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1. Introduction
During the recent SA4 meetings (SA4-e- AH MBS SWG Post 133e and SA4-AH MBS SWG in Paris), FS_Energy_Ph2_MED work progressed and agreed on including some use cases from SA1 TR 22.883 into SA4 TR 26942. Further, key issues on media application server energy management, client-driven management of media delivery service energy optimization, and energy-related configuration by the Application Service Provider for media delivery services were agreed. This contribution discusses some of the above use cases and options for way forward on drafting potential solution for key issue #4 on energy-related configuration by the Application Service Provider for media delivery services. 
2. Background
This clause describes the agreed use cases and key issue on energy-related configuration by the ASP. 
2.1 Agreed key issue description on energy-related configuration by the ASP for media delivery services
The description for this key issue in TR 26942 specifies that it is mportant for Application Service Providers to have control over the energy conservation of the networks they utilize. This is obvious from various works in different 3GPP groups that are working on exposing energy consumption information to authorized 3rd party service providers. The key issue description further describes that Application Service Providers may define maximum energy credits, associate energy consumption with billing, and enforce energy consumption limits, ensuring that services operate within sustainable parameters. The Application Service Providers may request the network to optimize energy efficiency without compromising user experience. The description further states that supporting degraded service levels and enabling third-party interventions underline the importance of integrating energy-aware configurations, which ultimately contribute to reducing the environmental impact of mobile networks while maintaining service quality and regulatory compliance. 
The key issue intends to study on:
1. How can the ASP specify to the network the possibility to use 5G system capabilities to optimize energy consumption of its service?
2. How can the ASP specify to the network the possibility to degrade media delivery on its service and at which level?
2.2 Agreed use cases in TR 26942 relevant to key issue on energy-related configuration by the ASP
Clause 5.1 of TR 26942 lists the baseline use cases defined by SA1 extracted from TR 22.882 and TR 22.883 that fall within the scope of FS_Energy_Ph2_MED study. Below is the extract of three use cases from this clause that are relevant to key issue on energy-related configuration by the ASP. 
Note: There may be other use cases in this clause that are also relevant to this key issue, but this contribution focuses on the aspects covered in these use cases.
	-	Use case 5.1 on energy saving service for UE: When subscribing specific network services (e.g., for AR, XR applications), users will have opportunities to choose energy saving services based on their requirements.
NOTE 1:	The SA1 use case description referenced above is focused on AR and XR applications. In the context of media delivery, for instance, mapping the subscriber’s to preference for energy saving actions onto 5GMS or RTC system optimizations seems relevant to the present document.
-	Use case 5.2 dynamic service adjustment support in the network based on energy information: Overall reduction in energy usage and prioritizing usage of renewable energy sources (whenever available) over non-renewable energy sources could lead to dynamic service adjustment at both user and network levels in order to reduce energy consumption.
NOTE 2:	The SA1 use case description referenced above is focused on renewable/non-renewable energy. In the context of media delivery, for instance, it seems relevant to allow the media delivery system to limit video quality, for example, by leveraging 5GMS or RTC system optimizations in order to ration energy usage.
-	Use case 5.7 on tolerance to QoS degradation due to network energy saving: Network energy saving techniques try to optimize energy consumption without degrading the network QoS. Sometimes, the MNO may identify further energy saving opportunities, but at the cost of network QoS degradation. Tolerance to QoS degradation can vary case by case depending on the current UE/user activity, in particular based on the specific application/service.
NOTE 3:	In the context of media delivery, QoE degradation can also be considered in addition to network QoS degradation. For instance, while end user QoE could be maintained down to an acceptable QoS floor, below this level, there is likely to be an impact on the QoE.


 
From the above use case descriptions, following are the topics that may be relevant for configuration by the ASP. More details about the relevance are presented in the next clause. 
-	From Use case 5.1 on energy saving service for UE: ASP may provide different energy saving services with their requirements, and the users will have the opportunities to select what they want
-	From Use case 5.2 on dynamic service adjustment support in the network based on energy information: ASP may provide information about what and how the dynamic service adjustments may happen in order to reduce energy consumption
-	From Use case 5.3 on tolerance to QoS degradation due to network energy saving: ASP may provide information to assist on network QoS degradation, and tolerance to such degradations 
 
