ETSI TR 104 084 vi.1.1 o26-08)

TECHNICAL REPORT

Environmental Engineering (EE);
Study of multi-dimensional network energy efficiency metrics

ETSI TR 104 084 V1.1.1 (2026-08) « https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08


https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08

2 ETSI TR 104 084 V1.1.1 (2026-08)

Reference
DTR/EE-EEPS58

Keywords
energy efficiency, metrics, network

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format on ETSI deliver repository.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part of this document may be reproduced in any form, by any means and in any media, without the prior written
authorization of ETSI and except as expressly permitted below.
By way of exception and when the document is a normative deliverable (European Standard (EN),
Technical Specification (TS), Group Specification (GS) or ETSI Standard (ES)), ETSI authorizes to reproduce
and incorporate into products, services and technical documentation only those extracts (e.g. templates) that are strictly
necessary for the technical implementation of the normative deliverable, to ensure compliance with the latter.
Nothing in this notice shall be construed as limiting any mandatory exceptions to copyright provided by applicable law.

© ETSI 2026.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver/
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08

3 ETSI TR 104 084 V1.1.1 (2026-08)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 5
01 Yo (o ST 5
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 5
EXOCULIVE SUMIMIBIY ...ttt sttt sb ettt s e st e b e e b et e ne e e et et e ne e st e be e b et et et e st e senreabeneennan 5
1100 [ Tox A o] o S 6
1 o0 0L SR 7
2 REFEIBINCES ...ttt ettt a b bt s e et et e s e et e Rt e bt e b e s b et et e e et et enenbeebenrens 7
21 NOFMBLIVE FEFEIEINCES ....cueitiiteite ittt ettt sttt h ettt ese e ke sh e eb e bt e bt e it e e e s bese e ke sbeeb e e e ens e beae e besaeebenneennennens 7
2.2 INFOrMELIVE FEFEIENCES.......eieieiete ettt ettt b e b bbbt e et se e e b e s bt eb e e e e s e eesn et e saeebenneeneennens 7
3 Definition of terms, symbols and abbreviations............ccooeeeiineere e s 8
31 LI 105U 8
3.2 SYIMDOIS. ...ttt bt b et a e bt e e st b e s e st e bt sE et bt £E e s e eh e SR e R e R e R e b e eR e e bt R et ebene e e b e nre e ere s 8
33 Y o] =Y/ 0] 1TSS 8
4 Multi-dimensiona network energy effiCIENCY ......coueiiieie e e 9
5 Existing network energy effiCienCy MELIICS. .......viiiiiirieiecee e 10
6 PeErformanCe AiMENSIONS ........cooiieeeiere et eee sttt et st e eesae e e steeseeseesseensessesseessesneenseseeeneensenseas 11
6.1 T (oo (1o 1T o o OO TSSO 11
6.2 SEIVICE VOIUIME. ...ttt ettt ettt et e st e s te e be et e s aeeeaeesbeeabeeabeesseebeesbeesbeesbeensesneesaeesaeesseenseenseensesssesreesteessnns 11
6.2.1 Enhanced Mobile Broadband (EMBB) .........cccciiiiiiiiieiieeeiesie st st saeesve s eae e ssae e sneesneeaeeeesneesnes 11
6.2.2 Massive Machine Type CommuniCationS (MM TC) .....ccueiieiieiiee et rae e eee e e 11
6.2.3 Ultra-Reliable Low-Latency CommuniCations (URLLC) .......ccccoviiiiiiiiie e e s s 11
6.3 S Vo= o U= SR 12
6.3.1 Enhanced Mobile Broadband (EMBB) .........ccciiiiiieiiciiee e sie e see st esae e esae s e snae e sneenaesneesneesnes 12
6.3.2 Massive Machine Type CommuniCationS (MM TC) .....ccueieeiieieeie e snee e 12
6.3.3 Ultra-Reliable Low-Latency Communications (URLLC) .......cccooiiiiiriienireeseeese e 12
6.4 SEPVICE AVAHTBDITTY ...ttt bbb e et 12
6.4.1 Enhanced Mobile Broadband (EMBB) ... 12
6.4.2 Massive Machine Type CommuniCations (MM TC) ..ot 12
6.4.3 Ultra-Reliable Low-Latency Communications (URLLC) .......cccooiiiiiriiiiineeeeeesesee e 12
6.5 SUMIMIBIY ettt h et e e r Rt e et R s e e s e e e e R e Rt e E e e R £ e eeea s e s e R e Rt eR e e R e e bt e ae e e e s e e e e er e reeeeean e e ennes 12
7 Multi-dimensiona network energy efficiency metric propoSalS.........ccoeveeerirenenenesereee e 13
7.1 GENEAl TOMMUIBLION ...ttt bt bt e a e e e b e se e eb e s bt e b e e e e s e besreebeeneene e e eneas 13
7.2 Metric based 0N adjuStMENt TACION(S) ......veverririerierteree e e b b et b e e 13
721 GENEN@l... .ttt ettt et et et e et e et e s aeesheeehe e bt eteeateeheeebe e beebeeteeaeeaaeeaaeebeereenaeeaeeeheeateeateereenreaaes 13
722 Limitation of @djUSIMENt FACIOIS......c.couiieiee e bbb 15
7.3 MU DI CBLIVE MELITC ...ttt bbb bbbt bbb et b bt ebenn et 16
74 Separate metrics per Performance diMENSION. .........c.or ittt st st sb e e 16
8 ANAlYSIS Of MELTIC PrOPOSAIS. ... coueruiriiitirieste ettt sttt b et e e e b e et e e b e nee st e neeneenes 17
8.1 USE CBISES ...ttt sttt ettt sttt h e et e et et e st e R e e R e e R oo R e e s R e e a e e SRe e A Re e AR e SR e e AR e eRe e eR e e R e e R e e R e e Rt e nenne e aneenneenne e reereen 17
811 11 d0e (0o (o] o FOO TS PRSP URTURURPSRIN 17
8.1.2 Mobile Network EE based network OptimiZation...........c.ccveieeieeieice e s 18
8.1.3 Mobile Network EE based service delivery optimization...........ccccvevreeeeieeseeseeeee e s e 18
8.14 Mobile Network EE assessment between different types of mobile network architecture.............ccco........ 18
8.15 EE mMONitoring and FEPOIING ........ceiverieieierieeeie ettt sttt sttt st b e b et sn et bbb e 18
8.2 Evaluation of new and/or reViSed EE MELIICS.........coiiiiieie e sttt e e s 18
8.3 Qualitative analysis of multi-dimensional MELriC ProPOSAIS.........covreeririeiirerieie et 24
9 Conclusions and reCOMMENUALIONS. ........coueueieirinere ettt e e e sessesseseeneeneas 25
Annex A: Required measurementsfor adjustment factorsS........ocoveveerenienienc s 27

