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Abst ract

Thi s docunent proposes enhancenents to the Segnent Routing (SR

Fl exi bl e Al gorithm (Fl ex-Al go) framework by integrating power
consunption nmetrics into routing decisions. It introduces metrics
enconpassi ng both node-level and |ink-Ievel energy consunption
attributes and proposes dynam c energy-aware path conputation. By

i ncorporating these netrics alongside traditional routing paraneters,
t he enhanced Fl ex-Al go framework can enable networks to optim ze
routing paths for energy efficiency, and then | everage on advances
router capabilities to further reduce operational costs as well as
supporting sustainability objectives.

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 docunments 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 mum of six nonths
and nay 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 8 January 2026

Copyri ght Notice
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Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
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1. Introduction

The increasing significance of energy efficiency in networks, driven
by both environnental sustainability goals and the need to reduce
operational costs, highlights the necessity to devel op routing
mechani sms that enabl e path sel ecti on based on energy consunpti on.
This includes the ability to define routing policies that |everage
energing capabilities in routers, such as power state managenent,to
progressively reduce energy usage over tine. But at the sane tine is
al so inportant to support |egacy devices on the overall nanagenent of
the network in which refers to energy-aware routing.

Thi s docunent proposes enhancenents to Fl exible Al gorithm (Fl ex-Al go)
and its applicability to Segment Routing (SR) [ RFC9350] by

i ntegrating power consunption netrics into routing decisions
[I-D.ietf-idr-sr-policy-metric][RRFC9256], to be popul ated by IGP
protocol s [ RFC8491] [ RFC8665] [ RFC8667] .
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The notivation of this docunent is to address the grow ng inportance
of energy efficiency in networks, driven by environnmental concerns
and operational cost savings. The inherent flexibility and
scalability of Segnent Routing nake it suitable for inplenenting
energy-aware routing by |everaging energy consunption nmetrics to

gui de path selection. This docunent details extensions to previous
wor ks for energy data collection, path conmputation policies, and path
i ssuance, aimng to reduce network carbon footprint and support
sust ai nabl e network growmh am d increasing traffic demands. The
approach supports both MPLS SR and SRv6 data planes and incl udes
mechani sns to avoid traffic oscillation by setting thresholds for
pat h swit chi ng.

1.1. Rel at ed wor k

The rel evance of energy-aware routing in general, but also in
relation with Segnent Routing, is reflected on sone existing

document s.

[1-D.li-Isr-flex-al go-energy-efficiency] proposes extensions to |GP
protocols, specifically IS-1S and OSPF, to advertise energy
consunption information within a network. It defines new TLVs and

sub- TLVs for conveying vari ous energy consunption nmetrics such as
node maxi mum energy, real-tine energy, unit energy consunption, and
interface energy consunption values. These netrics enabl e energy-
aware routing by allow ng network controllers to conpute paths that
optimze for energy efficiency, balancing performance with
operational costs. The docunment al so introduces Flex-Al gorithm
constraints to exclude links or nodes fromrouting conputations if
their energy consunption exceeds specified thresholds, thereby
facilitating the selection of |ow power paths. These extensions aim
to improve network sustainability by integrating energy consunption
into routing decisions.

[1-D. liu-spring-sr-policy-energy-efficiency] proposes a nethod for
conmputing energy consunption paths in Segnment Routing (SR) networks
to optinize traffic routing for inproved energy efficiency. It
outlines a franework where a network controller centrally collects
energy consunption data from nodes and links within an SR domain
usi ng | GP and BGP-LS extensions or direct reporting nmechanisns |ike
NETCONF. Based on such information, the controller conputes energy-
efficient paths considering netrics such as maxi nrum and real -time
energy consunption at node and interface |levels, and distributes
optinized SR policies to head-end devices for forwarding. The
approach includes nmechanisns to avoid traffic oscillation by setting
thresholds for path switching
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Furthernore, sonme other docuemmts address aspects such as energy-
related metrics or data nodel s.

