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1. Discussion 
As it is documented in clause 5.2, the enhancements to subscription and policy control should be studied to support energy efficiency and energy saving as service criteria in SA2. As it has been agreed by SA1 in clause 6.15a.2.2 of TS 22.261:
	Subject to operator’s policy, the 5G system shall support subscription policies that define a maximum energy credit limit for services without QoS criteria.
	Subject to operator’s policy, the 5G system shall support a means to associate energy consumption with charging information based on subscription policies for services without QoS criteria.
	Subject to operator’s policy, the 5G system shall support a mechanism to perform energy consumption credit limit control for services without QoS criteria.
NOTE 1: The result of the credit control is not specified by this requirement.
NOTE 2:	Credit control [49] compares against a credit control limit. It is assumed charging events are assigned a corresponding energy consumption and this is compared against a policy of energy credit limit. It is assumed there can be a new policy to limit energy consumption allowed. 
	Subject to operator’s policy, the 5G system shall support a means to define subscription policies and means to enforce the policy that define a maximum energy consumption (i.e. quantity of energy for a specified period of time) for services without QoS criteria.
NOTE 3:	The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services. 
In this paper, a solution is proposed to enhance the session related management policy control to support energy efficiency and energy saving as service criteria. 
2. Proposal
[bookmark: _Toc524945853]It is proposed to adopt the following changes into TR 23.700-66.   

*** Start of the change ***
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151529368][bookmark: _Toc151529478][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
[bookmark: _GoBack]Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next change (all new text) ***
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc151529369][bookmark: _Toc151529479]6.x	Solution #X: Enhancements to session related management policy control with energy aspects
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc151529370][bookmark: _Toc151529480]6.x.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution maps to KI#2.
[bookmark: _Toc148441678][bookmark: _Toc151529371][bookmark: _Toc151529481]6.x.2	Functional Description 
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]This solution to KI#2 enhances the session management related policy control by including energy related aspects. As required by SA1 in clause 6.15a.2.2 of TS 22.261 [8], the 5GC shall define and enforce subscription and policies considering energy related aspects, e.g. the maximum allowed energy consumption, for services. 
[bookmark: _Toc148441679][bookmark: _Toc151529372][bookmark: _Toc151529482]Considering the significant cost of energy for 5GS operation, subject to operator policies, 3rd party service providers (referred to below as 3rd parties) and network operators may setup energy related limits or requirements for service operation to limit the energy expense. For example, the AF and 5GC may apply the maximum energy consumption allowance or minimum energy efficiency for delivering a service via 5GS to one or more users. AF and 5GC may apply different service operation quality requirements associated to different available energy consumption credit, etc. Considering the above issues, the policy control with energy constraints should be agreed between the 3rd party and 5GC. The agreed policy between 3rd party and 5GC can be used to monitor and manage the session(s) performance to ensure that the 5GS is able to provide the service in the certain energy efficient way. However, in reality, during the service operation, the 5GS operation status could be varied by different reasons and the agreed energy related policy may not be able to be satisfied. In this case, the 5GC may take actions to enforce the energy policy or interact with the 3rd party to notify the new policies. 
In order to generate and enforce the policies with energy related requirements or limits and to provide services in the way that can satisfy the demands of the 3rd party and network operators on energy, interactions between the AF and 5GC to request the energy related policies are needed. The AF sends the energy requirements and limits of a service to the 5GC to ask the 5GC to generate and authorise the policy for service operation. The AF may also optionally indicate some other service requirements along with the energy requirements, if any, i.e. service quality requirements, service time windows, etc. Upon receiving the AF request, the 5GC (i.e. the PCF) will determine the energy related session management policy control. The policy decision will be made by considering multiple information, including the information in the AF request and the relevant information that the PCF collects within 5GS. For example, the PCF can collect the prediction and statistics of energy consumption and efficiency from NWDAF and energy related measurement data to verify whether the energy requirements or limits in the AF request are implementable by 5GS or not. The energy related measurement data (i.e. energy consumption of a PDU session, a QoS flow, UE(s), etc.) can be collected from OAM or energy monitoring and management network function (EMF), if any. The 5GC will also consider the service quality requirements along with the energy information, if indicated by the AF. The determined policy will be notified by the PCF to the AF. 
However, considering the 5GS performance and working principle, the energy related requirements in the AF request could be inapplicable for 5GS. In this case, the 5GS may not grant the AF request or may negotiate with the AF by providing alternative policies including the energy requirements or limits. For example, if the PCF verifies that energy consumption credit provided by the AF is not able to complete the required service, the PCF may not grant the AF request and notify AF about the result. Then the AF may send a new request to the 5GC. Or the 5GC may provide one or more alternative policies including applicable energy related constraints and the corresponding feasible service quality to the AF for negotiation. The AF will notify PCF the final decision on the policy for the service operation. 
During the service operation, in order to enforce the agreed energy related policy, the PCF will request or subscribe to data and notifications that are relevant to energy from multiple data sources. Based on the reporting and notifications, the PCF will take actions to ensure that the agreed energy related policy can be satisfied. For example, the PCF can require energy consumption and energy efficiency related notification from OAM, or the appropriate 5GC NFs (i.e. SMF, EMF if any). If the energy consumption (i.e. of one or more PDU sessions, QoS flows, UEs) reaches a certain level, the PCF may lower the service quality requirements, i.e. by increasing the packet error rate to reduce retransmission to reduce the energy consumption. Or if the PCF is notified that the energy consumption credit is used up, the PCF may determine to revoke the resources allocated to the service and terminate the service, or deactivate / suspend the session for a while until new energy consumption credit is available for service transmission. 
During the service operation, the PCF or AF may trigger policy modification in different scenarios, i.e. the energy consumption credit is changed from the AF side, the 5GC may not be able to provide the service in the agreed manner considering the energy limits and requirement, etc. The PCF can generate new policies subject to operator’s policy and based on data collected within 5GS and AF requirements if any, similar to the above description. Then the PCF will inform the AF of the new policy. Further negotiation between the 5GC and AF on the acceptable policies is also possible. 
This solution provides an approach for the AF and 5GC to determine, modify and enforce the session management policy control considering energy constraints. The AF and 5GC may negotiate the service operation strategies considering energy efficiency and energy consumption. The 5GC can take actions to enforce the policy to limit the energy consumption or enhance the energy efficiency of a service. This way, services can be provided to the subscribers in an energy efficient manner that satisfies the requirements of both the 3rd party and MNO.  
6.x.3	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]


