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[bookmark: foreword][bookmark: _Toc129708866][bookmark: _Toc166000782]Foreword
This clause is mandatory; do not alter the text in any way other than to choose between "Specification" and "Report". 
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc129708867][bookmark: _Toc166000783]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc129708868][bookmark: _Toc166000784]
1	Scope
This clause shall start on a new page.
The present document …
[bookmark: references][bookmark: _Toc129708869][bookmark: _Toc166000785]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: MCCTEMPBM_00000023][28554]	3GPP TS 28.554: "5G end to end Key Performance Indicators (KPI)".
[28552]	3GPP TS 28.552: "Management and orchestration; 5G performance measurements".
[28533]	3GPP TS 28.533: "Management and orchestration; Architecture framework".
[28622]	3GPP TS 28.622: "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)".
[28532]	3GPP TS 28.532: "Management and orchestration; Generic management services".
[L.1210]	International Telecommunication Union, Recommendation ITU-T L.1210, "Sustainable power-feeding solutions for 5G networks", 12/2019
[L.1220]	International Telecommunication Union, Recommendation ITU-T L.1220, "Innovative energy storage technology for stationary use – Part 1: Overview of energy storage", 8/2017
[L.1221]	International Telecommunication Union, Recommendation ITU-T L.1221, "Innovative energy storage technology for stationary use – Part 2: Battery", 11/2018
[L.1222]	International Telecommunication Union, Recommendation ITU-T L.1222, "Innovative energy storage technology for stationary use – Part 3: Supercapacitor technology", 5/2018
[L.1331]	International Telecommunication Union, Recommendation ITU-T L.1331, "Assessment of mobile network energy efficiency", 1/2022
[L.1350]	International Telecommunication Union, Recommendation ITU-T L.1350, "Energy efficiency metrics of a base station site", 10 /2016
[L.1351]	International Telecommunication Union, Recommendation ITU-T L.1351, "Energy efficiency measurement methodology for base station sites", 8/2018
[L.1380]	International Telecommunication Union, Recommendation ITU-T L.1380, "Smart energy solution for telecom sites", 11/2019
[L.1381]	International Telecommunication Union, Recommendation ITU-T L.1381, "Smart energy solutions for data centres", 6/2020
[L.1382]	International Telecommunication Union, Recommendation ITU-T L.1382, "Smart energy solution for telecommunication rooms", 6/2020
[L.1383]	International Telecommunication Union, Recommendation ITU-T L.1383, "Smart energy solutions for city and home applications", 10/2021
[L.1310]	International Telecommunication Union, Series L Supplement 36, "ITU-T L.1310 – Study on methods and metrics to evaluate energy efficiency for future 5G systems", 11/2017
[L.sup43]	International Telecommunication Union, Series L Supplement 43, "Smart energy saving of 5G base stations: Traffic forecasting and strategy optimization of 5G wireless network energy consumption based on artificial intelligence and other emerging technologies", 5/2021
[L.1450]	International Telecommunication Union, Recommendation ITU-T L.1450, "Methodologies for the assessment of the environmental impact of the information and communication technology sector", 9/2018
[ICT]	Jens Malmodin, Nina Lövehagen, Pernilla Bergmark, and Dag Lundén. "ICT sector electricity consumption and greenhouse gas emissions–2020 outcome." Telecommunications Policy (2024): 102701
[BT2385]	International Telecommunication Union, Report ITU-R BT.2385-1, "Reducing the environmental impact of terrestrial broadcasting systems", 03/2022
[OP104]	International Telecommunication Union, Opinion ITU-R OP.104, "Advice for sustainability strategies incorporating carbon offsetting policies", 2022
[BT2521]	International Telecommunication Union, Report ITU-R BT.2521-0, "Practical examples of actions to realize energy aware broadcasting", 3/2023
[23001-11]	ISO/IEC 23001-11:2023 Information technology, MPEG systems technologies,  Part 11: Energy-efficient media consumption (green metadata)
[S100]	DVB, "Study Mission report on Energy Aware service Delivery and Consumption", DVB Document S100, 11/2023
[PT9]	ATSC Planning Team 9, https://www.atsc.org/subcommittees/planning-team-9-sustainability/
