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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.
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For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc129708873][bookmark: _Toc167327036]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
5GMS	5G Media Streaming
AF	Application Function
AMF	Access and Mobility Management Function
ANBR	Access Network Bitrate Recommendation
AS	Application Server
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
NEF	Network Exposure Function
NG-RAN	Next Generation RAN
NSACF	Network Slice Admission Control Function
NWDAF	Network Data Analytics Function
OAM	Operations, Administration and Maintenance
PCF	Policy Control Function
PEE	Power, Energy, Environmental
PNF	Physical Network Function
QMC	QoE Measurement Collection
QoE	Quality of Experience
RAN	Radio Access Network
SBMA	Service-Based Management Architecture
SMF	Session Management Function
UDM	Unified Data Management
UE	User Equipement
UPF		User Plane Function
VNF	Virtualized Network Function
[bookmark: clause4][bookmark: _Toc129708874][bookmark: _Toc167327037]4	Introduction to energy efficiency for media
[bookmark: _Toc129708875][bookmark: _Toc167327038]4.1	General
[Editor’s note: Introduction to the concepts of energy efficiency for media]
[bookmark: _Toc167327039]4.1.1	Motivation
The reason for studying energy consumption in media delivery stems from a concern for the current state of the climate, and the need to mitigate the effects of human-induced climate change. These effects are due to greenhouse gas emissions associated with human activity, including the production of energy. In this regard, mitigation strategies revolve around 1) producing cleaner energy, and 2) using less energy. The latter is relevant for any sector, system or device not directly involved in producing energy, including those defined by 3GPP. However, with 70–80% of network traffic being media, media data centres, the transmission of media data and media consumption on UEs contribute significantly to the total energy consumed by mobile networks. Considering the 5G System, energy efficiency of each of its components as well as the system as a whole is required.
In order to achieve increased energy efficiency – both at the component level and at the system level – the system needs first to be characterised. Such characterisation additionally enables reporting, thereby informing the various stakeholders of the system's energy performance. High-level measurements illustrated in clauses 4.1.2 and 4.1.3 are too coarse to allow system performance improvements, nor does it allow individual stakeholders, including Application Service Providers, network operators, and end users to know their own instantaneous energy use. Having access to fine-grained information on energy use, for instance on streaming an individual content asset, would allow the identification of potential energy hot spots, and it would facilitate government-mandated reporting which is increasingly prevalent in certain markets.
This feasibility study therefore focuses on the possibility of putting infrastructure in place that would enable the measurement and reporting of energy consumption across the media delivery eco-system of 5G networks.
[bookmark: _Toc167327040]4.1.2	Energy and power in mobile networks
The terms power and energy are closely related, with power  being the rate at which work is done. It is measured in Watts or equivalently Joules per second (symbol ), or in derived quantities such as ,  or . Energy  is power integrated over time, measured in Joules (), or equivalently Watt-seconds (). Larger quantities are often measured in kilo-Watt-hours , mega-Watt-hours  or tera-Watt-hours (TWh). One  represents 3.6.
For the year 2020, the global annual electricity consumption (AEC) of mobile networks (including 2G up to 5G, as well as satellite communication) is estimated to have been 161 , of which 146  is spent by access networks, 6  by the core network, and 9  by support activities [Malmodin2024]. This represents 20  per subscription per year [Malmodin2024]. In the period 2015–2018 this figure was estimated at 17  per subscription per year [Lunden2022].
To characterize the energy used to transmit data in a more fine-grained manner, energy-per-data figures are often reported, for example in /. This suggests that a given network expends energy directly proportional to the amount of data communicated. This, however, has been shown to be an inaccurate measure due to the presence of significant fixed overheads. As an example, the servers in a data centre need to be cooled, irrespective of whether data passes through them or not.
For this, and other reasons, the transmission of data incurs a base load which is related to the presence and maintenance of the infrastructure itself, plus a mark-up that depends on the amount of data being transmitted. 
Examples of power usage for 4G systems and use cases, taking into account such base load, are given in table 4.1.2‑1 [Malmodin 2020].

