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Thi s docunent outlines a series of challenges and considerations to
expl ore computi ng- power coll aboration in CATS.
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1. Introduction

Wth the continuous devel opnent and progress of the Internet, a |large
anmount of conputing resources is required to conplete data

processing. |In order to disperse the pressure of cloud data centers,
conmputing power gradually noves fromthe center to the edge, formnng
scattered conputing resources in nobile networks. In order to nmake

full use of scattered conputing resources and provide better
services, Conputing-Aware Traffic Steering (CATS) is proposed to
support steering the traffic anbng different edge sites according to
both the real-tinme network and conputing resource status as nentioned
in[l-D.ietf-cats-usecases-requirenents]. It requires the network to
be aware of conputing resource information and sel ect a service

i nstance based on the joint netric of conputing and networ ki ng.

As artificial intelligence technol ogy advances into the era of |arge
nodel s, the demand for conputational power for Al training has grown
exponentially. This has resulted in a continuous increase in
electricity consunption. Frompre-training to fine-tuning and
ongoing iterative optim zation, massive conmputing clusters operate
under high | oads for extended periods of tine. As a result,
electricity costs, power supply stability, and energy provision
capacity directly inpact the training efficiency, deploynent scale,
and iteration speed of Al nodels. Today, power supply is no |onger
just a cost issue, but it has becone a critical bottleneck that

hi nders the further scaling and industrialization of Al technol ogy.

Whether it’s the construction of hyperscale data centers, the

depl oynent of intelligent conputing centers, or the devel opnent and
application of large-scale nodels, all rely heavily on stable, green,
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and | ow cost power supply. Tight power resources, regiona
disparities in supply capacity, and energy consunption contro
policies are profoundly shaping the devel opnent pace and spati al

| ayout of the Al industry. Today, power has becone a core constraint
on Al advancenent —a concl usi on no | onger confined to individua
conpani es’ observations but a wi dely recogni zed i ndustry consensus
spanning the entire industrial chain fromresearch and devel opnment to
appl i cati on.

Green requirenments for Al training scenarios have now been formally
incorporated into [I-D.ietf-cats-usecases-requirenents]. This
docunent outlines a series of challenges and considerations to

expl ore computi ng- power coll aboration in CATS

2. Definition of Terns

Conputing-Aware Traffic Steering (CATS): Aining at conputing and
network resource optimzation by steering traffic to appropriate
computing resources considering not only routing nmetric but also
computing resource nmetric.

Service: A nonolithic functionality that is provided by an endpoi nt
according to the specification for said service. A conposite
service can be built by orchestrating nonolithic services.

Servi ce instance: Running environment (e.g., a node) that nakes the
functionality of a service available. One service can have severa
instances running at different network | ocations.

3. Chal l enges
Conput i ng- Power Col | aborati on faces a series of chall enges.
3.1. Architectural Heterogeneity

The network architectures of Power Network and Conputing-Aware
Networ k originate fromdistinct design phil osophies and application
scenarios, exhibiting significant heterogeneity. This makes it
difficult to coordinate conputing and power managenent. .

Power system networks use a "layered, partitioned, closed-I|oop
control" architecture and primarily support grid dispatch, equi pnent
moni toring, and fault isolation. Nodes are dispersed and mainly

|l ocated at industrial sites, with network topol ogi es dom nated by
trees and rings, prioritizing stability and controllability.
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In contrast, Conputing-Aware Network are centered around data centers
and intelligent conputing clusters, utilizing a "flat, highly
aggregated” architecture. The focus is on supporting |arge-scale
data transm ssion, conmputing power scheduling, and distributed
conmputing. The nodes are highly concentrated and the topol ogies are
primarily based on spine-leaf architectures, prioritizing bandw dth
and transmi ssion efficiency.

However, the significant differences in design objectives, topol ogy
structures, and node characteristics between these two architectures
present chall enges for efficient interconnection during conputing
power coordi nation. The exchange of data and scheduling of resources
must overcome architectural barriers, resulting in increased network
depl oynent and nodification costs, as well as issues such as data
transm ssi on del ays and resource scheduling disconnects. These
factors greatly hinder the overall efficiency of conputing-power
coor di nati on.

