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Definitions
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].
AS Energy Information: energy-related information collected and exposed by Application Servers.
carbon emission: quantity of equivalent carbon dioxide emitted (e.g. kg of CO2 equivalent).
carbon intensity: Global greenhouse gases emitted per unit of generated electricity, measured in grams of CO₂ equivalent per watt–hour intended for conversion to carbon emissions as defined in TS 22.261 [5] and TS 23.700‑66 [20].
energy availability: the remaining amount of energy (e.g. in kWh) locally available for consumption. For devices, network elements and functions, energy availability may be limited and/or intermittent, in particular when relying on batteries and/or renewable energy sources (e.g. off-grid base stations, satellites etc) or during power grid heavy load or disruptions.
energy capacity: the maximum amount of energy (e.g. in kWh) that can be locally available for consumption (either locally produced and/or stored) by a device or a network element or function.
energy consumption: integral of power consumption over time, as defined in TS 28.310 [2].
energy credit: a quantity associated with the subscriber that can be used for credit control by the 5G System per TS 22.261 [5].
energy efficiency (EE): ratio between performance and energy consumption.
NOTE 1:	The performance may be measured based on, e.g., data volume, latency, number of active users, etc. as defined in TS 28.310 [2].
energy-related characteristics: information which characterizes the energy to power the operator’s network in terms of energy consumption, energy supply mix, carbon footprint, energy capacity and availability conditions.
NOTE 2:	Which energy-related characteristics are relevant depends on the scenario.
energy supply mix: the combination of the various energy sources (i.e. renewable and not) used to meet energy needs of a device or a network element or function.
maximum energy consumption: a policy establishing an upper bound on the quantity of energy consumption [2] by the 5G system in a specific period of time, or space, e.g. energy consumption inside a given service area as defined in ETSI ES 202 706-1 [4].
maximum energy credit limit: a policy establishing an upper bound on the aggregate quantity of energy consumption by the 5G System to provide services to a specific subscriber, e.g. in kilowatt hours [56].
Network Energy Information: NF Energy Information and/or AS Energy Information.
NF Energy Information: energy-related information collected from Network Functions and exposed by the EIF.
renewable energy: energy from renewable sources, defined as energy from renewable non-fossil sources, namely wind, solar, aerothermal, geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas and biogases [3].
UE Energy Information: energy-related information collected by the UE.
related work: 3GPP
4.2.2.3		Collection and exposure of energy consumption information at NF
TR 23.700-66 [20] studies and identifies potential enhancements to the 5G System (e.g., including network energy-related information exposure, enhancement for subscription and policy control to enable energy efficiency as a service criterion) to improve energy efficiency and to support energy saving in the network.
Three different key issues have been identified in that study:
-	KI#1: Network energy related information exposure
-	KI#2: Subscription and policy control to support energy efficiency and energy saving as service criteria
-	KI#3: 5GS enhancements for network energy saving and efficiency
KI#2 is not in scope of this study. The conclusions of KI#1 and KI#3 in clause 8 of TR 23.700-66 [20] and the normative work following will be used for collection and exposure of Energy Consumption information at Network Functions (NFs) and are summarised as follows:
1.	A new network functionality will be defined to collect and calculate energy-related information and expose it to authorised consumers subject to the network operator's policy:
-	If the authorised consumer is a 5GC Network Function, the information exposure granularities that can be configured in this policy will include per application, per UE, per-UE-per-QoS Flow, per PDU session.
-	If the authorised consumer is an Application Function, the information exposure granularities that can be configured in this policy will include: per UE, per UE per application, per PDU session.
2.	The energy-related information that can be exposed according to the above exposure granularities will include:
-	Energy Consumption information as defined in TS 28.310 [2].
-	Renewable energy information defined as energy from renewable non-fossil sources. For example (but not limited to) wind, solar, aerothermal, geothermal, hydrothermal.
3.	A consumer of energy-related information (i.e., 5GC NF or AF) may request different modes of exposure (e.g. periodic reporting or threshold-based reporting) as part of its subscription request.
4.	The new network functionality supporting the calculation of the Energy Consumption information includes the following aspects:
a)	OAM: provides the NF/Node-level Energy Consumption information at the gNodeB(s) and UPF(s) serving the UE.
b)	OAM: provides the overall data volume of the gNodeB.
c)	The information of a) and b) received from OAM could be used by the new network functionality for all the UEs served by the NF/Node.
d)	UPF: provides the data volume for the QoS Flow or the Service Data Flow (SDF).
e)	When the gNodeB and/or the (I-)UPF(s) which are serving the UE change, the serving gNodeB ID and UPF ID will be sent to the new network functionality through AMF/SMF.
