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Abstract of the contribution: This contribution update solution #26 to include the warning notification procedure.
1	Discussion
Solution #26 proposes a new policy negotiation for energy aware data transfer. However, if there are (significant) changes in the energy aspects of network (e.g., considerable change in renewable energy or energy consumption of NF due to infrastructure updates) or degradation in network performance, then the negotiated policy may not satisfy the requirements and/or not optimized from energy perspective. In this case, a warning notification may need to be sent to AF to update the policy. This paper proposes the warning notification for the EADT policy. Moreover, the impact of this solution on the entities and interfaces are captured in more details.  
2 Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.700-66 according to the following text.

[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]

[bookmark: _Toc148441670]********** First Change **********
[bookmark: _Toc161043289]6.26	Solution #X26: Energy Aware Data Transfer Policy Negotiation
[bookmark: _Toc161043290]6.26.1	Key Issue mapping
The proposed solution maps to the following aspect of KI#2:
[bookmark: _PERM_MCCTEMPBM_CRPT48150004___7]‐	Whether and how to enhance the existing subscription and policy control framework to support energy related information as service criteria.
-	Whether and what new energy related policies are to be defined, and how to perform energy related policy control, e.g. to determine, provision and enforce energy related policies.
[bookmark: _Toc161043291]6.26.2	Functional Description
Currently, PCF provides two services "Npcf_BDTPolicyControl" and "Npcf_PDTQPolicyControl" that allow AF to negotiate with 5GC for "Background Data Transfer" (BDT) and "Planned Data Transfer with QoS requirements" (PDTQ), respectively. However, these policies do not consider the energy-related aspects. To support energy related information as service criteria, it is proposed to extend 5GC functionalities to provide a service similar to BDT and PDTQ that allows AF to negotiate "Energy Aware Data Transfer" (EADT).
The overall procedure of EADT is similar to that of BDT and PDTQ policy negotiation procedures. AF initiates the negotiation by specifying its desired settings (e.g. desired time window and/or desired QoS profile). PCF takes this request and considering the AF preferences and also the status of the network (which can be predicted by NWDAF for time windows in future) creates a number of policies (indicating time window, QoS profile and energy-related information) and shares them with AF; then AF selects a policy and inform the PCF. Later, AF requests the QoS flow in the time window specified in the selected policy.
In the proposed solution, there are two differences in the EADT policy negotiation, in comparison to the BDT and PDTQ policy negotiations: 1) the AF can specify its adaptability/flexibility in terms of QoS level and transfer time; and 2) PCF also takes the energy-related aspect of service provision into account and consequently, the derived policies consider energy-related information as service criteria. The details of these two aspects are explained in the following paragraphs.
To consider energy related information as service criteria, AF may adapt the transfer of the data in two aspects:
-	QoS requirements Adaptability: On one hand, providing different QoS levels by 5GS may consume different amounts of energy; on the other hand, similar to the "Alternative QoS Profile" concept, different QoS profiles might be acceptable for the AF. Hence, for the energy aspects of the service (e.g. energy consumption, and carbon emission), the AF can indicate its adaptability in terms of QoS requirements either by 1) providing a list of acceptable QoS profiles or 2) providing a desired QoS profile and indicating the level of flexibility in terms of QoS requirement (e.g. "0" implies no flexibility and "100" means full flexibility).
-	Transfer time Adaptability: Energy related aspect of a service (e.g. renewable energy consumption ratio) may differ in different time windows, consequently, to consider energy related information as service criteria, similar to the BDT and PDTQ policies, AF may adapt the transfer time of the data. AF can specify its adaptability either by 1) providing a list of acceptable transfer time windows or 2) providing a desired transfer time windows and indicating its level of flexibility in terms transfer time with respect the desired window (e.g. "0" implies no flexibility and "100" means full flexibility).
Accordingly, in the proposed solution, in addition to the parameters that existing in the BDT and PDTQ policies such as "data volume", "Desired time window", "Desired QoS profile", the AF can also indicate its level of adaptability in terms of QoS requirements and/or transfer time.
PCF is the NF responsible for deriving the policies and responding to the AF. The policies are derived based on the AF desired settings and also considering network status. To support energy related information as service criteria, in deriving the policies, PCF considers not only availability of the network resources but also energy related aspect of service provisioning, that may include:
-	Energy related information of RAN segment of the service.
-	Energy related information of the 5GC segment of the service.
-	Energy consumption of the service.
-	Energy efficiency of the service.
-	Carbon emission of the service.
-	Renewable energy consumption ratio of the service.
For this purpose, at the first step, according to the (desired) transmission time window(s), (desired) QoS profile(s) and the corresponding levels of adaptability provided by AF, PCF derives a number of "Transmission Opportunity" options where each option is composed of (i) transmission time and (ii) QoS level. Each option is time window and QoS level proposal for the AF to transmit the data. In the second step, PCF needs to evaluate each option considering both the network resources and the energy aspects. The PCF is already capable of evaluating network resources for example in PDTQ policy negotiation. Since obtaining the energy related information and evaluating the transmission opportunities would require additional communication and computation; hence, to facilitate this procedure, two enhancements in 5GC are proposed in this solution:
-	Introducing a new NF named EECF (Energy Efficiency Control Function) to evaluate transmission opportunities from energy perspective.
-	Extending the functionality of NWADF to provide energy related analytics.
EECF is responsible for providing (an estimate) of the energy related aspect of each option to PCF. The information provided by EECF to PCF includes the following items per transmission opportunity, i.e. the following estimations/predictions if data is transferred in the specified time window with the specified QoS level of the option:
-	Estimated/Predicted energy consumption/efficiency
-	Estimated/Predicted carbon emissions
-	Estimated/Predicted ratio of renewable energy
For this purpose, EECF may use analytics provided by NWDAF. The functionality of NWDAF is enhanced to provide energy related analytics to predict the status of the network from energy perspective in future time windows.
NOTE:	Enhancing NWDAF functionalities to provide energy analytics is discussed in Sol#12 of KI#3 and it is assumed that energy related predictions (including energy consumption, carbon emissions and renewable energy) will be provided in the QoS level.
Once, PCF has the energy related information of a transmission opportunity, it derives the corresponding policy considering resource availability and operator's policy. Finally, PCF send the list of the policies to the AF. AF evaluates the polices and selects one of them and informs the PCF. Later, AF request the QoS flow at the time specified in the selected policy.
Editor's note:	Whether the EECF new function is needed is FFS (e.g. consider whether PCF can support the needed functionalities of EECF).
[bookmark: _Toc161043292]6.26.3	Procedures
[bookmark: _Toc5273][bookmark: _Toc104433408][bookmark: _Toc104467527][bookmark: _Toc113350253][bookmark: _Toc104467860][bookmark: _Toc122517410][bookmark: _Toc161043286]6.26.3.1	Energy-Aware Data Transfer negotiation procedure 
The procedure depicted in Figure 6.26.3-1 allows AF to negotiate an energy aware time window with specified QoS level to transmit data.


