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Abst ract

Energy-efficient network managenent is primary neant to enhance
conventional network managenent with energy-rel at ed managenent
capabilities to optimze the overall energy consunption at the |eve
of a network. To that aim specific features and capabilities are
required to control (and thus optinize) the energy use of involved
network el enent and their components.

Thi s docunent is defines a set of key terms used within the | ETF when
di scussing energy efficiency in network managenent. Such reference
docunent hel ps fram ng di scussion and agreeing upon a set of main
concepts in this area
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This note is to be renoved before publishing as an RFC

Di scussion of this docunent takes place on the Getting Ready for
Energy- Ef fici ent Networking Wrking Goup nmailing |ist
(green@etf.org), which is archived at

https://mail archive.ietf.org/arch/browse/green/.

Source for this draft and an issue tracker can be found at
https://github. com billwiqin/draft-bcl p-green-term nol ogy.
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1. Introduction

Wth rising energy costs and increasi ng awareness of the
environnmental inpact of running networks, servers, and various

equi pnent, Energy Efficiency is considered by operators as a critica
conponent to be integrated in the overall Network Managenment systens.
Such integration is anmbitioned to feed strategies for comitting

envi ronment al obj ectives but also mastering rel ated operational cost.
Energy Efficiency nmanagement is thus conpl ementing conventiona

net wor kK managenent .

Section 3 defines a set of terns used within the | ETF when di scussing
Ener gy-efficiency networks. The purpose is to (1) ensure consistent
use of a set of ternms in this area, (2) help with the
characterization of Energy Efficiency (and rel evant aspects), (3)

assi st in the devel opnent of the YANG data nodels at the different
levels in the |ETF, and (4) bring clarity to the Energy Efficiency
rel ated di scussions between different groups within IETF, in
particul ar.

Thi s docunent does not intend to define a conprehensive |ist of
energy-related terns. Only key terns are defined. Some of these
terns are extracted fromexisting | ETF docunents and beyond.

Al so, Section 4 provides an inventory of currently used nmetrics to
assess/conput e energy-rel ated consunption, efficiency ratio, etc.

Appendi x A provides a |ist of SDCs where rel evant energy efficiency
effort is ongoing.

2. Abbreviations



The foll owi ng abbreviations are used in the docunent:
CLEE: Conponent Level Energy Efficiency

DLEE: Device Level Energy Efficiency

DSLAM Digital Subscriber Line Access Miltipl exer
EER Energy Efficiency Ratio

GEPON: G gabit Ethernet Passive Optical Network
GPON: G gabit-capabl e Passive Optical Network
MSAN:  Mul tiservice Access Node

NDR:  None-Drop Rate

NLEE: Network Level Energy Efficiency

PUE: Power Usage Effectiveness

Definitions

Terns are |listed so that terns that are needed to understand ot her
terns are listed first.

Energy: |Is generally a reference to electrical energy and is
measured in kilowatt-hours (kW) ([RFC7326]).

Power: Refers the tine rate at which energy is emtted, transferred,
or received; power is usually expressed in watts (joul es per
second) ([ RFC7326]).

Energy Managenent: |s a set of functions for neasuring, nodeling,
pl anni ng, and optim zing networks to ensure that the network and
net wor k- att ached devi ces use energy efficiently and appropriately
for the nature of the application and the cost constraints of the
organi zation ([ RFC7326]).

Energy Monitoring: 1s a part of Energy Managenent that deals with
collecting or reading information fromdevices to aid in Energy
Management ([ RFC7326]).

Energy Control: |Is a part of Energy Managenent that deals with
directing influence over devices ([RFC7326]).

This control can span a network or a subset of it.

Energy Efficiency: Refers to optinize energy usage in network
conmponents, devices, and across the network to mininize energy use
as possible, elimnating thus energy waste. Exanples to inprove
Energy efficiency include, but not limted to, deactivation of
some or all conponents of network nodes during specific periods
(e.g., periods with lowtraffic) or adjusting interface speed of
an interface based on network traffic |oad change, or switching to
nmore efficient power supplies and silicon or devel opi ng nore
efficient transm ssion or signal processing algorithns.

Energy Efficiency Management: Refers to a set of processes used to
mai ntain an inventory of capabilities, use specific metrics to
nmeasure, report and assess energy consunption of the network, and
control the use of available energy in an optimzed manner. The
overall goal is to ensure that the network and underlying devices
use energy in a resource conserved manner and at |ow cost for the
nature of the the services it provides and the cost constraints



whi |l e achieving the network’ s functional and performance
requirenents (e.g., inproving overall network utilization).

Energy Efficiency Cbservability: |s part of Energy Efficiency
Managenent that deals with collecting, reporting, and reading
metrics information from devices and eval uating the effectiveness
of energy-aware policies to aid in Energy Efficiency Managenent.

Energy Efficiency Control: |Is part of Energy Efficiency Managenent
that deals with directing influence over devices.