	System / Use case
	Bit rate (/)
	 (
	 (//)
	 (

	4G RAN
	
	0.5 – 2
	1 – 2
	

	4G data transmission and IP core network
	
	0.05 – 0.5
	0.03
	

	No data (inactive)
	0
	1.2
	1.53
	1.2

	"YouTube" application service
	1.5
	1.2
	1.53
	3.4

	"Netflix" application service
	4
	1.2
	1.53
	7.3

	File download
	40
	1.2
	1.53
	62


Table 4.1.2-1. example of power usage in 4G mobile transmission systems (after [Malmodin2020])
Where for a Bit rate (in megabits per second, ),  is the base load (in ), b is the data-dependent term (in //), and  is the power consumped (in ).
As can be seen in this table 4.1.2-1, the fixed overhead  is relatively important at low bit rates. For larger bit rates (e.g. the file download example) the transmission rate dominates the power consumption.
[bookmark: _Toc167327041]4.1.3	Energy and power in mobile device
According to [Malmodin 2024] the global annual electricity consumption of smartphones and feature phones in 2020 is estimated to have been around 17 and 2  respectively.
[bookmark: _Toc167327042]4.1.4	Greenhouse gas emissions reporting and energy measurement
A study from Ember Climate [Ember] emphasises that electricity use may be mapped onto greenhouse gas via a conversion factor known as the carbon intensity measured in grams of Cos equivalent per kilowatt hour (-e/). The carbon intensity depends strongly on the method used to produce electricity, and therefore on the natural resources available in a given geographic location. Currently, the carbon intensity ranges from under 100 -e/ to over 700 -e/, with a global average of 436 -e/ (data from [Ember]).
The measurement of greenhouse gas emissions is difficult if not impossible to perform directly, but through the locally and globally known carbon intensities, energy consumption measurements may be converted to estimates of greenhouse gas emissions. The energy consumption of a 5G network and its components could therefore be used as a proxy for greenhouse gas emissions.
[bookmark: _Toc167327043]4.1.5	Legislative frameworks for greenhouse gas reporting
Larger companies in European member states are subject to corporate sustainability reporting under the Corporate Sustainability Reporting Directive (CSRD), and following European Sustainability Reporting Standards which are available under [EUreg] supplementing Directive 2013/34/EU of the European Parliament and of the Council as regards sustainability reporting standards. This reporting law follows the Scopes defined by the Greenhouse Gas Protocol [GGPacc].
Other regions in the world may be subject to other and/or additional reporting requirements.

[bookmark: _Toc129708876][bookmark: _Toc167327044]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). SA5 umbrella TS for energy efficiency and energy saving aspects.
· TS 28.552: Management and orchestration; 5G performance measurements. Clause 5.1.1.19 defines Power, Energy and Environment (PEE) measurements for 5G Physical Network Functions (PNF)
· TS 28.554: 5G end to end Key Performance Indicators (KPI) (Release 18). Clause 6.7 defines energy consumption and energy efficiency KPIs for 5G Virtualized Network Functions (VNF), network slices, etc.
· TS 28.552 (Management and orchestration; 5G performance measurements), whose clause 5.1.1.19 defines Power, Energy and Environment (PEE) measurements for 5G Physical Network Functions (PNF) 
· TS 28.622 (Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)), which defines (non-exclusive list) manageable PEE parameters for 5G Network Functions, performance measurement job (enabling an authorized consumer to collect energy consumption / energy efficiency measurements and KPIs from OAM), etc. 
· TS 28.532 (Management and orchestration; Generic management services), which defines APIs that can be used by authorized consumer(s) to e.g. collect energy consumption, energy efficiency measurements and KPIs, and PEE parameters 
· 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: _Toc167327045]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: _Toc167327046]4.2.2	3GPP
[bookmark: _Toc167327047]4.2.2.1	Introduction
[bookmark: _Toc167327048]4.2.2.2	Collection and exposure of energy consumption information at OAM
[bookmark: _Toc167327049]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: _Toc167327050]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: _Toc167327051][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: _Toc167327052]4.2.2.3		Collection and exposure of energy consumption information at NF
[Editor’s note: Writing this clause will probably have to wait for the conclusions of TR 23.700-66 from SA2.]
[bookmark: _Toc167327053]4.2.2.4	UE data collection, reporting and event exposure
[bookmark: _Toc167327054]4.2.2.4.1	UE data collection, reporting and event exposure architecture
A generic architecture for the collection and reporting of UE data is defined in TS 26.531 [26531] and the corresponding APIs are specified in TS 26.532 [26532] but UE energy consumption has not been considered in these specifications up to and including in Release 18. Subject to study in the present document, a potential solution would be to expand the scope of these specifications to support the collection and exposure of energy consumption information at UE.
The main principle of the reference architecture defined in clause 4 of TS 26.531 [26531] and reproduced in figure 4.2.2.4‑1 below is the addition of an intermediary Application Function named the Data Collection AF which is used collected UE data reports from data collection clients and Application Servers, and to synthesise from those reports a set of events which are exposed to event consumer subscriber, such as the Network Data Analytics Function (NWDAF) or an Event Consumer AF deployed in the Application Service Provider.


