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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.
Media Application Service model
(all new text)
4.2.2.6	Media Application Service model
4.2.2.6.1	Introduction
To establish a common baseline understanding of how Application Services interact with the 5G System to exchange media over the User Plane, a set of Media Application Service models are described in the following clauses. Candidate Solutions in the present document may reference one or more of these models, as applicable.
4.2.2.6.2	Generalised Media Application Service model
Based on the reference architecture for the 5G System in TS 23.501 [72], the model for a Media Application Service carried over a Media Delivery System can be described as follows:
1.	A simple media delivery session is comprised of one or more Service Data Flows traversing the User Plane between a Media Client and one or several service locations exposed by the Media AS at reference point M4. Depending on the Media Application Service in question, media content may flow in one or both directions (i.e., downlink and/or uplink) at this reference point. Likewise, multiple Application Data Flows may be multiplexed onto a single Service Data Flow (IP 5-tuple) or each Application Data Flow may be mapped onto a unique Service Data Flow.
For example:
-	An MPEG-DASH presentation in which the Media Player establishes an independent HTTP/1.1 session for each Adaptation Set to the same 5GMSd AS service location in order to overcome potential head-of-line blocking issues on a single TCP connection. Each HTTP/1.1 session is instead conveyed by a different TCP connection (unique IP 5-tuple) and is hence an independent Service Data Flow that comprises the overall media streaming session.
-	A CMMF-based DASH presentation over 5GMSd in which coded object requests are raced over independent HTTP connections to multiple diverse service locations offered by the logical 5GMSd AS and/or by third-party CDNs. Each independent HTTP connection is a distinct Service Data Flow (unique IP 5-tuple) comprising the overall media streaming session.
-	A split-rendered RTC session between an RTC Client and an RTC AS. A number of different SRTP sessions are established to deliver different types of media within the scope of an RTC session. Pose information is provided in the uplink and (partially) rendered media in the downlink. Some of the downlink SRTP sessions (i.e., Application Data Flows) may be multiplexed into a single Service Data Flow (IP 5-tuple) by the RTC AS, or they may be sent in independent Service Data Flows (unique IP 5-tuples) comprising the RTC session.
2.	More complex media delivery sessions are also possible that involve multiple Media Clients communicating with each other as peers or via an intermediate Media AS, again comprised of one or more Service Data Flows.
For example:
-	Multiparty RTC session running via RTC AS (if 5G System policy blocks peer-to-peer communication).
-	Multiparty RTC session running peer-to-peer between RTC Clients (if 5G System policy allows peer-to-peer communication).
NOTE:	The energy consumption of a peer-to-peer Service Data Flow would not be visible in the Media AS application logs.
3.	Different Service Data Flows comprising a media delivery session may target different service location endpoints offered by the (logical) Media AS during the course of a media delivery session.
For example:
-	Switching between service locations in response to guidance from a content steering service instantiated in the Media AS.
-	Multiple service locations offered by the (logical) Media AS being used concurrently in parallel, as is the case for CMMF.
4.	Each service location endpoint may be provided by a different deployed server (physical or, in the case of an Edge Application Server instance, virtual) with a different energy consumption profile.
5.	Depending on the set of active service location endpoints currently in use by the media delivery session, and the server from which they are exposed, and the UE Route Selection Policy (URSP) currently in force, the Service Data Flows of a particular media delivery session may be mapped into one PDU Session or several PDU Sessions operating in parallel.
6.	Depending on the UE Route Selection Policy (URSP) currently in force, the PDU Sessions supporting the Service Data Flows of a media delivery session may traverse different logical network slices and/or Data Networks between the Media Client and the Media AS.
7.	The PDU Sessions supporting the Service Data Flows of a media delivery session may be Multi-Access PDU Sessions, and hence (transparently to the UE) traverse different Access Networks between the Media Client and the Media AS.
8.	Service Data Flows may migrate between different PDU Sessions during the course of the media delivery session due to mobility of the UE and/or mobility of the gNodeB (e.g. Non-Terrestrial Network).
In summary:
-	The behaviour of the Service Data Flows comprising a media delivery session may be highly dynamic, especially in the case of edge computing and in the case of UE mobility in addition to general service location switching specific to the service itself.
-	From this, it may be concluded that the energy consumed in delivering a Media Application Service may also change dynamically during the course of the media delivery session.
Furthermore, the User Plane network energy information exposed by the EIF (see clause 4.2.2.3) does not provide a complete picture of energy consumption in the Media Delivery System because it does not account for:
-	The energy consumed north of the User Plane Function (UPF) in providing/consuming the Media Application Service, especially by the Media Application Server.
-	The energy consumed south of the gNodeB in consuming/producing media as part of the Media Application Service, especially by the UE.
The following clauses summarise the Media Application Service model for specific types of service.
4.2.2.6.3	5GMS Application Service model
Based on the reference architecture for the 5GMS System in TS 26.501 [23], the conceptual model of a 5GMSd-based Media Delivery Service is shown in table 4.2.2.6.3-1 below.
Table 4.2.2.6.3-1: 5GMSd Application Service conceptual model
	Concept
	High-level description

	5GMSd AS instance
	An (Edge) 5GMSd AS instance in the 5GMS System deployment.

	
	Content Hosting Configuration
	Corresponding to a single Provisioning Session in the 5GMSd AF.
The same Content Hosting Configuration may be present in multiple (Edge) 5GMSd AS instances across the 5GMSd System deployment.

	
	
	Distribution Configuration
	Modelling a service location exposed by this (Edge) 5GMSd AS instance.

	
	
	
	Downlink media streaming session
	Modelling a session of downlink media streaming, which may span more than one content item.

	
	
	
	
	Service Data Flow
	An HTTP connection at reference point M4d described by an IP 5-tuple.

	
	
	
	
	
	Application Data Flow
	A series of media segment download requests at reference point M4d.
Multiple HTTP requests may be multiplexed onto the same HTTP connection in series or in parallel, e.g. download requests associated with different DASH Adaptation Sets multiplexed onto a single HTTP/3 connection.



The equivalent conceptual model of a 5GMSu-based Media Delivery Service is shown in table 4.2.2.6.3-2 below.
Table 4.2.2.6.3-2: 5GMSu Application Service conceptual model
	Concept
	High-level description

	5GMSu AS instance
	An (Edge) 5GMSu AS instance in the 5GMS System deployment.

	
	Content Publishing Configuration
	Corresponding to a single Provisioning Session in the 5GMSu AF.
The same Content Hosting Configuration may be present in multiple (Edge) 5GMSu AS instances across the 5GMSd System deployment.

	
	
	Contribution Configuration
	Modelling a service location exposed by this (Edge) 5GMSu AS instance.

	
	
	
	Uplink media streaming session
	Modelling a session of uplink media streaming, which may span more than one content item.

	
	
	
	
	Service Data Flow
	An HTTP connection at reference point M4u described by an IP 5-tuple.

	
	
	
	
	
	Application Data Flow
	A series of media segment upload requests at reference point M4u.
Multiple HTTP requests may be multiplexed onto the same HTTP connection in series or in parallel, e.g. upload requests associated with different DASH Adaptation Sets multiplexed onto a single HTTP/3 connection.



For both downlink media streaming and uplink media streaming, the finest level of granularity visible to the 5GMS AS is the Service Data Flow, i.e. an HTTP connection initiated by a 5GMS Client’s Media Stream Handler at reference point M4. (Individual Application Data Flows multiplexed onto the same Service Data Flow are not easily distinguishable by the Application Server when the application protocol is HTTP.)
-	Individual Service Data Flows can be associated with a media streaming session by means of the media delivery session identifier conveyed as an HTTP request header in every request to the 5GMS AS at reference point M4, as specified in clause 6.2.3.6 of TS 26.512 [90].
-	The service location (HTTP authority and leading request URL path elements) targeted by the 5GMS Client enables each HTTP request to be associated with a Distribution Configuration.
4.2.2.6.4	RTC Application Service model
Based on the reference architecture for the RTC System in TS 26.506 [59], the conceptual model for an RTC Application Service has a slightly simpler structure than that of a 5GMS Application Service (see clause 4.2.2.6.3), as shown in table 4.2.2.6.3‑1 below.
Table 4.2.2.6.4-1: RTC Application Service conceptual model
	Concept
	High-level description

	RTC AS instance
	An (Edge) RTC AS instance in the RTC System deployment.

	
	Media Function Configuration
	Corresponding to a single Provisioning Session in the RTC AF.
The same Media Function Configuration may be present in multiple (Edge) RTC AS instances across the RTC System deployment.

	
	
	RTC session
	Modelling the set of RTP sessions comprising a WebRTC session.

	
	
	
	Service Data Flow
	A UDP association at reference point RTC-4 described by an IP 5-tuple.
One or more Application Data Flows (SRTP sessions) of the same RTC session may be multiplexed onto the same Service Data Flow.

	
	
	
	
	Application Data Flow
	SRTP packets that share the same Synchronisation Source (SSRC) value in their respective packet headers.



In the RTC System, the finest level of granularity visible to the 5GMS AS is the Application Data Flow. When several SRTP packet streams are multiplexed onto the same Service Data Flow, the Synchronisation Source (SSRC) field remains visible in the (unencrypted) RTP header.
-	In Release 19, no media delivery session identifier is conveyed in the RTP header, so individual Service Data Flows received by the RTC AS at reference point M4 cannot be associated with an RTC session.
-	The Service Data Flows of an RTC session could be associated by the RTC AS with a particular Media Function Configuration if a different service location (IP 3-tuple) is exposed by the Media Function at reference point M4 for each such configuration. This would enable the RTC AF to relate RTC sessions to Provisioning Sessions.
NOTE:	Exposure of different service location endpoints may in any case be a desirable implementation choice to avoid service level pollution between RTC sessions associated with different RTC AF Provisioning Sessions.
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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
[bookmark: _Toc183102240][bookmark: _Toc187660837][bookmark: _Toc183194714][bookmark: _Toc193473743]6.1.1	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 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.
[bookmark: _Toc183102241][bookmark: _Toc187660838][bookmark: _Toc183194715][bookmark: _Toc193473744]6.1.2	Potential requirements
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.



[bookmark: _Toc183102242][bookmark: _Toc187660839][bookmark: _Toc183194716][bookmark: _Toc193473745]Key Issue #2: Energy-related monitoring and measurement
[bookmark: _Toc183102243][bookmark: _Toc187660840][bookmark: _Toc183194717][bookmark: _Toc193473746]6.2.1 	Description
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
(All NEW TEXT)
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.



Additional Key Issue
(All NEW TEXT)
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.



Additional Key Issue
(All NEW TEXT)
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.



