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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.
Candidate Solution
(All new text)
[bookmark: _Toc193473815]7.13	Solution #11(b): Client-based Media AS Application Server service endpoint reselection based on asynchronous notification to the Media Client	Comment by Richard Bradbury: So why isn’t this addressing KI#6 as well?	Comment by Daniel : Yes, this solution could be valid for KI 5 and 6
[bookmark: _Toc193473816]7.13.1	Key Issue mapping
This solution candidate addresses Key Issue #5 (Media Application Server Energy management) described in clause 6.5 as well as Key Issue #6 .
[bookmark: _Toc193473817]7.13.2	Functional description
[bookmark: _Toc193473818]7.13.2.1	Introduction
This Candidate Solution proposes a method that allows re-selection of Media AS service locations during a media delivery session when content is delivered between the UE Media Client and the Media AS via reference point M4, based on the UE application QoE requirements (e.g., resolution, bit rate, etc.) while also taking into account the various characteristics (e.g. Media AS load, Media AS energy consumption, current Media AS QoE metrics, etc.) of each individual service locations of the Media AS whichthat are being used to support media delivery.
 As a concrete example, "F-droid" is an Android app which allows the user to stream real-time sensor data from a UE to WebSocket clients, etc.	Comment by Richard Bradbury: How does this example relate to the description in the previous paragraph? How would it map onto multiple service locations at the Media AS?	Comment by Richard Bradbury: Later example is based on enterprise-specific DNN.	Comment by Daniel : Removed it now.
This solution leverages interfaces existing reference points in the Media Delivery System that support communication between a Media Application Provider and the 5G System, particularly for exchanging Quality of Experience (QoE) data. The interfaces at existingthese reference points are enhanced by the solution with network energy-related characteristics, allowing the Media Application Provider to use this information for service location reselection. In particular the solution leverages extensions for edge processing defined for the 5GMS System in clause 4.5 of TS 26.501 [2650123] and for the RTC System in clause 6 of TS 26.506 [2650659] in which instances of the Media AS are deployed as Edge Application Server (EAS) instances and they offer different service locations to the Media Client.	Comment by Richard Bradbury: The solution presented later doesn’t seem to give the Media Application Provider the decision-making responsibility.
7.13.2.2	Collaboration scenario
The collaboration scenario shown in figure 7.13.2.2-1 represents the case of a UE client accessing two different Media AS service locations available via different trusted Edge Data Networks. 	Comment by Richard Bradbury: Is this detail just a conceit to ensure different Data Networks?	Comment by Daniel : It is made simpler now without going into unnecessary details that are not relevant to this solution.  
 The Energy Information AF instantiated in the Media AFand the Energy Information Collector instantiated in the Media Session Handler of the UE Media Client  correspond to the architecture nstantiation in clause 7.6.2.4.




Figure 7.13.2.2-1: Illustration of application serversMedia AS service location reselection based on energy characteristics
This collaboration scenario shown in figure 7.13.2-1 represents the case of accessing two different Data Networks using the same network slice. A CDN server (e.g., 5GMS AS service location) is either deployed in each of the trusted Data Networks, or presents a multi-homed interface at reference point M4 through each of the trusted DNs.	Comment by Richard Bradbury: (Moved paragraph above figure.)
The downlink media streaming is provisioned by the 5GMSd Application Provider creating a Provisioning Session and Content Hosting Configuration in the 5GMSd AF. The Media Application Provider then negotiates with the MNO to provision a network slice as described in clause 4.3 of TR 26.941 [26941]. The operator provisions the network slice, and provides connectivity services to both the DNs through the slice The 5GMS Application Provider provisions the 5GMS AF via reference point M1, including an Energy Information exposure configuration intended for the Energy Information AF instantiated in the 5GMS AF..