Figure 4.2.2.4.1‑1: Reference architecture for data collection and reporting
Data collection and reporting functionality in the Data Collection AF is provisioned at reference point R1 by a Provisioning AF of the Application Service Provider that may be deployed either inside or outside the trusted domain. The purpose of the Data Collection AF is to receive UE data reports from one of three possible sources:
1.	Directly from the UE. In this case the Direct Data Collection Client is responsible for collecting relevant data in the UE (typically from a UE Application using a suitable API at reference point R7) and for sending data reports to the Data Collection AF via reference point R2.
2.	Indirectly from the UE. In this case, an Application Service Provider collects data from UE Applications privately via reference point R8 and employ an Indirect Data Collection Client subfunction to then send data reports to the Data Collection AF via reference point R3.
3.	From an Application Server that has been used to deliver media to/from a UE. Application Server instances (AS) inside or outside the trusted domain may also collect data and report it to the Data Collection AF via reference point R4.
The Data Collection AF aggregates and filters UE data that is reported to it. The processed UE data is exposed by the Data Collection AF to the NWDAF in the form of data reporting event notifications via reference point R5. Certain UE data may also be exposed in the form of data reporting events by the Data Collection AF to an Event Consumer AF residing in the Application Service Provider via reference point R6.
When they are deployed in different trust domains, the interactions between the system actors of the UE data collection, reporting and event exposure architecture may be mediated through the NEF, as illustrated by various collaboration scenarios defined in annex A of TS 26.531 [26531].
[bookmark: _Toc167327055]4.2.2.4.2	UE data collection, reporting and event exposure for 5G Media Streaming
The instantiation of the UE data collection, reporting and event exposure architecture in the 5GMS System is defined in clause 4.7 of TS 26.501 [26501] and the reference architecture for this instantiation is reproduced in figure 4.2.2.4-2.


