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[bookmark: _Toc193794039]7.1	Mapping of Solutions to Key Issues
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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.
2nd change
(All new text)
[bookmark: _Toc193473815]7.15	Solution #13: Optimization of media sessions based on UE energy consumption
[bookmark: _Toc193473816]7.15.1	Key Issue mapping
This candidate solution addresses Key Issue #5 Optimization of media sessions based on UE energy consumption described in clause 6.5.
[bookmark: _Toc193473817]
7.15.2	Functional description
[bookmark: _Toc193473818]7.15.2.1	Introduction
This candidate solution proposes a method that allows a UE/user to dynamically adjust the codec settings based on the information received from the user’s mobility pattern and UE energy consumption (including UE battery status). By leveraging real-time energy consumption predictions under mobility conditions and the UE's location within the cell, the Media Aapplication service pProvider (ASP), in collaboration with the mMobile nNetwork oOperator, ensures that media sessions are both energy-efficient while maintaining acceptable qQuality of eExperience (QoE) during mobility.
As an example, let us consider the situation where a UE has current battery level at X (e.g., 60%) and is travelling by metro/bus/local train. There is a “live football match” which the user likes to watch (which would last for about 90 minutes) with highscenario of a user wishing to watch a 90-minute football match on his UE during an evening commute. The content is available at a variety of video resolutions (e.g. 2k pixelslines). The UE/user or the Application should be able to identifiesy that the current UE battery level X may not be enough to supportwill not last for the duration of the whole match at the current QoE (e.g. 2k pixels) and, in order to be able to watch the whole match, the support of the network is needed tofor optimisezing the Uemedia delivery QoE based on its energy consumption prediction may be needed. This indeed helps both the UE and the network in saving energy saving. 
The following description outlines the process by which a User Equipment (UE) selects media content for viewing and dynamically adjusts the media codec for optimized energy consumption based on mobility patterns, battery status, and service requirements. The process begins with setting up the media session and progresses through energy management, codec adaptation based on mobility, and continuous media playback.
1.	UE energy information collection: The user initiates a request to viewselects media content, such as live streaming of a game,using a Media-aware Application running on the UE, during mobility. The UEMedia-aware aApplication prepares to start the media delivery session. The UEMedia-aware aApplication triggers the initiation of a media delivery session with the Media Session Handler (MSH). The Media Session Handler reachescommunicates with the Energy Information Collector (EIC) instantiated inside it, which gathers data on energy consumption trends based on the UE's mobility. This includes monitoring the impact of location on energy use, as UEs use more power when they are at the cell edge compared to being near the centre of the cell center. A context is created at the UE-endin the EIC that includes an energy consumption prediction related to the UE’s mobility as described in clause 7.6.2.1 of the present document. 	Comment by Richard Bradbury: Could do with an architecture sketch, or at least an explicit reference to a figure elsewhere.	Comment by Daniel : Made an explicit reference
2.	Codec decisionadaptation based on energy consumption status and mobility pattern: The Media Session Handler now reaches the AF to receiverequests information from the Energy Information AF about the predicted energy consumption based on the UE’s mobility pattern from the 5GC. This results in the Energy Information AF subscribing to receive this information from to connect to the Energy Information Function (EIF), which in turn subscribes to receive energy consumption data from the 5GC. as specified in clause 5.51 of TS 23.501  This provides real-time data on the UE’s energy usage based on its mobility patterns. The EIF receives real-time energy consumption predictions that reflect the expected power usage of the UE, given its current location relative to the serving cell and its predicted movement. The NWDAF analytics engine analyses the UE’s mobility pattern and battery status to predict the energy consumption over the course of the media delivery session. These predictions help to fine-tune the media streaming experience, balancing energy efficiency with quality of service.	Comment by Richard Bradbury: Provide reference to relevant definition in TS 23.501 and procedures in TS 23.502/503.	Comment by Daniel : Done.	Comment by Richard Bradbury: Missing a step here!
Where was the battery status shared with the NWDAF?	Comment by Daniel : It doesn’t. The NWDAF predicts the UE mobility pattern only. 
	 Energy consumption data received from the EIF, including predictions based on the UE's mobility, is shared by the Energy Information AF with the Energy Information Collector (EIC) instantiated in the Media Session Handler for furtherto inform future decision-making.
