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Abstract

Thi s docunent describes a nethod for conputing energy consunption
paths in Segnent Routing (SR) networks, ainming to optinize network
traffic routing for energy efficiency, including procedures for
energy consunption data collection, path cal culation, and issuance,
as well as considerations for data plane inplenentation in both MPLS
SR and SRv6 net works.

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 (IETF), its areas, and its working groups. Note that
ot her groups may al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunments valid for a maxi num of six

mont hs and nmay be updated, replaced, or obsol eted by other docunents
at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress."

The list of current Internet-Drafts can be accessed at
http://ww. ietf.org/ietf/1id-abstracts.txt

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow htm

This Internet-Draft will expire on April 19, 2026.

liu, et al. Expires April 19, 2026 [ Page 1]



Internet-Draft Conputing Energy consunption in SR Cctober 2025

Copyri ght Notice

Copyright (c) 2025 | 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
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent nust include Sinplified BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided wi thout
warranty as described in the Sinplified BSD License.

Tabl e of Contents
Lo IntroduCti On. . ... 2
1.1. Requirements Language. . ... ... ... 3
2. Termnol 0gy. . ..o 3
3. Background. ... ... 3
4. Energy CONSUNMPLI ON. ... ot e e e e e e e 4
. MBChani SM . ... 5
5.1. Energy Consunption Collection............. ... ... ... ........ 6
5.2. Path Cal cul ati on Based on Energy Consunption.............. 6
5.3. Issuance of Path........ ... . .. . . 7
B. Procedures. . ... ... 7
6.1. Energy Consunption Collection.............. ... .. ... ... ... 7
6.2. Path cal cul ati on based on Energy Consunption.............. 7
6.3. Path seletion based on Energy Consunption................. 8
6.4. Data Planes. . ........ ... e 8
7. USe CaSE. . ottt 9
7.1. Path Cal cul ati on Based on Maxi mum Ener gy Consunption...... 9
7.2. Path Cal cul ati on Based on Average Energy Consunption..... 10
8. IANA Considerati ONS. . ... .. i e e e 11
9. Security Considerati ONS. ... ... ..o 11
10. Ref erencCes. ... e 11
10.1. Normative References....... ... ... .. 11
10. 2. Informational References......... ... ... . . ... ... 12
AUt hor s’ AdAr €SS eS. . . oot 12

1. Introduction

The i nportance of energy consunption in nodern networks is
increasingly evident. In addition to reducing the power consunption

of

liu,

devi ces, network technol ogies can be | everaged to redirect
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traffic towards energy-efficient devices and paths, effectively
| owering the energy consunption of network comunications.

[draft-cx-green-green-netrics] outlines a variety of netrics that
can be utilized to assess energy consunption. However, the intricate
details of these netrics extend beyond the scope of that docunent.

[ RFC9252] defines the fundanmental architecture and operational
principles of Segnent Routing (SR) and describes the SR network
programm ng nodel, which enables flexible network path contro
through the definition of Segnent Identifiers (SIDs). This docunent
focuses on path conputation based on energy consunption infornmation
and utilizes SR to inplenent energy-aware path control

1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

2. Term nol ogy

Power Consumption (W: The average power in watts consuned.

Data Transm ssion Rate (Gops): The average data rate in bits per
second transnitted

Rat ed Power Consunption Metric (W Gbps): The fixed power consunption
metric of the device, which does not change

Real -ti me Power Consunption Metric (W CGbps): The dynam c power
consunption netric of the device, which changes over tinme during
operati on.

3. Background

In the nodern digital era, network energy consunption has becone a
critical focus, driven by the growi ng demand for sustainable
practices and the need to reduce operational costs. Networks consune
substantial energy, l|eading to carbon enissions and environnental
degradation. Optinizing energy usage hel ps reduce their carbon
footprint and supports global efforts to combat climate change.
Energy is a major operational expense for network operators, and
inmproving efficiency directly lowers electricity costs, especially
in large-scale networks, resulting in significant financial savings.
As network traffic grows exponentially, energy-efficient designs
ensure sustainable scalability w thout proportional increases in
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energy consunption, which is essential for supporting future
technol ogi es such as 5G 10T, and cl oud conputi ng.

The source routing characteristics of SR make it a flexible,

scal abl e, and efficient networking technol ogy. By sinplifying
network control, enabling explicit path definition, and ensuring
conmpatibility with existing technol ogies, SR neets the demands of
modern networks for traffic engineering, fault recovery, and

scal ability while reducing conplexity and overhead. Additionally, SR
net wor ks support network slicing, allow ng the creation of

i ndependent paths for different service types.

SR networks can be utilized for energy-efficient path optimzation
in |large-scal e networks and seam essly integrate with existing

I Pv4/ 1 Pv6 infrastructures. By collecting energy consunption data
from each node and |ink, SR enables the planning of energy-efficient
pat hs based on routing policies, thereby achieving the goal of
reduci ng overall network energy consunption.

The notivations for addressing energy consunption in SR networks
include, but are not limted to:

Reduci ng energy consunption in network comuni cations by
sel ecting energy-efficient paths and | everagi ng energy-rel ated
i nformati on associated with SR paths and poli cies.

