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1. Introduction

Thi s docunent groups use cases collected fromoperators and from
di scussi ons since the GREEN WG preparati ons.

It provides a set of use cases for Energy efficiency Managenent of
networ k devices. The scope is devices |ike switches, routers,
servers and storage devices having an | P address providing a
managenent interface. It includes their built-in components that
receive and provide electrical energy.

In annex we recall the framework where the use cases can be put in
si tuati on.

2. Use Cases

This section describes a number of relevant use cases with the
purpose of elicit requirements for Energy Efficiency Managenent.
This is a work in progress and additional use cases will be
docunented in next versions of this docunent. Use cases which are
not tied enough to the current GREEN chater will be noved to the
GREEN WG wi ki pages or to other WG or RGs.

2.1. Increnental Application of the GREEN Franework
2.1.1. Use Case Description

Thi s section describes an increnental exanple [l egacy-path] of usage
showi ng how a product, a service and a network can use the franmework
in different settings.

This use case is the less trendy of all the use cases by far as its
anbitious is limted to mgration and coexi stence, as usual
Neverthel ess froma telco perspective, it is the centrality for 2
mai n reasons:

* to start immediatly the nove to energy efficiency using | egacy
devi ces;

* to account the gain of energy efficiency during increnenta
depl oynent of energy efficient network conponents;

Legacy routers, equipped with traditional Ethernet ports and optica
interfaces will continue to operate within the network. As part of
broader sustainability and energy efficiency goals, there is interest
in exploring the increnental integration of such devices into energy
efficiency franmework depl oynents.
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Two directions are consi der ed:

* Inproving energy efficiency of |egacy devices through targeted
upgrades such as replacing line cards, optimzing firmware
behavi or, or reconfiguring interface usage based on operationa
denmand.

* Including | egacy devices in early phases of energy-aware system
depl oynent, ensuring that inprovenments are not limted only to new
har dwar e gener ati ons.

Legacy devices can still contribute to reducing overall power
consunption and | owering resource usage and associ ated environment al
i mpact. Supporting these incremental inprovenments hel ps bridge the
gap between existing infrastructure and nodern energy-aware network
strat egi es.

Devi ce nmoving gradually to CGREEN energy efficiency supports:

* step 1 "baseline" : establishing a reference point of typica
energy usage, which is crucial for identifying inefficiencies and
measuring inprovenents over tine. At this step the controler use
only the (c) part of the framework. It is collected fromthe
dat asheet .

By establishing a baseline and using benchmarki ng, you can determ ne
i f your networking equipnment is performng normally or if it is "off"
from expected perfornmance, guiding you in nmaking necessary

i nprovenents.

The initial measurenent of your networking equi pnent’s energy

ef ficiency and performance, aka Baselining, needs to be in
coordination with the vendor specifications and industry standards to
under stand what is considered normal or optinmal perfornmance. exanple:
Basel i ne: Your switches operate at 5 Gops per watt. Benchmar ki ng:
Vendor specification is 8 Gbhps per watt; industry standard is 10 Gbhps
per watt. Action: |nplenment energy-saving measures and upgrades.
Tracki ng: Measure again to see if efficiency inproves towards 8-10
Gops per watt.

* step 2 "conmponent": part of the device hwor swmgrated to
support CREEN franework el enents.

* step 3 "device control eur”

* step 4 "network |evel”

St ephan, et al. Expires 23 May 2026 [ Page 6]



I nternet-Draft Use Cases for Energy Efficiency Noverber 2025

2.1.2. GREEN WG Charter Specifics

Thi s use case denpnstrates how Energy Efficiency can be increnentally
appl i ed and nmeasured in | egacy networKks.

2.1.3. The Need for Energy Efficiency

Ensures that energy efficiency can be depl oyed, operated and measured
per conponents, w thout waiting for full infrastructure upgrades.

2.1.4. Requirenents for GREEN WG

* Baseline Measurenent: Ability to establish reference energy usage
per device (from datasheets or nonitoring).

* Conponent - Level Upgradability: Support partial mgration of device
subsystens to GREEN awar e nodel s.

* Legacy Conpatibility: Ensure the framework can include |egacy
equi prrent al ongsi de GREEN- enabl ed devi ces.

* Energy Saving Validation: Mechanisns to neasure and verify actua
energy savi ngs over tine.

* Protection from Overuse: Avoid frequent power cycling that may
damage sensitive conponents |ike | asers or connectors.

2.2. Selective reduction of energy consunption in network parts
proportional to traffic |levels

2.2.1. Use Case Description

Traffic levels in a network foll ow patterns reflecting the behavior
of consumers. Those patterns show periodicity in the terns of the
traffic delivered, that can range fromdaily (from00:00 to 23:59) to
seasonal (e.g., winter to sumer), show ng peaks and vall eys that
coul d be exploited to reduce the consunption of energy in the network
proportionally, in case the underlying network el ements incorporate
such capabilities. The reduction of energy consunption could be
performed by | everagi ng on sl eep nbdes in conponents up to nore
extrene actions such as switching off network conponents or nodul es.
Such deci sions are expected to no inpact on the service delivered to
custoners, and could be acconpanied by traffic relocation and / or
concentration in the network.
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2.2.2. GREEN WG Charter Specifics

This use case fits within the GREEN WG s obj ectives by enphasi zi ng
energy-awar e operational adjustnents across network infrastructure
that optimze energy use based on traffic |oads and the intelligent
activation/deactivation of resources

2.2.3. The Need for Energy Efficiency

Reduci ng energy usage during during | owdenand periods can | ower
operational costs and carbon em ssions while al so prol ongi ng
equi prent | f espan.