[GoS]	Greening of Streaming, https://www.greeningofstreaming.org/
[DIMPACT]	DIMPACT, https://dimpact.org/
[DTMeth]	DIMPACT, "Methodology: Estimating the carbon impacts of serving digital media and entertainment products", version 1.0, October 2022
[DTPaper]	DIMPACT, Draft paper "Literature review and policy principles for streaming and digital media carbon footprinting", March 2023
[UHDF]	Ultra HD Forum, https://ultrahdforum.org/ibc2023-press-release-ultra-hd-forum-to-showcase-efficient-hdr-sdr-sustainability-demos/
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to TR 21.905 be the first in the list.
[bookmark: definitions][bookmark: _Toc129708870][bookmark: _Toc166000786]3	Definitions of terms, symbols and abbreviations
This clause and its three (sub) clauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc129708871][bookmark: _Toc166000787]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc129708872][bookmark: _Toc166000788]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc129708873][bookmark: _Toc166000789]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
5GC	5G Core
ATSC	Advanced Television Systems Committee
DVB	Digital Video Broadcasting
IBC	International Broadcasting Convention
ICT	Information and Communications Technology
ITU-T	The Telecommunication Sector of the ITU
MnS	Management Service
NAB	National Association of Broadcasters
NG-RAN	Next Generation RAN
OAM	Operations, Administration and Maintenance
PEE	Power, Energy, Environmental
PNF	Physical Network Function
RAN	Radio Access Network
SBMA	Service-Based Management Architecture
VNF	Virtualized Network Function
[bookmark: clause4][bookmark: _Toc129708874][bookmark: _Toc166000790]4	Introduction to energy efficiency for media
[bookmark: _Toc129708875][bookmark: _Toc166000791]4.1	General
[Editor’s note: Introduction to the concepts of energy efficiency for media]
[bookmark: _Toc129708876][bookmark: _Toc166000792]4.2	Related work
[Editor’s note: list the energy efficiency-related activities in 3GPP and elsewhere, e.g. DVB, MPEG…]
[Editor’s note: list of 3GPP TR/TS that could be considered:
SA1:
· TR 22.882: Study on Energy Efficiency as a service criteria (Release 19)
· TS 22.261: Service requirements for the 5G system (Release 19)
SA2:
· TS 23.288: Architecture enhancements for 5G System (5GS) to support network data analytics services (Release 18)
· TR 23.700-66: Study on Energy Efficiency and Energy Saving (Release 19)
SA4:
· TS 26.531: Data Collection and Reporting; General Description and Architecture (Release 18)
· TS 26.532: Data Collection and Reporting; Protocols and Formats; (Release 18)
SA5:
· TS 28.310: Energy efficiency of 5G (Release 18)
· TS 28.554: 5G end to end Key Performance Indicators (KPI) (Release 18)
· TR 28.813: Study on new aspects of Energy Efficiency (EE) for 5G (Release 17)
· TR 28.880: Study on energy efficiency and energy saving aspects of 5G networks and services (Release 19)
· TR 28.913: Study on new aspects of Energy Efficiency (EE) for 5G phase 2 (Release 18)]
[bookmark: _Toc166000793]4.2.1	Introduction
Several standards setting organisations broadly active in the areas of broadcasting and telecommunications are considering energy efficiency and the reduction of climate impact. Likewise, several industry fora are active in this area. This section documents some of the efforts underway, and references standards and reports currently available.
[bookmark: _Toc166000794]4.2.2	3GPP
[bookmark: _Toc166000795]4.2.2.1	Introduction
[bookmark: _Toc166000796]4.2.2.2	Collection and exposure of energy consumption information at OAM
[bookmark: _Toc166000797]4.2.2.1.1	Introduction
This clause summarizes TS 28.554 [28554] as it relates to the evaluation and collection of energy consumption information by the Operations, Administration and Maintenance (OAM) capability of the 5G System, as specified in 3GPP Release 18 by SA WG5.
[bookmark: _Toc157674394][bookmark: _Toc161043348][bookmark: _Toc166000798]4.2.2.1.2	Collection of network energy information by OAM
Clause 6.7.3 of TS 28.554 [28554] defines the Energy Consumption KPI of a Physical Node. The network energy information that can be collected by the OAM capability includes that listed in table 4.2.2.1.2-1.
[bookmark: _CRTable5_2_2_11]Table 4.2.2.1.2-1: Network energy information collected by OAM
	KPI category
	Description
	Reference
	Clause

