2119>.

[ RFC4656] Shal unov, S., Teitel baum B., Karp, A, Boote, J., and M
Zekauskas, "A One-way Active Measurement Protocol
(OMMWP) ", RFC 4656, DO 10.17487/ RFC4656, Septenber 2006,
<https://www. rfc-editor.org/rfc/rfcd656>.

[ RFC7276] M zrahi, T., Sprecher, N., Bellaganba, E., and Y.
Wei ngarten, "An Overvi ew of Operations, Adm nistration,
and Mai ntenance (OAM Tool s", RFC 7276,
DO 10.17487/ RFC7276, June 2014,
<https://www. rfc-editor.org/rfc/rfc7276>.

[ RFC8174] Leiba, B., "Anmbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/rfc/rfc8174>.

[ RFC8402] Filsfils, C., Ed., Previdi, S., Ed., G nsberg, L.,
Decraene, B., Litkowski, S., and R Shakir, "Segnent
Routing Architecture", RFC 8402, DO 10.17487/ RFC8402,
July 2018, <https://ww.rfc-editor.org/rfc/rfc8402>.

Fu, et al. Expires 13 April 2026 [ Page 11]



I nternet-Draft Conputing-Aware Traffic Steering (CATS) Cct ober 2025

[ RFC8754] Filsfils, C, Ed., Dukes, D., Ed., Previdi, S., Leddy, J.,
Mat sushima, S., and D. Voyer, "IPv6 Segnent Routing Header
(SRH)", RFC 8754, DO 10.17487/ RFC8754, MNarch 2020,
<https://www. rfc-editor.org/rfc/rfc8754>.

[ RFC9378] Brockners, F., Ed., Bhandari, S., Ed., Bernier, D., and T.
M zrahi, Ed., "In Situ Operations, Admnistration, and
Mai nt enance (1 GAM Depl oynment", RFC 9378,
DA 10.17487/ RFC9378, April 2023,
<https://www. rfc-editor.org/rfc/rfc9378>.

11.2. Infornmtive References

[1-D.ietf-cats-usecases-requirenents]
Yao, K., Contreras, L. M, Shi, H, Zhang, S., and Q An,
"Conputing-Aware Traffic Steering (CATS) Problem
Statenment, Use Cases, and Requirenents", Wrk in Progress,
Internet-Draft, draft-ietf-cats-usecases-requirenents-07,
10 June 2025, <https://datatracker.ietf.org/doc/htm/
draft-ietf-cats-usecases-requirenents-07>.

[1-D.ietf-teas-rfc3272bi s]
Farrel, A, "Overview and Principles of Internet Traffic
Engi neering”, Work in Progress, Internet-Draft, draft-
ietf-teas-rfc3272bis-27, 12 August 2023,
<https://datatracker.ietf.org/doc/htm/draft-ietf-teas-
rfc3272bi s-27>.

Contributors
Dani el Huang

ZTE Corporation
Emai | : huang. guangpi ng@te.com cn

Cheng Huang
ZTE Corporation
Emai | : huang. chengl3@te.comcn

Wei Duan
ZTE Corporation
Emai |l : duan.wei 1@te.comcn

Aut hors’ Addr esses

Fu, et al. Expires 13 April 2026 [ Page 12]



I nt

Fu,

ernet-Draft Conputing-Aware Traffic Steering (CATS)

Huakai Fu
ZTE Corporation
Emai | : fu. huakai @te.comcn
Bo Liu
Chi na Mobile
Email : | i ubo@hi nanpbi |l e. com
Zhenqi ang Li
Chi na Mobile
Emai | : |izhengi ang@hi nanobil e. com
Quan Xi ong
ZTE Corporation
Emai | : xi ong. quan@te.comcn
et al. Expires 13 April

2026

Cct ober 2025

[ Page 13]