Key Issue mappings
7.1	Mapping of Solutions to Key Issues
Table 7.1-1: Mapping of solutions to Key Issues
	Solutions
	Title
	KI#1
	KI#2
	KI#3
	KI#4
	KI#5
	KI#6

	#1
	Evaluation framework based on French regulators’ work
	
	
	X
	
	
	

	#2
	Evaluation Framework to measure energy efficiency of a UE
	
	
	X
	
	
	

	#3
	Existing UE energy-related information measurement
	
	X
	
	
	
	

	#4
	Energy-related information exposure from UE
	X
	
	
	
	
	

	#5
	Energy-related information from the network and other Service Provider entities provided to a UE application and Application Service Provider
	X
	
	
	
	
	

	#6
	QMC-based monitoring and measurement
	X
	X
	
	
	
	

	#7
	Energy Information Exposure Specification for controlling exposure of Energy-related information to Application Service Provider
	X
	
	
	
	
	

	#8
	UE application energy consumption measurement based on MTD technique
	
	X
	
	
	
	

	#9
	UE energy metrics abstraction
	X
	
	
	
	
	

	#10
	Application Server Energy Information
	X
	X
	
	
	
	

	#11
	Selection of downlink media streaming service locations driven by content steering server based on energy characteristics
	
	
	
	
	X
	

	#12
	Application Service Energy Metrics Reporting Configuration
	X
	
	
	X
	
	