ETSI


https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08

4 ETSI TR 104 084 V1.1.1 (2026-08)

0 A 111 0o (1 oo ISR 27
A.2  ThroughpUL MEBSUMEIMIENL .........eeiviirieeeiteieestesteetesteeseestesaeessesseesesteesaessesseessesseesessesnsessesseessesesseensessens 27
A.3  Coverage qQUality MEASUMEITIENL .........c.eririiiterrerseeeeeseese st sse s e ss s se e e ese st ebe b e ss e s e e e s e e eneeseanesre s ennens 28
Annex B: Comparison of existing and proposed quality adjustment factors..........cccoceeeeenierenennens 29
2 0 R [ g 0o 1o o o PSSR 29
B.2 Adjustment factorsin the present dOCUMENT ............ooeiriririiene e 29
B.3 Existing factorsin ETSI ES 203 228..........ccooiiiiiiiieirienese et 30
B.3.1 T pLugeTo (W1 oo BT PSP TP URU SRR 30
B.3.2 (O30 (= oS TEOUP TSP U PP R URUSROTRP 30
B.3.3 (O00)Y =0 L= = F PRSPPI 30
B.4  ObservationS and diSCUSSION ......c.oieeiieiieeierieeiesieeeestesteeseesteeeeseesseetesseesesseseessesneessesseensensensesseensessenns 31
Annex C: Example application of metric based on adjustment factor ...........ccccceevenninencncnene 33
L300 1 11 o [ o1 o o RSP 33
(O3 /1= 10T (o [0 Y USSR 33
C.3  ReferenCe impPlemMENTaLiON.........coiiiieriee ettt b e e e s e st b e nenn e s 33
C.4  OptimizZation PEITOIMMANCE. ........citiiriteieee ettt b bbbt e e e s e s e e eseebene e s e nn e e s 34
[ 1S 0] Y PSSP 37