3. Discussion
This clause describes whether the current capabilities in the 5GMS system support the configuration listed in the above use cases. This clause also presents the possible enhancements to support the configuration of those requirements in case they are not already supported.  
3.1 Different energy services with their requirements
Using M1 Provisioning API, an ASP configures a media service at a 5GMS AF. As specified in clause 5 of TS 26510, each service configuration is associated with provisioning information for 5GMS featues such as content protocol discovery, server certificate provisioning, content preparation provisioning, edge resources provisioning, dynamic policy provisioning, content hosting and publishing provisioning, metrics reporting provisioning, consumption reporting provisioning, and event data provisioning. Using the M1 API, the ASP can provision one or more energy saving media services at the 5GMS AF with their requirements. No enhancement are required to the existing M1 API to support the requirement for the use case wherein the ASP provides different energy saving services with their requirements. The energy saving media services are provisioned at the 5GMF using existing M1 API, and the user is provided with opportunities (e.g., using M5/M8 Service Information) so the user can select the service of choice. 
Impact to existing 5GMS Architecture to support this use case requirement
None
3.2 Dynamic service adjustment support in the network based on energy information
This requirement proposes that dynamic adjustment (likey a degradation) in the network be made possible at both user and network levels based on energy configuration information. There has been some discussion in 3GPP SA4 MBS group on this topic. There were comments during the discussion that the ‘service’ in question here is not the application service but the underlying bearer service i.e. the network may choose to degrade the performance of the underlying bearer service because of the configured energy consumption requirements. There were follow up comments that even though it is the underlying bearer service whose quality gets adjusted or degraded because of energy consumption requirements, there will be an impact to the application service running on top of the degraded bearer service as a result. 
The following options are possible to realize the use case requirement on service adjustment support in the network.  
	Option
	5GMS Provisioning information
	Network Behavior
	5GMS Operations
	What needs to be defined/enhanced

	1
	No energy configuration at 5GMS AF. Configuration of energy information/constraints is performed outside the scope of 5GMS configuration
Impact to 5GMS Provisioning: None
	· Network decides to adjust bearer service. No information is notified to any of the 5GMS entities 
	None
	None

	2
	No energy configuration at 5GMS AF. Configuration of energy information/constraints is performed outside the scope of 5GMS configuration

Impact to 5GMS Provisioning: None

	· Network decides to adjust bearer service. 
· 5GMS AF is notified that one or more application sessions are going to be impacted because of a network decision to degrade the quality of  underlying bearer connections as a result of energy conservation tasks.
	· 5GMS AF, may inform other 5GMS entities, including the 5GMS Client of possible impact. 
· The 5GMS Client may inform the 5GMS Aware Application of the same
	· How does the 5GMS AF gets informed of impacted application sessions
· How the 5GMS AF notifies other 5GMS entities e.g., the 5GMS Client of possible impact
· How the 5GMS Client informs 5GMS Aware Application of possible impact  

	3
	Energy parameters are provisioned in the 5GMS SystemEnergy information is configured at the 5GMS AF using M1 Provisioning API. 
The configured energy information is minimal, for instance, type of energy source (renewable/non-renewable), enable energy rationing in the network etc.

Impact to 5GMS Provisioning: Minimal
	· Network entities are provided with energy information of application sessions by the 5GMS AF 
· Network uses the energy information to monitor their underlying bearer connections
· Network decides to adjust bearer service of one or more of application sessions. 
· 5GMS AF is notified that one or more application sessions are going to be impacted because of a network decision to degrade the quality of  underlying bearer connections as a result of energy conservation tasks.  
	· 5GMS AF, may inform other 5GMS entities, including the 5GMS Client of possible impact. 
· The 5GMS Client may inform the 5GMS Aware Application of the same
	· Format of energy information to be provisioned at the 5GMS AF
· How does the 5GMS AF gets informed of impacted application sessions
· How the 5GMS AF notifies other 5GMS entities e.g., the 5GMS Client of possible impact
· How the 5GMS Client informs 5GMS Aware Application of possible impact

	4
	Energy parameters are provisioned in the 5GMS SystemEnergy information along with assistance information for service adjustment is configured at the 5GMS AF using M1 Provisioning API. 
The energy provisioning information may include:
· Types of energy sources (renewable/non-renewable etc)
· Enable energy rationing 
· Time periods for energy rationing
· Limits (or parameter values) of drop off in application quality due to energy conservation tasks
· Expected 5GMS Client behavior when drop off in quality is observed (e.g., some Policy Templates may not be applicable, limits on network boost during network assistance etc.) 
· More..

Impact to 5GMS Provisioning: Some
	· Network entities are provided with energy information of application sessions by the 5GMS AF 
· Network uses the energy information to monitor their underlying bearer connections
· Network decides to adjust bearer service of one or more of application sessions. 
· 5GMS AF is notified that one or more application sessions are going to be impacted because of a network decision to degrade the quality of  underlying bearer connections as a result of energy conservation tasks.  
	· 5GMS AF, may inform other 5GMS entities, including the 5GMS Client of possible impact. 
· The 5GMS Client may inform the 5GMS Aware Application of the same
· 5GMS AF may invoke necessary operations to support expected 5GMS Client behavior during the adjustment period
	· Format of energy information to be provisioned at the 5GMS AF
· How does the 5GMS AF gets informed of impacted application sessions
· How the 5GMS AF notifies other 5GMS entities e.g., the 5GMS Client of possible impact
· How the 5GMS Client informs 5GMS Aware Application of possible impact
· Operations to support 5GMS Client behavior