Energy Efficiency Capabilities: Network Capabilities to optimze
energy usage in network conponents, devices, and across the
networ k through configurable static attributes (e.g., power saving
capabl e attribute which can be applied to both conponent |evel and
device level, or power setting attributes which specify absolute
power, relative power, who provide power, who consune, who is the
met er, neasurenment frequency, or tenperature setting, voltage,
anpere setting)

Energy Efficiency Metric: Refers to a netric that is used for the
assessnent of energy consunption of a network, device, or
component. One or nore netrics can be defined. These netrics are
al so used for network performance purposes to characterize the
ef fecti veness of an Energy Effici ency managenment strategy.
Devel opi ng energy efficiency nmetrics for internetworking and
associ at ed neasurenent net hodol ogi es and conditions as well as
consistently collecting this data over tinme are essential to
demonstrating Energy Efficiency inprovenents. An exanple of a
comon out cone-oriented netric i s energy consunpti on per data
volume or traffic unit.

Energy Proportionality |Is the correlation between energy used and
the associated useful output. For internetworking this is
generally interpreted as the proportionality of traffic or traffic
t hroughput and energy used. This concept is broadly applicable to
networ ki ng i nfrastructure, data center, and other conmmunication
architectures. There m ght not a one-to-one correl ation between
traffic and energy use, notably due to the materially significant
i dl e power use by devices, as well as the overall network capacity
being allocated to serve at tinmes of highest traffic utilization

Energy Efficiency/Energy Efficiency Ratio (EER): The energy
efficiency is expressed as the ratio between the useful output and
i nput of an energy conversion process of a network, device, or
component .

For instance, in relation with a networking device, it can be
stated as the ratio of total throughput (e.g., of a network
el ement capacity) to the total power consuned (bits/Joule)

This ratio (i.e., Energy Efficiency Ratio, EER) is the throughput
forwarded by 1 watt (e.g., [|-D.cprjgf-bmg-powerbench]).

A higher EER indicates a better energy efficiency.

Power Usage Effectiveness (PUE): Refer to the netric used to neasure
the energy efficiency of an infrastructure.

This metric is calculated as the ratio between the total energy
consunmed by an infrastructure and the energy needed for a network
el ement / conponent .

Net wor k Level Energy Efficiency (NLEE): Denotes the Energy
Efficiency of an entire network or a subset part of it (e.g.,
access networ k).



Devi ce Level Energy Efficiency (DLEE): Denotes the Energy Efficiency
of a network elenent. It can be used, e.g., to conpare network
el ements providing the sanme functionality or a target to optiize
the configuration of a network el enent.

Conponent Level Energy Efficiency (CLEE): Denotes the Energy
Efficiency of a conponent of a network elenment. It can be used in

the design, devel opnent, and nmanufacturing of energy efficient a
networ k el ements.

Is useful to evaluate the energy efficiency performance of
i ndi vi dual components of a network el enent.

Measuri ng and understandi ng the energy efficiency or energy
consunption of each conponent within a network el ement nmay be used
to identify key conponents in a systemwith regard to energy
savi ng.
4. Sanple Energy Efficiency Metrics and Measurenent Met hods
This section lists sonme netrics that are adopted by other SDOCs.
DI SCUSS: Should we maintain this section?
4.1. Metrics for DSLAM MSAN, GPON, and GEPON Equi pnent
Equi prent with line cards working at different profiles/states are
characterized with different netric values for each specific profile/
st at e.
Pport = Peq/ Nports[ Wport]
Wiere 'Peq is the power (in watts) of a fully equi pped wireline
network equipnment with all its line cards working in a specific
profile/state. The fornula is defined in [L.1310].

4.2. Metric for Wrel ess Access Technol ogi es

The energy efficiency netric at Radio Frequency (RF) unit level is as
fol | ows:

EErfu = Eoutput/Erfu
Wher e:

* '"Eoutput’ is daily RF output energy consunption [Wh] under
di fferent | oad.

* "Erfu is daily RF units energy consunption [Wh] under different
| oad.

The formula is defined in [L.1310].
4.3. Metrics for Routers and Ethernet Sw tches
The netric for routers and Ethernet switches is as foll ows:
EER = Ti/Pw [ Miit/s/W

VWhere 'Ti’ is NDR throughput, 'Pw is weighted power (energy
consunption rate). The formula is defined in [L.1310].

Pw = a*Pul + b*Pu2 + c*Pu3

Wher e:
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* 'a'/'b’'/’c’ are the relative weight at different usage percentage
with atb+c=1.

* "Pul’/'Pu2’'/’Pu3 are the power at different usage percentage.
Metrics for Small Network Devices

A nmetric for small networking devices intended for hone/donestic or
smal |l office use is as follows:

EER = Ti/Pw [ Moit/s/W

Where Ti is NDR throughput between w de area network (WAN) and | oca
area network (LAN) ports in the ingress direction, Pwis the average
power during Full load, Idle |oad and Low power, the formula is
defined in [L.1310].