2.2.4. Requirenents for GREEN WG

* Support for device and conponent-level sleep, standby, and
hi bernati on nodes.

* Conponent -l evel control (e.g., ports, nodul es).
2.3. Reporting on Lifecycle Managenent
2.3.1. Use Case Description

Lifecycle information rel ated to manufacturing energy costs,
transport, recyclability, and end-of-life disposal inpacts is part of
what is called "enbedded carbon.” This information is considered to
be an estimated val ue, which mght not be inplenmented today in the
network devices. It might be part of the vendor information, and to
be collected from datasheets or databases. |n accordance with |SO
14040/ 44, this information should be considered as part of the

sustai nabl e strategy related to energy efficiency. Al so, refer to
the ecodesign framework [ (EU) 2024/1781] published in June by the

Eur opean Commi ssi on.

2.3.2. Carbon Reporting

To report on carbon equivalents for global reporting, it is inportant
to correlate the | ocation where the specific entity/network el enent
is operating with the correspondi ng carbon factor. Refer to the
worl d emission factor fromthe International Energy Agency (I|EA),
electricity maps applications that reflect the carbon intensity of
the electricity consuned, etc.
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3. Energy Mx

Energy efficiency is not limted to reducing the energy consunption,
it is common to include carbon free, solar energy, w nd energy,
cogeneration in the efficiency.

The type of the sources of energy of the power is one criteria of
ef ficiency.

There are other dinensions that nust visible: As nmany tel ecom

| ocations include battery or additionnally several backups |evels (as
exanpl e battery, standby generator ...) there is a requirenent to
known exactly when a backup power is in used and which one is.

4. GREEN WG Charter Specifics

Capture lifecycle energy data and integrate it with operational
metrics.

5. The Need for Energy Efficiency

Consi dering energy from production to disposal supports the broader
goal of reducing total environnental inpact.

6. Requirenments for GREEN WG
*  Awar eness of backup systens (e.g., batteries, generators).
* Data ingestion fromvendor databases or datasheets.

Real -time Energy Metering of Virtualised or C oud-native Network
Functi ons

1. Use Case Description

Cl oud-native and virtualized functions require precise real-tine
energy measurenents to manage their dynani c workl oads and
infrastructure efficiently. Effective metering of virtualized
network infrastructure is critical for the efficient managenent and
operation of next-generation nobile networks [ GREEN_NG\M .

.2. GREEN WG Charter Specifics

Met er and nanage energy at both hardware and software | ayers.

phan, et al. Expires 23 May 2026 [ Page 9]
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2.4.3. The Need for Energy Efficiency

Granular and real-tine insights into energy use enabl e optim zation
of virtualized workl oads, |eading to reduced energy footprints.

2.4.4. Requirenents for GREEN WG

/1 TODO
2.5. Indirect Energy Mnitoring and contro
2.5.1. Use Case Description

There are cases where Energy Managenent for some devices need to
report on other entities. There are two major reasons for this.

o For nonitoring energy consunption of a particular entity, it is not
al ways sufficient to communicate only with that entity. Wen the
entity has no instrunentation for determ ning power, it mght stil

be possible to obtain power values for the entity via comruni cation
with other entities in its power distribution tree. A sinple exanple
of this would be the retrieval of power values froma power neter at
the power line into the entity. A Power Distribution Unit (PDU) and
a Power over Ethernet (PoE) switch are commpn exanples. Both supply
power to other entities at sockets or ports, respectively, and are
often instrunmented to neasure power per socket or port. Also it
could be considered to obtain power values for the entity via

conmmuni cation with other entities outside of the power distribution
tree, like for exanple external databases or even data sheets.

o Sinilar considerations apply to controlling the power supply of an
entity that often needs direct or indirect comrunications with
another entity upstreamin the power distribution tree. Again, a PDU
and a PoE switch are commpn exanples, if they have the capability to
switch power on or off at their sockets or ports, respectively.

2.5.2. GREEN WG Charter Specifics
i nclusion of |egacy or non-instrunented devices.

2.5.3. The Need for Energy Efficiency

Energy nmonitoring across the network, even for devices that |ack
built-in sensors.
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2.5.4. Requirenents for GREEN WG

* Indirect control mnechanisns.

* |Integration with external databases or datasheets.
2.6. Consideration of other domains for obtention of end-to-end netrics
2.6.1. Use Case Description

The technol ogi es under the scope of | ETF provide the necessary
connectivity to other technol ogi cal donains. For the obtention of
metrics end-to-end it would be required to conbine or conpose the
metrics per each of those domains.

An exenplary case is the one of a network slice service. The concept
of network slice was initially defined by 3GPP [TS23.501], and it has
been further extended to the concerns of |ETF [ RFC9543].