These solutions are simply candidate solutions. Their inclusion in the following clauses does not imply that they have been agreed upon or endorsed. Any decisions and work to be done for the normative work will be detailed in the conclusions of this Technical Report.
UPDATE of Existing Candidate Solution #5
7.6.21A	Functional description
[bookmark: _Toc187660876][bookmark: _Toc193473782]7.6.2.1	Introduction
As described in clause 4.2.2.3, from Release 19 onwards it is possible for a Network Function (and in particular an Application Function) to retrieve energy-related information about the User Plane in the 5G System by creating a subscription in the Energy Information Function (EIF). However, as described in Solution #10 (see clause 7.11.2) it is not possible to access energy-related information from additional components of the 5G System under SA4 responsibility, such as a Media-aware Application on the UE or a Media Application Server (Media AS). Without this information, components involved in the media delivery chain, like the UE or the Media Application Function, find it challenging to act efficiently to optimize the environmental impact of media consumption.
This Candidate Solution addresses howproposes a generic approach to expose energy-related information from the device, the network and other components of the content delivery systemthe Media AS to the Media AF and/or to the UE. It also demonstrates how this approach can be provided to a UE application during media consumption for exposure to the user. integrated into the 5GMS architecture and the generalised Media Delivery architecture defined in TS 26.501 [23] and TS 26.502 [40], enabling the UE or 5GMS AF to take actions that effectively optimize environmental impact within this architecture.
It is not the aim of this solution to provide detailed optimization strategies. Instead, it offers a generic architecture and procedures that can be reused by other Candidate Solutions to develop more specific optimizations.
The exposure of the energy-related information is enabled or disabled by the Application Service Provider over time and is expressed using an Energy Information Exposure Specification as envisaged by the Candidate Solution in clause 7.8.
7.6.1B	Collaboration scenarios
This solution is applicable to all collaboration scenarios requiring access to energy-related information from a UE, an Application Server or the EIF.
7.6.2	Architecture mapping
7.6.2.1	Void
[bookmark: _Toc187660877][bookmark: _Toc193473783]7.6.2.2	Generic reference architecture for collection and exposure of energy-related information
[bookmark: _Toc187660881][bookmark: _Toc193473787]7.6.3	Procedures
7.6.3.1	Generic high-level procedures for collection and exposure of energy-related information
Figure  7.6.3.1-1 below details the different steps for energy-related information collection and reporting in the system outlined in clause 7.6.2.2.
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Figure 7.6.3.1-1: Procedures for energy-related information collection and reporting
A first step is required to provision Energy Information Collection:
1.	The Application Service Provider provisions the Energy Information AF with an Energy Information Exposure Specification via reference point E1. The Energy Information exposure configuration maycan identify application(s) that fall within its scope.
2.	The Energy Information AF subscribescan subscribe to receive Networkapplication-level NF Energy Information reporting from the Energy Information Function via reference point E12, if relevant, in accordance with the set of parameters in the Energy Information Exposure Specification. (e.g. Application Identifier).
	In response, the Energy Information Function responds with an NF Energy Information report.
3.	The AS obtains an AS Energy Information collection configuration from the Energy Information AF can configure the AS via reference point E3, if relevant, in accordance with the set of parameters inoptionally including the Energy Information Exposure Specification. This includes a callback endpoint onnotification location exposed by the Energy Information AF for submitting AS and the Application Identifier of interest.
4.	If it has not already done so in the previous step, the Energy Information reportsAF subscribes to receive AS Energy Information reporting from the AS via reference point E3, including the Application Identifier of interest.
NOTE:	This step requires further discussion. What stimulatesThe AS responds to the subscription is for further study, c.f. step 5 belowwith an AS Energy Information report containing the most recent information available.
At some later point, Energy Information configuration and subscription can be initiated by the UE Application:
45.	The UE Application creates an Energy information collection and reporting context with the Energy Information Collector via reference point E6. This includes parameters (e.g. Application Identifier or explicit Service Data Flow descriptions) identifying the set of Service Data Flows of interest, as well as a Session Identifier for correlation of energy information relating to this session context.
56.	The Energy Information Collector subscribes to Networkrequests a UE Energy Information reportingcollection configuration from the Energy Information AF via reference point E5, if relevant, and receives in response. The request parameters identify the Energy Information Exposure Specification provisioned in step 1 using an Application Identifier.
	The response is a UE Energy Information collection configuration in accordance with the set of parameters in the provisioned Energy Information Exposure SpecificationsSpecification that also includes details of subscription endpoint to be used in the next step.
After this initialisation phase, session-specific reporting can be done:
6.	The Energy Information Function may submit a7.	The Energy Information Collector subscribes to receive Network Energy Information reporting from the Energy Information AF via reference point E5. This subscription includes parameters (e.g. explicit Service Data Flow descriptions) identifying the set of Service Data Flows of interest to the UE Application, as well as a Session Identifier for correlation of energy information relating to this session context.
8.	The Energy Information AF processes the NF Energy Information report and AS Energy Information report.
9.	The Energy Information AF exposes a processed Network Energy Information report to the Energy Information Collector subscriber via reference point E5.
UE Energy Information can optionally be requested and processed by the Energy Information Collector:
10.	The Energy Information Collector collects additional UE Energy Information from any UE function using methods beyond the scope of 3GPP standardisation.
11.	The Energy Information Collector processes the UE-related Energy Information it has obtained in the previous step.
Then, energy information reports are periodically received by the Energy Information AF and energy information is relayed to the UE with a potential update of energy information subscriptions in case of context modification.
12.	The Energy Information Function exposes an NF Energy Information report to the Energy Information AF via reference point E12. The Network Energy Information report may include energy consumption information of different granularities, e.g. UE, PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72].
7.	13. The AS may submitexposes an AS Energy Information report to the Energy Information AF via reference point E3 using the callback endpoint supplied in step 3. The AS Energy Information report may include energy consumption information of different granularities, e.g. UE, PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72]..
814.	The Energy Information AF processes the energy-related information report(s) it has received.
915.	The Energy Information AF exposescan expose a processed Network Energy Information report about the UE to the Energy Information Collector subscriber via reference point E5. The Network Energy Information report may include energy consumption information of different granularities, e.g. PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72].
1016.	The Energy Information Collector may collectcan receive additional UE Energy Information from any UE function using methods beyond the scope of 3GPP standardisation, but in accordance with the set of parameters in the Energy Information Exposure Specification conveyed as part of the Energy Information collection configuration obtained in step 5.
11.	The Energy Information Collector processes the UE-related Energy Information it has obtained in the previous step.
1217.	If information is received in the previous step, the Energy Information Collector can process the UE-related Energy Information it has obtained in the previous step.
Then:
18.	The Energy Information Collector exposescan expose energy-related information to the subscribed UE Application via reference point E6. Based on the UE Energy Information collection configuration obtained in step 5, the energy-related information report may include energy consumption information of different granularities, e.g. PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72] and/or for individual applications.
1319.	The UE Application maycan expose the received energy-related information to the Application Service Provider via reference point E8 using methods beyond the scope of 3GPP standardisation.
In parallel, if the context is modified, the energy information subscriptions are updated accordingly:
20.	If the context is modified, the UE application informs the Energy Information Collector, including the new Service Data Flow filter(s) to be applied, as well as the Session Identifier for correlation of energy information relating to this session context.
21.	The Energy Information Collector subscribes to receive Network Energy Information reporting from the Energy Information AF via reference point E5 with the new Service Data Flow filter(s) to be applied, as well as the Session Identifier for correlation of energy information.
22.	The Energy Information AF subscribes to receive NF Energy Information reporting from the Energy Information Function via reference point E12 with the new Service Data Flow filter(s) to be applied.
23.	The Energy Information AF subscribes to receive AS Energy Information reporting from the AS via reference point E3 with the new Service Data Flow filter(s) to be applied.
7.6.3.2	5GMS high-level procedures for collection and exposure of energy-related information
Figure  7.6.3.2-1 below details the different steps for energy-related information collection and reporting in the context of the 5GMS System defined in TS 26.501 [23] and as extended in clause 7.6.2.3 of the present document.
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[image: Msc-generator~|version=8.6.3~|lang=signalling~|size=1974x2971~|text=# Julien Lemotheux, Orange ~ljulien.lemotheux@orange.com~g~n# Richard Bradbury, BBC ~lrichard.bradbury@bbc.co.uk~g~nhscale = auto;~nnumbering=yes;~ndefcolor CoreColour=216,216,216;~ndefcolor MnScolour=112,48,160;~ndefcolor APcolour=183,221,232;~ndefcolor MScolour=255,255,0;~ndefcolor clientColour=255,255,204;~ndefcolor ECcolour=245,157,86;~ndefcolor EIcolour=255,192,0;~n~ndefstyle delta [text.color=blue, line.color=blue, arrow.line.color=blue, tag.text.color=blue, tag.line.color=blue];~ndefstyle skip [text.color=gray,0.45, line.color=gray,0.45, arrow.line.color=gray,0.45, tag.text.color=gray,0.45, tag.line.color=gray,0.45];~ndefstyle note [number=no, text.color=red, line.color=red];~n~n~nUE [fill.color=CoreColour]: UE {~n~4App [fill.color=APcolour]: 5GMS-Aware\nApplication;~n~4Client [fill.color=MScolour]: ~q5GMS Client~q {~n~8MAF [fill.color=MScolour]: Media\nStream\nHandler;~n~8MSHcontainer [fill.color=MScolour]: ~qMedia Session Handler~q {~n~9~3MSH [fill.color=MScolour]: ~q~q;~n~9~3EIC [fill.color=EIcolour]: Energy\nInformation\nCollector;~n~8};~n~4};~n};~nAFcontainer [fill.color=MScolour]: ~q5GMS AF~q {~n~4EIAF [fill.color=EIcolour]: ~qEnergy\nInformation\nAF~q;~n~4AF [fill.color=MScolour]: ~q~q;~n};~nEIF [fill.color=CoreColour]: ~qEnergy\nInformation\nFunction~q;~nAS [fill.color=MScolour]: ~q5GMS AS~q;~nAP [fill.color=APcolour]: ~q5GMS\nApplication\nProvider~q;~n~n~nvspace 5;~nbox [line.corner=round, line.color=~qnone~q, fill.color=EIcolour,0.3, number=no]: ~q\I\BEnergy-related information collection provisioning~q {~n~4vspace 5;~n~4AP-~gAF-~gEIAF: ~qEnergy-related information exposure provisioning\n\bM1\b~q;~n~4box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.4] {~n~8EIAF-~gEIF: ~qSubscribe to NF Energy Information\n\i\{Application ID\}\i\n\bE12\b~q;~n~8EIF-~gEIAF [number=no]: ~qImmediate NF Energy Information report~q;~n~4};~n~4vspace 5;~n~4box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.4] {~n~4EIAF-~gAS: ~qConfigure AS Energy Information collection\n\i\{Application ID, Notification URL\}\i\n\bE3\b~q;~n~4box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.4] {~n~8EIAF-~gAS: ~qSubscribe to AS Energy Information\n\i\{Application ID, Notification URL\}\i\n\bE3\b~q;~n~4};~n~4AS-~gEIAF [number=no]: ~qImmediate AS Energy Information report~q;~n~4};~n};~n~n...[number=no]: Time passes...;~n~nbox -- [line.corner=round, line.color=~qnone~q, fill.color=MScolour,0.2, number=no]: ~q\I\BMedia streaming session initiation~q {~n~4vspace 5;~n~4App-~gMAF-~gMSH: ~qInitiate media streaming session\n\i\b\c(blue)\{Enable Energy Information collection\}\c()\b\i\n\bM6\b~q;~n~4MSH-~gAF: Acquire Service Access Information\n\bM5\b;~n~4AF-~gMSH [number=no]: Service Access Information\n\I\B\c(blue)\{Application ID, Energy Information AF locator\};~n~4hide AF;~n~n~4# Configuration of Energy Information Collector~n~4vspace 7;~n~4box -- [line.corner=round, line.color=~qnone~q, number=no, fill.color=EIcolour,0.3]: ~q\I\BEnergy Information configuration~q {~n~8vspace 5;~n~8MSH-~gEIC [delta]: ~qCreate context\n\i\{Energy Information AF locator, Application ID, Session ID\}\i~q;~n~8EIC-~gEIAF: ~qRequest UE Energy Information collection configuration\n\i\{Application ID\}\i\n\bE5\b~q;~n~8EIAF-~gEIC [number=no]: ~qUE Energy Information collection configuration\n\i\{Subscription endpoint\}\i~q;~n~4};~n~n~4vspace 7;~n~4# Energy Information initial subscription~n~4box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.3]: ~q\I\BInitial Energy Information subscription and reporting~q {~n~8vspace 5;~n~8EIC-~gEIAF: ~qSubscribe to Energy Information\n\i\{Application ID, Session ID\}\i\n\bE5\b~q;~n~8EIAF--EIAF: ~qNetwork Energy\n information processing~q;~n~8vspace 3;~n~8EIAF-~gEIC: ~qExpose Network Energy\n Information report\n\bE5\b~q;~n~8vspace 5;~n~n~8box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.4]: ~q\I\BUE Energy Information subscription and reporting~q {~n~9~3EIC-~gMSH-~gMAF [delta]: UE Energy Information subscription\n\bM11\b;~n~9~3MAF-~gMSH-~gEIC [delta, number=no]: Immediate UE Energy Information report;~n~8};~n~n~8vspace 5;~n~8EIC--EIC: Energy information\n processing;~n~8EIC-~gMSH-~gMAF [delta]: Expose energy information report\n\bM11\b;~n~4};~n~n~4vspace 7;~n~4MSH-~gApp: ~qMedia Entry Points~q;~n~4~n~4vspace 5;~n~4App--App: ~qSelect\nMedia Entry Point~q;~n~4App-~gMAF: ~qStart\nmedia streaming\n\bM7\b~q;~n};~n~n~n# Media streaming session ~nvspace 15;~nbox [tag=~qloop~q, number=no, fill.color=MScolour,0.2]: ~q\I\BMedia streaming session~q {~n~4vspace 5;~n~4box --~2[tag=~qpar~q, number=no, fill.color=EIcolour,0.2]: ~q\I\BEnergy Information collection, reporting and exposure~q {~n~8box -- [tag=~qpar~q, fill.color=EIcolour,0.3, number=no]: ~q\INF Energy Information reporting~q {~n~9~3EIF-~gEIAF: Expose NF Energy Information report\n\bE12\b;~n~8} [tag=~q~q]: ~q\IAS Energy Information reporting~q {~n~9~3AS-~gEIAF: ~qExpose AS Energy Information report\n\BE3~q;~n~8};~n~8vspace 5;~n~8EIAF--EIAF: Network Energy\nInformation processing;~n~8vspace 3;~n~8EIAF-~gEIC: ~qExpose Network Energy Information report\n\bE5\b~q;~n~8box ++ [tag=~qopt~q, label=~q\IUE Energy Information reporting~q, number=no, fill.color=EIcolour,0.4] {~n~9~3MAF-~gMSH-~gEIC [delta]: Expose UE Energy Information report\n\bM11\b;~n~8};~n~8vspace 5;~8~n~8EIC--EIC: Energy information\n processing;~n~8EIC-~gMSH-~gMAF [delta]: Expose energy information report\n\bM11\b;~n~8vspace 5;~n~8box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.3] {~n~9~3MSH-~gApp [delta]: ~qEnergy-related information exposure\n\bM6\b~q;~3~n~8};~n~8box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.3] {~n~9~3App~gAP [delta]: ~qEnergy-related information exposure\n\bM8\b\n\IOut of scope~q;~n~8};~n~8hide App;~n~4} [tag=~q~q, number=no, fill.color=MScolour,0.0]: ~q\I\BMedia delivery~q {~n~8box ++ [tag=~qopt~q, number=no, fill.color=MScolour,0.3]: ~q\I\B\I\B(Re)acquire Media Entry Point~q {~n~9~3MAF~l-~gAS~l~gAP [arrow.type=dot]: ~qEstablish transport session for the Media Entry Points\n\bM4 + M2\b~q;~n~9~3MAF-~gAS~gAP: ~qRequest Media Entry Point\n\bM4 + M2\b~q;~n~9~3MAF~l-AS~lAP [number=no]: ~qMedia Entry Point~q;~n~8};~n~n~8#show Client, EIAF, EIF;~n~8vspace 5;~n~8box ++ [tag=~qopt~q, number=no, fill.color=MScolour,0.3]: ~q\I\B\I\BMedia streaming session adaptation \c(blue)based on energy information\c()~q {~n~9~3MAF++MAF: ~qSelect\nService Operation Point\n\c(blue)based on energy information\c()~q;~3~n~9~3MAF~l-~gAS~l~gAP [arrow.type=dot]: ~qEstablish transport session for media streaming\n\bM4 + M2\b~q;~n~9~3#MSH-~gAF: ~qInstantiate Dynamic Policy\n\bM5\b~q;~n~9~3MAF-~gMSH: ~qService Operation Point changed notification\n\i\c(blue)\{Service Data Flow filter(s)\}\c()\i\b\n\bM11\b~q;~n~n~9~3# Energy Information resubscription~n~9~3vspace 7;~n~9~3box -- [line.corner=round, line.color=~qnone~q, number=no, fill.color=EIcolour,0.3]: ~q\I\BEnergy Information subscription modification~q {~n~9~7vspace 5;~n~9~7MSH-~gEIC [delta]: ~qModify context\n\i\{Session ID, Service Data Flow filter(s)\}\i~q;~n~9~7EIC-~gEIAF: ~qSubscribe to Energy Information\n\i\{Session ID, Service Data Flow filter(s)\}\i\n\bE5\b~q;~n~9~7EIAF-~gEIF: ~qSubscribe to NF Energy Information\n\bE12\b~q;~n~9~7#EIAF-~gAS: ~qConfigure AS Energy Information collection\n\i\{Notification URL\}\n\bE5\b~q;~n~9~7box ++ [tag=~qopt~q, number=no, fill.color=EIcolour,0.4] {~n~9~9~2EIAF-~gAS: ~qSubscribe to AS Energy Information\n\i\{Service Data Flow filter(s), Notification URL\}\i\n\bE3\b~q;~n~9~7};~n~9~7box ++ [tag=~qopt~q, label=~q\I\BUE Energy Information subscription~q, number=no, fill.color=EIcolour,0.4] {~n~9~9~2EIC-~gMSH-~gMAF [delta]: UE Energy Information subscription\n\bM11\b;~n~9~7};~n~9~3};~n~8};~n~n~8vspace 7;~n~8MAF~l-~gAS~l~gAP: ~qMedia streaming\n\bM4 + M2\b~q;~n~4};~n};~n~|]
Figure 7.6.3.2-1: Procedures for energy-related information collection and reporting
in the 5GMS System
A first step is required to provision Energy Information Collection:
1.	The 5GMS Application Provider provisions the 5GMS AF via reference point M1, including a Provisioning Session resource, any other required resources and an Energy Information exposure configuration intended for the Energy Information AF instantiated in the 5GMS AF. The Energy Information exposure configuration maycan identify application(s) that fall within its scope.
2.	The Energy Information AF subscribescan subscribe to receive NF Energy Information reporting from the Energy Information Function via reference point E12, if relevantincluding the Application Identifier of interest, and requests an immediate report.
3.In response, the Energy Information Function responds with an NF Energy Information report.
NOTE 1: 	The 5GMSNF Energy Information report reflects baseline energy consumption of the RAN and the Core Network.
3.	The Energy Information AF configurescan configure the 5GMS AS via reference point M3,E3, optionally including details ofthe callback notification location exposed by the Energy Information AF instantiated in the 5GMS AF and, in the subscription, the Application Identifier of interest.
4.	Based on configuration received from the 5GMS AF If it has not already done so in the previous step, the 5GMS AS obtains an Energy Information AF can subscribe to receive AS Energy Information reporting from the 5GMS AS Energy Information collection configuration from the Energy Information AF via reference point E3, if relevant. This includes a callback endpoint on the Energy Information AF for submitting including the Application Identifier of interest.
The 5GMS AS responds to the subscription with an AS Energy Information reportsreport containing the most recent information available.
At some later point:
At some later point, a media delivery session is initiated and, as part of this, the collection of energy information collection is also initiated:
5.	The 5GMS-Aware Application initiates a new media delivery session with the Media Session Handler via reference point M6, potentially including a request to enableflag that enables energy-related information collection and reporting.
6.	The Media Session Handler obtains Service Access Information from the 5GMS AF, including access details of the Energy Information AF and the relevant Application Identifier.
7.	As a consequence of the previousflag set in step 5 or the presence of at least one Energy Information exposure configuration, the Media Session Handler creates a new energy-related information collection and reporting context within the Energy Information Collector instantiated in it, supplying the parameters obtained from Service Access Information mentioned in the previous step and the media delivery session identifier for correlation of energy information relating to this session context.
8.	The Energy Information Collector subscribes to Networkrequests a UE Energy Information reportingcollection configuration from the Energy Information AF via reference point E5, if relevant, and receives. The request parameters include the Application Identifier provided in the Service Access Information acquired in step 6.
	The response a UE Energy Information collection configurationis a UE Energy Information collection configuration in accordance with the set of parameters in the provisioned Energy Information Exposure Specifications, if relevant, that also includes details of a subscription endpoint to be used in the next step, and which can include the static energy characteristics of currently provisioned 5GMS AS service locations.
