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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
	
	
	
	
	
	

	
	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
	
	
	
	
	

	#10
	
	
	
	
	
	X

	#11
	
	
	
	
	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.

3rd change
(All new text)

[bookmark: _Toc193473815]7.12	Solution #11: Steering server driven selection of delivery paths 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.
[bookmark: _Toc193473817]7.12.2	Functional description
[bookmark: _Toc193473818]7.12.2.1	Introduction
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 delivery path 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 steering servers to make this choice based on environmental impact, through the sharing of network energy-related characteristics. 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 leverages existing interfaces enabling communication between application providers and 5G networks, particularly for exchanging Quality of Experience data. These interfaces are enhanced with network energy-related characteristics, allowing the application provider to use this information on its steering servers.
7.12.2	Reference architecture for steering server driven selection of delivery paths based on energy characteristics
Figure 7.12.2.2-11 depicts a reference architecture that realises this candidate solution in the generalised 5GMS Media Delivery architecture defined in TS 26.501 [23] and TS 26.506 [59].


	Comment by Richard Bradbury: Could usefully illustrate the steering server as a subfunction of the Media AS.	Comment by Richard Bradbury: Fixed “Any Media AS” to “Media AS”.
Fixed “Application Service Provider” to “Media Application Provider”.
Replumbed E12 into Energy Information AF.	Comment by Richard Bradbury: Wondering if this shouldn’t be baselined on clause 7.6.2.3 (5GMS architecture) rather than clause 7.6.2.4 (generalised Media Delivery architecture). Content steering only seems applicable to downlink media streaming, in fact, so this instantiation could be further specialised to 5GMSd-based labelling, e.g. Media Player rather than Media Access Function.
[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.
	Comment by Richard Bradbury: …but is this actually true?	Comment by LEMOTHEUX Julien INNOV/IT-S: yes
Figure 7.12.2.2-1: Reference architecture for steering server driven selection of delivery paths based on energy characteristics
The core principle of this architecture revolves around a component called the Energy Information AF, which is instantiated within the 5GMSd Media AF. Its responsibilities vary depending on its current provisioning state, as determined by the 5GMSd Media AF (which includes the Energy Information Exposure Specification provisioned by 5GMSd Media Application Providers – see clause 7.8). These responsibilities may include:
-	Subscribing to and consuming NF Energy Information from the Energy Information Function as defined in TS 23.501 [72]) with required granularities (UE, PDU session and/or QoS flow) in accordance with the parameters of the Energy Information Exposure Specifications.
-	Subscribing to and consuming AS Energy Information from the 5GMSd Media AS in accordance with the parameters of the Energy Information Exposure Specification.
Unlike other solutions described in this document that utilise the Energy Information AF (e.g. Solution #5 or #10), this approach does not require an Energy Information Collector within the device. The primary goal is to enable selection of the delivery path based on energy characteristics that align with user preferences or service provider criteria. Regardless of the chosen delivery path, the energy characteristics are assumed to remain unchanged on the UE. Therefore, the path selection relies solely on the energy information provided by the network through the Energy Information AF. A second difference is the use of reference point M4, already defined in TS 26.501 [23], to provide steering information to the 5GMSd ClientMedia Access Function.	Comment by Richard Bradbury: CHECK!
I think you meant M4.	Comment by LEMOTHEUX Julien INNOV/IT-S: OK
7.12.3	Procedures
Figure 7.12.3-1 below illustrates the various steps involved in the steering server-driven selection of delivery paths, based on energy characteristics outlined in clause 7.12.2. This process is grounded in content steering as specified in clause 10.3A.4 of TS 26.512 [88] and incorporates energy-related information sharing as defined in Solution #5 in clause 7.6.details the different steps for steering server driven selection of delivery paths based on energy characteristics outlined in clause 7.12.2.	Comment by Richard Bradbury: Based on which baseline call flow?

[image: # Julien Lemotheux, Orange <julien.lemotheux@orange.com>
hscale = auto;
numbering=yes;
defcolor CoreColour=216,216,216;
defcolor MnScolour=112,48,160;
defcolor APcolour=183,221,232;
defcolor MScolour=255,255,0;
defcolor clientColour=255,255,204;
defcolor ECcolour=245,157,86;
defcolor EIcolour=255,192,0;


UE [fill.color=CoreColour]: UE {
    App [fill.color=APcolour]: Media-Aware\nApplication;
    MSHcontainer [fill.color=MScolour]: Media\nSession\nHandler;
    MStH [fill.color=MScolour]: Media\nAccess\nFunction;           
};
AFcontainer [fill.color=MScolour]: Media AF {
    EIAF [fill.color=EIcolour]: "Energy\nInformation\nAF";
    AF [fill.color=MScolour]: "";
};
SteeringAS [fill.color=MScolour]: Steering AS;
AS [fill.color=MScolour]: Media AS1;
AS2 [fill.color=MScolour]: Media AS2;
EIF [fill.color=CoreColour]: "Energy\nInformation\nFunction";
ASP [fill.color=APcolour]: "Application\nService\nProvider";


vspace 10;
box .. [line.corner=round, line.color="none", fill.color=gray,0.2, number=no]: "\i\bEnergy-related information collection provisioning\b\i" {
    vspace 5;
        ASP->AF->EIAF: "Energy-related information exposure provisioning\nincluding steering request\n\bM1\b";
        EIAF->AF->ASP: "Provide BaseURL to AS1 & AS2 & Content steering\n\bM1\b";
    vspace 5;
        box ++ [tag="opt", number=no, fill.color=gray,0.2] {
            EIAF->EIF: "Subscribe\n\bE12\b";
        };
        vspace 5;
        