Regarding netrics, [|-D.cx-green-green-netrics] define netrics
focusing on attributes |ike power consunption, energy efficiency, and
carbon footprint. It categorizes green netrics at different |evels,
such as equi prent, flow, path, and network-wi de. The netrics can be
used for network optim zati on and benchmar ki ng.

In terns of nodels, [I-D.cwbgp-green-conmopn-energy- managenent ]
defines a commpn YANG data nodel nodul e i ntended for reuse across
various energy efficiency-rel ated network managerment nodul es. It

i ntroduces identities, types, and groupings that represent energy-
savi ng nodes, power states, and energy consunption paraneters. The
modul e supports standardi zed nmonitoring and control of power and
energy consunption at device and conponent levels. On the other
hand, [I-D. cwbgp-green-comon-ener gy- managenent] specifies a YANG
net wor k topol ogy data nodel for energy efficiency managenent,
augnmenti ng exi sting network topol ogy nodels to include energy
consunption and energy-saving information at both the device and
component levels. Finally,

[1-D. cwbgp-green-inventory-energy-nanagenent] defines a YANG net wor k
inventory data nodel for energy efficiency nmanagenent that captures
static capability information related to energy saving nodes and
met hods in network el enents and components. It extends the network
i nventory base nodel to include energy managenent capabilities and
power paraneters

I mportantly, [I-D.bel ng-green-framework] proposes a structured
approach for energy efficiency managenent in network devices and
their conponents. The framework describes physical power topol ogies,
rel ati onshi ps anong devi ces and components, and the senmantics of
power states. It can be expected that such framework could allow the
energy-aware routing described by this docunent.

(Note. Additional docunents will be considered in this section, as
previous work is flourishing).

1.2. Term nol ogy
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL
NOT", " SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in
this docunment are to be interpreted as described in RFC 2119
[ RFC2119] .

In addition, this docunment uses the terns defined in
[1-D. bcl p-green-term nol ogy] .
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2.

Proposed Modifications for the reporting of netrics to be used by
Fl ex- Al go

To enabl e energy-aware routing using Segnent Routing Flex-Algo it is
necessary to consider netrics reporting real-tinme data about energy
consunption at the node and link |evel, allow ng routing decisions to
optinize paths based on energy efficiency and/ or overall energy
consunpt i on.

[I-D.li-Isr-flex-al go-energy-efficiency] and
[1-D.cx-green-green-netrics] propose different set of nmetrics.

[1-D. li-Isr-flex-al go-energy-efficiency] defines the follow ng energy
consunption metrics:

* Node Maxi num Energy Consunption: The power consunption of a node
at full load, neasured in watts.

* Node Real -Ti me Energy Consunption: The real-time power consunption
of a node, nmeasured in watts.

*  Node Maxi mum Unit Energy Consunption: The power consunption of a
node at full | oad divided by traffic, neasured in watts per
gi gabyte (WGB).

* Node Real -Time Unit Energy Consunption: The real-tinme power
consunption of a node divided by real-tine traffic, measured in
watts per gigabyte (WGB).

*  Node Average Unit Energy Consunption: The change in power
consunption of a node over a neasurenent period divided by the
change in traffic, neasured in watts per gigabyte (WGB).

* |Interface Maxi num Unit Energy Consunption: The power consunption
of an interface at full load divided by traffic, neasured in watts
per gi gabyte (WGB).

* Interface Real -Tinme Unit Energy Consunption: The real-time power
consunption of an interface divided by real-tine traffic, measured
in watts per gigabyte (WGB).

* |Interface Average Unit Energy Consunption: The change in power
consunption of an interface over a neasurenment period divided by
the change in traffic, measured in watts per gigabyte (WGB).
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Fromthe set of netrics defined for node and interface (or port), the
ones reporting maxi num val ues can be considered static and then no
necessary to be reported periodically. It can be expected that such
information could be retrieved fromthe inventory, for instance by
means of [1-D.cwbgp-green-inventory-energy-nmnagenent].