ETSI


https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08

5 ETSI TR 104 084 V1.1.1 (2026-08)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables (European Standard (EN), Technical Specification (TS),
Group Specification (GS) or ETSI Standard (ES)) may have been declared to ETSI. The declarations pertaining to these
essential IPRs, if any, are publicly available for ETSI member s and non-member s, and can be found in

ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the

ETSI IPR online database.

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™, LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Environmental Engineering (EE).

The present document was developed jointly by ETSI TC EE and ITU-T Study Group 5 and published respectively by
ITU and ETSI as Supplement ITU-T L.Suppl. 62 [i.6] and ETSI Technical Report ETSI TR 104 084 (the present
document), which are technically equivalent.

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Executive summary

Existing network energy efficiency metrics are typically only based on the amount of service provided, e.g. transported
data volume, coverage area, or number of connections. Other dimensions of useful work, e.g. the quality of the service
provided, is seldom reflected, and it is also not always clear if/how these metrics can be combined to give amore
complete picture of the energy efficiency of a network. The scope of the present document is to study existing network
energy efficiency metrics and outline proposals on how network energy efficiency metrics capturing multiple
performance dimensions (service volume, service quality, service availability, etc.) can be formulated. These can be
combinations of existing network energy efficiency metrics, but also new proposal's capturing performance dimensions
not considered today. The focus has been on network energy efficiency metricsto be used for monitoring and/or
optimization of live networks, even though metrics for reporting and related i mplications have been aso covered.
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The analysis concludes that it is desirable that in addition to the existing mostly service-volume based EE metrics, also
service quality is added into the EE assessment. In particular, service quality based on (average) user throughput may be
valuable to consider in addition to data volume when assessing mobile network data energy efficiency, something that
has also been concluded by 3GPP. It is also desirable to extend the current mobile network coverage energy efficiency
analysisto consider differencesin coverage quality in addition to coverage availability. Whether also service
availability should be considered is less obvious, as the analysis conducted shows limited value to add such metricsinto
the assessment.

Three multi-dimensional metric proposals, i.e. structures for considering multiple performance dimensions in the EE
assessment, have been defined and assessed in the present document:

. Metric based on adjustment factor(s): A base metric, typically the existing service volume-based EE metrics
already defined, is extended (i.e. multiplied) by a dimension-less adjustment factor. Theideaisthat the
adjustment factor captures another performance dimension and scal es the base metric accordingly.

. Multiplicative metric: In this case, two performance indicators are multiplied and considered in relation to
the network energy consumption.

. Separate metrics per performance dimension: Multiple single-dimensional energy efficiency metrics
represent the different performance dimensions in the network energy efficiency evaluation.

Of these, the second proposal - multiplicative metric - has been assessed as least attractive. It can be difficult to
understand, as it mixes units of different performance metrics and relates them to the energy consumption at the same
time. It may then be difficult to understand how the metric behaves, and what it really tells. The other two have their
pros and cons depending on the use case. Using separate metrics per performance dimension is beneficial for amore
nuanced assessment, asit reveals all details of what is driving the results. However, it may make an optimization
algorithm more complex with more variables to consider. A metric based on adjustment factors may hide nuances, but
with just one or two performance indicators reflected this risk is reduced. Furthermore, if it is constructed in a sound
way it should be easy to understand, e.g. with service volume scaled by a factor based on service quality. It may in
particular be useful for network optimization.