Al'l ow ng the source node or controller/PCE to use energy
consunption nmetrics as constraints and optinmization criteria for
pat h conputation, thereby optim zing the routing of network
conmmuni cati ons.

4. Energy consunption

Based on the scope of energy consunption neasurenent, it includes
overal | device energy consunption, board-I|evel energy consunption,
and interface-level energy consunption. Since routing protocols
typically use node-level or interface-level energy consunption
informati on for path selection, energy consunpti on neasurenments can
be conducted at the overall device or board | evel. However, when
advertising the information, board-|evel energy consunption can be
converted into corresponding interface-level information for

di ssemi nati on.

Ener gy consunption metrics, neasured in watts per gigabyte (WGB),

i ndi cate the energy consuned for every gigabyte of data transmitted.
Based on the neasurenent objectives, these netrics can be classified
into the followi ng types: Rated Power Consunption Metric , Real-tine
Power Consunption Metric
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1) Rated Power Consunption Metric : The energy consuned per unit
of traffic when the device operates at maxi num | oad.

2) Real -time Power Consunption Metric : The energy consuned per
unit of traffic under current operating conditions.

The first metric is a static paranmeter of the device, while the
second one is a dynam c parameter that requires real-tinme
measur enent and di ssem nati on

When the device is not currently forwarding traffic, the real-tine
energy consunption is neaningless. In such cases, Rated Power
Consunption Metric can be used to cal culate the path.

Differentiating by the scope of energy consunption testing, it
i ncludes overall energy consunption and interface energy
consunpti on.

1) overall energy consunption: Measuring energy consunption of the
devi ce as a whol e.

2) Energy consunption by interface: Measuring energy consunption
at the granularity of interfaces. Cenerally, neasuring energy
consunption by interface is challenging to inplenment on
devi ces, so a rough measurenent can be conducted on the entire
board and then averaged for each interface.

5. Mechani sm

A proposed framework of conputing energy consunption path in SR
networks is as foll ows:

A controller centrally collects energy consunption information from
all nodes within the SR network domai n, conmputes the nobst energy-
efficient path uniformy, and distributes the optim zed path as SR
policy to head end.
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Figure 1. Franmework of Conputing Energy Consunption path in SR
net wor k

5.1. Energy Consunption Collection

Ener gy consunption information is dissem nated and collected within
a SR network domain through | GP protocol extensions. In inter-domain
scenarios, it can be propagated and col |l ected using BGP protoco

ext ensi ons by BGP-LS extensions.

Energy consunption information is collected between the SR network
domai n and the Network Controller using standardi zed net hods such as
YANG NETCONF, and SNWP

The specific information classification of Energy consunption is
detailed in section 4.

5.2. Path Cal cul ati on Based on Energy Consunption

The network controller selects network paths based on the coll ected
energy consunption information and cal cul ates the paths according to
the specified policy. During the cal culation, both node energy
consunption and |ink energy consunption are considered. If the

devi ce advertises link energy consunption, it is prioritized;

ot herwi se, node energy consunption is used.

These consunption netrics may include nmaxi mum energy consunpti on,
real -tine energy consunption. \Wen sel ecting energy consunption
paraneters, if the device is currently forwarding traffic, the real-
time energy consunption is used as the energy consunption paraneter
for path selection. Wien the device is not forwarding traffic, the
Rat ed Power Consunption Metric is used. During the cal culation
process, nodes and links that do not neet the energy consunption
criteria are excluded, and the path with the | owest energy
consunption is prioritized for selection
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5.3. Issuance of Path

6

1.

The network controller distributes path to the head end. This
distribution can be perforned using standard nechani sns such as
YANG, BGP or PCEP. The head end then conducts network forwarding
based on the distributed SR Policy. Wen using YANG BGP and PCEP
necessary expansi ons for the energy consunption metric should be
made.

Procedures
Energy Consunption Col | ection

Ener gy consunption information can be integrated into network
topol ogy as attributes of nodes and links, serving as criteria for
routing cal cul ati ons.

Energy consunption information can be directly reported to the
controller by each node through the NETCONF reporting nmechani sm

Al ternatively, energy consunption information can be propagated
within the domain through | GP flooding and then reported to the
controller via BGP-LS at a designated point. To prevent frequent
changes in energy consunption information from causing excessive
updates to I GP LSPs, a refresh interval nust be established, during
whi ch the energy consunption information in the LSP remains
unchanged. If the refresh interval is too | ong, the energy
consunption informati on may becone outdated; if it is too short, it
could lead to frequent LSP fl ooding.

6.2. Path cal cul ati on based on Energy Consunption

VWhen perform ng routing cal cul ations, the controller can adopt
various strategi es based on energy consunption netrics. It may

excl ude nodes and links with excessively Real -tine Power Consunption
Metric,filter out those with high traffic-related energy
consunption, or elininate nodes and links with significant energy
consunption fluctuation rates. The specific strategy can rely on a
singl e energy consunption paraneter or a conbination of nultiple
paraneters for decision-naking.