· 	 Based on the received energy consumption data and the current battery status of the UE, the Media Session Handler decides onselects the most energy-efficient media rendition or encoding parameter setcodec (i.e., the codecmedia encoding that which would consume lesser energy) to use for media delivery.  For instance, for downlink media streaming, it’s typically more a choice between renditions of the media (called Adaptation Sets in MEPG-DASH) using the same codec at different bit rates or video resolutions. 	For uplink media streaming, the Media Streamer could adjust its encoding bit rate to consume less energy. For the RTC System, the selection could be a request to the RTC AS to transcode the media to a different bit rate.	Comment by Richard Bradbury: I don’t think it’s just a case of choosing the least energy-intensive codec.
	For downlink media streaming, it’s typically more a choice between renditions of the media (called Adaptation Sets in MEPG-DASH) using the same codec at different bit rates or video resolutions.
	For uplink media streaming, the Media Streamer could adjust its encoding bit rate to consume less energy.
	For the RTC System, the selection could be a request to the RTC AS to transcode the media to a different bit rate.	Comment by Daniel : Thanks for this info. This is useful info. I will amend the existing text with tis info.
This decision aims to balance the quality of the media stream with the UE's energy constraints. Factors ConsideredThe following factors are taken into account in this decision:
-	Battery level: If the UE is low on battery, a more energy-efficient codec with lower bit rate requirements may be chosen.
-	Mobility pattern: The codec selection should also consider whether the UE is moving between cells, which could affect power consumption.
· 	The Media Access Function (MAF)UE  requests an optimised codecmedia encoding for the media session from the Media Session Handler. This could be as stated above, for instance, for downlink media streaming, it’s typically more a choice between renditions of the media (called Adaptation Sets in MEPG-DASH) using the same codec at different bit rates or video resolutions. 	For uplink media streaming, the Media Streamer could adjust its encoding bit rate to consume less energy. For the RTC System, the selection could be a request to the RTC AS to transcode the media to a different bit rate.	Comment by Richard Bradbury: Which function in the UE?
Be more specific.	Comment by Daniel : Media Access Function
The Media Session Handler includestake the following factors into consideration while negotiatingchoosing the optimal codec selection:
-	Media content type: (e.g., video quality, resolution).
-	Content duration: (short or long streaming sessions).
-	UE mobility pattern: (whether the user is stationary or moving).
-	Energy consumption: (current battery status and power consumption based on movement).
3.	Media session update and Datamedia delivery: The Media Session Handler informs the Media Access Function the Application Server of the selected codecmedia encoding, ensuring that the media content is delivered using the optimal encoding formatparameter set by the Media AS. The media content is streamed to the UEdelivered using the chosen codecencoding, with energy considerations integrated into the delivery process. Downlink data transmission occurs in alignment with the codec selection toThis ensures a balance between energy efficiency and end user Quality of eExperience.	Comment by Richard Bradbury: How?
This is new.	Comment by Daniel : Rephrased it.
[bookmark: _Toc187660880][bookmark: _Toc193473786]7.15.3	Procedures
Figure 7.15.3-1 below details the different steps for optimization of media sessions based on UE energy consumption and determining UE mobility characteristics.




 
Figure 7.15.3-1: Procedures for optimization of media sessions based on UE energy consumption
The working assumptions are:
-	Initial connection set-up is established between the smartphone mobile device /5G UE and the Application ServerMedia AS.
Call flows steps:
The basic steps are as follows:
1. Media Session Establishment
The App starts the process by initiating a media session with the media player inside the UE.
The MSH (Media Session Handler) coordinates the media session setup with the MAF (Media AF).
Once the session is set up, the media content is delivered from AS to the media player, and media playback starts.
2. Energy Consumption Estimation Based on Mobility
The App initiates energy information collection via the MSH considering the UE's mobility status.
The MSH initiates a context with EIC informing the EIC to start receiving energy consumption estimates based on the UE's mobility from the 5GC.
The EIC reaches the EIAF.
The EIAF reaches the EIF to subscribe to the relevant energy consumption data to estimate energy needs based on mobility and varying radio conditions.