5.	The new network functionality determines the end-to-end energy consumption based on energy consumption per the granularities above at the serving Network Function (i.e. NG-RAN and UPF).
6.	In Release 19, only the energy-related information of user plane communication (not control plane signalling) is supported.
7.	Enhancements to NF discovery and (re-)selection procedures based on energy-related information:
- 	The NF profile may be extended (e.g. by including the new energy-related information or by reusing existing NF profile parameters) to allow an operator to influence NF discovery and selection based on its energy strategy.
- 	NF discovery and (re-) selection will be enhanced to consider the energy-related information from the NF profiles and/or discovery requests from the NF consumer.
8.	Enhancements to existing operations and procedures for energy saving and energy efficiency:
-	The User Plane path of a PDU session may be adjusted so that it consumes less energy.
The recommendations of the present document focusing on media services will need to be aligned with the conclusions in clause 8 of TR 23.700-66 [20] impacting Application Functions used for media services.
As specified in clauses 5.51 and 6.2.34 of TS 23.501 [72] from Release 19 onwards, the new network functionality referred to in point 1 above is calleddefined as the Energy Information Function (EIF) and haswith the following responsibilities:
-9.	Collect data"UE-related Energy Consumption information" from OAM and 5GC Network Function(s) to assist in the calculation of eEnergy-related Consumption information. According to clause 5.51.2.2.1 of TS 23.501 [72] this comprises:
a.	"Node-level energy consumption information" (i.e., information about User Plane energy consumption) and "node-level data volume" collected from OAM. As described in clause 4.2.2.2, this can include information about the energy consumed by each gNodeB and each UPF instance in the PLMN during a sampling period, as well as the data volumes processed by each.
b.	Data transfer volumes reported by the UPF via the SMF, as defined in table 5.51.2.2.2-2 of TS 23.501 [72]. This includes uplink and downlink data volumes processed by the UPF instances and gNodeBs in the PLMN during a sampling period, broken down according to a number of different filtering criteria (see point 3 below).
NOTE:		In Release 19, the scope of data collection is limited to the energy consumed in the User Plane.
	Information is collected by the EIF from the aforementioned sources at a configurable interval, and the information provided by them is time-aligned in such a way that it can be aggregated by the EIF (see point 10 below).
	The information is collected at a number of different granularities to support different subscription filters (see point 11 below).
-10.	Calculate the eEnergy-related Consumption information (including estimated energy consumption information and renewable energy information) of uUser pPlane communication per clause 5.51.2.3 of TS 23.501 [72]. This estimate is calculated at a number of different granularities to support different subscription filters (see point 11 below). Example formulae for calculating the aggregated energy consumption information are provided in annex T of TS 23.501 [72].
-11.	Expose the calculated eEnergy-related Consumption information to authorised event consumer Network Functions (including Application Functions) in the form of Energy Consumption notification events per clause 5.51.2.4 of TS 23.501 [72] by means of the Neif_EventExposure service, whose operations are defined in clause 5.2.28 of TS 23.502 [40].
	The event consumer (e.g. Application Function) subscribes to the receive Energy Consumption notification events from the EIF using one of the following subscription filters:
a.	Per UE.
b.	Per slice and/or DNN.
c.	Per PDU Session.
d.	Per Service Data Flow.
-12.	Expose the calculated eEnergy-related Consumption information to authorized northbound event consumers via the NEF in the form of Energy Consumption notification events.
The energy consumption information conveyed in the Energy Consumption notification event (points 11 and 12) is specified at stage 3 in TS 29.566 [88] as follows:
-	An EnergyEeNotif object conveys an array of EnergyEeReport data structures.
-	An EnergyEeReport conveys a timestamp, an optional EnergyInfo data structure and an indication of at which of the four granularities above the energy information is provided.
The EnergyInfo data structure is specified in clause 5.3.2.3.20 of TS 29.122 [89]. Energy consumption is expressed in units of Joules using a floating-point number representation.
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In Release 19, Uuse cases regarding enhancements to Energy Efficiency of 5G network and application service enabler aspects are listed in TR 22.882 [56]. A fewFive 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 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 triggering 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.