The Media Application Provider may deliverconfigures Service Access Information to the Media-aware Application viathrough reference point M8. The Service Access Information delivered to the Media-aware Application may have information about different service locations accessible through each of the DNs. For example, an enterprise may utilise an enterprise-specific CDN (e.g., hosting enterprise-related video tutorials). Media delivery sessions for enterprise-related video tutorials use the PDU Session terminating in the enterprise-specific service location, while some other video tutorial requests are sent through PDU Sessions terminating at a different service location. The Energy Information AF instantiated in the Media AF of figure 7.13.2-1 is in relaton with the architecture of clause 7.6. 	Comment by Richard Bradbury: Exposing this at M8 has the advantage of not requiring a large delta at M5.	Comment by Daniel : ok	Comment by Richard Bradbury: I think this is a requirement of this Candidate Solution, not optional, right?	Comment by Daniel : Corrected it
In the above architecture, how to relocate theDuring the course of a media delivery session, the Media Client switches to a service location on a different Edge AS based on the QoE requirements of the UE in combination with energy usage/characteristics of the available Media AS service locations.? For example, Iimagine a casescenario whenin which the mMedia applicationClient is accessing media content fromat a service location of  AS#1. Can the Energy Information AF instantiated in the Media AF relocatesuggest that the UE Media Client now switches to a service location of AS#2 based on: (a) the energy consumption of  service location of AS#1? (b) the QoE requirements of the application?	Comment by Richard Bradbury: None of this relocation thing is further developed in the following procedure. Is it in scope of this Candidate Solution or not?	Comment by Daniel : Steps 19 to 25	Comment by Richard Bradbury: I only see service location switching in steps 19 to 25. I see no Edge AS relocation. I think you misunderstood this term. I have redrafted. Does that describe it better?	Comment by Daniel : I wanted to bring “Edge AS” just to show that this solution may be applicable also to Edge servers. But I think it might require some different solution. I remove it for now. 
The Application Function (AF) may need to relocate the Edge AS considering different scenarios e.g. AS load, AS energy consumption, AS current QoE metrics, etc. In some deployments this would require collective relocation.	Comment by Richard Bradbury: Not fixed this paragraph yet.
But it seems wrong to talk about relocation of the Edge AS.
[bookmark: _Toc187660880][bookmark: _Toc193473786]7.13.3	Procedures
Figure 7.12.3-2 below details the different steps for application serverservice endpoint re-selection process.

	Comment by Daniel : Step 28: It was a mistake. I have removed this as well. 	Comment by Daniel : Step 23: removed!	Comment by Daniel : Step 1- to 18: modified them accordingly	Comment by Daniel : Reply to comment after Step15: all of the steps described for OAM is standardised already. 	Comment by Daniel : Step 15: It is optional. I have modified it below.	Comment by Daniel : Step 10: similarly for OAM, the process is executed only when there is an on-going session. so, I do it after step 7. 	Comment by Daniel : Step 9: My understanding is that without an on-going session, there wouldn’t be any EC measurement possible. So, I start EC measurement after a session is established.	Comment by Daniel : Step 3: I have replaced this to service access information acquisition below.