T
Pw

0. 35T_i dl e+0. 5T_| owpower +0. 15T_maxi mum
0. 35P_i dl e+0. 5P_| owpower +0. 15P_nmaxi mum

wher e:
* (0.35,0.5,0.15) is the relative weight at different usage node.

* 'P.idle /"P_|owower'/'P_ maximum is the average power at
di fferent usage node.

* "T_idle /" T_l owpower’ /' T_maxi mum is NDR throughput at different
usage node

Metric for Power Equi pnent
0 = PolPi
Wher e:
* 'Po’ is output power.
* "Pi’ is input power.
This energy efficiency value is neasured or calculated fromthe

testing data over a given tinme period. The fornula is defined in
[L.1320].

Metric for Cooling Equi pnent
n = Q/P
Wher e:
* 'n' is the energy efficiency of the air conditioner
* 'Pi’ is the input power.

* Q' is the sumof the sensible cooling capacity and the | atent
cool i ng capacity.

The formula is defined in [L.1320].
Operations and Manageability Considerations
Thi s docunent defines termnolgy that is nmeant to ensure consistency

anong various efforts and depl oynent levels. No other operations or
manageabi lity requirements are introduced by this docunent.



6. Security Considerations
Security is not discussed in this docunent.
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Appendi x A, Standards Bodi es and St andards
Thi s appendi x provides a |ist of SDOs where rel evant energy
efficiency effort is ongoing. This appendi x does not aimto be
conprehensi ve. The appendi x may be renmpoved in future versions of the
docunent .

Al 1TUT SG



A 3.

ITUT Study Goup 5 (SG) has al ready worked on devel opi ng standards
on energy efficiency. |ITU T SG has many standards in the
environment efficiency field. These standards include [L.1310],
[L.1315], [L.1316], and [L.1320] covering energy efficiency
term nol ogy, franmework, netrics, and neasurenment methods.

ITUT SG is also responsi ble for other standards that m ght be of
interest to protocol devel opers and network operators. For exanpl e:

* [L.1331] specifies assessment of nobile network energy efficiency.

* [L.1333] specifies the correlation between the carbon intensity
i ndi cator and energy efficiency nmetric. The carbon KPI defined in
[L.1333] refers to the energy efficiency netric defined in ITUT
L. 1331.

* [L.1410] focuses on the assessnment of the environnental inpact of
i nformati on and communi cati on technol ogy (1CT) goods, networks and
services. It provides specific guidance on energy and greenhouse
gas (CGHG i npacts.

ETSI TCEE

ETSI Technical Commttee (TC) Environnment Engineering (EE) is
collaborating with ITUT SG to devel op technically aligned standards
on energy efficiency and environnent aspect. These standards include
energy efficiency, power feeding solution, circular econony and
network efficiency KPI and eco-design requirenment for ICT, with the
aimto build an international eco-environmental standardization

[ ETSI - ES- 203- 136] defines the energy consunption netrics and

measur enent net hods for router and Ethernet switch equipnent. |t
speci fies a nethodol ogy and the test conditions to neasure the power
consunption of router and switch equi pnent and is also applicable to
Core, edge, and access routers.

3GPP SAS

3CGPP SA5 has, in Release 17, extended its scope fromRAN only to the

whol e 5G System (5GS) and worked on Energy Efficiency (EE) and Energy
Saving (ES) of nobile networks. EE Key Perfornmance Indicators (KPI)

have been defined for the 5G Core network and Network Slices.

The 3GPP Energy Efficiency in the RAN is defined by the performance
di vided by the Energy Consumption (EC), where the definition of the
performance depends on the type of network entity it applies to.
Fromthis, SA5 work ainmed at defining the best netrics for each of
them and their neasurenent method.

In Rel-18, WG SA5 works with ETSI NFV to explore nore accurate
virtual CPU usage neasurenents from ETSI NFV MANO, | ntroduce

addi tional metrics when estimating the Energy Consunption of Virtua
Machi nes, e.g., their virtual disk or link usage. |In addition new
use cases for Energy Saving, applied to NG RAN, 5GC, and Network
Slicing, Al/M assisted energy saving scenarios are al so being

i nvesti gat ed.

Specifically, [TS28.554] defines a nunber of energy efficiency KPIs,
including a generic Network Slice Energy Efficiency KPI, defined as
the ratio between the performance of the network slice and its energy
consunpti on.

Appendi x B. Changes between Revi si ons

v02 - v03



* Update Energy Efficiency Capability Definition.
* Change Marisol’s affiliation.
vOl - v02

* Add one new section on Qperations and Manageability
Consi derati ons;

* Add three new energy efficiency related ternms based on coments
rai sed during the interimnmeeting;

* Update 4 existing terns such as energy efficiency defintion,
energy efficiency netric, energy efficiency capabilities energy
proportionality based on coments raised on the |ist.
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