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1ST Change
[bookmark: _Toc129708869][bookmark: _Toc183102183][bookmark: _Toc187660784][bookmark: _Toc183194664][bookmark: _Toc193473692][bookmark: _Toc183194723][bookmark: _Toc183102249][bookmark: _Toc187660846][bookmark: _Toc193473752][bookmark: _Toc193794039]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
…
[87]	Accubattery: https://play.google.com/store/apps/details?id=com.digibites.accubattery
[88]	3GPP TS 26.512: "5G Media Streaming (5GMS); Protocols".
[89]	ETSI TS 103 998: "Content Steering for DASH".
2nd Change
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
	
	
	
	X
	
	
	

	#2
	
	
	
	X
	
	
	

	#3
	
	
	X
	
	
	
	

	#4
	
	X
	
	
	
	
	

	#5
	
	X
	
	
	
	
	

	#6
	
	X
	X
	
	
	
	

	#7
	
	X
	
	
	
	
	

	#8
	
	
	X
	
	
	
	

	#9
	
	X
	
	
	
	
	

	#11
	Selection of downlink media streaming service locations driven by content steering server based on energy characteristics
	
	
	
	
	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.
[bookmark: _Toc187660882][bookmark: _Toc193473788]3rd Change
(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 [88].
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 serviceers in a 5GMSd AS to make this choicedirect 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.Since content steering is exclusively defined for downlink media streaming, as specified in clause 10.3A.4 of TS 26.512 [88], this solution is applicable solely within this context.
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 2two Media 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 [88], 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	Reference aArchitecture mapping
Figure 7.12.43-11 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 7.12.43-1: 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 [29566].
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 [29122]. 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.n.5-1 of the present document.	Comment by LEMOTHEUX Julien INNOV/IT-S: See 26942-CR0022
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.
47.12.6	Procedures
Figure 7.12.64-1 below illustrates the various steps involved in the steering server-driven selection of service location, based on energy characteristics outlined in clause 7.12.43. This process combines the procedure for content steering as specified in clause 10.3A.4 of TS 26.512 [88] 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 7.12.64-1: 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.
Steps 1 to 4 are as described in the baseline procedure (see clause 7.6.3.2).
Initial network energy reporting may occur after the passage of some time:
15.	The Energy Information Function may submit a Network Energy Information report to the Energy Information AF via reference point E12.
16.	The 5GMSd AS may submit an AS Energy Information report to the Energy Information AF via reference point E3.
17.	The Energy Information AF processes the energy-related information reports it has received and provides this information to the 5GMSd AF.
Steps 18 to 25 of the baseline call flow are omitted because the processed energy-related information is not shared with the 5GMSd Client in this solution. Instead:
17a.	The 5GMSd AF makes a content steering prioritisation decision, taking into account a number of factors, including the load on the available service locations as well as energy-related information about the service locations provided in the previous step. The processing done by the Energy Information AF in the previous step allows the 5GMSd AF to identify the appropriate service location. This service location is then configured in the steering instructions with the higher priority to ensure its selection by the Media Player.
17b.	The 5GMSd AF provides content steering configuration via reference point M3d to the 5GMSd AS providing the content steering service.
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.
time passes until a downlink media streaming session is initiated by the 5GMsd-Aware Application.
Steps 5 and 6 (acquiring Service Access Information) of the baseline call flow proceed as normal. The Service Access Information may include Media Player Entry URLs.
NOTE:	The endpoint address of the Energy Information AF described in the baseline procedure is not required to be provided in the Service Access Information because the Energy Information Collector is not instantiated in the Media Session Handler in this Candidate Solution.
Steps 7, 8 and 9 of the baseline call flow are omitted because the Energy Information Collector is not instantiated in the Media Session Handler.
Steps 10 of the baseline call flow are omitted because the Energy Information Collector is not instantiated in the Media Session Handler.
11.	The Media Session Handler provides the Media Player Entries to the 5GMSd-Aware Application.
12.	The 5GMSd-Aware Application selects a Media Player Entry and the Media Player is invoked with the selected Media Player Entry to start media access and playback.
13.	The Media Player establishes a transport session at reference point M4d for acquiring the Media Player Entry from any suitable 5GMSd AS service location (in this case, Service Location #1).
14.	The Media Player requests the Media Player Entry from the 5GMSd AS (in this case from Service Location #1).
14a.	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.
Steps 15 to 18 are repeated during the course of the media streaming session allowing energy-related information about the network to be updated. If it detects a change in this information, the 5GMSd AF may decide to update steering instructions by repeating steps 17a and 17b.
Steps 18 to 25 of the baseline call flow are omitted because (as before) the processed energy-related information is not shared with the 5GMSd Client in this solution. Instead:
25a.	The Media Player requests a steering instruction from the content steering service location indicated in the Media Player Entry obtained in step 14. No specific energy information is described in the steering instructions.
26 or 26bis.	If necessary, the Media Player establishes a new transport session at reference point M4d for acquiring media content from either Service Location #1 or Service Location #2, according to the content steering instruction obtained in the previous step.
27 or 27bis.	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.
[bookmark: _Toc193473789]7.12.7	Gap analysis
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.	Comment by Richard Bradbury (2026-02-04): Missing proposed normative changes for this decision-making role.	Comment by LEMOTHEUX Julien INNOV/IT-S: Good point , added.
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 [88] are proposed:
3.	The Content Hosting Configuration specified in clauses 5.2.8 and 8.8.3.1 of TS 26.510 [88] 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 [26512] are proposed:
4.	The specification of a content steering configuration document format based on ETSI TS 103 998 [89] 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.
7.12.95	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.
End of changes
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