[image: Msc-generator~|version=8.6.3~|lang=signalling~|size=2030x2024~|text=numbering=yes; ~nhscale=auto;~n~n~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 note [number=no, text.color=red, line.color=red, text.ident=left];~n~n~nUE [large=yes, fill.color=lgray,0.2]: UE {~n~4App [fill.color=APcolour]: ~qMedia-aware \nApplication~q;~n~4SRC [fill.color=MScolour]: ~qMedia Client~q {~n~8MSHcontainer [fill.color=MScolour]: Media Session Handler {~n~9~3EIC [fill.color=EIcolour]: ~qEIC~q;~n~9~3MSH [fill.color=MScolour]: ~q~q;~n~8}; ~n~8MAF [fill.color=MScolour]: ~qMedia\nAccess\nFunction~q;~n~4};~n};~n~nCore [fill.color=CoreColour]: ~q5G Core~q {~n~4EIF [fill.color=CoreColour]: ~qEIF~q;~n~4PCF [fill.color=CoreColour]: ~qPCF/SMF~q;~n~4NWDAF [fill.color=CoreColour]: ~qNWDAF~q;~n};~nOAM[fill.color=CoreColour]: ~qOAM~q;~n~nDN [large=yes, fill.color=lgray,0.2]: ~qData Network~q {~n~4AFcontainer [fill.color=MScolour]: ~qMedia AF~q {~n~8AF [fill.color=MScolour]: ~q~q;~n~8EIAF [fill.color=EIcolour]: ~qEIAF~q;~n~4};~n~n~4AScontainer [fill.color=MScolour]: ~qMedia AS~q {~n~8SL1 [fill.color=ECcolour]: ~qSL1~q;~n~8SL2 [fill.color=ECcolour]: ~qSL2~q;~n~8AS [fill.color=MScolour]: ~q~q;~n~4};~n~n~4AP [fill.color=APcolour]: ~qMedia\nApplication\nProvider~q;~n};~n~n~nvspace 20;~nhide Core, OAM, SL2, AS;~nApp--AP: Provisioning, configuration, service announcement and content discovery [number=no];~n~n~nvspace 10;~nbox [number=no, line.corner=round, line.color=none, fill.color=APcolour,0.3]: \B\IMedia delivery session initialisation {~n~4vspace 20;~n~4App-~gMAF: Launch media delivery session\n\BM7;~n~4hide App;~n~4MSH ~l-~gMAF: Set up media delivery session\n\BM6;~n~4MSH-~gAF: Acquire service access information\n\BM5;~n~4AF-~gMSH: Servce access information\n\BM5;~n~4//hide AF;~n~4MSH ~l-~gMAF: Media delivery\nsession established\n\BM11;~n~4//hide MSH;~n~4MAF~l-~gSL1~l-~gAP [arrow.type=dot]: Establish media delivery transport\n\BM4 + M2;~n~4App--AP: Media delivery session started; ~n};~n~nvspace 20;~nbox [number=no, tag=~qloop~q, fill.color=MScolour,0.3]: \B\IMedia delivery session {~n~4MAF~l-~gSL1~l-~gAP [arrow.type=dot]: Media delivery via SL1\n\BM4 + M2;~n~4hide AScontainer;~n~n~4vspace 10;~n~4show Core;~n~4show OAM;~n~n~4vspace 10;~n~4EIAF-~gEIF [delta]: Network EC information subscription\n\BE12; ~n~7~n~4vspace 20;~n~4~n~4box [delta, number=no, line.corner=round, line.color=none, fill.color=CoreColour,0.4]: \B\IQoE reporting based on QMC framework {~n~8~n~8~n~8-- [line.color=red] {~n~9~3~n~9~3OAM~l-~gPCF:Configure QoE measurement;~n~9~3~n~8};~n~8PCF-~gAF: Activate QoE metrics\n\BN5;~n~8~n~8hide PCF;~n~8AF-~gMSH: Request current QoE metrics;~n~8MSH~gMAF: Subscribe to current QoE metrics[number=no]; ~n~8MSH~lMAF: Publish Current QoE metrics[number=no];~n~8MSH-~gAF: Report current QoE metrics (Duration T =~l x ms);~n~8hide MSH, AF;~n~8AF-~gOAM: Report current QoE metrics;~n~8OAM-~gNWDAF: Optional: Report QoE metrics \nfor further data analytics;~n~8~n~9~n~9 hide OAM, NWDAF;~n~4};~n~4~n~4vspace 10;~n~4show AFcontainer, AScontainer;~n~4vspace 10;~n~4hide SL1, SL2;~n~4box [delta, number=no, line.corner=round, line.color=none, fill.color=EIcolour,0.2]: \B\IEnergy consumption monitoring and reporting of AS {~n~8EIAF-~gAS [delta]: Request Media AS service locations energy consumption metrics\n\BE12;~n~8AS-~gEIAF [delta]: Media AS service locations energy consumption metrics;~n~8hide AS;~n~8EIAF-~gEIF [delta]: Media AS service locations \nenergy consumption metrics\n\BE12;~n~8hide EIF;~n~8AF--EIAF [delta]: Media AS\nmetrics processing;~n~8vspace 5;~n~8AF--EIAF [delta]: Map Media AS and\nUE application features\nbased on UE and AS metrics;~n~4};~n~4hide AF;~n~n~4vspace 10;~n~4box [number=no, line.corner=round, line.color=none, fill.color=EIcolour,0.2]: \B\IService location reselection {~n~8show MSHcontainer;~n~8EIAF-~gEIC [delta]: Send configuration information