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Abst ract

As nobil e edge computing networks sink conputing tasks from cl oud
data centers to the edge of the network, tasks need to be processed
by conputing resources close to the user side. Therefore, CATS was
rai sed. Reducing carbon footprint is a major challenge of our tine.
Net wor ks are the main enabl ers of carbon reductions. The

i ntroduction of conputing dinmension in CATS makes it insufficient to
consi der the energy saving of network dinension in the past, so the
green for CATS based on network and conputing conbination is worth
exploring. This docunment outlines a series of challenges and

associ ated research to explore ways to reduce carbon footprint and
reduce network energy based on CATS
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1. I nt roduction

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

processing. |In order to disperse the pressure of cloud data centers,
computi ng power gradually noves fromthe center to the edge, forning
scattered conputing resources in nobile networks. In order to make

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

i nstance based on the joint netric of conputing and networ ki ng.
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Green has becone a global topic. The United Nations and the vast
majority of governments agree that climte change and the need to
curb greenhouse gas em ssions are the major challenges of our tine.
Therefore, inproving energy efficiency and reducing electricity
consunption are becom ng increasingly inmportant for society and nmany
i ndustries. The networking industry is no exception. The |ETF
conducted a study on the energy costs of the | ETF neeting three tines
a year. The results showed that it was found that 99% of energy
consunption cane fromair travel

In addition, there are several papers that discuss green networks,
and sone work [I-D.cx-green-ps] sumarizes the energy-saving
possibilities that exist in the network. However, there is no

di scussion of joint optimzation of green and energy savings with
computing and networking. Therefore, this docunment outlines a series
of chall enges and rel ated research to explore ways to reduce carbon
em ssions and reduce network energy based on CATS

2. Definition of Terns

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

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.

Service instance: Running environnment (e.g., a node) that nakes the
functionality of a service available. One service can have severa
i nstances running at different network | ocations.

3. Chall enges

Consi deri ng energy savings in CATS creates challenges in the
foll owi ng aspects

3.1. Computing Resource Energy Consunption Modeling

Conputing resource status is considered in Cats, so it is necessary
to research the nodeling of conputing resource energy consunption in
order to save energy. The energy consunption of the equiprment is
different when the load is different. For exanple, the energy
efficiency of equipnent is different when it is not |oaded or at ful

| oad. Therefore, it is also a challenge to consider which factors to
consi der when nodeling the energy consunption of conputing resources.
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3.2. Joint Optimzation of Conputing and Network

The magni tude of conputing energy consunption may differ fromthe
magni t ude of network energy consunption. Therefore, when conputing
and network are jointly optimzed, howto weigh the two in joint
optinization becones a challenge. Wen the conputing energy
consunption is | arge enough, the inmpact of network energy consunption
on the joint optinization results is negligible.

3.3. Service Experience Guarantee

The service experience that takes energy saving factors into account
in CATS is distinct fromthe service experience that does not

consi der energy saving factors. The inplenentation of energy
conservation may cone with sacrifices in user service experience.
Users have linmtations on factors such as | atency when naking
requests. Therefore, when conducting joint optimzation, howto
guar ant ee user service experience while conserving energy is also a
chal | enge

3.4. Energy Consunption of O her Equi prent

The conputing resources may be in the data center, edge conputing
nodes or others. In order to ensure the normal operation of network
and conputing equi pnent, the source of energy consunption is not only
the equi pment itself, but also some other equipnment, such as

Cool equi pnment : computing resources will emt heat into the air
during operation. Wen the tenperature is too high, the operation of
the equipnent will be affected. So refrigeration is required to
reduce the tenmperature of the equipnment to ensure that the equi pnent
operates at a hi gher performance.

The normal running of conputing resources are inseparable fromthe
support of refrigeration equi pnent and ot her equi pment. Therefore,
when perfornming joint optimzation of network and conputing, the
energy consunption generated by equi prent other than network

equi prent and conputi ng equi pment shoul d al so be consi der ed.

3.5. Evaluation of Conputing Equi pnent Energy Consunption Performance

The energy efficiency |evel requirenents of conputing equi pnments can
al so be considered when perforning traffic steering. Since there is
no standardi zed definition of conputing energy efficiency for
different conmputing equi pments. Therefore, it is difficult to

consi der the conmputing energy efficiency |evel of conputing

equi pnents when traffic steering
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3.6. Using of G een Energy

G een energy, also known as clean energy, refers to energy that does
not emt pollutants and can be directly used for production and daily
Iife, including nuclear energy and renewabl e energy. Renewabl e
energy refers to energy sources that can be regenerated fromraw
mat eri al s, such as hydroel ectric power, w nd power, solar energy,

bi oenergy (biogas), geothermal energy (including geothermal and water
sources), and tidal energy. Renewable energy does not have the
possibility of energy depletion, therefore, the devel opnent and
utilization of renewabl e energy are increasingly valued by nany
countries, especially those with energy shortages.

The devel opnent of green CATS cannot be separated fromthe use of
green energy. Although the current use of green energy in network
devices has a certain scale, the industry’'s consideration of the
consunption of green energy for equipnment in traffic steering is

i ncompl ete and further research i s needed.

3.7. Howto Realize the Accurate Control of Energy Consunption

At present, the data center’s control of energy consunption is based
on nonitoring the overall energy consunption of regional equipnent.
However, it has not yet achieved accurate control of equipnment within
the region. While assessing the energy consunption of equipnment in
the overall region can help to some extent in controlling energy
consunption, it does not provide accurate enough feedback on the
actual situation of the equipnent.

In the future, there is a need to further explore fine-grained
control of energy consunption in order to address scenarios such as
Al training, which requires a significant amount of energy.

4. (bservation

Recently, the docunent [I-D.cx-opsawg-green-netrics] gives sonme green
networking netrics for network instrumentation to optinize the energy
efficiency of the network. It divides the green metrics into four
categories according to the subject of the netrics, as foll ows:

At the device/equi pnent | evel: The author considers three factors.
The first are energy consunption netrics. Sone of these nmetrics
could be provided by the data sheet that cones with the device or
could be neasured sinply in a | ab, such as power consunption when
idle, power consunption when fully |oaded, power consunption at
various | oads and so on. The others are not fixed and need to be
accounted according to the actual operation of the network equi pnent,
such as current power consunption/kB (or gB), current power
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consunpti on/ packet, power drawn since systemstarted for the past

m nute and so on. The second is green metrics beyond energy
consunption, Wch is related to the power source of the device and
the environment in which the device is located. The third is related
to network instrunmentation virtualization. Nowadays, network
instrunmentation could be virtualized and hosted (for exanple) in data
centers.

At the flow level: These nmetrics are related to flows, such as
anortized energy consuned over the duration of the flow and
I ncrenental energy consumed over the duration of the flow.

At the path level: These netrics can evaluate the energy consunption
of paths and optinize these paths so that the overall footprint is
m nimzed. The author gives sonme candidate nmetrics, such as energy
rating of a path, current power consunption across a path and
incremental power for a packet over a path.

At the network level: These nmetrics can reflect the energy usage of
the entire network.

5. Concl usion
Thi s document highlights the green challenges in Cats and summari zes
the latest | ETF work which is associated with green networking. As
is well known, Cats not only considers network resource status, but
al so computing resource status. Therefore, energy consunption
research of Cats can al so consider both network and conputing energy
consunption fromthe device/equi prent, path and network | evel

6. Security Considerations
TBD.

7. 1 ANA Consi derations
TBD.
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