When pl anni ng paths, the network can be divided into different
t opol ogi es using Fl ex-Al go and Milti-Topo technol ogies to
acconmodat e varyi ng energy consunption requirenents.

To prevent traffic oscillation, the controller nust set a threshold
when cal cul ati ng pat hs based on energy consunption information.
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Traffic will only be switched to a new path if the cal cul ated energy
consunption change exceeds this threshol d.

6.3. Path seletion based on Energy Consunption

Calcul ate N optinmal paths using traditional metrics such as
bandwi dt h, del ay, and packet |oss rate. Then conpute energy
consunption values for these paths, such as rated energy consunption
along the path and real -time energy consunption. Finally, select the
energy-optimal path fromthese N paths based on an energy-aware
routing strategy. The difference fromsection 6.2 is that path
planning still relies on traditional nmetrics to conpute multiple
candi date paths, and then selects the best path based on energy
consunpt i on.

6.4. Data Pl anes

After the controller perforns routing cal cul ati ons and generates the
path, it can deliver the path to the headend via PCEP or NETCONF
Dependi ng on the data plane, the generated path can be i npl enent ed
as an SR-Policy or SRv6-Policy.

For an MPLS SR network, during route cal culation, energy consunption
information is conbined with node | abel and adj acent |abe

i nformati on. By specifying node | abel s and adj acent |abels, nodes
and links can be sel ected while excluding those with high energy
consunpt i on.

For SRv6 networks, during route cal cul ation, energy consunption
information is conbined with node SIDs and adj acent End. X SIDs. By
speci fyi ng node SIDs and adj acent End. X SIDs, nodes and |inks can be
sel ected while excluding those with high energy consunption
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7. Use Case

7.1. Path Cal cul ati on Based on Maxi mum Ener gy Consunpti on

. +

R | Network Controll er|

| . +

I

|

| Max: 10
+\|/-+ S P1------- + +--mna +
I | 10| [10 | I
| Head | --- PE1 PE2---| End |
| Poi nt | | Max: 15 | | Poi nt |
+--m - - + S R P2------- + +--m - - +

When cal cul ating the energy consunption path based on maxi num
energy consunption, the path conputation is perforned using the
node energy consunption, interface energy consunption, or board
energy consunption information published by each node.

The maxi num energy consunption is a fixed value and does not
requi re dynam c measurenent or updates.

During the energy consunption path cal culation, both primary
and backup paths are supported.

In the diagram the maxi mum energy consunption of Pl is 10,
while that of P2 is 15. Therefore, the conputed primary path is
PE1 -> P1 -> PE2, and the backup path is PE1l -> P2 -> PE2.

In the event of a failure on the primary path, such as a fault

in Pl, traffic is quickly switched to the backup path PE1L -> P2
-> PE2 for forwarding.
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7.2. Path Cal cul ati on Based on Average Energy Consunption

o e e e e oo oo +

e | Net work Controller

| R +

I

| Real : 10

| Real : 20

| Real : 30
+-\|/-+ Fomm - P1------- + +----- +
I | 10 | |10 | I
| Head | --- PE1 PE2---|End |
| Poi nt | | Real : 15 | | Poi nt |
+----- + I P2------- + +----- +

When cal cul ating the energy consunption path based on the real-tine
energy consunption, the path conputation is performed using the node
energy consunption, interface energy consunption, or board energy
consunption information published by each node.

During the energy consunption path cal culation, both primry and
backup paths are supported. In the event of a failure on the primary
path, traffic can be quickly switched to the backup path.

In the diagram the real-time energy consunption of P2 is 15, while
that of other devices is 10. The primary path is cal culated as PEl
-> Pl -> PE2, with a path energy consunption of 30, and the backup
path is PEl -> P2 -> PE2, with a path energy consunption of 35.

If the primary path fails, such as a fault in Pl, traffic is quickly
switched to the backup path PEl1 -> P2 -> PE2 for forwarding.

When the path energy consunption changes, the path energy
consunption nust be recalculated. To avoid traffic oscillation,
switching to a new path is only triggered when the energy
consunption of the new path falls below a threshold relative to the
ori gi nal path.

For exanple, we set the threshold to 80% neaning the new path is
only adopted if its energy consunption is |ess than 80% of the
original path.

For instance, when the energy consunption of Pl increases to 20, the
energy consunption of PE1l -> Pl -> PE2 becones 40, while that of PEl
-> P2 -> PE2 remains 35. At this point, the backup path energy
consunption is 87.5% of the original path, which does not neet the
80% t hreshol d, so no path switch occurs.
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However, when the energy consunption of Pl further increases to 30,
the original path energy consunpti on beconmes 50, and the backup path
energy consunption is now 70% of the original path. This triggers a
path switch, and the controller updates the primary path to PEL ->
P2 -> PE2 and the backup path to PEl -> P1 -> PE2.

For this procedure, it should be also considered the inmpact on
energy consuntion in the back up path because of the fact of noving
the traffic there, by nmeans of an estimation of the resulting
situation once the traffic has been mgrated (this is considered for
further study)".

8. | ANA Consi derations
Thi s docunent does not have any | ANA requests.
9. Security Considerations

TBD.
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