The above work is complemented in Release 20 by additional use cases on energy saving and energy efficiency from end-to-end perspectives documented in TR 22.883 [85]. Selected additional use cases from that study with potential relevance to media delivery are summarised below:
-	Use case 5.1 on energy saving service for UE: When subscribing specific network services (e.g., for AR, XR applications), users will have opportunities to choose energy saving services based on their requirements.
NOTE 1:	The SA1 use case description referenced above is focused on AR and XR applications. In the context of media delivery, for instance, mapping the subscriber’s preference for energy saving actions onto 5GMS or RTC system optimizations seems relevant to the present document.
-	Use case 5.2 dynamic service adjustment support in the network based on energy information: Overall reduction in energy usage and prioritizing usage of renewable energy sources (whenever available) over non-renewable energy sources could lead to dynamic service adjustment at both user and network levels in order to reduce energy consumption.
NOTE 2:	The SA1 use case description referenced above is focused on renewable/non-renewable energy. In the context of media delivery, for instance, it seems relevant to allow the media delivery system to limit video quality, for example, by leveraging 5GMS or RTC system optimizations in order to ration energy usage.
-	Use case 5.7 on tolerance to QoS degradation due to network energy saving: Network energy saving techniques try to optimize energy consumption without degrading the network QoS. Sometimes, the MNO may identify further energy saving opportunities, but at the cost of network QoS degradation. Tolerance to QoS degradation can vary case by case depending on the current UE/user activity, in particular based on the specific application/service.
NOTE 3:	In the context of media delivery, QoE degradation can also be considered in addition to network QoS degradation. For instance, while end user QoE could be maintained down to an acceptable QoS floor, below this level, there is likely to be an impact on the QoE.
-	Use case 5.8 on Green social media & email content download: This use case aims to reduce the carbon impact of instant messaging and email services by postponing the download of attachments (i.e., the bulk of the data) to a moment in time when both the energy mix is and/or the radio signal conditions are favourable, considering that radio signal conditions have a major impact on the energy consumed by RF communications.
NOTE 4:	In the context of media delivery, for instance, this could also apply to Background Data Transfer of media.
-	Use case 5.9 on notifying UEs about network energy-related characteristics: Energy-related characteristics can be made available to users, UEs or 3rd parties (applications, enterprise customers etc), in order to raise awareness, and also to avoid misinterpretation of limited service availability/performance.
NOTE 5:	In the context of media delivery for instance, it seems relevant to inform UEs when 5GMS System or RTC System optimizations are activated/planned, or to help authorized third parties to identify a set of target UEs for which optimizations are relevant.
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.
Key Issue #1: Energy-related Information exposure
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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 it will also benefit service adaptation by third-party Application Service Providers, empower mobile subscribers and enable energy consumption (and thus carbon emission) attribution. 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. TR 23.700-66 [20] study and identify potential enhancements to the 5G System (e.g. including network energy related information exposure, enhancement for subscription and policy control to enable energy efficiency as service criteria) to improve energy efficiency and to support energy saving in the network, taking the Energy requirements in TS 22.261 [5] into consideration. The purpose of this Key Issue is to extend this work, to study and identify potential enhancements to the energy-related information exposure for media architectures, applications and services (e.g., taking into consideration the 5G Media Streaming System according to TS 26.501 [23], 5G Multicast–Broadcast User Services according to TS 26.502 [58], the Real-time Media Communication according to TS 26.506 [59], Split rendering Media session Enabler according to TS 26.565 [65], etc.) 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-related information be reported by a UE to the 5G System?
2.	Which reference points should be used to report UE energy-related information 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?
4. 	How to allow a UE to report its energy-related information without exposing its energy consumption rate?
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.
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Clause 6.4 in TR 22.882 [56] and clause 6.1.1 in TR 22.883 [85] contains the consolidated requirements extracted from use cases, related to information exposure related with this Key Issue:
	[22.882-CPR 6.1-7]	Subject to operator policy and agreement with 3rd party, the 5G system shall provide a mechanism to support the selection of an application server based on energy consumption information associated with a set of application servers.
[22.882-CPR 6.3-2]	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to monitor energy consumption for serving this 3rd party, independently from NG-RAN deployment scenarios.
[22.882-CPR 6.3-4]	Subject to operator policy and regulatory requirements, the 5G system shall be able to monitor the energy consumption for serving the 3rd party, together with the network performance statistic information for the services provided by that network, through same update rate e.g. hourly or daily.
[22.882-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 for serving this 3rd party.