Figure 4.2.2.4.2‑1: Data collection and reporting architecture instantiation for 5G Media Streaming
Three existing 5GMS reference points are reused in this instantiation: M1 (for provisioning UE data collection, reporting and event exposure), M5 (for media session handling) and M6 (for interacting with the Media Session Handler).
-	The Provisioning AF of the Application Service Provider is not instantiated in the 5GMS architecture. Data collection and reporting is instead provisioned using the procedures using M1 defined in TS 26.501 [26501].
-	The Data Collection AF for 5G Media Streaming is instantiated in the 5GMS AF.
-	The Direct Data Collection Client for 5G Media Streaming is instantiated in the Media Session Handler. This takes logical responsibility for the UE data collection activities of the Metrics Collection & Reporting and Consumption Collection & Reporting subfunctions and the subsequent reporting of this UE data via reference point M5. It also takes logical responsibility for the logging of ANBR-based Network Assistance invocations by the Network Assistance subfunction and their subsequent reporting to the Data Collection AF instantiated in the 5GMS AF via reference point R2.
NOTE:	The use of M5 instead of R2 is due to the definition of some procedures before the definition of this instantiation. M5 was already used for QoE metrics and consumption reports, or invocations of the downlink dynamic policy procedures and invocations of the AF-based downlink Network Assistance procedures. Thus, for these procedures, M5 is used instead of R2.
-	The Indirect Data Collection Client is not instantiated in the 5GMS architecture. Indirect reporting of UE data is outside the scope of 5G Media Streaming. Thus, R8 is not instantiated in the 5GMS architecture.
-	The role of the AS in the abstract reference architecture is played by 5GMS AS. (This may be deployed as a trusted AS within the 5G System or deployed externally.)
-	The Event Consumer AF is instantiated in the 5GMS Application Provider as a consumer of 5G Media Streaming events from the Data Collection AF.
-	Reference point R7 is not instantiated in the 5GMS architecture. Configuration of 5GMS-related data reporting in the Media Session Handler by the 5GMS-Aware Application is managed through the existing media session handling client API at reference point M6.
[bookmark: _Toc167327056]4.2.2.4.3		QoE Measurement Collection (QMC) functionality
TS 38.300 [38300] defines the QoE Measurement Collection (QMC) feature which enables collection of application layer measurements from the UE. QMC is supported for the following service types in NR cells:
-	QoE Measurement Collection for DASH streaming services in TS 26.247 [26247];
[bookmark: _Hlk167182037]-	QoE Measurement Collection for MTSI services in TS 26.114 [26114];
-	QoE Measurement Collection for VR services in TS 26.118 [26118].
The QMC feature also supports collection of QoE measurements for any of the supported service types carried by the MBS communication service defined in TS 23.247 [23247], namely:
-	MBS broadcast;
-	MBS multicast. 
More details of QMC control and configuration can be found in TS 28.405 [28405]. A potential solution would be to reuse and expand the QMC functionality to support the reporting of energy consumption information by the UE.
[bookmark: _Toc167327057]4.2.2.4.4	Potential use of UE data collection, reporting and event exposure architecture for collection and exposure of energy consumption information
[Editor’s note: Data collection and reporting architecture seems a good basis for collection and exposure of energy consumption information at UE, but a series of questions arises in connection with reaching this goal:
1.	What energy-related information will be provided by the UE? Is this information related only to the communication part or media part?
2.	Which UE function will be the source of the energy consumption information (e.g., per-application energy usage data collected by a system-level service running on the UE, or contributed by individual applications running on the UE reporting their own energy usage data)?
3.	How should UE energy consumption data be reported by a UE to the 5G System?
a)	Reuse the existing 5GMS consumption reporting mechanism by extending relevant data type(s) specified in TS 26.510 [26510] to report UE energy consumption data?
b)	Reuse the existing 5GMS QoE metrics reporting mechanism and reporting format by extending the QM10 XML schema schema specified in clause 10.2 of TS 26.247[26247] to report UE energy consumption data?
c)	Reuse the existing 5GMS QoE metrics reporting mechanism but specify a brand new QoE metrics reporting scheme in TS 26.510 [26510] to report UE energy consumption data?
d)	Specify a new generic UE data domain in TS 26.531 [26531] and a JSON-based reporting format in TS 26.532 [26532] to report UE energy consumption data to the generic Data Collection AF?
4.	In the context of options 3(c) and 3(d), can commonly supported metrics and client data reporting format and protocols like CTA-WAVE CMCD [CTA-5005-A] be used to cover the required scope?
NOTE:	The parallel study of future reporting mechanisms and formats in TR 26.804 is relevant in the context of question 4.
5.	Which reference points should be used to report UE energy consumption data to the Data Collection AF?
a)	If using the generic UE data collection, reporting and event exposure architecture defined in TS 26.531 [26531], data could be reported through reference points R2, R3 and/or R4.
b)	If using the 5GMS instantiation of the generic UE data collection, reporting and event exposure architecture defined in clause 4.7 of TS 26.501 [26501], the Indirect Data Collection Client is not available in Release 18, so only R2 (or M5) and R4 are available for data reporting. Are there use cases requiring reference point R3? Is it relevant to be able to use several interfaces?
6.	Would it be useful to expose energy-related information of the network to the Media Session Handler to help it optimize its media session in an energy-efficient way?]
[bookmark: _Hlk163565958][bookmark: _Toc167327058]4.2.3	Other Standards Development Organisations
[bookmark: _Toc167327059]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: _Toc167327060]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: _Toc167327061]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: _Toc167327062]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: _Toc167327063]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: _Toc167327064]4.2.4	Industry Fora
[bookmark: _Toc167327065]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: _Toc167327066]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: _Toc167327067]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: _Toc167327068]4.2.5	Greenhouse Gas Protocol
The Greenhouse Gas Protocol [GGPweb] is an organisation that “provides standards, guidance, tools and training for business and government to measure and manage climate-warming emissions.” The first edition of their reporting standard was published in 2001, establishing a reporting framework for businesses. Relative to a given company, the concept of “scopes” is introduced, which delineate direct and indirect emission source, and are used for accounting and reporting purposes. The reporting principally involves the six greenhouse gasses that are defined in the Kyoto protocol: carbon dioxide (), methane (), nitrous oxide (), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphurhexafluoride (). Scopes 1 (sources owned or controlled by a company giving rise to direct greenhouse gas) and 2 (the electricity purchased and consumed by a company gives rise to greenhouse gas emissions) are defined in [GGPacc], and Scope 3 (All other indirect emissions) is defined in [GGPsc3].