In regards energy efficiency, 3GPP defines a nunber of energy-related
key performance indicators (KPl) in [TS28.554], specifically Energy
Efficiency (EE) and Energy Consunption (EC) KPls. There are KPIs
particular for a slice supporting a specific kind of service (e.g.,
Mobi | e Broadband or MBB), or generic ones, |like Generic Network Slice
EE or Network Slice EC. Assunming these as the KPIs of interest, the
motivation of this use case is the obtention of the equivalent KPIs
at IETF level, that is, for the network slice service as defined in

[ RFC9543] .

Note that according to [TS28.554], the Generic Network Slice EE is
the performance of the network slice divided by the Network Slice EC
Sane approach can be followed at | ETF level. Note that for avoiding
doubl e counting the energy at | ETF |l evel in the calculation of the
end-to-end netric, the 3GPP netric should only consider the
efficiency and consunpti on of the 3GPP-rel ated technol ogi es.

2.6.2. GREEN WG Charter Specifics
cross-domai n nmeasur ement al i gnnent
2.6.3. The Need for Energy Efficiency

Cross-domain energy visibility is essential for services spanning
multiple infrastructure providers and technol ogi es.
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2.6.4. Requirenents for GREEN WG
*  Avoi dance of doubl e accounti ng.
* Metric mapping and transfornation.

2.7. Dynanic adjustnent of network el ement throughput according to
traffic levels in wireless transport networks

2.7.1. Use Case Description

Radi o base stations are typically connected to the backbone network
by nmeans of fiber or wireless transport (e.g., mncrowave)
technologies. |In the specific case of wireless transport, automation
framewor ks have been defined [ ONF- MAJ [ RFC8432] [ MAT025] for their
control and managenent.

One of the paraneters subject of automated control is the power of
the radio links. The relevance of that capability is that the power
can be adjusted accordingly to the traffic observed. Wreless
transport networks are typically planned to support the maxi num
traffic capacity in their area of aggregation, that is, the traffic
peak. Wth that input, the nunber of radio links in the network

el ement and the correspondi ng power per radio link (for supporting a
gi ven nodul ation and link length in the worst weather conditions) are
configured. This is done to avoid any kind of traffic loss in the
wor st operational situation. However, such operational needs are
sporadic, giving roomfor optimzation during normal operationa
circunstances and/or low traffic periods.

Power -rel ated paraneters are for instance defined in [ RFC8561].
Those power paranmeters can be dynamically configured to adjust the
power to the observed traffic levels with sone coarse granularity,
but pursuing certain degrees of proportionality.

2.7.2. GREEN WG Charter Specifics

This aligns with the GREEN W5 goal s of enabling dynam c and cont ext -
aware energy optimnization at the transport |ayer.

2.7.3. The Need for Energy Efficiency
Wreless links configured for peak traffic are often underutilized,

wasting energy. Adjusting power to match demand can substantially
reduce consunpti on.
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2.7.4. Requirenents for GREEN WG

* Adapt energy consunption to traffic change.

* Dynam c energy efficiency control and optim zation
2.8. Video stream ng use case
2.8.1. Use Case Description

Vi deo streami ng is nowadays the nmajor source of traffic observed in

I SP networks, in a propotion of 70% or even higher. Over-the-top
distribution of streaming traffic is typically done by delivering a
uni cast flow per end user for the content of its interest.In
consequence, during the hours of higher demand, the total traffic in
the network is proportional to the concurrence of users consuning the
vi deo streanming service. The anount of traffic is al so dependent of
the resolution of the encoded video (the higher the resolution, the
hi gher the bit rate per video flow), which tends to be higher as |ong
as the users devices support such higher resol utions.

The consequence of both the growh in the nunber of flows to be
supported simnultaneously, and the higher bit rate per flow, is that
the nework elenents in the path between the source of the video and
the user have to be dimensioned accordingly. This inplies the

conti nuous upgrade of those network elenments in terns of capacity,
with the need of depl oying high-capacity network el ements and
conponents. Apart fromthe fact that this process is shortening the
lifetime of network el enents, the need of high capacity interfaces
al so increase the energy consunption (despite the effort of
manufacturers in creating nore efficient network el ement platformns).
Not e that nowadays there is no actual possibility of activating
energy consunption proportionality (in regards the delivered traffic)
to such network el ements.

As a nmean of slowing down this cycle of continuos renewal, and reduce
the need og higher bit rate interfaces / line cards, it seens
conveni ent to explore nechani sns that could reduce the vol une of
traffic without inpacting the user service expectations. Variants of
mul ticast or different service delivery strategies can help to

i mprove the energy efficiency associated to the video stream ng
service. It should be noted that another front for optinization is
the one related to the depl oynent of cache servers in the network.
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2.8.2. GREEN WG Charter Specifics

Vi deo streaming represents a |large portion of network traffic.
Mul ticast techni ques, adaptive stream ng, and strategi c caching can
reduce traffic duplication and inprove energy efficiency.

2.8.3. The Need for Energy Efficiency

Reduci ng redundant unicast traffic and inproving caching strategies
reduces backbone and access network energy consunption.