For reporting, it is recommended to keep the existing single dimensional metrics, e.g. mobile network data energy
efficiency, as they have been used for long time, are well-known, and also requested in some reporting frameworks.

Furthermore, the analysis also confirms that contextual factors such as geographical conditions, population density,
topology, climate zones, and also regulatory obligations on coverage and service quality, may have a significant impact
on the energy efficiency assessment and its' results. Therefore, this again emphasizes that the network level energy
efficiency analysis and metrics should not be used for benchmarking of different networks (unless the contextual factors
are the same or compensated for), rather the use case is for assessing improvements over time in a specific network and
optimization of the network.

Introduction

A mobile network needsto fulfil several service requirements, such as being able to deliver a certain service volume
with agiven service quality and service availability. A number of different energy efficiency metrics have been defined
throughout the years, e.g. for mobile networksin ETSI ES 203 228 [i.1]. These metrics are typically used to assess the
energy efficiency of the network over time, but can also be used in network optimization algorithms for improving the
network energy efficiency in an automated manner. The metrics should not be used for benchmarking of different
networks, as contextual factors of different networks such as regulatory obligations, emergency service requirements,
geographical and population characteristics, etc. significantly influence the metrics.

These existing network energy efficiency metrics are typically only based on the amount of service provided,

e.g. transported data volume, coverage area, or number of connections. However, the quality of the service provided is
seldom reflected, and it is also not always clear if/how these metrics can be combined to give a more complete picture
of the energy efficiency of a network.

The present document studies existing network energy efficiency metrics and outlines proposals and analysis on how
mobile network energy efficiency metrics capturing multiple performance dimensions (service volume, service quality,
service availability, etc.) can be formulated.
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1 Scope

The present document studies existing network energy efficiency metrics and outlines proposals how network energy
efficiency metrics capturing multiple performance dimensions (service volume, service quality, service availability,
etc.) could be formulated. These can be combinations of existing energy efficiency metrics, but also new proposals
capturing performance dimensions not considered today. The focusis on network energy efficiency metrics to be used
for monitoring and/or optimization of live networks.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents may be useful in implementing an ETSI deliverable or add to the reader's
understanding, but are not required for conformance to the present document.

[i.1] ETSI ES 203 228 (V1.4.1): "Environmental Engineering (EE); Assessment of mobile network
energy efficiency".

[i.2] ETSI TS 128 554 (V19.5.0): "5G; Management and orchestration; 5G end to end Key Performance
Indicators (KPI) (3GPP TS 28.554 version 19.5.0 Release 19)".

[i.3] ETSI TR 128 913 (V18.0.1), "5G; Study on new aspects of Energy Efficiency (EE) for 5G phase 2
(3GPP TR 28.913 version 18.0.1 Release 18)".

[i.4] ETSI TS 132 450 (V18.0.0): "Universal Mobile Telecommunications System (UMTS); LTE;
Telecommunication management; Key Performance Indicators (KPI) for Evolved Universa
Terrestrial Radio Access Network (E-UTRAN): Definitions (3GPP TS 32.450 version 18.0.0

Release 18)".

[i.5] 3GPP TR 28.880 (V19.0.0 - 2024-12): " Study on energy efficiency and energy saving aspects of
5G networks and services (Release 19)".

[i.6] ITU-T L.Suppl. 62: "Study of Multi-dimensional network energy efficiency metrics'.

[i.7] Recommendation ITU-T L.1015 (05/19): "Criteriafor evaluation of the environmental impact of
mobile phones'.

[1.8] Recommendation ITU-T K.114 (08/22): "Electromagnetic compatibility requirements and
measurement methods for digital cellular mobile communication base station equipment".

[i.9] Recommendation ITU-T E.805 (12/19): " Strategies to establish quality regulatory frameworks'.

[i.10] ETSI ES 202 336-12 (V1.3.1): "Environmental Engineering (EE); Monitoring and control

interface for infrastructure equipment (power, cooling and building environment systems used in
telecommunication networks); Part 12: ICT equipment power, energy and environmental
parameters monitoring information model”.