However, the real-tinme and the average val ues are dynami c and require
periodic advertisenment for a timely characterization of the energy
consunmed by the network. This docunent builds on top of such
metrics, proposing new structures for the TLV fields in I GP protocols
so to extend Fl exAl go capabilities to provide energy-aware

t opol ogi es.

The foll owi ng section proposes additional information ot be
considered as part of the reported netrics to build energy-aware
routing topologies with FlexAlgo and to all ow path conputation based
on that infornation.

2.1. Additional information to be reported

Additional information for the energy-related metrics is described
next .

2.1.1. Adjustnent factors

To ensure flexibility, network providers can apply configurable
wei ghting factors to adjust power val ues during path conputation

These val ues can account for external environnental factors, such as
tenperature that may inpact energy consunption, or for any other

adm ni strative consideration of interest for the network provider
Moreover, that factor could reflect aspects such as the ratio of
renewabl e enrgy sources of applicable to the network elenent (e.g.,
by extrapolating the ratio of renewabl e energy feeding the Point of
Presence hosting the network elenent) at the tinme of reporting the
metric. This can be useful in situations where nodes operate in

di verse physical conditions.

The foll owi ng configurable parameters

*  Node- Specific Adjustnent Factor: a node-level factor allows
operators to increase or decrease the advertised power value for
speci fic nodes.

* Link-Specific Adjustment Factor: Simlarly, a per-Ilink adjustnent
factor nodifies the reported power values for individual |inks.
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The adjustnent factor is defined in the range of 0 to 1, with the aim
of multiplying the reported nmetric by such factor. The adjustnent
factor can be assunmed to be populated tine to tinme by an externa

net wor K managenent entity (e.g., the network controller) based on
policies or external adnministrative information (that could be the
case of updating the percentage of renewabl e energy). The

cal cul ation of these adjustnent factors will be detailed in next

versi ons of the docunent.

2.1.2. Configurable default val ue

Energy-aware routing must address cases where not all network

el ements provide power nmetrics, as could be teh case of |egacy nodes.
These factors hel p bal ance energy-aware routing decisions when data
is inconplete or inconsistent.

For network el enents that do not advertise energy netrics a default
static value is configured.

* Node-Specific static default value: A node-level static val ue.

* Link-Specific static default value: Simlarly, a per-link static
val ue i s defi ned.

Nodes reporting static node or per-link values can be taking into
account as a criterion for the path calculation providing the option
to avoid use of paths with static default values, or prefer paths not
containing static default val ues

2.1.3. Power nodes
The netrics being reported can be coll ected under different power
state nodes, thus being inportant to provide such context to the
measur enent for optim zation purposes.
I ANA [ | ANA- power] maintains different registries for enuneration of
power states. Thus indication of the registry used plus the power
state in place is an inportant information

3. Proposed TLV formats

Note. This version describes only TLVs for IS 1S. Next versions
will nclude TLVs for OSPF.

The proposed TLV fields follow a generic structure as shown in the
next figure.
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0 1 2 3
01234567890123456789012345678901
B il s S S S S I S i
| Type | Length |
i i i T i I S i e s o o i i
| Val ue
R et e s i o e s i i

Figure 1: Generic format for the TLV

The Type octect serves for the purpose of identifying the type of the
TLV for its proper interpretation. The Lenght octect serves for
indicating the length of the entire TLV structure. The Value field
follows the encoding described in the next sections.

3.1. Value field for reporting neasured netrics
When reporting an absol ute power consunption netric, the Value field

has the follow ng structure:

0 1 2 3
01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| Al AF Value | Rsv |D Pl Reg.| Power Mode |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Power Value (entire part) | Power Val ue (fraction) |

B T S i T s i i e e SEI S
Figure 2: Value field for absolute power consunption nmetrics
The neaning of the fields is as foll ows:

* A (1 bit): this bit declares the presence of the adjustnent
factor. The value 0 neans that no adjustnent factor applies (then
inmplying that the field AF Value is ignored), while the value 1
means that an adjustnent factor rust be applied.