2.8.4. Requirenents for GREEN WG
* Support for multicast-aware energy metrics.
* Cache server placenent optim zation.

2.9. W.AN Network Energy Saving

2.9.1. Use Case Description

In a WLAN network, Access Points(APs) are typically powered by Power
over Ethernet (PoE) switches and represent a substantial portion of
the energy consuned by edge network devices due to their high density
and round-the-cl ock operation.

Thi s use case introduces a nulti-node approach for AP energy saving:
The working status of the AP can be break down into 3 nodes as

foll ows: PoOE power-off node: In this nbde, the PoE switch shuts down
the port and stops supplying power to the AP. The AP does not
consume power at all. Wen the AP wakes up, the port provides power
again. In this node, it usually takes a few mnutes for the AP to
recover. Hibernation node: Only | ow power consunption is used to
protect key hardware such as the CPU, and other conponents are shut
down. Low power consunption node: Conpared with the hibernation
nmode, the | ow power consunption node naintains a certain

communi cati on capability. For exanple, the AP retains only the 2.4
GHz band and di sabl es ot her radi o bands.

* PoE Power-COf Mode: The PoE switch disables the port, conpletely
cutting power to the AP. No energy is consuned, though recovery
takes several minutes when power is restored.

* Hi bernation Mde: The AP powers down npst conponents, preserving
m nimal CPU functionality to allow faster reactivation.
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5CGHz),
2.4GHz) for reduced but

surroundi ng APs dynamically

adjust their transnmit power when sone APs enter energy-saving states.

Ener gy- savi ng schedul es may be tinme-based (e.qg.,

traffic-aware (low utilization periods).

during of f-hours) or
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Fi gure 2: Low Power Consunption Mde
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Figure 3: Wrel ess Resource Managenent on APs
2.9.2. GREEN WG Charter Specifics

This use case aligns with the GREEN WG s charter by:

* Illustrating real-world scenari os where energy efficiency
mechani sms (di scovery, nonitoring, control) apply to |IP-managed
devi ces.

* Providing a |localized but scal abl e use case that fits into broader
ener gy- aware network managenent frameworks.

-Addressing interoperability and observability across energy states
and reporting nechani sns, including energy m x awareness.

2.9.3. The Need for Energy Efficiency

G ven the nunber of deployed APs in enterprise and canpus networks,
their continuous operation contributes significantly to energy
consunption. Mny of these environnents experience well-defined
periods of inactivity (e.g., nighttine, weekends), during which full
AP operation is unnecessary.

Reduci ng AP energy consunption during these periods, while
mai ntai ni ng sufficient coverage and quality of service, presents an
ef fective opportunity for energy savings. Applying coordinated
power-state transitions across AP groups enabl es neasurabl e
i mprovenents with mninmal operational inpact.

2.9.4. Requirenents for GREEN WG

To support WLAN Network Energy Saving, the GREEN WG shoul d consi der:
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* Defining power state transition nodels and standard energy node
nonencl ature for APs (e.g., OFF, H BERNATE, LOWMPONER, ACTI VE)

* Specifying APls or YANG nodels for nonitoring and controlling AP
power nodes via PoE switches or WLAN controll ers.

* Enabling reporting of per-nobde energy consunption, transitions
over time, and cunul ative energy savi ngs.

* Ensuring support for schedul ed and dynamc (traffic-aware) contro
polici es.

* Alowing integration with broader network nonitoring franmeworks
for energy efficiency analysis at the | ocal and network-w de
| evel

* Considering inplications for resiliency, coverage trade-offs, and
restart delays in power-off scenarios.

Enabl e measuring and reporting of energy usage through netrics and
attributes and all ow operators to optinize energy usage.

2.9.5. The Need for Energy Efficiency

AP nodes as network devices with the | argest nunber consune | arge
anount of energy.

2.9.6. Requirenents for GREEN WG
* Energy saving node switching based on network condition changes
* Al ow network devi ces shutdown to save energy

* Al ow working network devices transnit nore power to increase the
coverage of the entire area

2.10. Fixed Network Energy Saving
2.10.1. Use Case Description

In many fixed networks, particularly those at nmetro or backbone
level, traffic patterns follow a predictable tidal cycle - with
clearly defined high-traffic and lowtraffic periods. These
fluctuations provide opportunities for dynam c energy-saving

mechani sms. During lowtraffic periods, certain network conponents
can be deactivated or put into sleep node. Additionally, routers
equi pped with interfaces of varying speeds (e.g., from1G to 400G
can dynamically adjust interface speeds, deactivate unused ports, or
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scal e down internal resources such as processor cores, chipset clock
frequenci es, or SerDes |anes, depending on traffic demand.

2.10.2. GREEN WG Charter Specifics

The GREEN wor king group can contribute by defining standard
mechani sms and protocols to: - Mnitor traffic load in a standardized
and i nteroperabl e manner. - Conmuni cate energy-saving intents across
network elenments (e.g., turning off links or reducing interface
speeds). - Signal state transitions (e.g., fromactive to | ow power
states) reliably, taking into account the need for fast reactivation
during traffic bursts. - Ensure conpatibility with QS and network
avai lability requirenents.

2.10.3. The Need for Energy Efficiency

Net wor k devi ces at nmetro or backbone network consune | arge anpunt of
ener gy.

2.10.4. Requirenments for GREEN WG

* Standardi zed definitions and telenetry nodels for identifying
tidal traffic patterns and lowutilization w ndows.