	Energy Consumption (EC) information
	Energy Consumption of a gNodeB
	TS 28.554 [28554]
	6.7.3.4.2

	
	Energy Consumption of the NG-RAN
	
	6.7.3.4.1

	
	Energy Consumption of the 5GC
	
	6.7.3.2.1

	
	Energy Consumption of a 5G Network Function
	
	6.7.3.1.1

	
	Estimated Energy Consumption of a Virtualized Network Function
	
	6.7.3.1.2

	
	Energy Consumption of a network slice
	
	6.7.3.3

	
	Energy Consumption of a Physical Network Function (PNF) as well as other Power, Energy, Environmental (PEE) measurements
	TS 28.552 [28552]
	5.1.1.19.2

	Energy Efficiency KPIs
	Energy Efficiency of the NG-RAN data
	TS 28.554 [28554]
	6.7.1

	
	Energy Efficiency of the 5GC
	
	6.7.4.1

	
	Energy Efficiency of a network slice
	
	6.7.2



In the case of a Virtualized Network Function (VNF) hosted on a physical node, the energy consumption of the VNF is estimated as a portion of the total energy consumption of the physical node on which the VNF is executing, based on its relative virtual CPU usage, virtual memory usage, virtual disk usage and I/O traffic (all metrics collected from ETSI MANO) as defined in clause 6.3.1.2 of TS 28.554 [28554].
[bookmark: _Toc166000799][bookmark: _Toc157674395][bookmark: _Toc161043349]4.2.2.1.3	Exposure of network energy information by OAM
Network energy information may be collected by OAM and exposed (other mechanisms may exist) as defined by the Service-Based Management Architecture (SBMA) in TS 28.533 [28533]. Any authorised consumer willing to collect such measurements or KPIs is first required by [28533] to create an instance of a performance metrics production job (i.e., an instance of the PerfMetricJob information element – see clause 4.3.31 of TS 28.622 [28622]) by invoking the createMOI operation of the Provisioning Management Service (MnS) (see clause 11.1.1.1 of TS 28.532 [28532]).
The consumer is required by [28533] to specify:
-	Which measurement(s) or KPI(s) it wishes to be collected, e.g. the energy consumption of a 5G NF, etc.
-	Which network entities (represented by managed objects) it wishes the information to be collected from (e.g., SMF x, UPF y, etc.).
-	The granularity period (expressed in seconds) it wishes the measurements or KPIs to be reported over.
-	The reporting method, mainly:
-	File-based reporting: Performance data is accumulated for a certain time before it is reported; the data is delivered as a file; the file content encoding is either XML or ASN.1.
-	Stream-based reporting: The producer sends the performance data to the consumer as when they are ready. The volume of the performance data reported is expected to be small, and the granularity period is expected to be short. The stream content encoding technique is either GPB or ASN.1.
Depending on the selected reporting method, the consumer collects the measurements or KPIs as follows:
-	In the case of file-based reporting, the producer sends the notification NotifyFileReady to subscribed consumer(s) when a new file becomes available on the producer for subsequent download by consumer(s).
-	In the case of stream-based reporting, the producer sends units of streaming data to the consumer by invoking the reportStreamData operation.
[bookmark: _Hlk163565958][bookmark: _Toc166000800]4.2.3	Other Standards Development Organisations
[bookmark: _Toc166000801]4.2.3.1	ITU-T
Within the International Telecommunications Union, the T-sector includes Study Group 5 "Environment and Circular Economy" (SG5). Part of its mandate is to define and develop “methodologies for evaluating ICT effects on climate change and publishing guidelines for using ICTs in an eco-friendly way. Under its environmental mandate SG5 is also responsible for studying design methodologies to reduce ICT’s and e-waste’s adverse environmental effects, for example, through recycling of ICT facilities and equipment.”
Among its activities, ITU-T Study Group 5 is developing technical reports, supplements and international standards for the environmental requirements of 5G [L.1210..L.Sup43]. Further, the L.1400 series of reports and recommendations present methodologies and guidelines for the assessment of the greenhouse gas emissions and energy consumption of the ICT sector. For example, ITU-T L.1450 presents a methodology for the assessment of the impact of telecommunications systems [L.1450]. It was used in an assessment of the electricity usage and greenhouse gas emissions of the ICT sector [ICT].
[bookmark: _Toc166000802]4.2.3.2	ITU-R