[22.882-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).
[22.882-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.
[22.882-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.
[22.882-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.
[22.883-CPR 6.1.1-1]	Subject to operator’s policy, regulatory requirements and user consent, the 5G network shall be able to collect, and expose to authorized 3rd parties, the carbon equivalent emissions resulting from the use of the communication service, related to one or more specific UEs of home network subscribers (e.g. fleet of vehicles, IoT devices, company phones etc), over a specific time period (e.g. month etc).
[22.883-CPR 6.1.1-2]	Subject to operator’s policy and user consent, the 5G network shall be able to expose to an authorized 3rd party information about network energy consumption and carbon equivalent emissions for a specific service data flow.
[22.883-CPR 6.1.1-3]	Subject to operator’s policy, regulatory requirements and user consent, the 5G system shall be able to expose to an authorized 3rd party the current and expected energy related characteristics of the network resources used in serving a UE.
[22.883-CPR 6.1.1-4]	Subject to operator’s policy, regulatory requirements and user consent, the 5G system shall be able to provide UEs with information related to the current energy-related characteristics of their serving network.



Additional potential requirements identified from related work:
	[PR 1-1]	Where possible, it is required to reuse existing mechanisms (e.g., UE data collection and reporting architecture as in TS 26.531 [21]) and information for exposure of energy-related information.
[PR 1-2]	It is required to reuse commonly supported client data reporting formats for energy-related information exposure when possible.
[PR 1-3]	It is required that the 5GMS Client is 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.
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The measurement of energy consumption by media services is an essential pre-requisite to facilitate efficient energy use and energy saving. The environmental impact of the consumption of media services depends various system actors: equipment manufacturers, networks, datacentre operators, service providers but also users through their usage behaviour.
Requirements of monitoring and measurement relating to energy consumption and efficiency have already been defined by 3GPP in TR 22.882 [56] but those requirements are only related to energy consumption monitoring of the 5G network or 5G System. TR 23.700-66 [20] studies and identifies potential enhancements to the 5G System (e.g. including network energy related information exposure, and enhancement of subscription and policy control to enable energy efficiency as a service criterion) with the dual aims of (i) improving energy efficiency and (ii) supporting energy saving in the network, taking the EnergyServ requirements in TS 22.261 [5] into consideration.
In addition to energy consumption, TR 22.883 [85] identifies requirements concerning the energy-related characteristics needed to reduce the environmental impact of media services, of which the energy supply mix, the carbon footprint, the energy capacity and the availability conditions are relevant.
The purpose of this Key Issue is to extend the above work, by studying and identifying potential enhancements to energy-related monitoring and measurement aspects (including UE-related energy information measurement and monitoring) in the context of the following media delivery architectures, applications and services namely the 5G Media Streaming System according to TS 26.501 [23], 5G Multicast–Broadcast User Services according to TS 26.502 [58], the Real-time Media Communication according to TS 26.506 [59], Split rendering Media session Enabler according to TS 26.565 [65], etc.
The most efficient way to address energy saving in this context is to consider the complete end-to-end media delivery chain, seeking to understand how decisions made at one end of the chain impact energy-related characteristics at the other end of the workflow. As explained in clause 4.2.2, UE data collection has been defined to monitor QoE in the 5G system. But energy-related information is missing.
NOTE 1:	It is presumed that the user has granted consent for its UE data to be collected, reported and subsequently exposed by means outside the scope of the study or following normative work.
NOTE 2:	The collection, reporting and exposure of location-based UE data is expected to comply with regional regulatory requirements and may be further limited by MNO policy.
In this context, the subsequent analysis by this Key Issue will consider the following questions:
1.	Which UE energy-related information will be collected to measure, correlate, and optimize energy usage across the entire streaming distribution chain?
2.	Can existing methods be leveraged to measure/monitor the identified UE energy-related information?
3.	Which UE entity is appropriate to measure this UE energy-related information?
This issue is even more important for advanced media services such as XR services, Split Rendered media services, etc. which are expected to incur substantial energy consumption both at the device and network levels, presenting significant challenges for operators and service providers.
For instance, when a Mobile Network Operator (MNO) deploys a communication service to fulfil application service requirements, such as those of a gaming application, it is crucial for the customer – whether an Application Service Provider (ASP) or an industry vertical – to ensure that the application service reduces energy consumption for both end users and the data network. Failure to do so could necessitate short-notice application layer adaptations within the Application Service Provider's domain. This may result in adjustments being made to service levels in response to anticipated high energy consumption in specific service areas or during peak hours that adversely affect the Quality of Experience for service users.
