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==============Next change==============
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 (an 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 #n (see clause 7.n.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: _Toc187660880][bookmark: _Toc193473786][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 may can identify application(s) that fall within its scope.
2.	The Energy Information AF can subscribes to receive application-level NetworkNF 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).
3.	In response, Tthe AS obtains an AS Energy Information collection configuration from theFunction responds with an NF Energy Information report.
3.	The Energy Information AF can configure the AS via reference point E3, if relevant, in accordance with optionally including the set of parameters in 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 Specifications that also includes details of subscription endpoint to be used in the next step.
After this initialisation phase, reporting can be done:
6.	The Energy Information Function may submit
7.	The Energy Information Collector subscribes to receive Network Energy Information report to reporting from the Energy Information AF via reference point E12. The Network Energy Information report may include energy consumption information of different granularities, E5. This subscription includes parameters (e.g. UE, PDU Session and/or QoSexplicit Service Data Flow descriptions) identifying the set of Service Data Flows of interest to the UE Application, as described in clause 5.51.2.3 of TS 23.501 [72].well as a Session Identifier for correlation of energy information relating to this session context.
7.	The AS may submit 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].
8.	The Energy Information AF processes the energy-related information report(s) it has receivedNF Energy Information report and AS Energy Information report.
9.	The Energy Information AF exposes a processed Network Energy Information report about the UE to the Energy Information Collector subscriber via reference point E5. The Network
UE Energy Information can optionally be requested and processed by the 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].Collector:
10.	The Energy Information Collector may collectcollects 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.
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. 
13. The AS exposes an AS Energy Information report to the Energy Information AF via reference point E3.
14.	The Energy Information AF processes the energy-related information report(s) it has received.
15.	The Energy Information AF can expose a processed Network Energy Information report about the UE to the Energy Information Collector subscriber via reference point E5.
16.	The Energy Information Collector can receive additional UE Energy Information from any UE function using methods beyond the scope of 3GPP standardisation.
17.	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.	exposesThe Energy Information Collector can 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 may can 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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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 may can identify application(s) that fall within its scope.
2.	The Energy Information AF can subscribes 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.
In response, 3.	Tthe 5GMSEnergy Information Function responds with an NF Energy Information report.
NOTE 1: 	The NF Energy Information report reflects baseline energy consumption of the RAN and the Core Network.
3.	The Energy Information AF can configures the 5GMS AS via reference point M3E3, 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 AFIf 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 reports containing the most recent information available.
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.
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.
After this initialisation phase, reporting can be done:
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 may can 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 may can 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 may 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]..
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.
25.	The Media Session Handler can expose16.	The Media Session Handler may collect additional UE Energy Information about the media delivery session from the Media Stream Handler via reference point M11. Based on the UE Energy Information collection configuration obtained in step 6, the UE 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].
16.	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 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] and/or for individual media delivery sessions.
2126.	The 5GMS-Aware Application may can expose the received energy-related information to the Application Service Provider via reference point M8 using methods beyond the scope of 3GPP standardisation.
In 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][bookmark: _Toc193473789]7.6.4	SummaryGap 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 [29566] 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 [26510] 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 [26512] 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 [26113] 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 describes howproposes 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.
==============End of change==============
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