The remit of ITU-R Study Group 6 (SG6) is programme production and interchange. Its Working Party 6A (WP 6A) has published ITU-R Report BT.2385 "Reducing the environmental impact of terrestrial broadcasting systems" [BT2385]. Working Party 6C (WP 6C) has a rapporteur group which has produced the following documents:
-	ITU-R Opinion 104, "Advice for sustainability strategies incorporating carbon offsetting policies" [OP104]
-	ITU-R Report BT.2521, "Practical examples of actions to realize energy aware broadcasting" [BT]. This report is based on a webinar held in March 2022.
[bookmark: _Toc166000803]4.2.3.3	MPEG
The ISO/IEC JTC 1/SC 29 committee Coding of audio, picture, multimedia and hypermedia information has published the ISO/IEC 23001-11:2023 (Green MPEG) standard [23001-11]. The various components of the standard define methods for the reduction of the power consumption of decoders and of displays. A further component defines a method for the selection of energy-efficient media. A final method allows for quality recovery after low-power encoding. The standard is currently in revision, and it is to be extended to enable the carriage of metadata to more efficiently reduce the power requirements of display devices receiving the content with the metadata.
[bookmark: _Toc166000804]4.2.3.4	DVB
DVB has carried out a study mission to assess the potential for developing energy-efficient video transmission systems. This work has resulted in the creation of a new CM-EE (Energy Efficiency) working group in its Commercial Module. It has also published a report on the topic available as Blue Book S100 "Study Mission report on Energy Aware service Delivery and Consumption" [S100].
[bookmark: _Toc166000805]4.2.3.5	ATSC
ATSC's "Planning Team 9 – Sustainability in Media and Data Delivery Services (PT9) will study the benefits of broadcast data delivery as relates to sustainable energy usage in a world increasingly dependent on data delivery. The team will consider linear and file-based media delivery as well as linear and file-based data delivery. PT9 will report the results of this work to the Board. If technical work in ATSC is recommended, PT9 will further document rationale for the work and ideally also document possible architectural approaches and requirements, such as interoperability with existing networks, which would accommodate the identified use cases. PT9 does not draft standards or recommended practices; it may draft New Project Proposals and/or Planning Team Reports. PT9 reports to the ATSC Board of Directors and participation is open to all ATSC members." [PT9].
[bookmark: _Toc166000806]4.2.4	Industry Fora
[bookmark: _Toc166000807]4.2.4.1	Greening of Streaming
Greening of Streaming is a member association investigating energy efficiency in the context of media streaming applications [GoS]. One of the challenges the group is aiming to address is that of accurately measuring the energy expenditure of streaming services, given that currently the available data is sparse and not very precise. It further intends to define best practices.
[bookmark: _Toc166000808]4.2.4.2	DIMPACT
“DIMPACT is a collaborative initiative between leading media, entertainment and technology companies and world-class researchers [DIMPACT].” The group is convened by Carnstone Partners Ltd, and research and technical expertise is provided by researchers from the University of Bristol. It has currently over 20 members. The group has developed a tool to measure the emissions of serving digital media and entertainment products. This tool is available as a web application and is able to estimate emissions originating from video streaming, online banner advertising, digital publishing, and audio streaming. The DIMPACT website makes available several publications explaining their methodology [DTMeth] and defining principles for streaming and digital media carbon footprinting [DTPaper].
[bookmark: _Toc166000809]4.2.4.3	Ultra HD Forum
The Sustainability Working Group of the Ultra HD Forum is investigating energy efficiency opportunities throughout content distribution, from content encoding through distribution and display. One result has been a regular series of public demonstrations directed to sustainability at major broadcast conferences (specifically IBC and NAB) where the Ultra HD Forum regularly has a booth [UHDF]. Some of these demonstrate the degree of influence the consumer can have on the energy consumption by the display.