9.	The Energy Information Collector shares the UE subscribes to receive Network Energy Information collection configuration with the Media Session Handler.
10.	Based on the UE reporting from the Energy Information collection configuration received in the previous step, the Media Session Handler configures UE AF. The subscription includes parameters corresponding to the implicit Service Data Flow description, as well as the media delivery session identifier for correlation of energy information relating to this session context.
NOTE 2:	At this point, the set of Service Data Flows used for media delivery at reference point M4 is not yet known. Only implicit Service Data Flow description based on statically provisioned parameters in step 1 (e.g. Application Identifier) is included in the subscription request.
10. The Energy Information collectionAF processes the NF Energy Information report and AS Energy Information report.
11.	The Energy Information AF exposes a processed Network Energy Information report to the Energy Information Collector subscriber via reference point E5.
NOTE 3:	The processed Network Energy Information report is not directly related to the UE itself because the prior subscriptions are based only on the Application Identifier. The information in the report describes the total energy consumed recently by all consumers. For example, if the Energy Information AF subscribed to receive generic energy information about a particular Application Identifier, the information describes the total energy consumed recently by all current application sessions. Alternatively, if the client subscribed to receive generic energy information about a particular 5GMS AS service location, the information describes the total energy being consumed by all UEs using that service endpoint recently.
12.	The Energy Information Collector can subscribe to UE Network Energy Information reporting infrom the Media StreamSteam Handler via reference point M11.
After this initialisation phase, reporting can be done:
11.	The Media Stream Handler responds with a UE Network Energy Information report containing the most recent information available.
13.	The Energy Information Collector processes the information in the Network Energy Information report and the UE Energy Information report.
14.	The Energy Information Collector exposes the aggregated Energy Information report to the Media Session Handler and the Media Stream Handler.
In all cases:
15.	The Media Session Handler provides the set of available Media Entry Points to the 5GMS-Aware Application, including Energy Information, if available.
At the start of a new media streaming session, a Media Entry Point is selected:
16.	The 5GMS-Aware Application selects a Media Entry Point based on its configuration.
17.	The 5GMS-Aware Application invokes the Media Stream Handler with the selected Media Entry Point to start media access.
Then, media streaming session loop occurs. During the course of the media streaming session, energy information is periodically reported to the Energy Information Collector (with the interval provided in the Energy Information exposure configuration), in parallel:
18.	The Energy Information Function may submitexposes an NF Energy Information report to the Energy Information AF via reference point E12. The NF Energy Information report maycan include energy consumption information of different granularities, e.g. UE, PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72].
12.	19.	The 5GMS AS may submitexposes an AS Energy Information report to the Energy Information AF via reference point E3 using the callback endpoint supplied in step 4. The AS Energy Information report maycan include energy consumption information of different granularities, e.g. UE, PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72]..
1320.	The Energy Information AF processes the network energy information report(s) it has received.
14Then, this report, can be complemented with UE energy information, and can be provided to the Media Stream Handler, Media Session Handler and 5GMS-Aware application via the Energy Information Collector.
21.	The Energy Information AF exposes a processed Network Energy Information report about the UE to the Energy Information Collector subscriber established in step 58 via reference point E5. The Network Energy Information report maycan include energy consumption information of different granularities, e.g. PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72]..
1522.	The Media Stream Handler can expose a UE Energy Information report to the Energy Information Collector via reference point M11.
23.	The Energy Information Collector processes the Energy Information report(s) it has received.
24.	The Energy Information Collector shares the report receivedprocessed in the previous step with the Media Session Handler. and, via reference point M11, with the Media Stream Handler.
1625.	The Media Session Handler may collect additional UE Energy Information aboutcan expose energy-related information to the media delivery session from the Media Stream Handlersubscribed 5GMS-Aware Application via reference point M11M6. Based on the UE Energy Information collection configuration obtained in step 6, the UE Energy Information report mayenergy-related information can include energy consumption information of different granularities, e.g. PDU Session and/or QoS Flow, as described in clause 5.51.2.3 of TS 23.501 [72]..
2616.	The Media Session Handler processes the UE Energy Information it has obtained in the previous step.
17.	The energy-related information received by the Energy Information Collector is shared with the enclosing Media Session Handler.
18.	Based on the energy-related information received in step 17, the Media Session Handler may reconfigure the Media Stream Handler to change its streaming behaviour (e.g. change its streaming bit rate).
NOTE 1:	Details of Media Stream Handler reconfiguration in response to energy-related information are for further study.
19.	Based on the Energy Information received in step 17, the Media Session Handler may instantiate a Dynamic Policy with a different energy usage profile.
NOTE 2:	Details of Dynamic Policy changes in response to energy-related information are for further study.
20.	The Media Session Handler exposes energy-related information to the subscribed 5GMS-Aware Application via reference point M6. Based on the UE Energy Information collection configuration obtained in step 6, the energy-related information may include energy consumption information of different granularities, e.g. PDU Session and/or QoS flow, as described in clause 5.51.2.3 of TS 23.501 [72] and/or for individual media delivery sessions.
21.	The 5GMS-Aware Application maycan expose the received energy-related information to the Application Service Provider via reference point M8 using methods beyond the scope of 3GPP standardisation.
7.6.4	Summary
This Candidate Solution describes howIn parallel of the energy information reporting, the media streaming sessions occurs with a potential update of the subscriptions in case of the context is modified:
27.	The Media Stream Handler establishes a transport session at reference point M4 for acquiring the Media Entry Point.
28.	The Media Stream Handler requests the Media Entry Point from the 5GMS AS.
29.	The Media Stream Handler selects a Service Operation Point from the Media Entry Point based on its configuration and recently received Energy Information.
30.	The Media Stream Handler establishes a new transport session with an appropriate service location on the 5GMS AS.
31.	If the Service Operation point is changed, the Media Stream Handler notifies the Media Session Handler of the change via reference point M11, including any changed Service Data Flow identification information (e.g., Service Data Flow descriptions).
32.	The Media Session Handler modifies the energy-related information from the device, the network and other components of the Media Delivery system can becollection and reporting context in the Energy Information Collector instantiated in it, including the modified Service Data Flow identification information provided in the previous step, as well as the media delivery session identifier for correlation of energy information relating to a UE application during media consumption for exposurethis session context.
NOTE 4:	Because the set of IP 5-tuples is known at this stage, the Service Data Flow description in the following steps is now explicit, based on those parameters.
33.	Similar to the user and/orstep 9, subscribing to the receive energy reports specific to the media delivery session by citing explicit Service Data Flow filter(s) ), if relevant in the Energy Information collection configuration, based on the reference point M4 transport sessions established in step 21, as well as the media delivery session identifier for correlation of energy information relating.
34.	Similar to step 2, subscribing to receive NF Energy Reports specific to the media delivery session by citing explicit Service Data Flow filter(s), if relevant in the Energy Information collection configuration, based on the reference point M4 transport sessions established in step 21.
35.	Similar to step 4, subscribing to receive AS Energy Reports specific to the media delivery session by citing explicit Service Data Flow filter(s) based on the reference point M4 transport sessions established in step 21.
36:	Similar to step 24.
37:	Media is streamed between the Media Stream Handler and the 5GMS AS service location (via reference point M4) and, as required by the media streaming session, between the 5GMS AS and the 5GMS Application Service Provider. (via reference point M2).
[bookmark: _Toc187660883]7.6.4	Gap analysis
This solution is based on Network Energy Information available from the Energy Information Function as well as the definition of two new entities, with their associated reference points, allowing the Network Energy Information to be complemented and delivered to the UE application:
-	The Energy Information AF has some or all of the following responsibilities, depending on its current provisioning state:
-	Subscribes to and consumes NF Energy Information from the Energy Information Function.
-	Receives AS Energy Information reports from the Application Server.
-	Collates and exposes the above Network Energy Information to the Energy Information Collector in the UE via the data plane.
-	The Energy Information Collector, is a UE function with some or all of the following responsibilities, depending on its current configuration:
-	Acquires an Energy Information collection configuration from the Energy Information AF.
-	Subscribes to and consumes Network Energy Information from the Energy Information AF according to the Energy Information collection configuration.
-	Collects UE Energy Information from other UE functions and about itself according to the Energy Information collection configuration.
-	Collates and exposes collected Energy Information to the UE Application via a client API.
The interfaces between the abovementioned components and others will have to be defined and existing interfaces highlighted in the procedures will also have to be updated.
Regarding step 2 of the procedure in clauses 7.6.3.1 and 7.6.3.2, the high-level procedures for the Neif_‌EventExposure_‌Subscribe and Nnef_‌EventExposure_‌Subscribe service operations defined in clause 4.29 of TS 23.502 [40] do not make explicit provision for the immediate reporting of recent energy consumption information by the EIF as a side effect of subscription. Likewise, the specification of the Neif_‌EventExposure_‌Subscribe operation in TS 29.566 [88] lacks a parameter to request immediate reporting of energy consumption information. In most cases, the positioning of step 2 in the provisioning phase mitigates the need to modify this service operation because the Energy Information AF will likely receive an initial NF Energy Report before any application session is initiated by the UE.
7.6.5	Proposed normative changes
To implement this solution, the following normative work is proposed:
1.	A new stage 2 Technical Specification based on clause 7.6.2.2 that defines a generic architecture and generic procedures for the Energy Information AF and Energy Information Collector, including definitions and high-level parameters of operations for:
a.	Provisioning the Energy Information AF via reference point E1.
b.	Subscription and exposure of AS Energy Reports from Application Servers to the Energy Information AF via reference point E3, including baseline parameters for these reports.
c.	Subscription and exposure of aggregated network energy information from the Energy Information AF to the Energy Information Collector in the UE via reference point E5, including baseline parameters for the information exposed.
d.	Exposure of aggregated energy information from the Energy Information Collector to the UE Application via reference point E6, including baseline parameters for the information exposed.
2.	A new stage 3 Technical Specification corresponding to point 1 above that specifies the network APIs used by the Energy Information AF and Energy Information Collector at reference points E1, E3 and E5, as well the client API exposed by the Energy Information Collector to the Application at reference point E6.
3.	New clauses in TS 26.501 [23] defining:
a.	The instantiation of the generic architecture defined in point 1 above in the 5G Media Streaming System, based on clause 7.6.2.3 of the present document.
b.	Collaboration scenarios extending the generic procedures defined in point 1 above for particular Use Cases relevant to 5G Media Streaming.
4.	New clauses in TS 26.506 [59] defining:
a.	The instantiation of the generic architecture defined in (1) above in the RTC System.
b.	Collaboration scenarios extending the generic procedures defined in point 1 above for particular Use Cases relevant to RTC.
5.	New clauses in TS 26.510 [93] specifying:
a.	Extensions (as needed) to the procedures and service-based interfaces at reference point M5, in particular with regard to additional energy-related information provided in the Service Access Information response.
6.	New clauses in TS 26.512 [90] specifying:
a.	Extensions (as needed) to the procedures and service-based interfaces at reference points E1, E3 and E5 that pertain to the 5G Media Streaming System, in particular with regard to additional energy-related information provided by the 5GMS AS in relation to media streaming sessions.
b.	Extensions (as needed) to the client API exposed by the Energy Information Collector instantiated in the Media Session Handler to the 5GMS-Aware Application at reference point M6 that pertain to the 5GMS System.
7.	New clauses in TS 26.113 [91] specifying:
a.	Extensions (as needed) to the procedures and service-based interfaces at reference points E1, E3 and E5 that pertain to the RTC System, in particular with regard to additional energy-related information provided by the RTC AS in relation to RTC sessions.
b.	Extensions (as needed) to the client API exposed by the Energy Information Collector instantiated in the Media Session Handler to the RTC-Aware Application at reference point RTC-6 that pertain to the RTC System.
7.6.6	Summary
This Candidate Solution proposes a generic approach for exposing energy-related information from the device, the network, and the Application Server to the UE or the Application Function. It also illustrates how this approach can be integrated into the 5GMS architecture and generalised Media Delivery architecture by introducing two new components: the Energy Information Collector (instantiated in the UE) and the Energy Information Application Function (instantiated in the Media AF). These components enable the collection of energy-related data and allow the UE or the Media AF to take actions aimed at optimizing the environmental impact of media sessions.
The goal of this solution is not to define specific optimization strategies but to provide a generic architecture and procedures that can be reused by other solutions to develop more targeted and detailed optimizations.
NEW Candidate Solution
(All new text)
7.11	Solution #10: Application Server Energy Information
7.11.1	Key Issue mapping
This Candidate Solution addresses the following Key Issues:
-	Key Issue #2 (Energy-related monitoring and measurement), specifically the monitoring and measurement of energy consumed by Application Servers instantiated in the Data Network as part of an end-to-end service chain.
-	Key Issue #1 (Energy-related information exposure), specifically the exposure of "energy-related information of the network to the Media Session Handler to help it optimize its media session in an energy-efficient way".
7.11.2	Functional description
The total energy consumed in the delivery of an application service – such as a Media Application Service as defined in clause 4.2.2.6 – needs to take into account the energy consumed by the 5G System (5G Core and RAN) made available to interested Network Functions by the Energy Information Function (as summarised in clause 4.2.2.2 and 4.2.2.3 of the present document), but also the energy consumed by Application Servers in the Data Network as well as the energy consumed by the UE. This Candidate Solution concentrates on analysing the energy-related information that can usefully be provided by an Application Server and proposes an AS Energy Report to coney Application Service Energy Information to the Energy Information AF via reference point E3 in the architectures proposed in clause 7.6.
According to the definition of the 5G System in TS 23.501 [72], an Application Server is not a Network Function, and therefore is not formally part of the 5G System. Application Servers exist purely in the Data Network. Based on this definition, the energy consumption of an Application Server lies outside the scope of the Energy Information Function, and must therefore be accounted for separately.
Moreover, the granularities of energy consumption by an Application Server required to reconfigure the overall energy consumption of an application service are likely to be different from the considerations inside the 5G System. For example, based on the model of a Media Application Service presented in clause 4.2.2.6, the following granularities are of greatest interest to a decision-making entity attempting to optimise energy consumption of the application service:
1.	Energy consumption per service location of the logical Application Server.
a.	A decision-making entity can steer application sessions to different service locations, depending on the relative energy costs of delivering the service from the currently available service locations.
-	The hosting of service locations may incur different costs, for example if they are hosted on Edge Application Server instances deployed in different Edge Data Networks with different sources of energy having different carbon intensities.
b.	When the same service location is hosted by multiple (Edge) Application Server instances, an aggregated view of the energy consumed by that service location across the entire (logical) Application Server reporting its energy consumption may be of additional interest to a decision-making entity.
2.	Energy consumption per Service Data Flow.
a.	An Application Server has visibility of the number of Application Data Unit bytes transferred in the uplink and downlink directions on each Service Data Flow.
-	This typically includes application payload data volume plus application protocol overhead.
b.	The Service Data Flows of an application service are typically identified by 3-tuples or 5-tuples terminating at an (Edge) Application Server instance.
c.	Service Data Flows can also be identified by a DNS host name. For example, in the case of an HTTPS-based service, this corresponds to the host name in the TLS client "hello" message. Filtering energy consumption by host name could provide a useful aggregate value across all service locations sharing the same virtual host.
It should be noted that an Application Server has visibility of the IP address of each Service Data Flow but, being deployed in the Data Network outside the 5G Core, is not in a position to map these to individual UE identities. Hence, an Application Server is not able to report energy consumption per UE. However, an Application Function in receipt of Application Server Energy Information (i.e., the Energy Information AF proposed in clause 7.6) may be trusted to perform the reverse look-up of the UE’s IP address in the 5G System, enabling per-UE energy-related information to be routed to that UE.
7.11.3	Collaboration scenarios
This solution is applicable to all collaboration scenarios requiring access to energy-related information from an Application Server.
7.11.4	Architecture mapping
This Candidate Solution analyses the requirements for generic Application Server Energy Information, as highlighted in figure 7.11.4-1 below, in the context of abstract Application Service Energy Information. The concrete instantiations of the Media Delivery System, such as the 5GMS System and RTC System inherit the abstract properties of this Application Server Energy Information and add their own concrete system-specific properties.
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Figure 7.11.4-1: Application Service Energy Information
7.11.5	Energy-related information
If the total energy consumption by the Application Server can be measured over a sampling period (say, one minute) and the total number of bytes transferred on each Service Data Flow during that same period can be metered, the average energy consumed can be attributed to those Service Data Flows in proportion to the volume of data transferred.
Based on the conceptual model for an Application Service outlined in clause 4.2.2.6, an Application Server’s report of its energy consumption is flattened in this solution as shown in table 7.11.5-1.
Table 7.11.5-1: Baseline parameters of Application Server Energy Report
	Property
	High-level description