[i.11] JRC144975 (2026) Baldini, G. Ceruitti I: "EU Code of Conduct for the sustainability of
telecommunications networks'.
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3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:

end-to-end latency: time taken to transfer a given piece of information from a source to a destination, measured at the
communication interface, from the moment it is transmitted by the source to the moment it is successfully received at
the destination

NOTE: Asdefinedin[i.1].
ener gy efficiency: relation between the useful output and energy/power consumption
NOTE: Asdefinedin[i.1].

multi-dimensional network energy efficiency: network energy efficiency assessment or metric based on multiple
performance indicators from different performance dimensions

reliability: probability that a product functions as required under given conditions, including maintenance, for a given
duration without failure

NOTE: Asdefinedin[i.7].
service availability: availability of the service provided by the network, for example in time or space
service quality: quality of the telecommunication services provided by an operator

NOTE: Asdefinedin[i.9].

service volume: volume of the service provided by the network, for example data volume, coverage area, or number of
connections

throughput: number of payload bits successfully received per second for a reference measurement channel under a
specified reference condition

NOTE: Asdefinedin[i.g].

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

2G Second Generation

3G Third Generation

3GPP 34 Generation Partnership Project
4G Fourth Generation

5G Fifth Generation

B2B Business-to-Business

B2C Business-to-Consumer

BS Base Station

CO2e Carbon Dioxide equivalent

CoA Coverage Area

CS Circuit Switched

CSP Communication Service Provider
DL DownLink

DV Data Volume

EC Energy Consumption
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EE Energy Efficiency
eMBB enhanced M obile Broadband
eNB evolved Node B
FDD Frequency Division Duplex
FWA Fixed Wireless Access
gNB Next Generation Node B
HW Hardware
ICT Information and Communication Technologies
loT Internet of Things
IP Internet Protocol
KPI Key Performance Indicator
LTE Long Term Evolution
MDEE Multi-Dimensional Energy Efficiency
mMTC massive Machine Type Communications
MN Mobile Network
MNO Mobile Network Operator
MTC Machine Type Communication
NG-RAN New Generation Radio Access Network
NR New Radio
NSA Non-Stand Alone
NTN Non-Terrestrial Networks
Oo&M Operation and Maintenance
OPEX OPerational EXpenditures
O-RAN Open RAN
oTT Over The Top
PDCP Packet Data Convergence Protocol
QCl QoS Class Identifier
QoS Quiality of Service
RAB Radio Access Bearer
RAN Radio Access Network
RAT Radio Access Technology
RF Radio Frequency
RLC Radio Link Control
RRC Radio Resource Control
RSRP Reference Signal Received Power
SA Stand-Alone
SDU Service Data Unit
TTI Transmission Time Interval
UE User Equipment
UL Uplink
URLLC ultra-Reliable Low Latency Communication
VOLTE Voiceover LTE
VoNR Voice over NR
4 Multi-dimensional network energy efficiency

A Mobile Network (MN) needsto fulfill several service requirements. It need to provide reliable coverage where the
users want to access service, it need to provide enough capacity so that the traffic demand can be served, and it need to
provide a service quality such that the users are satisfied with their experience of the service. Mobile Network Operators
(MNOs) are continuoudly investing in their networks to make sure these service requirements, which evolve over time,
are fulfilled. These investments are typically materialized in equipment consuming energy, and energy efficiency isan
important objective. Energy efficiency is often defined as the useful output of a product or service divided by the energy
consumption of the product or the service:

Useful work

Energy Ef ficiency =

Energy consumption

A number of different energy efficiency metrics have been defined throughout the years, e.g. for mobile networksin
ETSI ES 203 228 [i.1]. These network energy efficiency metrics are typically based on the amount of service provided,
e.g. transported data volume, coverage area, or number of connections.

ETSI


https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
https://standards.iteh.ai/catalog/standards/etsi/91f298f6-5adc-45d3-ae26-d8de739e5302/etsi-tr-104-084-v1-1-1-2026-08
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