* AF VAlue (7 bits): this field reports the value of the adjustnent
factor to be applied to the reported netric. It represents a
deci mal val ue between 0 and 100, that nultiplies the power netric
(as expressed by the field Power Val ue).

* Rsv (3 bits): this bits are reserved for future use.
* D (1 bit): this bit indicates if the power nmetric (as expressed by

the field Power Value) is a default value for backward
conmpatibility with nodes not capable of reporting power netrics
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directly. A value of 1 neans that the reported netric is a
default metric, while the value 0 nmeans that the metric reported
is result of a nmesurement by sensors in the network el ement.

* P (1 bit): when set to 1 this bit nmeans that a power state is
associated to the reported netric.

* Registry (3 bit): this field indicates the | ANA registry used
[1 ANA-power] for interpreting the identifyer of the power state
reported in the field Power Mde.

*  Power Mode (8 bits): this field identify the power state which
applies to the reported netric.

*  Power Value (32 bits) provide the actual power neasurenent which
is divided in an entire part (the first 16 bits) and a deci nal
part (the last 16 bits) expressed in watts.

3.2. Value field for reporting average netrics

VWhen reporting a relative power consunption netric (e.g., watts per
unit of traffic), the Value field has the follow ng structure:

0 1 2 3
01234567890123456789012345678901
il s ST I S S I S T T S
| Time I nterval |
B T S i T s i i e e SEI S
| Power value (entire part) | Power val ue (fraction) |
I S i o T s S S S e s s T

Figure 3: Value field for relative power consunption metrics
The neaning of the fields is as foll ows:
* Tlme Interval (16 bits): this fileds indicates the interval in
whi ch the cal cul ation of the average for the rel ative power
consunption nmetric, expressed in seconds.
*  Power Value (32 bits) provide the average netric of power per unit
of traffic which is divided in an entire part (the first 16 bits)

and a decimal part (the last 16 bits), being expressed in watts
per transmtted Gb.
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4.

Integration into Path Conputation

The enhanced power netric framework introduces an energy-aware
approach to path conputation by incorporating both node-level and
link-1evel power attributes. This franmework enables nore efficient
and sustai nabl e network operations by quantifying energy usage across
all elements contributing to a forwardi ng path.

At the node level, a Node Score is cal cul ated by aggregati ng power
efficiency ratings fromall hardware conponents within a network
device (e.g., forwarding engines, line cards, and control plane

nmodul es). At the link level, a Link Score is determ ned by summ ng

t he power consunption values of each link participating in the

candi date path. These two conponents are conbi ned by the Path

Sel ection Algorithm which conputes the total Path Score as the sum
of the Node Score and the Link Scores along the path. This score
represents the cunul ative energy cost of routing traffic through that
pat h.

During path conputation, Segnent Routing (SR) controllers |everage
this framework to prioritize paths with the | owest cunul ative power
scores, effectively favoring energy-efficient routes. The algorithm
may al so operate in hybrid node, where power netrics are considered
al ongside traditional routing netrics such as | atency, bandw dth, or
reliability, enabling flexible, policy-driven optimization strategies
tailored to the network’ s operational goals.

Qpen points for further discussion
A nunber of open points require further discussion

* Check whether the adjustnent factor and power node shoul d be
applied to the relative WG neasurenent.

* |f power node is applied to the relative neasurenent, determ ne
whether to indicate if the usage was total or partial during the
measur enent peri od.

* Define how frequently to report the nmeasurement (in the case of
relative netrics, it may nmake sense to report at the same cadence
as traffic nonitoring).

* Analyze how to report the power consunption of |ine cards.

* Determne howto anticipate the inpact of adding a new flow on the
node or |ink power consunption
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* Assess how to handl e scenari os where conmputation | eads to a change
in power node.

* Consi der defining custom power nodes.
6. Security Considerations
To be conpl et ed.
7. | ANA Consi derations
To be provided.
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