* Protocol support for energy-aware dynamic reconfiguration (e.g.,
speed adj ustnent, core deactivation).

* Trade-of fs between energy savings and network | atency/ perfornmance.

* Mechani snms to synchroni ze energy-savi ng deci sions across nultiple
devices (e.g., coordinated interface downshifts).

* Fail-safe or fallback procedures to ensure robustness in case of
unexpected traffic surges.

2.11. Energy Efficiency Network Managenent
2.11.1. Use Case Description

Modern network operators need conprehensive visibility into the
energy consunption and efficiency of their infrastructure. This
includes real-tinme and historical statistics of power usage per
device, identification of devices participating in energy-saving
modes, differentiation between energy-optinm zed and | egacy devi ces,
and aggregated views of energy trends across the entire network.
Such visibility enables nore infornmed decisions about network

adj ustnents and optimzations that align with energy efficiency
goal s.
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2.11.2. GREEN WG Charter Specifics

The GREEN WG has a role in devel opi ng interoperabl e nodel s and

mechani sns for: - Real-tine telenetry and historical analysis of
energy metrics. - Mapping energy efficiency indicators to network
topol ogy and traffic |load. - Identifying energy-saving capabilities

of devices (e.g., support for interface power scaling, sleep nopdes).
- Integration with existing network managenment and orchestration
systens. - Encouragi ng adopti on of GREEN-conpliant energy
observability in vendor equipnent.

2.11.3. The Need for Energy Efficiency
/1 TODO.
2.11. 4. Requirenents for GREEN WG

* Standardi zed YANG nodel s or data formats for energy nmetrics and
efficiency reporting.

* Methods to correlate energy usage with traffic | oad and service
demands.

* Interfaces for exposing energy capabilities and statuses of
devices in a vendor-neutral way.

* Security and privacy inplications of exposing energy-rel ated
telenetry

* Quidelines for presenting energy insights to operators in a way
that supports actionabl e deci sions.

2.12. |1 SAC-enabl ed Energy-Aware Smart City Traffic Managenent
2.12.1. Use case description

I ntegrated Sensing and Comuni cations (1 SAC) is energing as a key
enabl er for next-generation wreless networks, integrating sensing
and conmmuni cation functionalities within a unified system By

| everagi ng the sane spectral, hardware, and conputational resources,
I SAC enhances network efficiency while enabling new capabilities such
as high-resolution environnment perception, object detection, and
situational awareness. This paradigmshift is particularly relevant
for applications requiring both reliable connectivity and precise
sensi ng, such as autonomous vehicles, industrial automation, and
smart city deploynents. Gven its strategic inportance, |SAC has
gai ned significant traction in standardi zation efforts. The ETS

I ndustry Specification Goup (I1SG on | SAC has been established to
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expl ore technical requirenments and use cases, while 3GPP has
initiated discussions on | SAC-related features within its ongoi ng
research on future 6G systenms. Furthermore, research initiatives
within the | EEE and | ETF are investigating how | SAC can be integrated
into network architectures, spectrum nmanagenent, and protocol design
making it a critical area of devel opment in the evolution of wreless
net wor ks.

Thi s use case involves deploying | SAC systens in a smart city to

moni tor and optim ze vehicles traffic flows while mninzing energy
consunption of the nobile network. The systemintegrates sensing
technol ogi es, such as radar and LI DAR, with conmunicati on networks to
detect vehicle density, nonitor road conditions, and comunicate with
aut ononous vehicles or traffic lights. By using |ISAC, the system

m nim zes redundant infrastructure (e.g., separate sensors and
conmuni cati on equi pnent), thus reducing the overall carbon and energy
footprint.

On the other hand, such an infrastructure will have to adapt its
energy optim zation policies to sensing applications: critica
functions (e.g., threat detection) nmust run continuously, while
ot hers shoul d activate dependi ng on the context.

2.12.2. GREEN WG Specifics

Ener gy Consunption Monitoring: Each | SAC conmponent (e.g., roadside
units, integrated sensors, and conmunication transceivers) is capable
of reporting its energy consunption in real time to the centralized
or distributed energy nmanagenent system

Reconfiguration for Energy Efficiency: The system can dynanically
swi tch between hi gh-resol ution sensing nodes (e.g., during peak
hours) and | ow power nodes (e.g., during low traffic periods). The
network can reconfigure traffic comrunication paths to prioritize
routes or nodes that consune | ess power, |everagi ng energy-efficient
communi cati on protocols.

Integration of Local and d obal Energy Goals: The system can operate
both locally (e.g., turning off specific roadside units in | ow
traffic areas) and globally (e.g., nodifying traffic patterns across
the city) to achieve defined energy consunption goals.

2.12.3. Requirements for CGREEN WG
1. Measurenment G anularity:

* Ability to neasure energy consunption per |SAC conponent (e.g.,
roadsi de unit, sensor, transceiver).
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* Ganular reporting per comunication |ink or sensing node (e.g.,
hi gh- power radar node vs. | ow power node).
1. Power Control Mechanisns:

* Ability to switch conponents on/off or place themin sleep/standby
mode when not in use

* Support for dynam c adjustnent of sensing resolution or
conmmuni cati on bandwi dth to bal ance energy savi ngs and system
per f or mance.