In a practical scenario, an ASP intends to deploy a gaming service within a designated service area, served by an MNO's 5G network. Various service levels may exist, each associated with specific Key Performance Indicators (KPIs), such as automation levels or video quality targets. To ensure energy efficiency the ASP monitors the energy efficiency of its application service across specified service levels. Monitoring of application energy consumption may occur periodically or may be event-triggered, depending on the ASP's requirements, which are typically outlined in the Service Level Agreement (SLA). The MNO and ASP may agree on a certain energy efficiency target for the application service and optionally for given service levels.
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: _Toc183102244][bookmark: _Toc187660841][bookmark: _Toc183194718][bookmark: _Toc193473747]6.2.2	Potential requirements 
Clause 6.3 in TR 22.882 [56] and clause 6.1.4 in TR 22.883 [85] contains the consolidated requirements extracted from use cases, related to monitoring and measurement related with this Key Issue: 
	[22.882-CPR 6.3-1]	Subject to operator's policy, the 5G network shall support energy consumption monitoring at per network slice and per subscriber granularity.
NOTE 1:	Energy consumption monitoring as described in the preceding requirement is done by means of averaging or applying a statistical model. The requirement does not imply that some form of 'real time' monitoring is required. The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services.
[22.882-CPR 6.3-2]	Subject to operator’s policy and agreement with 3rd party, the 5G system shall be able to monitor energy consumption for serving this 3rd party, independently from NG-RAN deployment scenarios.
NOTE 2:	The granularity of energy consumption measurement could vary according to different situations, for example, when several services share a same network slice, etc.
NOTE 3:	The energy consumption information can be related to the network resources of network slice, NPNs, etc.
[22.882-CPR 6.3-3]	Subject to operator policy and regulatory requirements, the 5G system shall be able to monitor the energy consumption for serving the 3rd party, together with the network performance statistic information for the services provided by that network, through same update rate e.g. hourly or daily.
NOTE 4:	The network performance statistic information could be the data rate, packet delay and packet loss, etc.
[22.883-CPR 6.1.4-1]	Subject to user consent, operator policy and regulatory requirements, the 5G network shall be able to assist an authorized 3rd party to identify a set of target UEs for whom to adjust the provided application service, considering criteria such as the current and future (e.g. predicted) energy-related characteristics of their serving network.



Based on TS 28.310 [2] and other related work in 3GPP, the following potential requirements need to be considered in this Key Issue:
	[PR 2-1]	Where possible, it is required to reuse existing mechanisms (e.g., UE data collection and reporting architecture as in TS 26.531 [21]) and information for measurement and monitoring of energy-related information.
[PR 2-2]	It is required to reuse commonly supported client data metrics for energy-related information measurement and monitoring when possible.
[PR 2-3]	Based on the collected and/or predicted energy efficiency information exposed from the 5G System, the Application Service Provider is able to adapt the application service parameters based on the 5GS feedback. Monitoring of application energy consumption may occur periodically or may be event-triggered, depending on the ASP's requirements, which are typically outlined in the Service Level Agreement (SLA). In order to perform such operations, the Application Service Provider requires relevant APIs to be exposed by participating entities related to the usage of media applications in order to expose Energy efficiency related information. For example, in the case of the 5G Media Streaming collaboration described in clause A.2 of TS 26.501 [23], this depends on the relationship between 5GMS Application Provider, 5GMSd-Aware Application, 5GMSd Client, 5GMSd AF, and 5GMSd AS.



Additional Key Issue
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6.4		Key Issue #4: Energy-related configuration by the Application Service Provider for media delivery services
6.4.1	Description
As the demand to provide a service considering energy usage and types of energy sources grows, it becomes increasingly important for Application Service Providers to have control over the energy consumption of the networks they utilize. The use cases summarised in clause 5.1 highlight the necessity for the 5G System to support flexible, policy-driven mechanisms that enable the management of energy use at various levels, including subscription policies, charging, and service performance adjustments. These capabilities allow Application Service Providers to define maximum energy credits, associate energy consumption with billing, and enforce energy consumption limits, ensuring that services operate within sustainable parameters. Additionally, the ability to modify services based on energy-related information, target specific User Equipment for energy savings, and adapt network operations in response to energy supply variations empowers providers to optimize energy efficiency without compromising user experience. Supporting degraded service levels and enabling third-party interventions further underline the importance of integrating energy-aware configurations, which ultimately contribute to reducing the environmental impact of mobile networks while maintaining service quality and regulatory compliance.