NOTE:	3GPP SA5 is also considering the Greenhouse Gas Protocol as part of TR 28.913 “Study on new aspects of Energy Efficiency (EE) for 5G phase 2” [28913]
[bookmark: _Toc167327069]4.2.5.1	Scope 1
Sources owned or controlled by a company give rise to direct greenhouse gas emissions. The activities undertaken by a company that give rise to scope 1 emissions include the generation of electricity, heat, or steam; physical or chemical processing; transportation of materials, products, and waste; fugitive emissions. 
[bookmark: _Toc167327070]4.2.5.2	Scope 2
The electricity purchased and consumed by a company gives rise to greenhouse gas emissions. Scope 2 emissions occur at the facility where the electricity is generated, rather than where the electricity is consumed. For the reporting company, these emissions are therefore counted as one form of indirect emissions. As purchased electricity is for many companies one of the largest sources of greenhouse gas emissions, it also offers a significant potential for reductions, either by investing in energy efficient technologies, by energy conservation, or by switching to less greenhouse gas intensive sources of electricity. 
[bookmark: _Toc167327071]4.2.5.3	Scope 3
All other indirect emissions can be reported under scope 3. The emissions reported in this category are the consequence of the activities of a company, but they come from sources not owned or controlled by this company. These indirect emissions arise elsewhere in the corporate value chain of a given company, both upstream and downstream. Upstream emissions are indirect emissions relating to purchased or acquired goods and services. Downstream emissions relate to sold goods and services. Scope 3 indirect emissions are categorised into 15 distinct categories, of which the upstream categories are:
1. Purchased goods and services. Extraction, production, and transportation of goods and services purchased or acquired by the reporting company in the reporting year, not otherwise included in categories 2 to 8.
1. Capital goods. Extraction, production, and transportation of capital goods, purchased or acquired by the reporting company in the reporting year.
1. Fuel- and energy-related activities (not included in scope 1 or scope 2). Extraction, production, and transportation of fuels and energy purchased or acquired by the reporting company in the reporting year.
1. Upstream transportation and distribution. Transportation and distribution of purchased products or services in the reporting year, including inbound and outbound logistics; transportation between a company’s own facilities.
1. Waste generated in operations. Disposal and treatment of waste generated by the reporting company’s operations in the reporting year.
1. Business travel. Transportation of employees for business-related activities in the reporting year in vehicles not owned or operated by the reporting company.
1. Employee commuting. Transportation of employees between their homes and their worksites during the reporting year, in vehicles not owned or operated by the reporting company.
1. Upstream leased assets. Operation of assets leased by the reporting company in the reporting year.
The downstream categories are:
1. Downstream transportation and distribution. Transportation and distribution of products sold by the reporting company in the reporting year between the reporting company’s operations and the end consumer, if not paid for by the reporting company (in vehicles and facilities not owned by the reporting company).
1. Processing of sold products. Processing of intermediate products sold in the reporting year by the downstream companies.
1. Use of sold products. End use of goods and services sold by the reporting company in the reporting year.
1. End-of-life treatment of sold products. Waste disposal and treatment of products sold by the reporting company (in the reporting year) at the end of their life.
1. Downstream leased assets. Operation of assets owned by the reporting company and leased by other companies in the reporting year.
1. Franchises. Operation of franchise in the reporting year.
Investments. Operation of investments (including equity and debt investments and project finance) in the reporting year.
[bookmark: _Toc167327072]5	Use cases
[bookmark: _Toc167327073]5.1	Baseline use cases defined by SA1
Use cases regarding enhancements to Energy Efficiency of 5G network and application service enabler aspects are listed in TR 22.882 [22282]. Five of them have been identified as media-related and therefore fall within the scope of this study:
-	Use case 5.5 on service energy monitoring by an Application Server: The Application Service Provider cares about energy consumption in the Data Network as a result of the service provided by an Application Server to UEs. This could be for one or more of the following three reasons:
-	The Application Service Provider needs to demonstrate that it is reducing energy consumption;
-	The service has an associated energy cost, and the Application Service Provider wants to reduce it;
-	The Application Service Provider recognises that there are policies that limit energy use and controls the overall use of the service to operate within those constraints.
-	Use case 5.6 on on supporting service-level energy efficiency analysis for verticals: An Application Service Provider is running three different enterprise applications over two network slices. It proposes exposure of data volume and energy consumption of different Network Functions participating in the delivery of the service for different time periods at the request of the Application Service Provider. The Application Service Provider may use existing 3GPP procedures to infer Network Slice energy consumption and the number of PDU sessions per network slice.
- 	Use case 5.8 on Application service Energy Efficiency (AEE) monitoring: The energy consumed by an application service at the device side as well as at the network side is monitored and predicted by the 5G System and is exposed as a monitoring event to the Application Service Provider to allow an application layer action. In the context of media delivery, this action could be for example trigerring multicast/broadcast delivery for a given service area and time of the day.
-	Use case 5.9 on renewable energy consumption information exposure: Mobile Network Operators need to understand and track the proportion of energy consumed in their networks that is sourced from renewable sources, which can be made available to customers and authorized third parties.
-	Use case 5.10 on supporting carbon-aware communication service: The Mobile Network Operator provides to end users an estimate of the carbon emissions for the services consumed, for example the equivalent carbon dioxide emissions corresponding to the data consumed by a user during a particular billing cycle.
-	Use case 5.14 on reducing GHG footprint of Application Services: By considering the temporal and spatial information of sustainable energy source and availability, the possibility of reduction of the greenhouse gas footprint for application services is explored. Rather than optimising compute tasks for highest throughput or lowest latency, those tasks having flexibility in both when and where they are executed (e.g., some AI/ML training or video processing) are routed to a computing node using the (most) sustainable energy sources at that moment.
Media-related requirements associated with these use cases are addressed in the following Key Issues, complemented by requirements associated with the findings identified in clause 4.
[bookmark: _Toc167327074]5.2	Additional use cases defined by SA4