1. Reconfiguration and Adaptability:

* Support for hardware reconfiguration (e.g., adaptive sensing
nodes, transceiver settings) to optimze energy use.

* Mechanisnms to steer traffic or adjust network routing based on
gl obal or | ocal energy-saving objectives.

1. dobal Coordination

* Capabilities for cross-domain coordination to enabl e gl oba
optinmization (e.g., city-wide traffic rerouting or dynanic
resource allocation across different regions).

* Ability to aggregate and anal yze energy consunption data from al
| SAC conponents to i nform hi gh-level decision-making.

1. Energy-Aware Standards and Protocols:

*  Communi cation protocols that ninimze power usage while
mai ntaining reliability.

* |Interoperability standards for energy-aware reconfiguration
across het erogeneous | SAC conponents and systens.

2.13. Double Accounting Open issue

2.13.1. Use case description
Energy consunption nonitoring often includes metering at both
upstream and downstream | evel s of power distribution. Wile this can

provide granular visibility, it may also | ead to double accounting if
not carefully managed
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A common case arises when energy is nmeasured at the input of a Power
Delivery Unit (PDU), and individually at each device powered by that
PDU (e.g., servers, switches). Since the PDU input already reflects
t he downstream consunption, sunm ng the per-device values with the
PDU i nput results in redundant reporting. A sinilar issue occurs
with Power over Ethernet (PoE) infrastructures when a network switch
supply power directly to devices. |If the total power consunption
measur ed encomnpasses both the power delivered to the PoE switch and
to the powered devices, this again results in double accounting.

These 2 cases distort energy dashboards and indicators such as Power
Usage Effectiveness (PUE)

2.13.2. GREEN WG Charter Specifics

Unli ke nost of the WGs, the GREEN WG purpose suns the constraints of
data networks and grid/off-grid networks, independantly of the

| ocation of the network domain in the architecture (aka edge,
core...): - include the grid network picture in networks operation

2.13.3. The Need for Energy Efficiency
/1 TODO
2.13.4. Requirements for CGREEN WG

The nonitoring must not count tw ce the power that passthru devices
and conponents nonitored, including | egacy el enents.

2.14. Energy Efficiency Under Power Shortage
2.14.1. Use case description

Thi s use case focuses on network devices (e.g., routers, swtches,
access points) that nmust naintain essential connectivity during power
shortages. Telecoml ocations use different power backups |evels (as
exanpl e battery, standby generator ...). Devices may have access to
one or nore backup power sources such as onboard batteries, PoE

fall back, or centralized UPS systens. When a power shortage occurs,
the network device transitions fromgrid power to avail abl e backup
sources and nust prioritize operational resilience over typica

energy optim zation strategies. Unlike behavior in a normally
powered state, the focus here is not on mnimzing energy consunption
per se, but on sustaining essential operation with limted energy and
prepare to worse situations and nore constrai ned powered state

fall backs. These behaviors increase the device's ability to operate
| onger under backup power, ensuring availability of essential

servi ces during outages.
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Data networks and grid networks resiliency are closely interl eaved
during power shortage. It is a race between the speed of the
operations to restore the grid network and the availability of nobile
connectivity for power grid repair teans because of the inpairnent of
operational visibility and response coordi nation

Network constraints differ in sparse or dense situations but shortage
i mpacts change accordingly. This is becomng crucial and not limted
to sparse environments where stable power supply is well known to not
be guaranteed: it applies to dense cities’ utilities which operations
are coupled to the sinoultaneous availability of both power and

persi stent data communi cati on and conpute at the edge.

2.14.2. GREEN WG Charter Specifics
Unli ke nost of the WGs, the GREEN WG purpose suns the constraints of
data networks and grid/off-grid networks, independantly of the
| ocation of the network domain in the architecture (aka edge,
core...): - Inmproved networks resiliency by making energy constraints
an input into the network’s operations.

2.14.3. The Need for Energy Efficiency

Energy efficiency under power shortage conditions is fundanmentally

different fromroutine energy optimzation. |In this context, energy
is afinite and rapidly depleting resource, not just an environmenta
concern or cost factor: - Optim ze backup power usage for resilience

- Maintain critical networking capabilities during power shortage
events - Maxim ze operational uptinme using fallback power sources

2.14.4. Requirements for CGREEN WG
*  Awar eness of backup systens (e.g., batteries, generators).

* Awareness of hierarchical fallback to nore constrai ned powered
state.

2.15. Energy-Efficient Managenent of Distributed Al Traini ng Wrkl oads
2.15.1. Use Case Description

Training |arge Al nodels requires distributed conputing across
multiple servers or GPUs. This distributed training generates
significant East-West traffic as data is exchanged between nodes.
Thi s use case focuses on managi ng the energy consunption of
distributed Al training workl oads by optim zing data pl acenent,
conmuni cati on patterns, and conpute resource allocation. Strategies
i nclude scheduling training jobs to run during periods of |ower
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energy prices, using conpression techniques to reduce data transfer
vol ume, and dynam cal |l y adjusting the nunber of active nodes based on
training progress. It is also critical to have a cross-domain view
of the end to end flow to address power consunption holistically.