};
...;
ASP->AS2->AS: "Upload Media with BaseURL to AS1 & AS2 & Content steering\n\bM2\b";
App->MSHcontainer->MStH: Initiate media delivery session\n\bM6\b;
MSHcontainer->AF: Acquire Service Access Information\n\bM5\b;
EIF->EIAF: Publish NF Energy Information report\n\bE12\b;
EIAF->EIAF: Network Energy Information\nprocessing;
EIAF->SteeringAS: "Provide Steering Information\n\bE3\b";
AF->MSHcontainer: Service Access Information\n\bM5\b;
hide AF;
MSHcontainer-> MStH: "Media Player Entries\n\bM6\b";
hide MSHcontainer;
App->MStH: Start Media Playback;
hide App;
MStH<->AS: "Establish transport session for the Media Player Entry\n\bM4\b";   
MStH->SteeringAS: "Request Steering Instruction\n\bM4\b";
MStH<-SteeringAS: "Provide Steering Instruction to AS1\n\bM4\b";
MStH->AS: "Request Media\n\bM4\b";
MStH<-AS [number=no]: "OK";

# Energy-related data collection, reporting and exposure 
vspace 5;
box [tag="loop", number=no, fill.color=gray,0.2]: \I\BEnergy-related information collection, reporting and exposure {
    vspace 5;
    box .. [fill.color=gray,0.2, line.corner=round, line.color="none", number=no]: "\i\bNetwork Energy Information collection and reporting\b\i" {
        vspace 5;
        box ++ [tag="par", label="\INF Energy Information reporting", number=no, fill.color=gray,0.2] {
            EIF->EIAF: Publish NF Energy Information report\n\bE12\b;
            hide EIF;
            EIAF->EIAF: Network Energy Information\nprocessing;
            EIAF->SteeringAS: "Steering\nInformation update\n\bE3\b";
            hide EIAF;
        };
        vspace 10;
     };
    vspace 5;
    box ++ [tag="opt", number=no, fill.color=gray,0.2] {
        MStH<->AS: "Establish transport session for the Media Player Entry\n\bM4\b"; 
        MStH->SteeringAS: "Request Steering Instruction";
        MStH<-SteeringAS: "Provide Steering Instruction to AS1";  
        MStH->AS: "Request Media\n\bM4\b";
        MStH<-AS [number=no]: "OK";
        hide AS;
    };
    box ++ [tag="opt", number=no, fill.color=gray,0.2] {
        MStH<->AS2: "Establish transport session for the Media Player Entry\n\bM4\b";   
        MStH->SteeringAS: "Request Steering Instruction\n\bM4\b";
        MStH<-SteeringAS: "Provide Steering Instruction to AS2\n\bM4\b";
        MStH->AS2: "Request Media\n\bM4\b";
        MStH<-AS2 [number=no]: "OK";
        hide AS2;
        hide MStH;
    };
};
] 	Comment by Richard Bradbury: Why not use reference point E1 directly in step 1?
I think we need to analyse the pros and cons of the two approaches as a factored-out Candidate Solution because lots of the other Candidate Solutions have the same dilemma.	Comment by Richard Bradbury: Need to show the steering server, service location 1 and service location 2 as part of a single logical Media AS.
Figure 7.12.3-1: Procedures for steering server driven selection of delivery paths 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 Solution #11. Instead, it integrates the typical content steering procedure, such as the one described for DASH in [89]. An AS is instantiated to play the role of steering server enable to decide the delivery path based on energy characteristics of each path. Content steering-specific details have been highlighted in bold within the steps below. consists in mixing the typical content steering procedure, for example the one described for DASH in [89], and the provision of the Energy Information AF allowing an additional AS to play the role of steering server enable to decide the delivery path based on energy characteristics of each path.	Comment by Richard Bradbury: What is the baseline of this call flow against which the emboldened steps are deltas?
Steps:
1. 	The Media 5GMSd Application Provider provisions the Energy Information AF with an Energy Information Exposure Specification via reference point M1 (or E1). The Energy Information exposure configuration includes a request for using optimization based on content steering.	Comment by Richard Bradbury: Need to study separately the pros and cons of provisioning at M1 versus E1.	Comment by Richard Bradbury: There’s a stronger case for provisioning content steering M1, but this feels like it could be factored out from the Energy Information Exposure Specification since content steering is a general-purpose feature of the Media Delivery System.
NOTE: 	The choice between E1 and M1 for provisioning is not addressed in this solution. The advantages and disadvantages of each interface will be analysed in a separate solution.
2.	The Energy Information AF subscribes to receive Network 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.
3. 	In return, tThe Media 5GMSd AF provides the base URLs to the provisioned 5GMSd Media AS service locations as well as to the 5GMSd Media AS content steering service.
Then, time passes.
43.	The Energy Information Function may submit a Network Energy Information report to the Energy Information AF via reference point E12.
5.	The Energy Information AF processes the energy-related information report it has receivedThe Energy Information AF  and provide this information to the 5GMSd AF.
6.	The 5GMSd AF provides steering configuration to the 5GMSd AS acting as steering server via reference point E3.
Then, time passes.
7.	The 5GMSd-aware Application triggers the 5GMSd Client to initiate a media delivery session via reference point M6d.
8.	The Media Session Handler interacts with the 5GMSd AF to acquire the whole Service Access Information via reference point M5d. The Service Access Information may include Media Player Entry URLs and Energy Information AF endpoint.