3.2. Differences in Network Protocols

The Power Network and Conputi ng- Aware Network have historically
devel oped i ndependently, each with its own cl osed network protoco
system However, this has resulted in protocol inconsistencies that
pose chal l enges for data exchange and command transm ssion during
power - conmput i ng coordi nation. This has becone a ngjor technica
bottl eneck.

The Power Network primarily uses specialized industrial protocols
such as | EC 61850 and DL/ T 860, which are designed for real-tine
control and equi pnent nonitoring in the grid. These protocols
prioritize lowlatency and high-reliability transnission of small
data packets, neeting the comruni cati on needs of power equipnent.
However, they struggle to seam essly integrate with general -purpose
network protocols, leading to conpatibility issues.

On the other hand, the Conputing-Aware Network mainly relies on the
TCP/ 1 P protocol suite, which includes general -purpose protocols |ike
HTTP, FTP, and RDMA. These protocols prioritize the transm ssion of
| arge data vol unes and hi gh bandw dth, catering to scenarios such as
conputing resource scheduling and data exchange. However, they |ack
the ability to adapt to the real-tinme control conmands of power

syst ens.
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As a result, direct interaction between power system operationa
data/ control commands and computing system wor kl oad/ schedul i ng
demands is hindered, requiring the deploynment of additional protoco
conversion devices. This increases system conplexity and operationa
costs, while also introducing extra transm ssion delays and the risk
of data packet loss. Utimately, this conprom ses the real-tine
performance and reliability of conputing-power collaboration.

3.3. Challenging Cross-domai n Col | aboration

The core requirenment for cross-domain conputing-power coordination is
to achi eve dynanic matching and real -ti me scheduling of conputing
resources and power resources. This process inposes extrenely high
demands on network | atency, presenting a critical challenge that
constrains coordinati on effectiveness. In cross-regional computing-
power coordi nation scenarios, such as ultra-Ilong-distance

i nterconnection, cross-regional virtual power plant coordination, and
intelligent conmputing cluster scheduling, real-time collection of
power system | oad data, renewabl e energy output data, and computing
syst em wor kl oad/ energy consunption data is essential

This data nust be transmtted via networks to the coordination

di spatch center, where it undergoes anal ysis and deci si on- naki ng
before dispatch instructions are relayed back to term nal nodes,
formng a closed-1oop “collection-analysis-decision-execution”
process. This closed-1oop process inposes extremely stringent

| atency requirenents. End-to-end |atency for power control conmands
must be kept below 10ns, with certain critical scenarios denandi ng
5nms, while jitter nust be 1ns to ensure synchroni zed execution of

di spat ch comands

However, current w de-area networks suffer from conpl ex transm ssion
links, nmultiple cross-domain routing hops, and network congesti on,
making it difficult to consistently neet these | atency requirenents.
Exceedi ng | atency threshol ds nay cause conputational power scheduling
del ays, untinely power |oad transfers, and even risks such as grid
frequency fluctuations or conputational cluster overloads, severely
conmprom sing the safety and effectiveness of conputing-power
coor di nati on.

4. Consideration
To better achi eve conmputing-power coordination, it is necessary to

enabl e fl exi bl e protocol conversion; |ong-distance |owlatency
routing; and exposure of energy status for conputing resource supply.
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4.1. Flexible Conversion of Agreenents

Fl exi bl e protocol conversion serves as the core enabler for resolving
protocol inconpatibilities between power and conputing systens,

achi evi ng power-conputing synergy, and overcom ng the chall enges of
data isolation and command transmi ssion difficulties.

To address conpatibility chall enges between specialized industrial
protocols for power systens (e.g., |EC 61850, DL/ T 860) and general -
pur pose protocols for conputing systens (e.g., TCP/IP protocol suite,
RDMA), a flexible and efficient protocol conversion franewrk nust be
establi shed—not nerely depl oyi ng single conversion devices. A

modul ar, scal abl e conversion architecture should be adopted to
support real -time parsing, adaptation, and conversion of multiple
protocols. This enables both the transformati on of power system
control commands and operational data into conputing system protocols
for efficient transnmission to the coll aborative dispatch center, and
the conversion of conputing system di spatch commands into specialized
protocol s recogni zabl e by power equi prment to ensure precise
executi on.