2.15.2. GREEN WG Charter Specifics

This use case contributes to the GREEN WG s goal s by addressing the
energy efficiency of energing workl oads and exploring the use of
dynami ¢ resource allocation to minimze energy consunption. It calls
for energy-aware scheduling and optim zation techniques.

2.15.3. The Need for Energy Efficiency

Al training is a conputationally intensive task that consunes a
significant anount of energy. Optim zing the energy efficiency of
distributed Al training workl oads can reduce costs, inprove
sustainability, and enable nmore w despread adopti on of Al

technol ogies. There is an inpact not only for the network
consunption, rather than the conpute consunption

2.15.4. Requirenents for GREEN WG
* FEast-West Traffic Mnitoring: Standardi zed nmechani sns for
moni toring the volune, type, and characteristics of East-West

traffic.

*  Workl oad Characterization: Standardi zed nethods for characteri zing
the energy consunption profile of Al training workl oads.

* Energy-Aware Scheduling: APlIs for scheduling training jobs based
on energy prices, grid conditions, and other energy-rel ated
factors.

* Data Conpression and Optim zation: Techniques for reducing the
vol ume of data transferred during distributed training.

* Dynamic Resource Allocation: Mechanisns for dynam cally adjusting
the nunber of active nodes based on training progress and energy
availability.

* Resource co-location, so the data used for processing can be as
cl ose as possible to the data crunchi ng machi nes.

3. Security Considerations

Energy efficiency nanagenent cones w th nunerous security
consi derati ons
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Controlling Power State and power supply of entities are considered
hi ghly sensitive actions, since they can significantly affect the
operation of directly and indirectly connected devices. Therefore,
all control actions nmust be sufficiently protected through

aut hentication, authorization, and integrity protection nechani sns.

Entities that are not sufficiently secure to operate directly on the
public Internet do exist and can be a significant cause of risk, for
exanple, if the renote control functions can be exercised on those
devi ces from anywhere on the Internet.

The nonitoring of energy-related quantities of an entity as addressed
can be used to derive nore information than just the received and
provi ded energy; therefore, nonitored data requires protection. This
protection includes authentication and authorization of entities
requesting access to nonitored data as well as confidentiality
protection during transm ssion of nonitored data. Privacy of stored
data in an entity nust be taken into account. Monitored data nmay be
used as input to control, accounting, and other actions, so integrity
of transmitted information and aut hentication of the origin may be
needed.

4. | ANA Consi derations
Thi s docunent has no | ANA acti ons.
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6. Use Cases Living List

Consi der 5g vs network slicing: 3GPP spec describing energy
efficiency KPls. 3GPP TS 28. 554.

Ref erence: https://datatracker.ietf.org/doc/rfc9543/ Connectivity from
radio side (trying to control the traffic/related work to CCAMP)

Mari sol to add one use case: drift fromdata specifications..
(sonehow link to the above) Energy Metric in E2E view
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8. Appendix |: Tenpl ate preparation
Thi s appendi x should be renoved when the tenmplate will be stable.

It is based on the exanple fromhttps://datatracker.ietf.org/doc/
rfc9450/ .

8.1. Use Case Description
General description of the use case.

8.2. GREEN WG Charter Specifics
(if there are no GREEN specific aspects, then it is not a UC to be
docunent ed) For exanple, the use case involves conponents that can
report on energy consunption and that m ght be reconfigured (on a

| ocal or global scale) to operate based on energy goals/limtations.

8.2.1. The Need for Energy Efficiency
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8. 3.

Requi renments for GREEN

Exanmpl es (can be split into different categories to facilitate a
sunmmary at the end of the docunent):

*

Granul arity of neasurenents should be per conponent, per |ine, per
port.

Ability to switch on/off, put on sleep node’ conponents.

Ability to reconfigure hardware node based on power savings (e.g.,
reduce reliability or speed).

Ability to operate globally (not constrained to just one device)
based on power savings/goals (e.g., steer traffic using a
different path that consunmes | ess energy).
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(a) (b) (c) _
I nventory Moni t or +- Dat aSheet s/ Dat aBase and/or via API
O identity Ener gy Met adat a and ot her devi ce/ conponent

I

and Capability Ef ficiency | /network related information:
N N |

| .Power/Energy related netrics
| .information
| .origin of Energy M x
| .carbon aware based on | ocation
I
I
I

| (2) controller (coll ection, conpute and aggregate?) |

o m m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee— oo +
N N N |
(d) | (e) | (f) | 1(9)
Inventory | Monitor | GREEN WG | | GREEN WG Cont r ol
Capability | Traffic | Monitor power | | (Energy saving
| & power | Proportion, | | Functionality
| consunption | Energy efficiency| |Localized ngnt/
| | ratio, etc) | | network wi de ngnt)
I I ||
I I | |
I I | v
e m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeoo oo +
| _ * |
| (1) Device/ Conponent Level |
I I
| +--------- I I R I R + |
|| (1) [ () || (1) [ (V) ||
| | Network | | Device | | Legacy Network | | 'Attached (PoE | |
| | Device | | Component | | Device | | kind) Device | |
| | | | | ||
| +--------- I R I I + |
o m o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e me +