	AS instance identifier
	Identifier of the reporting the (Edge) Application Server instance, unique across all Data Networks.

	
	Timestamp
	The date–time at which energy consumption sampling began for this Application Server Energy Report.

	
	Sample period
	The duration of the sample for this Application Server Energy Report.

	
	Energy consumed
	The total energy consumed by this (Edge) Application Server instance during the sampling period.

	
	Environmental cost of energy supply
	(Optional) The CO2 equivalent emission per unit energy supplying the (Edge) Application Server instance during the sampling period.
Where the energy is supplied from more than one source during the sampling period, the CO2 equivalent emission per unit energy of each source is quoted separately, along with the proportion of that source in the overall energy supply mix.

	
	Application Data Flows
	The set of Application Data Flows that were active at this (Edge) Application Server instance during the sampling period.

	
	
	Service Data Flow description
	An IP 5-tuple identifying both the client and Application Server ends of a Service Data Flow in the 5G System.
Not necessarily unique in the set of Application Data Flows, allowing for multiple Application Data Flows belonging to the same application session to be individually described when they are multiplexed onto the same Service Data Flow.

	
	
	Uplink data volume
	The total volume of Application Data Units delivered to this (Edge) Application Server instance on this Application Data Flow during the sampling period.

	
	
	Downlink data volume
	The total volume of Application Data Units delivered from this (Edge) Application Server instance on this Application Data Flow during the sampling period.

	
	
	AS host name
	(Optional) The Application Server host name to which the UE connected on this Service Data Flow. (NOTE 1)

	
	
	Application session identifier
	(Optional) A unique identifier of this application session. (NOTE 2)
Same value required for multiple Application Data Flows belonging to the same application session that are multiplexed onto the same Service Data Flow.
Omitted for unattributable Application Data Flows.

	
	
	Configuration identifier
	Unique identifier for a configuration in the logical Application Server. The same configuration may be present in multiple (Edge) Application Server instances across the 5GMSd System deployment. The same configuration may be deployed on other (Edge) Application Server instances.
For example, a Content Hosting Configuration identifier that can be mapped back to a Provisioning Session by the 5GMSd AF or an RTC AS Media Function configuration identifier that can be mapped back to a Provisioning Session by the RTC AF.

	
	
	Service location identifier
	(Optional) Identifier for a service location exposed by this (Edge) Application Server instance, unique within the scope of the Configuration identifier. The same service location may be exposed by other (Edge) Application Server instances.
For example, a Distribution Session identifier in a Content Hosting Configuration that can be mapped back to a canonical host name by the 5GMSd AF.

	NOTE 1:	In the context of the 5GMSd AS this could be a domain name alias in the Distribution Configuration.
NOTE 2:	In the context of the Media Delivery System this is the media delivery session identifier.