9.	The Media Session Handler provide the Media Player Entries to the 5GMSd Client.
10.	The Media Player is invoked with the selected Media Entry Point to start media access and playback.
11.	Thanks to the information provided in the Media Player Entry, the Media Player request steering instruction to the content steering service instantiated in the 5GMSd AS via reference point M4d.
12.	The Media Player establishes the transport session for acquiring the Media Player Entry with the Service Location #1.
13.	The Media Player requests the media to AS1 to the Service Location #1.
Steps 14 to 16 are identical to steps 4 to 6. They allow energy-related information about the network to be updated during the media delivery session. If it detects a change in this information, the EIAF may decide to update steering instructions.
17.	The 5GMSd Service Provider ingests the media in the different 5GMSd AS.
Then, steps18 to 20, or 21 to 23 are identical to 11 to 13. They allow to retrieve the media from the Service Location with the higher priority according to the steering instructions. No specific energy information is described in the steering instructions. The processing done by the Energy Information AF allows 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.
subscribes to receive Network 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.
4.	The Media Application Provider generates entry point with the provided information and the media with this information is ingested by the Media AS.
5.	The Media-aware Application triggers the Media Client to initiate a media delivery session.
6.	The Media Session Handler interacts with the Media AF to acquire the whole Service Access Information. The Service Access Information may include Media Player Entry URLs and Energy Information AF endpoint.
7.	The Energy Information Function may submit a Network Energy Information report to the Energy Information AF via reference point E12.
8.	The Energy Information AF processes the energy-related information report it has received.
9. 	The Energy Information AF provides steering information to the Media AS acting as steering server.	Comment by Richard Bradbury: Doesn’t seem quite right.
Maybe the Energy Information AF provides energy-related information to the content steering service instantiated in the Media AS and the intelligence about how to interpret this and compile client steering information lies in the Media AS.
Or maybe it’s better for the Media AF to consume the energy-related information from the Energy Information AF (by an internal interface not specified by 3GPP). The Media AF then compiles the content steering information and configures the content steering service in the Media AS via M3.	Comment by LEMOTHEUX Julien INNOV/IT-S: 2nd solution
10.	The service access information is provided by the Media AF to the Media Session Handler.
11.	The Media Session Handler provide the Media Player Entries to the Media Access Function.	Comment by Richard Bradbury: Why is this highlighted in boldface as a delta?
Can’t see anything different from the baseline call flow.	Comment by LEMOTHEUX Julien INNOV/IT-S: Because we have several Media Player Entries.
12.	The Media Access Function is invoked with the selected Media Entry Point to start media access and playback.
13.	The Media Access Function establishes the transport session for acquiring the Media Player Entry.
14. Thanks to the information provided in the Media Player Entry, the Media Access Function request steering instruction to the content steering service instantiated in the Media AS.
15. The Steering AS provides steering instructions indicating the use of AS1.
16. The Media Access Function requests the media to AS1.
Steps 17 to 19 are identical to steps 7 to 9. They allow energy-related information about the network to be updated during the media delivery session. If it detects a change in this information, the EIAF may decide to update steering instructions.
Steps 20 to 23, and steps 24 to 27 are identical to steps 13 to 16, allowing media playback thanks to the Media AS indicated in the steering instructions.
[bookmark: _Toc193473789]7.11.4	Summary
This candidate solution proposes a mechanism allowing application providers to select the video streaming delivery path 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 to a new component called Energy Information AF, included in the 5GMSd Media AF.
2.	Standardised interfaces between the 5GMSd Media AF and the Application Service Provider allowing the Application Service Provider to request the use of steering mechanism  for its reducing its environmental impact and provision steering information. 
3.	The use of this information by a 5GMSd Media AS acting as steering server to dynamically direct users toward the delivery paths with the desired energy characteristics.
This approach optimizes the energy efficiency of multimedia content delivery while maintaining acceptable service quality, thus contributing to reducing the environmental footprint of video streaming services.
The solution applies to any streaming service provider delivering videos via mobile networks and integrates naturally into existing adaptive streaming architectures such as MPEG-DASH and HLS.
The solution has no impact on the UE as steering mechanisms are part of adaptive streaming protocols such as MPEG-DASH and HLS. The selection of the service location with the higher efficiency is done by giving a higher priority for the use of this service location.
End of changes
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