(*) Energy Efficiency Managenent Function is inplenented inside the
device or in a controller

Figure 4: Franmework discussed during the BoF
The main elenents in the framework are as fol | ows:

(a), (d) D scovery and |Inventory
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(b),(c) GREEN Metrics
(b),(f) Monitor energy efficiency

(e) Monitor power consunption and traffic (I PPM WS throughput,
traffic | oad, etc)

(g) Control Energy Saving

9. Appendix Il: Necessity and Inpact of a Framework for Energy
Ef fi ci ency Managenent

Thi s appendi x outlines the necessity of defining a franmework for
energy efficiency managenent within the GREEN Worki ng G oup’ s current
phase. Establishing a framework now i s crucial for standardizing
processes, optim zing energy usage, and ensuring interoperability
across network devices. |mediate action enables the industry to
achi eve cost savings, neet regulatory requirenents, and naintain
competitiveness. By utilizing insights fromexisting use cases, the
framework can deliver actionable nmetrics and support ongoi ng

i nnovation, positioning the industry to effectively manage future
energy chal |l enges.

9.1. Framework Necessity
Anal yzi ng use cases such as the "lIncremental Application of the GREEN
Framewor k" reveals the critical need for a structured approach to
transitioning network devices towards energy-efficient operations.
The framework is essential for

* *Standardi zation*: Ensuring consistent practices across different
devi ces and network segments to facilitate interoperability.

* *Efficient Energy Managenent*: Providing guidelines to identify
i nefficiencies and inplenent inprovenents.

* *Scalability*: Ofering solutions that accommpdate grow ng network
demands and conpl exity.

* *Cost Reduction*: Optinizing energy usage to | ower operationa
costs and extend equi pnent |ifecycles.

* *Conpetitiveness*: Enabling organizations to maintain a
competitive edge through enhanced sustainability.

* *Environnental |npact*: Supporting broader sustainability
initiatives by reducing carbon footprints.
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9. 2.

*Sinplified I nplementation*: Stream ining the depl oyment of
energy-efficient neasures to mninze service disruptions.

*Security*: Protecting sensitive operations related to power
states and consunpti on.

Use Cases Calling for a Framework

Mul tiple use cases underscore the need for a framework, including:

*

*I ncrenental Application of the GREEN Framewor k*
*Sel ective Reduction of Energy Consunption in Network Parts*

*Real -tinme Energy Metering of Virtualized or C oud-native Network
Functi ons*

*I ndi rect Energy Mnitoring and Control *

*Consi deration of Gther Domains for Obtention of End-to-End
Metrics*

*Dynam ¢ Adj ust ment of Network El enment Thr oughput *
*Video Stream ng Use Case*

*WLAN Net wor k Ener gy Savi ng*

*Fi xed Network Energy Savi ng*

*Energy Efficiency Network Managenent*

These use cases highlight diverse aspects of energy managenent that
require a cohesive framework for effective inplenentation.

9. 3.

| npact on Energy Metrics

The framework will significantly enhance the creation of energy
metrics with actionabl e insights by:

*

*Standar di zing Metrics*: Establishing consistent neasurenent
protocols for energy consunption and efficiency.

*Enhanci ng Data Col l ection*: Facilitating conprehensive nonitoring
and data aggregation across devices.

*Supporting Real -tine Mnitoring*: Enabling dynam c tracki ng and
i medi ate optim zation of energy usage.
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* *|ntegration Across Devices*: Ensuring interoperability for
net wor k- wi de data anal ysi s.

* *Providing Actionable Insights*: Translating raw data into
meani ngful information for decision-naking.

9.4. Current Device Readi ness
VWi | e many nodern networ ki ng devices have basic energy nonitoring
capabilities, these are often proprietary. The framework will define
requirenents to enhance these capabilities, enabling standardi zed
metric production and meani ngful data contributions for energy
managenment goal s.

9.5. VWhy Now?

The decision to define the framework now, rather than later, is
driven by:

* *|Immedi ate Benefits*: Start realizing cost savings, reduced carbon
footprints, and inproved efficiencies.

* *Rapi d Technol ogi cal Advancenents*: Aligning the framework with
current technol ogies to prevent obsol escence.

* *|ncreasing Energy Demands*: Mtigating the inpact of grow ng
energy consunption on costs and sustainability.

* *Regul atory Pressure*: Preparing for conpliance with existing and
anticipated sustainability regul ations.

* *Conpetitive Advantage*: Positioning organizations as |eaders in
sustainability and innovation

* *Foundational Wrk Ready*: Building on the use cases and
requi renents established in Phase |

* *Proactive R sk Management*: M nim zing risks associated with
energy costs and environnmental factors.

* *Facilitate Future Innovations*: Creating a platformfor
conti nuous inprovenents and adaptati ons.

* *Stakehol der Engagenent*: Ensuring di verse perspectives are
reflected for broader adoption.
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10.

I n concl usion, establishing the framework for energy efficiency
managerment now is strategic and timely, |everaging the current
monent um of use cases and requirenents to drive meani ngful progress
in energy efficiency managenent. Delaying its devel opnent coul d
result in missed opportunities for inmedi ate benefits, increased
costs, and challenges in adapting to future technol ogi cal and

regul atory | andscapes.
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