Impact to existing 5GMS Architecture to support this use case requirement
Depending on the option preferred in the above table, following (enhancements) need to be defined:  
-	How does the 5GMS AF gets informed of impacted application sessions by the network
-	How does the 5GMS AF notify the 5GMS Client of upcoming/ongoing service adjustment, and the reason for such adjustment 
-	Format of energy provisioning information to enable service adjustment for media services
-	Necessary 5GMS operations to support the 5GMS Client during service adjustment  
 
3.3 Tolerance to QoS degradation due to network energy savings
This requirement proposes that the 5G System allows tolerance to possible QoS degradations due to network energy savings. Furthermore, the requirement proposes that the MNO may identify energy saving opportuntites at the cost of network QoS degradation. As described in the use case, tolerance to QoS degradation can vary case by case depending on current UE/user activity, in particular based on the specific application/service. In context of media delivery, QoE degradation can also be considered in addition to QoS degradation.
Question
Before studying the impact of the requirement described in this use case on 5G Media Streaming, it is necessary to define what is the meaning of tolerance for QoS/QoE degradation for media delivery due to network energy savings.     
The following options may be possible to realize the use case requirement on tolerance to QoS/QoE degradation due to network energy savings.  
	Option
	5GMS Provisioning information
	Network Behavior
	5GMS Operations
	What needs to be defined/enhanced

	1
	No tolerance configuration at 5GMS AF. Configuration of tolerance information is performed outside the scope of 5GMS configuration 
Impact to 5GMS Provisioning: None
	· Network decides to degrade QoS of underlying bearer because of energy saving actions. No information is notified to any of the 5GMS entities 
	None
	None

	2
	No tolerance configuration at 5GMS AF. Configuration of tolerance information is performed outside the scope of 5GMS configuration.

Impact to 5GMS Provisioning: None

	· Network decides to degrade QoS of underlying bearer because of energy saving actions. 
· 5GMS AF is notified that one or more application sessions are going to be impacted because of a network decision to degrade QoS of the underlying bearers as a result of energy conservation tasks.
	· 5GMS AF, may inform other 5GMS entities, including the 5GMS Client of possible impact. 
· The 5GMS Client may inform the 5GMS Aware Application of the same
	· How does the 5GMS AF gets informed of impacted application sessions
· How the 5GMS AF notifies other 5GMS entities e.g., the 5GMS Client of possible impact
· How the 5GMS Client informs 5GMS Aware Application of possible impact

	3
	Energy parameters are provisioned in the 5GMS SystemTolerance information configured at the 5GMS AF using M1 Provisioning API. 
The tolerance energy provisioning information may include:
· Types of energy sources (renewable/non-renewable etc)
· Offsets or absolute parameter values of drop off in application QoS/QoE due to energy saving actions
· More..

Impact to 5GMS Provisioning: Some
	· Network entities are provided with tolerance information of application sessions by the 5GMS AF 
· Network uses the tolerance information to monitor their underlying bearer connections
· Network decides to degrade QoS of underlying bearer because of energy saving actions
· 5GMS AF is notified that one or more application sessions are going to be impacted because of a network decision to degrade QoS of  underlying bearers as a result of energy conservation tasks.  
	· 5GMS AF, may inform other 5GMS entities, including the 5GMS Client. 
· 5GMS AF may check if QoS/QoE of application degraded beyond configured tolerance
· 5GMS AF may wait to hear from 5GMS Client about degradation in QoS/QoE
· The 5GMS Client may inform the 5GMS Aware Application of the same
	· Format of tolerance information to be configured at the 5GMS AF
· How does the 5GMS AF gets informed of impacted application sessions
· How the 5GMS AF notifies other 5GMS entities e.g., the 5GMS Client
· How the 5GMS Client informs 5GMS Aware Application
· How does the 5GMS AF check/infer if QoS/QoE of application is degraded beyond configured tolerance
· Any 5GMS operations to restrict because of exceeding configured tolerance



Impact to existing 5GMS Architecture to support this use case requirement
Depending on the option preferred in the above table, following (enhancements) need to be defined:  
-	What is the meaning of tolerance for QoS/QoE degradation to media services
-	How does the 5GMS AF gets informed of impacted application sessions by the network
-	How does the 5GMS AF notify the 5GMS Client of upcoming/ongoing QoS/QoE degradation, and the reason for such degradation 
-	Format of tolerance provisioning information for media services
-	How does the 5GMS AF check/infer if QoS/QoE of application is degraded beyond any configured tolerance
-	Any 5GMS operations to to be restricted because of exceeding configured tolenrance  
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It is proposed that each of the options in clauses 3.2 and 3.3 be discussed and a way forward is agreed for them. Further, discussion documents and CRs specifying detailed call flows for those options, and changes to existing data model definitions specified in TS 26510 to support those options be allowed to be submitted to the upcoming meetings.   