In this context, this Key Issue will consider the following questions:
1. How can the ASP specify to the network the possibility to use 5G system capabilities to optimize energy consumption of its service?
1. How can the ASP specify to the network the possibility to degrade media delivery on its service and at which level?
6.4.2	Potential requirements
Clauses 6.1 and 6.2 in TR 22.882 [56], and clauses 6.1.2 and 6.1.3 in TR 22.883 [85] contain the consolidated requirements extracted from use cases related to energy-related configuration by the Application Service Provider related with this Key Issue:
	[22.882-CPR 6.1-1]	Subject to operator’s policy, the 5G system shall support subscription policies that define a maximum energy credit limit for services for services without QoS criteria.
[22.882-CPR 6.1-2]	Subject to operator’s policy, the 5G system shall support a means to associate energy consumption with charging information based on subscription policies for services without QoS criteria.
[22.882-CPR 6.1-4]	Subject to operator’s policy, the 5G system shall support a means to define and enforce subscription policies that define a maximum energy consumption for services without QoS criteria.
[22.882-CPR 6.1-8]	Subject to user consent and operator policy, 5G system shall be able to provide means to modify a communication service based on energy related information criteria based on subscription policies.
[22.882-CPR 6.1-9]	Subject to user consent, operator policy and regulatory requirements, the 5G system shall be able to provide means to operate part or the whole network according to energy consumption requirements, which may be based on subscription policies or requested by an authorized 3rd party.
[22.882-CPR 6.2-2]	5G system shall support dynamic changes of energy states of network elements and network functions.
[22.883-CPR 6.1.2-2]	Subject to operator’s policy, regulatory requirements and user consent, the 5G network shall support subscription policies that include alternative (i.e. degraded) service performance (e.g. QoS parameters, maximum bitrate) of services with QoS criteria for energy saving reasons.
[22.883-CPR 6.1.2-3]	Subject to operator’s policy, the 5G network shall be able to support a means to target per UE energy saving actions, based on subscription policies.
[22.883-CPR 6.1.2-4]	Subject to operators’ policy, regulatory requirements, 5G network shall provide mechanisms to adjust communication service (e.g. user plane path, suitable Service Hosting Environment, defer background traffic delivery) considering the change of energy supply mix of the network as one of the factors.
[22.883-CPR 6.1.3-1]	Subject to operator’s policy and regulatory requirements, the 5G network shall be able to trigger charging events corresponding to an impacted UE when degrading performance of services with QoS criteria (e.g. to a lower bitrate) in order to achieve energy saving.
[22.883-CPR 6.1.3-1]	Subject to user consent, operator policy and regulatory requirements, the 5G network shall be able to assist an authorized 3rd party to identify a set of target UEs for whom to adjust the provided application service, considering criteria such as the current and future (e.g. predicted) energy-related characteristics of their serving network.
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6.5		Key Issue #5: Media Application Server Energy management
6.5.1	Description
In the pursuit of sustainable and energy-efficient mobile networks, it is crucial for Application Servers managed by Mobile Network Operators to have advanced control mechanisms that enable dynamic energy management. The use cases summarised in clause 5.1 emphasize the importance of supporting service degradation, targeted energy-saving actions, and adaptive network operations based on energy supply conditions and user preferences. These capabilities allow the network to intelligently adjust service quality, such as QoS and bit rate, to meet energy rationing constraints while maintaining essential service delivery. Furthermore, mechanisms to control user equipment access and assist third parties in identifying target UEs for energy optimization are vital for implementing comprehensive energy management strategies. By integrating these features, service providers can optimize energy consumption, reduce environmental impact, and ensure regulatory compliance, all while respecting user consent and maintaining a satisfactory user experience. This holistic approach to energy management underscores the critical role of application servers in enabling a more sustainable and adaptable 5G ecosystem.
The purpose of this Key Issue is to therefore to study and identify how the behaviour of media Application Servers may change when energy-related information is shared by the network, in the context of media architectures, applications and services (e.g., taking into consideration the 5G Media Streaming System according to TS 26.501 [23], 5G Multicast–Broadcast User Services according to TS 26.502 [58], the Real-time Media Communication according to TS 26.506 [59], Split rendering Media session Enabler according to TS 26.565 [65], etc.) including UE-related energy information exposure.