Observations:
-	A generic set of properties common to any type of Application Server is defined in table 7.11.5-1. This suggests that the AS Energy Report could be specified in a generic Technical Specification separately from any individual system. (A generic report could be extended by a specific system, as required, for example to allow in-band energy-related information extracted from media to be reported along the lines of other candidate solutions in the present document.)
-	By quoting data volumes per Service Data Flow, basic attribution of energy to Service Data Flows by the recipient of the AS Energy Report is supported.
-	More complex aggregations of the information by the recipient of the AS Energy Report are also supported if the optional properties are populated by the Application Server.
For example, in the case of downlink media streaming, the following aggregations can be derived from the Application Server Energy Information conveyed in the AS Energy Report:
1.	Per Service Data Flow. By aggregating the energy consumed by all Application Data Flows sharing the same IP 5-tuple, Application Server Energy Information can be aggregated with network energy information exposed by the Energy Information Function (see clause 4.2.2.3) to produce a combined view of the energy consumed by the 5G System and in the Data Network.
2.	Per UE. The client IP address in the Service Data Flow description can also be used by an authorised recipient of AS Energy Reports (such as the Energy Information AS instantiated in the 5GMSd AF) to identify the UE end of the Service Data Flow by means of reverse look-up in the 5G Core. As well as enabling per-UE aggregation of the information in AS Energy Reports received from all (Edge) Application Servers, the client IP addresses may also be useful in routing per-UE energy-related information to the Energy Information Collector in the appropriate UE, although the application session identifier is more definitive in this regard.
NOTE:	For reasons of user privacy, care needs to be taken not to expose identifiable data such as the client IP address, GPSI or SUPI to unauthorised consumers of the Application Server Energy Information.
3.	Per Data Network and/or network slice. The client IP address in the Service Data Flow description can also be used by an authorised recipient of AS Energy Reports (such as the Energy Information AS instantiated in the 5GMSd AF) to identify the Data Network and/or network slice on which the UE interacted with the Application Server allowing aggregation of the information in AS Energy Reports by Data Network and/or network slice.
4.	Per media streaming session. The application session identifier in this case is a media delivery session identifier that uniquely identifies a downlink media streaming session. If this optional identifier is populated in the Application Server Energy Information, it provides a longitudinal data series that can be used to calculate long-term averages.
5.	Per virtual host. The configuration identifier in this case is the Content Hosting Configuration identifier, and the 5GMSd AF is aware of the canonical domain name associated with each Distribution Configuration in the Content Hosting Configuration. By aggregating AS Energy Reports from all (Edge) 5GMSd AS instances to which it has deployed the Content Hosting Configuration, the 5GMSd AF can obtain a view of the energy consumed by all Distribution Configurations exposing endpoints with that domain name across the deployed 5GMSd System.
6.	Per service location. The service location identifier in this case is the optional Distribution Configuration identifier. By aggregating AS Energy Reports from all (Edge) 5GMSd AS instances to which it has deployed the Content Hosting Configuration, the 5GMSd AF can obtain a view of the energy consumed by all Distribution Configurations deployed across the 5GMSd System exposing that service location.
7.	Per Content Hosting Configuration and Provisioning Session. The 5GMSd AF is able to aggregate the AS Energy Reports from all (Edge) 5GMSd AS instances to which it has deployed the Content Hosting Configuration associated with a particular Provisioning Session to establish the total energy consumed.
The aggregation could, for example, be performed inside the Application Function managing the Application Server (e.g. in the Energy Information AF instantiated in the Media AF) or on the UE, depending on a particular Candidate Solution’s use case.
For example, in the case of downlink media streaming:
-	The 5GMSd AF is able to map a Content Hosting Configuration identifier back to a Provisioning Session identifier and external service identifier to assist in calculating the aggregate energy consumption per 5GMSd Application Provider.
-	The 5GMSd AF is able to map a Distribution identifier back to a canonical host name to assist in calculating the aggregate energy consumption per virtual host.
-	The 5GMSd AF is able to map the UE’s IP address 5-tuple of the Service Data Flow back to a UE identifier (such as GPSI) with the assistance of the SMF. Alternatively, the reported media delivery session identifier can be correlated with the UE identifier (a GPSI or a "stable and globally unique string" such as a UUID) supplied in every QoE metrics report, as specified in clause 11.4.3.2 of TS 26.512 [88]).
The underlying principle of the design proposed in table 7.11.5-1 is that raw information is provided by the Application Server in the AS Energy Report without preconceiving the way in which the information will be used. This gives the recipient the freedom to derive a wide range of different useful energy-related information aggregations from it. For example:
-	Assuming an equal attribution of energy per byte transferred during the sampling period covered by the report, the estimated energy consumed per Service Data Flow is simply the total energy consumption value divided by the number of bytes transferred.
-	The uplink and downlink data volumes are summed by a downstream processor of the information in the AS Energy Report in order to derive the total energy consumed in both directions.
-	To determine the total energy consumption of a particular application session (e.g. a downlink media streaming session), it is necessary to aggregate network energy information received from the EIF with UE-related Energy Consumption information harvested from the active (Edge) Application Server instances as well as UE-related Energy Consumption information measured on the UE itself.
-	The energy consumed per Service Data Flow provides a common filter that can be used to correlate information between the three different data sets.
-	The application session identifier (e.g. the media delivery session identifier for downlink media streaming sessions) can be used as a secondary correlation identifier. This enables energy consumption optimisation across multiple Service Data Flows that comprise a single application session.
7.11.6	Procedures
This Candidate Solution realises step 13 of the generic procedure in clause 7.6.3.1 and step 19 of the 5GMS procedure in clause 7.6.3.2 whereby AS Energy Reports are periodically sent by an Application Server to the proposed Energy Information AF via proposed reference point E3.
7.11.7	Gap analysis
The proposed AS Energy Report is entirely new with respect to Release 19 specifications.
Because the Energy Information AF is also entirely new with respect to Release 19 specifications, there is no service-based interface defined at proposed reference point E3 (see clause 7.6) to enable the Energy Information AF to subscribe and receive AS Energy Reports from an Application Server.
7.11.8	Proposed normative requirements
7.11.8.1	Proposed stage 2 normative work
The following stage 2 normative work is proposed:
1.	A generic AS Energy Report along the lines of table 7.11.5-1 in a new stage 2 Technical Specification, as well as stage 2 definitions of service operations to support subscription and exposure of notification events conveying these reports to the Energy Information AF via reference point E3 (based on the generic architecture proposed in clause 7.6.2.2).
2.	An instantiation of the generic AS Energy Report in TS 26.501 [23] for use by the 5GMS AS, mapping its generic properties into 5GMS System concepts, and extending as required, for example to report in-band energy-related information extracted by the 5GMS AS from media ingested at reference point M2d (downlink media streaming sessions) as envisaged by other candidate solutions in the present document, or contributed at reference point M4u (uplink media streaming sessions).
3.	An instantiation of the generic AS Energy Report in TS 26.506 [59] for use by the RTC AS, mapping its generic properties into RTC System concepts, and extending as required, for example to report in-band energy-related information extracted by the RTC AS Media Function from media passing through it.
Specific collaboration scenarios and procedures making use of the AS Energy Report are expected to be contributed to TS 26.501 [23] or TS 26.506 [59] for Candidate Solutions making use of the AS Energy Report in the 5GMS System or RTC System respectively.
7.11.8.2	Proposed stage 3 normative work
The following stage 3 normative work is proposed:
1.	Data structures representing the generic AS Energy Report defined per point 1 above in a new stage 3 Technical Specification, accompanied by service-based interface definitions to support subscription and exposure of notification events conveying these data structures to the Energy Information AF via reference point E3 (per point 1 in clause 7.11.8.1 above).
2.	Extensions to the generic AS Energy Report data structures in TS 26.512 [90] for use as a 5GMS AS Energy Report. This may include additional properties identified in point 2 in clause 7.11.8.1 above.
3.	Extensions to the generic AS Energy Report data structures in TS 26.113 [91] for use as an RTC AS Energy Report. This may include additional properties identified in point 3 in clause 7.11.8.1 above.
NEW Candidate Solution
(All new text)
[bookmark: _Toc193473815]7.12	Solution #11: Selection of downlink media streaming service locations driven by content steering server based on energy characteristics
[bookmark: _Toc193473816]7.12.1	Key Issue mapping
This solution candidate addresses Key Issue #5 (Media Application Server Energy management) described in clause 6.5, in particular:
-	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?
-	How might the 5GMS 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?
[bookmark: _Toc193473817]7.12.2	Functional description
The main media streaming formats such as MPEG-DASH and HLS have been updated to include additional information in their manifests to specify a server (called a "steering server") capable of dynamically selecting the service location to use. Currently, this selection is primarily based on Quality of Service (QoS) criteria.
From Release 19, this feature is already supported in the 5G Media Streaming System whereby the Media Player supports content steering for downlink media streaming as described in clause 10.3A.4 of TS 26.512 [90].
In parallel, networks have collectors of energy-related characteristics, including information that characterizes the network's power supply in terms of energy consumption, energy source, carbon footprint, capacity, and availability. These collectors provide insights into environmental impact at different granularities (per user, per service, etc.). This is notably the case with the Energy Information Function (EIF) defined in the 5G architecture.
However, there is currently no method for using these network energy characteristics to select the video streaming delivery path with the lowest environmental impact.
The proposed solution consists of defining a process that allows the steering service in a 5GMSd AS to direct downlink media streaming traffic based on environmental impact, as well as based on legacy parameters, through the sharing of network energy-related characteristics. The decision-making entity in this solution is the 5GMSd AF in collaboration with the Energy Information AF instantiated in it.
The specific method for making this decision is implementation-dependent, but it could, for example, involve the kgCO2e per Joule of the energy supplying the 5GMSd AS. The content is available on two 5GMSd AS service locations having different energy supply mix which can vary according to the conditions of the environment (e.g. wind condition, solar power condition, etc.). To reduce its environmental impact, the MNO adapt steering information to maximize the use of the service location with the lower kgCO2e per Joule.
The advantage of this solution, compared to other options based on Solution #5 in clause 7.6, is its ability to adapt the streaming session according to the environmental impact of the network. This adaptation can be performed without affecting the UE or impacting the data plane.
7.12.3	Collaboration scenarios
Since content steering is exclusively defined for downlink media streaming, as specified in clause 10.3A.4 of TS 26.512 [90], this solution is applicable solely within this context. This solution also requires energy information reporting from the EIF and/or the 5GMSd AS. No energy information from the UE is required.
7.12.4	Architecture mapping
Figure 7.12.4-1 depicts a reference architecture that realises this Candidate Solution in the downlink media streaming architecture defined in TS 26.501 [23] and TS 26.506 [59]. It is based on the solution for collecting and exposing energy-related characteristics instantiated in the 5G Media Streaming System (Solution #5) outlined in clause 7.6.3.2 of the present document.


[bookmark: _Toc187660880][bookmark: _Toc193473786]NOTE:	The Energy Information Collector and reference point E5 are not instantiated in this reference architecture because they are not required by the Candidate Solution.