with the list of most energy-efficient Media AS service locations currently available\n\BE5;~n~8EIC-~gMSH [delta, number=no]: \IInternal;~n~8MSH--MSH [delta]: Select service endpoint\nbased on UE characteristics;~n~8MSH-~gEIC [delta, number=no]: \IInternal;~n~8EIC-~gEIAF [delta]: Modification decision notification\n\BE5;~n~8hide EIAF;~n~8MSH-~gMAF [delta]: Switch to new service location\n\BM11;~n~8show SL2;~n~8MAF~l-~gSL2~l-~gAP [arrow.type=dot]: Establish media delivery transport with new service location\n\BM4 + M2;~n~8MAF-~gMSH: Media delivery session established\n\BM11;~n~9~6~n~8MAF~l-~gSL2~l-~gAP [arrow.type=dot]: Media delivery via service location SL2\n\BM4 + M2; ~n~4};~n};~n~|]
Figure 7.13.3-1: Procedures for application serverMedia AS service location re-selection based on energy characteristics
[bookmark: _Toc193473789]The call flows and procedures are described below:
Assumption: The Application Provider may deliver Service Access Information through reference point M8. The Service Access Information delivered to the media aware Application may have information about different Service Operation Points accessible through each of the DNs. For example, an enterprise may utilise an enterprise-specific service location of the Media AS (e.g., hosting enterprise-related video tutorials). 5G Media Streaming sessions for enterprise-related video tutorials use the PDU Session terminating in the enterprise-specific service location of the Media AS, while some other video tutorial requests are sent through PDU Sessions terminating in a different service location of the Media AS. 
In the below call flow, steps 1 to 8 are retained from the baseline procedure for downlink media streaming found in clause 5.9 of TS 26.501 [26501], which is common steps followed to establish any media downlink session establishment. However, as stated earlier, the proposed solution is applicable for uplink, downlink and RTC architectures as well.
These steps follow the usual setup while establishing a downlink media delivery session between the UE and the 5GMS AS. However, they are adapted for the generalised Media Delivery architecture The Media-aware Application requests a media delivery session, following which a media delivery session is established, and the media is transferred between the Media Client and the Media Application Provider via the Media AS. The media delivery session starts at step 8. Based on step 1 to 8, an on-going media delivery session is established.
9.	The Energy Information AF subscribes to EIF to be informed and to receive energy-related information from the different NFs.	Comment by Richard Bradbury: Wouldn’t this step happen once after provisioning, but before media delivery session initialisation rather than multiple times inside the media delivery loop?	Comment by Daniel : I agree, that is one way, as proposed by solution 11a from Orange; so I am proposing this possibility of subscribing to EC information after the session is started. 
Steps 10-15: Reporting UE-related and apps-related QoE metrics.	Comment by Richard Bradbury: This phase isn’t very well explained.	Comment by Daniel : Modified it now. As well as in the call flows. 
10.	The OAM periodically requests the UE to report its current QoE. In order to do this, the OAM It first reaches the 5G Core entities, such as PCF and SMF via N5 and N7 interfaces respectively.	Comment by Richard Bradbury: This is a configuration step in the sequence diagram, not a periodic request.
Is there a missing step?
Looks like a major delta requiring a new reference point between OAM and Media AF.
Why wouldn’t the OAM make a direct request to the UE via RAN?	Comment by Daniel : QoE subscription and configuration is carried out in step 10 as per TS 36.300, but the actual collection is periodic. 

Yes, it is possible to do it via RAN. Since we leverage on Media AF, I chose to do it this way. 