In this context, this Key Issue will consider the following questions:
1. 	Would it be useful to expose energy-related information about the network obtained via the EIF to media delivery systems to help Application Servers optimize their media sessions in an energy-efficient way?
2.	How might the 5GMS AS and RTC AS modify ongoing media delivery sessions in response to energy-related characteristics shared by the network via the Energy Information AF instantiated in the 5GMSAF or RTC AF (as applicable) and/or the Energy Information Collector?
6.5.2	Potential requirements
Clauses 6.1 in TR 22.882 [56], and clauses 6.1.2 and 6.1.4 in TR 22.883 [85] contain the consolidated requirements extracted from use cases related to Service adjustments based on energy-related characteristics, and Energy-related characteristics as service criteria related with this Key Issue:
	[22.882-CPR 6.1-7]	Subject to operator policy and agreement with 3rd party, the 5G system shall provide a mechanism to support the selection of an application server based on energy consumption information associated with a set of application servers.
[22.882-CPR 6.1-8] 	Subject to user consent and operator policy, 5G system shall be able to provide means to modify a communication service based on energy related information criteria based on subscription policies.
[22.882-CPR 6.1-9] 	Subject to user consent, operator policy and regulatory requirements, the 5G system shall be able to provide means to operate part or the whole network according to energy consumption requirements, which may be based on subscription policies or requested by an authorized 3rd party.
[22.883-CPR 6.1.2-1]	Subject to operator’s policy, regulatory requirements and user consent, the 5G network shall enable the operator to provide means to degrade service performance (e.g. QoS, bitrate) to meet energy rationing constraints.
[22.883-CPR 6.1.2-2]	Subject to operator’s policy, regulatory requirements and user consent, the 5G network shall support subscription policies that include alternative (i.e. degraded) service performance (e.g. QoS parameters, maximum bitrate) of services with QoS criteria for energy saving reasons.
[22.883-CPR 6.1.2-3]	Subject to operator’s policy, the 5G network shall be able to support a means to target per UE energy saving actions, based on subscription policies.
[22.883-CPR 6.1.2-4]	Subject to operators’ policy, regulatory requirements, 5G network shall provide mechanisms to adjust communication service (e.g. user plane path, suitable Service Hosting Environment, defer background traffic delivery) considering the change of energy supply mix of the network as one of the factors.
[22.883-CPR 6.1.2-5]	Subject to operator’s policy, regulatory requirements and user consent, the 5G network shall enable to control the access of UEs to the network (e.g. block traffic, disable specific application etc) based on the energy-related characteristics of the network.
[22.883-CPR 6.1.4-1]	Subject to user consent, operator policy and regulatory requirements, the 5G network shall be able to assist an authorized 3rd party to identify a set of target UEs for whom to adjust the provided application service, considering criteria such as the current and future (e.g. predicted) energy-related characteristics of their serving network.
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6.6		Key Issue #6: Client-driven management of media delivery service energy optimisation
6.6.1	Description
Sharing energy-related characteristics from the network with the 5GMS Client or RTC Client enables not only the Application Service Provider but also its customers to leverage this information to optimize energy consumption. The use cases summarized in clause 5.1, particularly use case 5.14 of TR 22.882 [56] which focuses on reducing the greenhouse gas footprint of application services, and use case 5.9 of TR 22.883 [85], concerning notifications to UEs about network energy-related characteristics, underscore the critical role of the client’s actions based on this shared information. These use cases highlight how energy-aware decisions can significantly improve the efficiency of media content consumption, contributing to sustainability goals by minimizing the environmental impact of network operations. This transparency empowers the client to make informed adjustments to media streaming quality, timing, or other parameters in response to the network’s energy conditions. Overall, sharing this information fosters a more collaborative and energy-conscious ecosystem, benefiting the Mobile Network Operator, the Application Service Provider and end users by ensuring service delivery that is efficient, reliable, and environmentally responsible.
In this context, the subsequent analysis by this Key Issue will consider the following question:
1. 	How might the 5GMS Client or RTC Client modify media delivery sessions in response to energy-related characteristics shared by the network via the Energy Information AF instantiated in the 5GMS AF or RTC AF (as applicable) and/or the Energy Information Collector?