Figure 7.12.4-1: Reference architecture for media streaming service locations driven by content steering server based on energy characteristics
The core principle of this architecture revolves around the Energy Information AF instantiated within the 5GMSd AF. Its responsibilities vary depending on its current provisioning state, as determined by the 5GMSd AF (which includes an Energy Information Processing Configuration provisioned in the 5GMsd AF by the 5GMSd Application Provider). These responsibilities include:
-	Subscribing to and consuming NF Energy Information from the Energy Information Function as defined in clause 5.51 of TS 23.501 [72]) with required granularities (e.g. per UE) in accordance with the parameters of the provisioned Energy Information Exposure Specification.
-	Subscribing to and consuming AS Energy Information from the 5GMSd AS in accordance with the parameters of the provisioned Energy Information Exposure Specification.
Unlike other solutions described in the present document that utilise the Energy Information AF (e.g. Solution #5 or Solution #10), this approach does not require an Energy Information Collector to be instantiated within the 5GMSd Client in the UE. Instead, the 5GMSd AF is the decision-making function. In the context of this solution, its primary role is to select the most appropriate service location based on energy characteristics that align with service provider configuration. Regardless of the chosen delivery path, the energy characteristics are assumed to remain unchanged on the UE. Therefore, the service location selection relies solely on the energy information provided by the network through the Energy Information AF. 
A second difference from other solutions is the use of reference point M4d, already defined in TS 26.501 [23], to communicate service modification recommendations to the 5GMSd Client in the form of steering information.
While this approach may be less efficient than solutions that also incorporate energy-related data from the UE, it offers the advantage of having no impact on the UE itself, ensuring compatibility with legacy devices.
7.12.5	Energy-related information
7.12.5.1	Overview
The objective of this solution is to dynamically select the 5GMSd AS service location with energy information aligned with the 5GMSd Application Provider configuration. This process necessitates gathering energy consumed and Environmental cost of energy supply from the EIF and from various 5GMSd AS instances. Since Application Servers typically only report their direct energy consumption, to accurately determine the total energy consumption associated with Application Data Flows originating from a specific 5GMSd AS service location, it is also essential to include the network energy consumption related to that 5GMSd AS instance.
The 5GMSd Application Provider wants to manage energy consumption across its entire service, but also per streaming session. And the MNO wants to manage energy consumption on its network. The relevant granularities for this solution are:
- 	Per network slice and/or Data Network: By aggregating the energy consumed by all Network Functions and Application Server instances active in a particular slice and/or Data Network.
-	Per service: By aggregating the energy consumed by all Application Data Flows sharing the same Application ID, service characteristics in the IP 5-tuple or served from all 5GMSd AS service locations sharing the same host name.
-	Per service location: By aggregating Media AS Energy Reports from all (Edge) Media AS instances to which the service location has been deployed, the Media AF can obtain a view of the energy consumed by all (Edge) Media AS instances exposing that service location across the Media Delivery System deployment.
- 	Per media streaming session: By aggregating the energy consumed by all Application Data Flows sharing the same session characteristics in the IP 5-tuple or associated with the same media delivery session identifier.
7.12.5.2	Energy Configuration
Editor’s Note: Energy Information Configuration will be detailed in a separate solution. The subset of this configuration used in this solution will have to be detailed here.
7.12.5.3	NF Energy Report
The high-level baseline parameters describing the network energy-related information reported by the EIF is defined in clause 6.1 of TS 29.566 [88].
During the initial Energy Information subscription, only the Application ID is utilized. During the Media Streaming Session, the subscription can be refined using the Service Data Flow Description associated with each Service Location.
The energy information included in the report, for a specific timestamp, indicates the total energy consumption, expressed in joules as specified in clause 5.3.2.3.20 of TS 29.122 [89]. This data is provided with the granularity requested in the subscription.
7.12.5.4	5GMSd AS Energy Report
The high-level baseline parameters describing those energy-related information available from the 5GMSd AS are as described in table 7.11.5-1 of the present document.
During the initial Energy Information subscription, only the Application ID and the Service Location Identifier are used. Subsequently, during the Media Streaming Session, the subscription can be fine-tuned using the Service Data Flow Description, which corresponds to the exchange between all UEs and a particular Service Location.
In addition to the currently used Service Location by the UE, reports from other available Service Locations are also provided. This allows the UE to be informed if a Service Location offering performance characteristics that better align with user mode requirements is available.
The energy information included in the report, for a given timestamp, details the energy consumed, expressed in Joules. This data is provided with the granularity specified in the subscription. The uplink data volume is not used in this solution.
7.12.6	Procedures
Figure 7.12.6-1 below illustrates the various steps involved in the steering server-driven selection of service location, based on energy characteristics outlined in clause 7.12.4. This process combines the procedure for content steering as specified in clause 10.3A.4 of TS 26.512 [90] with the baseline procedure for energy-related information sharing for 5G Media Streaming outlined in clause 7.6.3.2 (Solution #5) of the present document, omitting the interactions with the Energy Information Collector which is not required by this Candidate Solution.
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Figure 7.12.6-1: Procedures for selection of downlink media streaming service locations driven by content steering server based on energy characteristics
The procedure is based on the steps outlined in Solution #5 in clause 7.6, except for those involving the Energy Information Collector, which is not used in the context of this solution. Instead, it integrates the typical content steering procedure, such as the one described for DASH as specified in ETSI TS 103 998 [89]. A steering server is instantiated as part of the (logical) 5GMSd AS to enable to decide the service location based on energy characteristics of each path. The details of content steering have been highlighted in boldface within the steps below.
The steps that are different from the baseline call flow are as follows:
0.	Downlink media streaming is provisioned by the 5GMSd Application Provider creating a Provisioning Session and Content Hosting Configuration in the 5GMSd AF. The Content Hosting Configuration declares multiple service locations in different Distribution Configurations and declares that these are eligible for content steering. In response, the 5GMSd AF provides the endpoint of the content steering service at reference point M4d as well as the base URLs of the provisioned 5GMSd AS service locations at reference point M4d so that these can be included in Service Access Information advertised to the 5GMSd-Aware Application via reference point M8d.
1.	The 5GMS Application Provider provisions an Energy Information exposure configuration intended for the Energy Information AF instantiated in the 5GMSd AF. This includes an Application Identifier which will be used to filter Energy information reports, and a flag indicating that the Energy Information Collector is not instantiated in the UE.
After step 4, an initial configuration may be provided to the content steering service instantiated in the 5GMSd AS:
4a. The Energy Information AF processes the NF Energy Information report and AS Energy Information report.
NOTE 1:	Step 4a corresponds to step 10 in the baseline procedures. But because no information is expected to be received or sent to the UE in this solution, this step is moved directly after the reception of the immediate NF Energy Report and the AS Energy Report.
4b.	After receiving this information via an internal interface, the 5GMSd AF makes a content steering prioritisation decision, taking into account a number of factors, including the load on the 5GMSd AS instances exposing the available service locations as well as energy-related information about the service locations provided in step 4. The processing done by the Energy Information AF in step 4a allows the 5GMSd AF to identify the appropriate service location priorities to be configured in the steering instructions to influence selection by the Media Player.
4c.	The 5GMSd AF provides the content steering configuration to the 5GMSd AS via reference point M3d.
Then, the steps are identical to the procedures in 7.6.3.2-1, omitting the steps involving the EI collector not used in this solution, until step 19.
After the reception of the NF and AF Energy Information report in the Media streaming session loop, the steps 4a to 4c can be reproduced:
20.	Similar to step 4a, and already in the baseline procedure.
20a.	Similar to step 4b.
20b.	Similar to step 4c.
Steps 27 and 28 are identical to the procedures in 7.6.3.2-1 on service location 1, and steps 27bis and 28bis on service location 2.
28a. or 28a bis.	The 5GMSd AS conditions the Media Player Entry returned by the 5GMSd Application Provider to add the endpoint of its content steering service (if the 5GMSd Application Provider has not already done so) before returning it to the Media Player.
28b.	The Media Player requests a steering instruction from the content steering service location indicated in the Media Player Entry.
NOTE 2:	No specific energy information is described in the steering instruction.
29.	The Media Stream Handler selects a Service Operation Point based on the steering instruction received in the previous step.
30 or 30bis.	If necessary, the Media Player establishes a new transport session at reference point M4d for acquiring media content from the 5GMSd AS service location corresponding to the Service Operation Point selected in the previous step.
Steps 31 to 36 are omitted because they are not required in this solution.
37 or 37bis.	The Media Player requests media content from the selected 5GMSd AS service location according to the transport session established or reused in the previous step.
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The following gaps in Release 19 normative specifications are highlighted by the high-level procedure proposed in clause 7.12.6:
1.	In reference to step 0, the ability for the 5GMSd Application Provider to declare in the Content Hosting Configuration that service locations are eligible for content steering.
2.	In reference to step 0, the ability for the 5GMSd AF to nominate the endpoint address of the content steering service it has instantiated in the 5GMSd AS.
3.	In reference to step 1, the ability to indicate that client energy information collection is not required for media streaming sessions based on a particular Provisioning Session.
4.	In reference to steps 4b and 20a, the functionality for a 5GMSd AF to make a content steering decision that takes into account energy-related information obtained by the Energy Information AF instantiated in it.
5.	In reference to steps 4c and 20b, the ability for a 5GMSd AF to provide a content steering configuration to the content steering service provided by the 5GMSd AS via reference point M3d.
7.12.8	Proposed normative changes
7.12.8.1	Proposed normative changes at stage 2
Based on the gaps identified in clause 7.12.7 and on the requirements for energy-related information proposed in clause 7.12.5, the following scope is proposed to be included in a new stage 2 specification of the Energy Information AF:
1.	Corresponding to gap 3, the ability to provision the Energy Information AF so as to disable client energy information collection.
2.	The reporting of energy-related information by the 5GMSd AS, via reference point E3, in such a way that supports the following aggregations:
a.	Per network slice used by the 5GMSd Client to access the 5GMSd AS at reference point M4d.
b.	Per Data Network used by the 5GMSd Client to access the 5GMSd AS at reference point M4d.
c.	Per 5GMSd AS Distribution Configuration (i.e, service location).
d.	Per Application ID.
e.	Per media streaming session.
Based on the gaps identified in clause 7.12.7 and on the requirements for energy-related information proposed in clause 7.12.5, the following changes to TS 26.501 [23] are proposed:
4.	Inclusion of a content steering service in the 5GMSd AS.
a.	Corresponding to gap 1, the ability to declare in the Content Hosting Configuration that service locations are eligible for content steering.
b.	Corresponding to gap 2, the ability for the 5GMSd AF to nominate the endpoint address of the content steering service it has instantiated in the 5GMSd AS.
c.	Corresponding to gap 5, the ability for the 5GMSd AF to provide a content steering configuration to the content steering service provided by the 5GMSd AS via reference point M3d in the form of a Content Preparation Template.
5.	Corresponding to gap 3, instantiate in a new clause the generic architecture for energy information, with the ability to provision the Energy Information AF via reference point M1 instead of reference point E1.
6.	Documentation of content steering based on energy-related information in the procedures of the Energy Information AF as described in clause 7.12.6 of the present document, either included in the baseline procedural definition, or documented in a separate procedure in annex A of TS 26.501 [23] motivated by the collaboration scenario outlined in clause 7.12.3 of the present document.
7.12.8.2	Proposed normative changes at stage 3
The following scope is proposed to be included in a new stage 3 specification of the Energy Information AF:
1.	Based on the requirements for energy-related information proposed in clause 7.12.5, the ability to provision the Energy Information AF via reference point M1d, with the possibility to disable client energy information collection.2.	Based on the requirements for energy-related information proposed in clause 7.12.5, the reporting of energy-related information by the 5GMSd AS in such a way that supports the following aggregations:
a.	Per network slice used by the 5GMSd Client to access the 5GMSd AS at reference point M4d.
b.	Per Data Network used by the 5GMSd Client to access the 5GMSd AS at reference point M4d.
c.	Per 5GMSd AS Distribution Configuration (i.e., service location).
d.	Per Application ID.
e.	Per media streaming session.
The following normative changes to TS 26.510 [93] are proposed:
3.	The Content Hosting Configuration specified in clauses 5.2.8 and 8.8.3.1 of TS 26.510 [93] is extended to include the following additional parameters:
a.	Corresponding to gap 1, a Boolean flag in the DistributionConfiguration of the Content Hosting Configuration resource provisioned at reference point M1d indicating the corresponding service location’s eligibility for participation in content steering.
b.	Corresponding to gap 2, the URL of the content steering service endpoint offered by the 5GMSd AS at reference point M4d that is nominated by the 5GMSd AF and passed back to the 5GMSd Application Provider.
c.	Correpsonding to gap 4, usage by the 5GMSd AF of the energy-related information obtained by the Energy Information AF instantiated in it to make a content steering decision.
d.	Corresponding to gap 5, usage by the 5GMSd AF of the DistributionConfiguration.‌content‌Preparation‌TemplateId property in the Content Hosting Configuration it provides to the 5GMSd AS at reference point M3d to reference a Content Preparation Template resource representing the current content steering configuration which is updated in steps 4c and 20b of the procedure proposed in clause 7.12.6.
The following normative changes to TS 26.512 [90] are proposed:
4.	The specification of a content steering configuration document format based on ETSI TS 103 998 [92] to be used as a Content Preparation Template resource at reference point M3d only.
5.	Extensions (as needed) to the procedures and service-based interfaces at reference points M1d, E3 and M5d that pertain to the 5G Media Streaming System, in particular with regard to additional energy-related information provided by the 5GMS AS in relation to media streaming sessions.
7.12.9	Summary
This candidate solution proposes a new mechanism allowing 5GMSd Application Providers to steer the 5GMSd Client towards the service location on the 5GMSd AS with the lowest environmental impact, based on:
1.	The collection of network energy-related characteristics by the Mobile Network Operator. This information is provided by the Energy Information Function and the 5GMSd AS to a new component called Energy Information AF, included in the 5GMSd AF.
2.	Standardised interfaces between the 5GMSd AF and the 5GMSd Application Provider allowing the 5GMSd Application Provider to provision the use of the content steering mechanism with the goal of reducing the environmental impact of downlink media streaming.
3.	The use of this information by a 5GMSd AS (acting as a content steering server) to dynamically steer 5GMSd Clients toward the service locations with the desired energy characteristics.
This approach optimizes the energy efficiency of multimedia content delivery, thereby contributing to the reduction of the environmental footprint associated with media streaming services.
The solution applies to any 5GMSd Application Provider delivering content via a 5GMSd System and integrates naturally into existing adaptive streaming architectures such as MPEG-DASH and HLS.
The solution has no impact on the UE because the content steering mechanisms employed are part of adaptive streaming protocols such as MPEG-DASH and HLS, and also has the advantage of not impacting the User Plane. The selection of the service location with the desired environmental impact is achieved by giving a higher priority to this service location in the steering instructions provided by the content steering service.
[bookmark: _Ref214544398]NEW Candidate Solution
(All new text)
7.13	Solution #12: Application Service Energy Metrics Reporting Configuration
7.13.1	Key Issue mapping
This Candidate Solution addresses Key Issue #1 (Energy-related Information exposure) described in clause 6.2 and Key Issue #4 (Energy-related configuration by the Application Service Provider for media delivery services) described in clause 6.4.
7.13.2	Functional description
This Candidate Solution addresses the definition of the Energy Information Exposure Specification of the solution #7 in clause 7.8 by proposing an Application Service Energy metrics configuration inspired by the existing downlink AF-based QoE Metrics Reporting configuration defined in clause 4.0.9 of TS 26.501 [4].
The Application Service Metrics Reporting Configuration(s) provisioned by the Media Application Provider over reference point M1 determine what energy-related information associated with the downlink or uplink direction is to be collected and reported (to the instances listed) by the UE, Application Server, RAN and User Plane Function, and how often.
This configuration may correspond to, or form part of, the Energy Information Exposure Specification and related configuration mechanisms defined in Solution #5, and impacts the reporting of energy-related information by the involved entities (e.g. Application Server).
An extensible controlled vocabulary of Application Service Energy metrics to be reported is defined, and the Media Application Provider selects the metrics to be reported. The following Energy metrics are supported:
-	Carbon intensity as defined in TS 22.261 [5] and TS 23.700‑66 [20].
-	Energy consumption as defined in TS 28.310 [2].
The following metrics are considered for future work:
-	Energy supply mix as defined in TS 22.883 [85] and ETSI EN 303 472 [3].
-	Energy contribution ratio as defined in annex T of TS 23.501 [72].
Energy metrics that are not selected are not collected and reported.
More than one of these may be provisioned at the same time in the Media AF by provisioning multiple Application Service Energy Metrics Reporting Configurations under the same Provisioning Session.
7.13.3	Collaboration scenarios
This solution is applicable to all collaboration scenarios requiring access to Application Service Energy metrics.
7.13.4	Architecture mapping
This Candidate Solution is mapped onto the existing reference architecture for energy-related information collection and exposure defined in Solution #5 and instantiated in the Media Application Service architecture.
It does not introduce new functional entities or reference points but configures how energy-related metrics are reported by the UE, Application Server, and network entities within that architecture.
7.13.5	Energy-related information
7.13.5.1	Application Service Energy Metrics Reporting Configuration
Figure 7.13.5.1-1 illustrates the hierarchy of the Media Application Service Energy Metrics Reporting Configuration included in the provisioning information. 
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Figure 7.13.5.1-1: Media Application Service Energy Metrics reporting hierarchy
Table 7.13.5.1‑1 describes the baseline parameters of the Media Application Service Energy Metrics Reporting Configuration corresponding to the model in figure 7.13.2.2‑1 above. 
Table 7.13.5.1-1: Baseline parameters of the
Application Service Energy Metrics Reporting Configuration
	Abstract element
	Semantics / constraints (abstract)