Si nul t aneousl y, the conversion process nust bal ance |low latency with
high reliability, avoiding additional transm ssion del ays and data
packet |oss. By optinizing conversion algorithnms and streanlining
conversi on workflows, mllisecond-level response tines for protoco
conversion can be achieved. This ensures seanl ess data interaction
and command transni ssion during conputing-power coordination, |aying
the foundation for cross-system coll aborative di spatch

4.2. Long-distance Low | atency Routing

Long-di stance |l ow |l atency routing design is a critical neasure for
meeting the high-latency requirenments of cross-domain conputi ng-power
coordi nation and enabling dynam c cross-regi onal nmatching of
conmputing and power resources. To address current challenges such as
conmpl ex wi de-area network links, nultiple cross-domain routing hops,
and frequent congestion, a dedicated w de-area routing system for
comput i ng- power coordi nati on nmust be established, bal ancing | ong-

di stance transm ssion with | ow | atency requirenents.

On one hand, optim zed routing planning algorithms should dynanically
sel ect optinmal transm ssion paths based on conputi ng- power

coordi nation service priorities, mnimzing routing hops and avoi di ng
congested network segments to ensure the shortest paths and | owest

| atency for cross-domain data transm ssion and conmand delivery.
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On the other hand, inplementing deterninistic networking technol ogi es
such as TSN+SRv6 t hrough techniques like tine slot scheduling and
path reservation ensures stability and predictable | atency for |ong-
di stance transm ssion. This results in a cross-donmain end-to-end

| atency of |less than 10ns, reduces core scenarios to under 5ns, and
mai ntains jitter within 1ns.

Si nul t aneousl y, deploying multi-path redundant routing addresses |ink
failures, enabling sub-second fault self-healing. This ensures

uni nterrupted, lowlatency transm ssion over |ong distances,
supporting the efficient inplenentation of cross-donain conputing-
power coordination scenarios |ike “East Data, Wst Conputing” and
“West Power, East Transmission.”

4.3. Exposure of Energy Status in Conputing Resource Supply

Exposi ng the energy status of conputing resources is a crucia
prerequisite for achieving dynam c coordi nati on between conputing and
power systens, enhancing resource utilization efficiency, and
breaki ng down barriers to matching computing and power resources.
Currently, computing systens and power systens operate independently.
The energy consunption, energy efficiency, and power supply
requirenents of conputing clusters are not effectively exposed to
power dispatch systens.

Simlarly, information such as the power supply capacity, green power
generation output, and |oad fluctuations of the power systemis not
synchroni zed to conputing dispatch systens, |eading to a disconnect
in resource matching between the two. Therefore, it is necessary to
establish a unified conputing-power status perception systemto
pronote the conprehensi ve exposure and sharing of energy status

i nformati on for conmputing resource supply. Specifically, deploy
energy nonitoring devices within conputing clusters to collect real -
time data on energy consunption, power dermands, and energy efficiency
fromconputing nodes. This information should be transmitted via
standardi zed interfaces to the conmputing-power coordi nation dispatch
center.

Si mul t aneousl y, synchronize real -ti ne power system data—i ncluding
supply | oad, green power generation output, and electricity price
fluctuations—to the conputing dispatch system This achieves

bi directional transparency between conputing energy status and power
supply conditions. Through this state exposure, the coordi nation
center can precisely grasp the resource status of both parti es,
enabl i ng deep synergy between conputing power scheduling and power
dispatch. This optim zes resource allocation, enhances green
electricity consunption rates, and inproves conputing power
operational efficiency.
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5. Concl usi on

March 2026

Thi s docunent highlights the chall enges and consi derations for

Conput i ng- Power Col | aboration in CATS.
6. Security Considerations

TBD.
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