The EIF may also seek collaboration with NWDAF (Network Data Analytics Function) to calculate the required energy consumption based on predicted mobility.
3. Dynamic codec selection based on energy-related information
Once the energy consumption information is collected, the MSH chooses a codec based on the energy estimation provided by the AF.
The MSH reconfigures the media session, potentially switching to a new codec for better energy efficiency.
The media session is re-established with the new codec, and content delivery continues from the most energy-efficient AS.
1. The UE app asks the Media Access Function (MAF) to launch a media delivery session.  
2.	The Media Session Handler (MSH) coordinates the media session setup with the Media Access Function (MAF).
3. The Media Session Handler (MSH) requests the Media Application Function to establish transport connection. 
4. The Media AF (and Media AS / AP) establish transport connection.
5. Media session is set-up between Media Session handler and Media Access function. 
6.	Once the session is set up, media delivery transport connection is established between the media application server and the media access function.
7.  The media delivery session starts.
8. Media content is delivered from the Media AS to the media access function and media playback starts.
9. The Media-aware Application initiates energy information collection via the Media Session Handler considering the UE's mobility status.
10. The EIC within the MSH registers/subscribes with the Energy Information AF (EIAF) to get energy estimations tied to the UE’s mobility (i.e., how movement will affect energy). The Media Session Handler initiates a context with the Energy Information Collector instantiated inside it, informing the Energy Information Collector to start receiving energy consumption estimates based on the UE's mobility from the 5GC
11. The EIAF subscribes to UE mobility events from the AMF. 
12. The AMF notifies the EIAF of events like handovers or access-type changes. 
13. based on this information received from the AMF, the EIAF now also queries the NEF (and the EIF inside the 5GC) to obtain network-level energy-related data (cell constraints, power-saving states, etc.). 
14. The NEF inturn queries the EIF about network-level enery-related data.
15. EIF feeds back the requested network-level energy related data to the NEF.
16. That is inturn forwarded from the NEF to the EIAF.
17. The EIAF reports network energy exposure and mobility-driven energy estimates to the EIC. The EIC reports this to MSH. 
18.  The MSH processes these inputs to decide whether adaptation is needed.
19.	Based on the energy info and mobility prediction, the Media Session Handler selects an appropriate codec or media configuration to reduce energy use while preserving QoE. 
20. The Media session Handler informs this to the Media Access Function.
21. The MAF/AF/AS coordinate any session modification (For instance, for downlink media streaming, it’s typically more a choice between renditions of the media (called Adaptation Sets in MEPG-DASH) using the same codec at different bit rates or video resolutions. 	For uplink media streaming, the Media Streamer could adjust its encoding bit rate to consume less energy. For the RTC System, the selection could be a request to the RTC AS to transcode the media to a different bit rate).
22.	The session is modified (QoS, codec, source AS) as required and the MAF signals the MSH to start/resume playback with the new settings.
23.	The Media playback loop continues; the UE keeps monitoring mobility and energy signals and repeats the subscribe→notify→adapt cycle as needed.
24. The media session is re-established and continues with the new codec, and content delivery continues from the new AS that is delivering the appropriate codec.

7.13.4	Summary
This Candidate Solution defines a mechanism enabling an UE to manage itsoptimise the energy consumption of an on-going media streamingdelivery session during mobility based on theenergy-related information received from the Energy Information AF instantiated in the Media AF. In collaboration fromassociation with the Energy Information AF and the EIF, the AFfunctions of the Media Delivery System collaborates with the 5GC (5G Core) and/or the Media Application Service Providers (ASPs) to determine the user tolerance to QoE degradation of the User Equipment (UE) to minimise service impact during mobility. In the described mechanism, the 5GC plays a key role by providing timely network signalling that enables the UE, the Media Delivery System, and the Energy Information AF to coordinate energy-optimised behaviour during mobility. The 5GC’s service-based interfaces allow different control-plane functions to exchange energy-related information, mobility events, and session parameters necessary for the Media AF to adapt service delivery without degrading QoE. Together, these signaling flows allow the Media Delivery System to react dynamically to the UE’s mobility context and network energy state. As a result, the UE can maintain a high-quality media experience while minimizing unnecessary energy consumption during transitions across cells, RATs, or network conditions.
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