Figure 6.26.3-1: Negotiation for energy aware data transfer
Prior to the transfer of the data, the AF negotiates with the 5G Core for the EADT policies. At first, AF discovers its serving NEF before starting the following procedure.
1a.	The AF invokes the Nnef_EADTPolicyNegotiation_Create Request (ASP Identifier, target UE), and optionally includes (Desired) time window(s), (Desired) QoS Profile(s), Transfer time adaptability, QoS requirements adaptability.
1b-1c.	The NEF may authenticate the AF and authorize the EADT request from the AF. If the authentication/authorization of the AF's request has failed, the NEF will respond to the AF's request through the Nnef_EADTPolicyNegotiation_Create Response with a failure result and the following steps are skipped.
2.	Based on an AF request, the NEF may translate the information provided by the AF and invokes the Npcf_EADTPolicyControl_Create with the PCF to authorize the creation of the policy.
3.	PCF queries the UDR to retrieve all existing EADT polices using Nudr_DM_Query service operation.
4.	The UDR provides all the stored EADT policies and corresponding related information to the PCF.
5.	Based on the (desired) QoS profile(s) and (desired) transmission time window(s) and also the corresponding level of adaptabilities provided by the AF, the PCF derive a number of transmission opportunity options. Each option is composed of a time window and QoS profile. Then steps 6-9 are performed for each option.
6.	For the given transmission opportunity option, PCF requests the energy related information (including energy consumption, carbon emission and renewable energy) of the option from the EECF.
7-8.	EECF collects the current and also prediction of future energy related information respectively from the OAM and NWDAF and estimates the energy related parameters (e.g. energy consumption, carbon emission, etc.) in the case of transmission of data in the specified time window with the specified QoS level by the transmission opportunity option.
NOTE 1:	To obtain the estimation of energy related parameters, according to Sol#12, EECF subscribes to the "Energy information" where the Target of Analytics Reporting is the UE ID (specified in the AF request), preferred granularity level is the QoS level, and the Analytics target period is the time window of the given transmission opportunity option.
9.	EECF provides the estimated energy related information of the transmission opportunity option to the PCF.
10.	Based the information provided by the EECF and considering other relevant factors such as network resource availability, operator's policy on energy, the PCF determines one or more EADT policies. Each EADT policy includes a recommended time window, a recommended QoS profile, and corresponding energy related information, for the traffic transfer for each of the AF sessions for each of the UEs involved.
NOTE 2:	Energy-related information can be mapped to a number of levels to avoid exposing real data of the operator's network.
11.	The PCF sends one or more EADT policies to NEF in Npcf_EADTPolicyControl_Create Response including the EADT Reference ID.
12.	The NEF sends a Nnef_EADTPolicyNegotiation_Create response to the AF to provide one or more EADT policies together with the EADT Reference ID.
13.	The AF selects one of the EADT policies and notifies NEF for the selected EADT policy via Nnef_EADTPolicyNegotiation_Update request together with the EADT Reference ID. The AF stores the EADT Reference ID for the future interaction with the PCF.
14-16.	The NEF notifies PCF about the selected EADT policy by the AF. The PCF acknowledges NEF. The NEF responds to the AF request with a Nnef_EADTPolicyNegotiation_Update Response.
17-18.	The PCF stores the EADT Reference ID together with the new EADT policy in the UDR by invoking Nudr_DM_Update. The UDR sends a response to the PCF as acknowledgement.
6.26.3.2	Energy-Aware Data Transfer warning notification procedure 
The procedure depicted in Figure 6.26.3-2 allows PCF to notify AF about the changes either in network performance or network energy that impact the pre-negotiated EADT policies; and then, AF can make an appropriate action.