[bookmark: _Toc167327075]6	Key issues
[Editor’s note: Description of key issues and their potential requirements]
[bookmark: _Toc167327076]65.1	Key Issue #1: Information exposure
[bookmark: _Toc167327077]65.1.1 	Description
As described in the use cases summarised in clause 5.1, energy-related information needs to be collected, estimated, and exposed by the 5G System. This information is not only necessary for internal network optimisation, but will also benefit service adaptation by third-party Application Service Providers. With the consent of Mobile Network Operators, it is relevant to expose energy-related information (e.g., energy consumption information, energy efficiency information, renewable energy and carbon emission information) to authorised consumers. Network energy information exposure has already been studied in TR 23.700-66 [23700-66]. The purpose of this Key Issue is to extend this work, taking into consideration the media context (e.g., the 5G Media Streaming System according to TS 26.501 [26501], 5G Multicast–Broadcast User Services according to TS 26.502 [26502], the Real-time Media Communication according to TS 26.506 [26506]) including UE-related energy information exposure. As explained in clause 4.2.2, a UE data collection and reporting architecture already exist in the 5G System. But energy-related information is missing.
In this context, the subsequent analysis by this Key Issue should consider:
1.	How should UE energy consumption data be reported by a UE to the 5G System
2.	Which reference points should be used to report UE energy consumption data to the Data Collection AF
3.	Would it be useful to expose energy-related information of the network to the Media Session Handler to help it optimize its media session in an energy-efficient way
[Editor’s note: Additional questions will probably to be added when other 4.2 clauses will be completed]
This analysis will need to take into consideration existing work done in 3GPP but also other market trends. Application Service Providers are often reluctant to deploy solutions specific to mobile networks. Proposing technologies already supported in their services or technologies that are agnostic to the network, or which operate passively without the active involvement or knowledge of applications, are more likely adopted.