11.	The PCF5G Core forwards this request to the Media AF.
12. The Media AF requests the MSH for QoE metrics of the Media Player of the current session. 
132.	The Media EIAF MSH in return forwards this to Media AF (after querying the current QoE information from Media Access Function)EIC.Media Session Handler.
13.	The Media Session Handler (after querying the current QoE information from Media Access Function), reports this information to the Media AF.
14.	The Media AF now forwards this information to the OAM5G core, which in turn forwards this to the OAM. This way, the UE periodically reports the QoE metrics upon request from the OAM.
NOTE:	 This could be for instanceis, based on the QMC framework, as described in clause 23.16 of TS 36.300 [36300] Clause 23.16, where UE provides application relevant metrics, limited to a certain duration of X ms, in order to protect the user privacy.	Comment by Richard Bradbury: It or isn’t it based on the QMC framework? Decide!	Comment by Daniel : It is corrected now. 
15.	The NWDAF retrieves this information from OAM for further analyticsanalysis.	Comment by Richard Bradbury: Nothing more seems to be done with this information.
So what is its purpose?	Comment by Daniel : It is an optional step to indicate that this collected and reported information could be used for further analysitcs. 
Steps 16-20: Reporting Application Server related metrics.
16.	The Energy Information AF requests the EIF to report the energy-related characteristics of Media AS fromfor individual service locations. This could be for instance, the total KW/hr of energy consumed by each Media AS service location for a particular time period. This time period is left to the Media Application Service Provider or the owner of Media AS of the service location to define. This is done as part of the provisioning in the beginning. 	Comment by Richard Bradbury: In Rel-19, we established an interaction pattern where the Media AS is configured (via Service Access Information obtained at reference point M3) to provide QoE metrics periodically to the Media AF (also at reference point M3).
Why is that not sufficient to support this Use Case?	Comment by Daniel : Yes indeed, but does that also include energy related metrics from the AS to the AF? If yes, then its good, if not, then that is the gap im trying to fill.	Comment by Richard Bradbury: Is this a provisioning parameter?
Looks like there is a missing provisioning step earlier on.	Comment by Daniel : I had the opinion that this is done is provisioning step, but without explicitly mentioning it. I have now added some texts.
17.	EIAF collects (or retrieves) the energy-related information of each Media AS service locations from the Media AS.	Comment by Richard Bradbury: The EIF only collects energy usage from Network Functions, and Application Servers are not Network Functions. A different solution is needed here.	Comment by Daniel : This is corrected now.
18.	EIAF reports this energy-related information to the EIAEIF. Following this, the EIAF forwards this information to the AF.	Comment by Richard Bradbury: Is this the existing QoE metrics, or some new form?
The introductory clause doesn’t explain.	Comment by Daniel : It is existing QoE metrics	Comment by Richard Bradbury: That doesn’t seem right.	Comment by Daniel : This is corrected now
19.	Based on this information, the Energy Information AF and the enclosing Media AF now internally processes the received energy-related information about the Media AS service locations.
20.	The Energy Information AF and Media AF maps the UEs with the Media AS service locations, based on the BaseURL of the service location of the Media AS as well as based on the reported UE-related metrics and the service location of Media AS energy-related information.	Comment by Richard Bradbury: More detail needed here, I think.	Comment by Daniel : It is corrected now
In steps 21 to 278 the Media AS service location is reselected based on the reported energy-related characteristics.
21.	The Energy Information AF sends the new configuration information to the UE client (EIC of the Media session Handler), with the list of newly available mMedia ASs service location endpoints, as per clause 5.19.3.3. of the present document. This is could be sent as a meta-data to the UE client, via M5 interface via Service Access Information which may include Media Player Entry URLs and BaseURL of the new mMedia AS service location endpoint as per clause of TS 26.501.	Comment by Richard Bradbury: I read this as list of service locations (and their energy characteristics).
Are you proposing to reuse the existing mechanism for sending Service Access Information update notifications to the Media Session Handler? If so, please cross-reference it.	Comment by Daniel : Yes, added a reference now.	Comment by Richard Bradbury: We’re not interested in possibilities here.