6.6.2	Potential requirements
Clause 6.1 in TR 22.882 [56] and clause 6.1.4 in TR 22.883 [85] contain the consolidated requirements extracted from use cases concerning energy-related characteristics as service criteria pertaining to this Key Issue:
	[22.882-CPR 6.1-7]	Subject to operator policy and agreement with 3rd party, the 5G system shall provide a mechanism to support the selection of an application server based on energy consumption information associated with a set of application servers.
[22.883-CPR 6.1.4-1]	Subject to user consent, operator policy and regulatory requirements, the 5G network shall be able to assist an authorized 3rd party to identify a set of target UEs for whom to adjust the provided application service, considering criteria such as the current and future (e.g. predicted) energy-related characteristics of their serving network.
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Annex A:
Guidelines on documenting Candidate Solutions
A.1	General
A.2.0	Introduction
In addition to a functional description, architecture mapping and procedures, it is recommended that Candidate Solutions addressing Key Issues in the present document include the following information:
1.	Where relevant, a table of high-level baseline parameters for UE-related Energy Consumption information passed at any proposed new reference point instantiated by the solution, as well as a table of high-level baseline parameters for provisioning and/or configuring the procedures that support the solution.
2.	Where relevant, formulae or explanations describing how node-level UE-related Energy Consumption information about the 5G System (obtained from the EIF) is aggregated with UE-related Energy Consumption information obtained from the Application Server and/or UE-related Energy Consumption information collected from the UE itself.
NOTE:	Depending on the Candidate Solution, the aggregation may take place in a Network Function or on the UE.
3.	Where relevant, procedures to collect UE-related Energy Consumption information from Application Servers to support subsequent processing at the following granularities:
-	Per AS Service Data Flow.
-	Per AS service location (e.g. based on 5GMS Distribution/Contribution identifier).
-	Per AS host name.
-	Per application session identifier (e.g. media delivery session identifier).
It is recommended that Candidate Solutions addressing Key Issues in the present document follow the clause skeleton outlined in clause A.2.1 below.
A.2.1	Candidate Solution #n: Skeleton
A.2.1.1	Key Issue mapping
The Candidate Solution identifies the number and (in brackets afterwards) the title of each Key Issue that it addresses. Ideally identify which specific aspect(s) of the Key Issue are addressed.
A.2.1.2	Functional description
An overview of how the Candidate Solution solves the problems raised in the Key Issue(s) listed in the previous clause.
A.2.1.3	Collaboration scenarios
If relevant, a description of collaboration scenarios relevant to the Candidate Solution, or references to existing collaboration scenarios described elsewhere in the present document, or in another document (e.g. annex A of TS 26.501 [23] or annex A of TS 26.506 [59]). Otherwise, a sentence explaining that there are no collaboration scenarios relevant to the Candidate Solution.
A.2.1.4	Architecture mapping
A sketch showing how the Candidate Solution fits into an existing or new reference architecture, accompanied by a description of the functional elements and reference points it makes use of. Ideally, the Candidate Solution cross-references an existing reference architecture in the present document or in another document that it instantiates, extends or profiles.
A.2.1.5	Energy-related information
If relevant, table(s) of high-level baseline parameters describing the energy-related information that is exchanged by the functional entities of the architecture mapping in the previous clause. High-level baseline parameters defined in another Candidate Solution in the present document or defined in other documents may instead be referenced. Otherwise, a sentence explaining that there is no energy-related information relevant to the Candidate Solution.
A.2.1.6	Procedures
At least one sequence diagram depicting the interactions between the functional entities ("system actors") in the architecture mapping and illustrating the exchange of the energy-related information defined in the previous clause. A call flow description of the numbered steps follows each sequence diagram. Ideally, this references a baseline call flow in the present document or in another document, highlighting any differences from the baseline call flow in the call flow description using boldface.
A.2.1.7	Gap analysis
A checklist of the gaps highlighted in the call flow description(s) in the previous clause, ordered by function and referennce point to aid subsequent cross-checking. If the gaps are already identified in the gap analysis of another Candidate Solution in the present document, these may be referenced to avoid duplication.
A.2.1.8	Proposed normative changes
For each gap highlighted in the previous clause, a summary of the technical proposal to close that gap that also outlines the stage-2 and/or stage-3 normative work required to render the technical proposal in a Technical Specification. If the proposed solution requires an existing Technical Specification to be changed, the target clause(s) is/are identified; otherwise, the need for a new stage-2 and/or stage-3 Technical Specification is instead indicated.
A.2.1.9	Summary
A simple summary of the Candidate Solution.
End of changes