[bookmark: _Toc167327078]65.1.2	Potential requirements
Subclause 6.4 in [22882] contains the consolidated requirements extracted from use cases, related to information exposure related with this Key Issue: 
	[CPR 6.4-1]	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to expose information on energy consumption forserving this 3rd party.
[CPR 6.4-2]	Subject to operator’s policy, the 5G system shall support a means to expose energy consumption to authorized third parties for services, including energy consumption information related to the condition of energy credit limit (e.g. when the energy consumption is reaching the energy credit limit).
[CPR 6.4-3]	Subject to operator policy, the 5G system shall provide means for the trusted 3rd party, to configure which network performance statistic information (e.g. the data rate, packet delay and packet loss) for the communication service provided to the 3rd party, needs to be exposed along with the information on energy consumption for serving this 3rd party.
[CPR 6.4-4]	Based on operator policy and agreement with 3rd party, the 5G system shall be able to expose energy consumption information and prediction on energy consumption of the 5G network per application service to the 3rd party.
[CPR 6.4-5]	Subject to operator’s policy and agreement with 3rd party, the 5G system shall support a mechanism for the 3rd party to provide current or predicted energy consumption information over a specific period of time.


   
[Additional potential requirements identified from related work: 
	[PR 1-1]	Where possible, existing mechanisms (e.g., UE data collection and reporting architecture as in TS 26.531 [26531]) and information shall be reused for exposure of energy-related information.
[PR 1-2]	Commonly supported client data reporting formats shall be reused for energy-related information exposure when possible.
[PR 1-3]	The Media Session Handler shall be able to obtain energy-related information from the UE, allowing it to optimise the media delivery sessions it is handling in an energy-efficient manner.


]   
[Editor’s note: Additional Potential Requirements will probably to be added when other 4.2 clauses will be completed]


[bookmark: _Toc167327079]65.2	Key Issue #2: Monitoring and measurement
[bookmark: _Toc167327080]65.2.1 	Description
[bookmark: _Toc167327081]65.2.2	Potential requirements 

[bookmark: _Toc167327082]65.3	Key Issue #3: Evaluation framework
[bookmark: _Toc167327083]65.3.1 	Description
[bookmark: _Toc167327084]65.3.2	Potential requirements

[bookmark: _Toc167327085]76	Potential Solutions
[Editor’s note: Description of potential solutions]
[bookmark: _Toc167327086]76.10 	Mapping of Solutions to Key issues

[bookmark: _Toc167327087]76.X	Solution #<X>: <Solution Title>
[bookmark: _Toc167327088]76.X.1	Key issue mapping
[bookmark: _Toc167327089]76.X.2	Functional Description
[bookmark: _Toc167327090]76.X.3	Procedures
[bookmark: _Toc167327091]76.X.4	Impacts on existing services, entities and interfaces

[bookmark: _Toc167327092]87	Conclusions and proposed next steps
[Editor’s note: This clause will list conclusions that have been agreed in the study.]
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