What is your proposed solution?	Comment by Daniel : It is corrected now	Comment by Richard Bradbury: That’s a pretty huge delta compared with now.
Needs further detail in order to assess the gap.	Comment by Daniel : Im proposing to reuse the existing mechanism for sending Service Access Information update notifications to the Media Session Handler	Comment by Richard Bradbury: The Media Player Entry URL is only needed to start the media delivery session. Why would a new one need to be delivered?	Comment by Daniel : It is my understanding that if you choose a new service location of the Media AS, you may need a new media player entry URL.
22.	The UE clientMedia Session Handler selects a new Media AS service location for its current session without modifying the on-going session. This is done based on the information provided in the Media Player Entry by the Media Session Handler.	Comment by Richard Bradbury: I think the Media Session Handler is the most likely decision-maker.	Comment by Daniel : It is correct. 	Comment by Richard Bradbury: Don’t get this part.
What is the mechanism you have in mind here?	Comment by Daniel : Wrong statement. 
23.The Media Sesson Handler now restarts the media playback with the Media Access Function.	Comment by Richard Bradbury: Restarting the media delivery session is very undesirable.
We want the existing media delivery session to continue seamlessly from the new service location.
Suggest removing this step altogether.	Comment by Daniel : It is corrected now
234.This results in the Media Session Handler sending a notification to the Media AF about the modification of Media AS service location endpoint.
245.	The Media Session Handler requests the Media Access Function to switch to new Media AS service location.
256.	The existing media delivery session now successfully modifiedA new media delivery transport session is established with the new"EAS2" service location of the Media AS.
267.	The Media Access Function notifies the Media Session Handler of the successful establishment of the new Mmedia delivery transport session in the previous stepwith the new Media AS service location establishment confirmation is sent from the Media Access Function to the Media Session Handler.
278.	Media delivery session is established between Media Session handler and Media Access Function.	Comment by Richard Bradbury: What is this step?
Seems redundant.	Comment by Daniel : It is removed
29.	Media delivery starts to/fromvia the new Media AS service location "Service Location 2 (SL2)".
7.13.4	Summary
This Candidate Solution introduces a mechanism for enabling Media Application Providers to dynamically select the most energy-efficient Media AS service location. The proposed methods are applicable to downlink media sessions, but also for uplink media sessions and RTC communication sessions. This is based on the following factors:	Comment by Richard Bradbury: Surely it’s the Energy Information AF and Media Client that jointly make this selection based on recent energy-related information received from the network and from the UE.
The Media Application Provider plays no active role in this selection; merely a passive role in provisioning something (which is currently absent from the call flow).	Comment by Daniel : It is modifed now. 
1.	UE application and characterisation data: Information pertaining to the User Equipment (UE), factors such as, current QoE, and application-specific needs (e.g., resolution, bit rate).	Comment by Richard Bradbury: I couldn’t find a description of that earlier on.	Comment by Daniel : Added now under functional description
2.	Energy efficiency metrics from Network Operator: Energy-related characteristics of the application serversMedia AS whose service locations are deployed in different Edge Data Networks, provided by the mobile network operator. These metrics, including server power consumption profiles and energy performance indicators, are transmitted through the Energy Information Function (EIF) to the Energy and Infrastructure Application Function (EIAF) within the Media Application Function (Media AF).	Comment by Richard Bradbury: (Not valid in the SA2 architecture.)	Comment by Daniel : Agreed
This approach aims to optimise the energy consumption of multimedia content delivery, particularly video streaming services, while maintaining service quality within defined thresholds by enabling client-based Media Application Server selection based on asynchronous notification to the Media Client as specified in TS 26.512.
The candidate solution operates entirely within the network layer, which involves the UE, QoE characteristics as the steering and optimisation mechanisms are fully supported by standard adaptive streaming frameworks. This ensures compatibility with existing adaptive streaming ecosystems, preserving end-user experience while reducing the environmental footprint of content delivery.	Comment by Richard Bradbury: Not true. Steps 9, 10 and 11 of the call flow are new.
Step 18, 19 and 20 also impact the UE.
End of changes
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