[bookmark: _Toc166000810]5	Key issues
[Editor’s note: Description of key issues and their potential requirements]
[bookmark: _Toc166000811]5.1	Key Issue #1: Information exposure
[bookmark: _Toc166000812]5.1.1 	Description
[bookmark: _Toc166000813]5.1.2	Potential requirements

[bookmark: _Toc166000814]5.2	Key Issue #2: Monitoring and measurement
[bookmark: _Toc166000815]5.2.1 	Description
[bookmark: _Toc166000816]5.2.2	Potential requirements 

[bookmark: _Toc166000817]5.3	Key Issue #3: Evaluation framework
[bookmark: _Toc166000818]5.3.1 	Description
[bookmark: _Toc166000819]5.3.2	Potential requirements

[bookmark: _Toc166000820]6	Potential Solutions
[Editor’s note: Description of potential solutions]
[bookmark: _Toc166000821]6.0 	Mapping of Solutions to Key issues

[bookmark: _Toc166000822]6.X	Solution #<X>: <Solution Title>
[bookmark: _Toc166000823]6.X.1	Key issue mapping
[bookmark: _Toc166000824]6.X.2	Functional Description
[bookmark: _Toc166000825]6.X.3	Procedures
[bookmark: _Toc166000826]6.X.4	Impacts on existing services, entities and interfaces

[bookmark: _Toc166000827]7	Conclusions and proposed next steps
[Editor’s note: This clause will list conclusions that have been agreed in the study.]
[bookmark: startOfAnnexes][bookmark: _Toc129708889][bookmark: _Toc166000828]
Annex <A>:
<Informative annex title for a Technical Report>
Informative annexes in Technical Reports do not use "(informative") in the title, since all annexes in TRs are informative. Use style "Heading 9" in TRs.




[bookmark: _Toc129708892][bookmark: _Toc166000829]Annex <B> (informative):
Change history
Use style "Heading 8" in TSs and "Heading 9" in TRs. Do not use "informative" in the title in TRs.
This is the last annex for TS/TSs which details the change history using the following table.
This table is to be used for recording progress during the WG drafting process till TSG approval of this TS/TR.
For TRs under change control, use one line per approved Change Request
Date: use format YYYY-MM
CR: four digits, leading zeros as necessary
Rev: blank, or number (max two digits)
Cat: use one of the letters A, B, C, D, F
Subject/Comment: for TSs under change control, include full text of the subject field of the Change Request cover
New vers: use format [n]n.[n]n.[n]n
	[bookmark: historyclause]Change history

	Date
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