	Metric
	The metric, chosen from the vocabulary in table 7.13.2.2‑2, to be collected and reported.

	Sample percentage
	The proportion of application sessions that provide reporting.

	Reporting start offset
	The time offset (expressed in seconds) from the start of an application session when it is required to begin reporting Media Application Service Energy metrics reports.

	Reporting duration
	The period of time (expressed in seconds) measured relative to the reporting start point, after which it is required to stop reporting Application Service Energy metrics.

	Reporting interval
	The time interval between successive Application Service Energy metrics reports.

	Reporting scope
	The reporting scope applies to Media Application Service Energy metrics:
-	Per slice.
-	Per application session.
-	Across all application sessions.

	Reporting filters
	Additional filters to limit the scope of reporting.

	
	Component content types
	(Media-specific filter) MIME content types (e.g., video/mp4) used to filter components included in per‑component reporting (NOTE 2).

	NOTE 1:	See architecture mapping proposals in clause 7.13.4.
NOTE 2:	The applicability of the Component content types filter to any metrics reporting scheme, not just energy-related ones, is for further study.



The controlled vocabulary for the four metrics described in table 7.13.2.2-1 are listed in table 7.13.2.2‑2.
Table 7.13.5.1-2: Vocabulary of Application Service Energy metrics
	Metric name
	Example unit

	Energy consumption
	Wh

	Carbon intensity
	gCO₂-e/Wh

	Energy supply mix
	Ratio

	Energy contribution ratio
	Ratio



7.13.6	Procedures
Procedures for handling the Application Service Energy Metrics Reporting Configuration are proposed in the Candidate Solution for collection, reporting and exposure of energy-related information described in clause 7.13.3.
7.13.6	Gap analysis
Release 19 specifications define a Metrics Reporting Configuration that allows a Media Application Provider to provision reporting behaviour for metrics, primarily targeting QoE metrics associated with 5G Media Streaming services. The provisioning framework supports configuration of reporting cadence, activation and reporting endpoints, and implicitly assumes the User Equipment (UE) as the reporting entity. While Release-19 provides a generic metrics reporting provisioning framework, it does not enable standardized, entity-aware provisioning of energy metrics reporting.
This Candidate Solution can be instantiated either as an extension of Release 19 solution or in a new reporting scheme.
Consequently, the following scope is proposed to address the specification gaps:
-	Define an Application Service Energy Metrics Reporting Configuration for UE, AS and EIF reporting. For the final report the UE remains the reporting entity and gathers energy-related information from other entities through Energy Information AF.
-	Define a controlled vocabulary of Application Service Energy metrics, including energy consumption, carbon intensity, energy renewable source ratio, and energy contribution ratio, and specify that only metrics explicitly selected in the Application Service Energy Metrics Reporting Configuration are collected and reported.
-	Define energy-specific reporting scopes and aggregation levels, including per network slice (identified by NSSAI), per application delivery session, aggregated across multiple sessions, with optional component-level filtering of media delivery sessions based on MIME content type.
7.13.6	Proposed normative changes
The following scope is proposed to be included in stage 2 to introduce the Application Service Energy Metrics Reporting Configuration:
1.	Specify Metrics Reporting Configuration to support energy metrics schemes in a new stage 2 specification:
-	Normatively define the hierarchy and inclusion of the energy configuration within the Provisioning Session.
-	Specify conveyance of this configuration to the Energy Information Collector at reference point E5.
-	Specify conveyance of this configuration to the Energy Information AF at reference point E1.
-	Specify conveyance of this configuration to the Application Server at reference point E3.
2.	Specify Metrics Reporting Configuration to support energy metrics schemes either in an extension to TS 26.501 [23] or in a new metrics reporting scheme:
-	Specify conveyance of this configuration to the Energy Information AF via the Media AF at reference point M1.
The following scope is proposed to be included in stage 3 to introduce the Media Application Service Energy Metrics Reporting Configuration:
3.	Define Metrics Reporting Configuration and Procedures in a new stage 3 specification:
-	Define the configuration data model to include:
i.	A controlled vocabulary of energy metrics.
ii.	Reporting scope, including per slice (NSSAI).
4.	Specify the provisioning of Metrics Reporting Configuration resource at reference point M1 in TS 26.512 [90], including any media-specific extensions to the above data model.
7.13.7	Summary
This Candidate Solution describes how energy-related information collection and exposing is configured by the 5G System to support network optimisation, enable energy-aware service adaptation by third-party Application Service Providers, empowering users, and allowing energy and carbon-emission attribution.
It proposes energy-related metrics in the Application Service Energy Metrics Reporting Configuration consisting of:
-	Defining or extending the metrics scheme to include energy-related metrics (carbon intensity, energy consumption, Energy supply mix ratios, energy contribution ratio),
-	Defining or refining reporting scope and granularity (per media session, per media component, aggregated),
-	Reusing existing provisioning and reporting concepts (configuration-driven reporting, cadence, controlled exposure).
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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
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