Figure 6.26.3-2: Energy aware data transfer warning notification procedure
1.	The negotiation for EADT policy as described in clause 6.26.3.1 is completed. Moreover, the PCF has subscribed to network performance related analytics such as "Network Performance" or "DN Performance" from NWDAF and also EECF has subscribed to energy-related analytics from NWDAF and energy-related information from OAM.
2.	NWDAF updates the network performance related analytics and notifies the PCF if there is a (significant, e.g., predicted values crossing some thresholds) degradation in the network performance.
3.	Either NWDAF updates network energy related analytics and notifies EECF if there is a (significant, e.g., predicted values crossing some thresholds) change in network energy prediction or OAM notifies some changes in network energy aspects to the EECF, and then EECF notifies the changes to PCF.
4.	Based on the notification received from NWDAF and/or EECF, PCF determines that update in the EADT policies are necessary.
5.	The PCF requests from the UDR the stored EADT policies using Nudr_DM_Query service operation and gets the list of EADT policies together with the relevant information received.
6.	The PCF identifies a number of the EADT Policies affected. For each of them, steps 7-10 are executed. 
7.	The PCF derives a list of alternative candidate EADT policies using the information obtained from UDR.
8.	The PCF sends the notification to the AF through the NEF including the list of alternative candidate EADT policies.
9.	The AF evaluates the alternative candidate EADT policies.
10. If the AF selects any of the new alternative candidate EADT policies, it requests from PCF to update the policy to the selected one; otherwise, AF restart the EADT negotiation procedure and flows the steps described in clause 6.26.3.1.
[bookmark: _Toc161043293]6.26.4	Impacts on existing services, entities and interfaces
The solution has the following impacts:
EECF:
-	New network functionalities to provide the estimation/prediction of energy-related information (such as energy consumption and carbon emission) of QoS flow.
-	New network functionalities to gather energy and performance related information from NWDAF and/or OAM based on the requirements from the AF.
NEF:
-	Extending service to negotiate, update and warning notification of EADT policy.
PCF:
-	Extending service to negotiate, update and warning notification of EADT policy.
-	Extending functionality to get energy related information of transmission opportunities options.
AF:
-	Extending service to negotiate, update and warning notification of EADT policy.
NWDAF:
-	Extending functionalities to provide energy analytics (e.g. energy consumption, carbon emission, etc.) at QoS flow level which is under study in the context of Sol#12.

********** End of Changes **********
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