Figure 6.x.3-1 Setting up an AF session with energy related limits/ requirements 
1. The AF sends a request to 5GC to request the policy control considering energy aspects for an AF session of one or multiples UEs using the Nnef_AFsessionWithEnergyLimit_Create request message. The AF may invoke the NEF service operation by using the Nnef_AFsessionWithEnergyLimit_Create request message. The request message to the NEF may include energy related requirements or allowance of a service. For example, the maximum energy consumption credit, the required energy efficiency of service operation, different energy consumption thresholds associated to different operation strategies, etc. Optionally, the AF may also indicate the requirements of the service quality corresponding energy requirements, for example, the minimum QoS requirements of the service associated to the required energy efficiency or the maximum energy consumption credit. The UE address(es), AF Identifier, DNN, S-NSSAI may also included in the request message. 
2. The NEF authorizes the AF request that contains energy related requirements for the AF session. If the authorisation is not granted by NEF, the following steps (except for step 6) will be skipped and the NEF indicates to the AF about the authorisation failure. 
3. The NEF uses the UE address(es) indicated in step 1 to discover the PCF(s) from the BSF. Then the NEF forwards the parameters received in step 1 to the PCF by invoking PCF service operation, e.g. Npcf_EnergyPolicyAuthorization_Create request message. 

If the AF is considered to be trusted by the operator, the AF invokes the PCF service operation (e.g. Npcf_EnergyPolicyAuthorization_Create) directly to the PCF to indicate and negotiate the energy related requirement or limits for the AF session.
4. The PCF determines whether to authorise the request from the NEF in step 3. In order to determine whether the request could be authorised or not, the PCF may collect energy information from multiple data sources, e.g. NWDAF, OAM, SMF, energy monitoring and management network function (EMF) if any, etc. For example, the PCF may trigger the NWDAF to provide the prediction and statistics of energy consumption or energy efficiency at different granularities, the PCF may collect energy related measurements from EMF, OAM or other 5GC NF to understand the energy consumption over a period of time, etc. Based on the collected information, the PCF is able to verify whether the AF request can be satisfied by the 5GS or not. 
If the PCF determines that the AF request is not able to be satisfied by the 5GS, the 5GC may reject the AF request and notify the outcome to the AF. 
The PCF may determine to negotiate with AF regarding the policy, i.e. by providing alternative policies including the energy related requirements or limit that can be provided by 5GS to the AF. For example, the PCF may generate different implementable energy consumption allowance and energy efficiency along with different service operation strategies.
5. The PCF notifies the NEF about whether the request in step 3 authorised or not by sending Npcf_PolicyAuthorization_Create response message. As mentioned in step 4, the PCF may also include the alternative policies including the energy related requirements or limit that can be provided by 5GS to the AF for energy policy negotiation. 
6. The NEF sends a Nnef_AFsessionWithEnergyLimit_Create response (Transaction Reference ID, Result, optionally alternative policy) to the AF to indicate the authorisation outcome.
7. Conditionally, if the PCF determines to negotiate with AF and sends more than one alternative policies to the AF in step 5 and 6, to align the understanding between AF and 5GC about the policy to be applied, the AF needs to choose and inform the 5GC about the acceptable policy by invoking Nnef_AFsessionWithEnergyLimit_Update request. 
8. – 10. Conditionally, the NEF forwards the selected policy from AF to PCF. The PCF acknowledges NEF. NEF responds to the AF request about the policy acceptance by PCF.  
11. – 13. After the agreement of energy related policy is successfully established between AF and 5GC, the NEF may subscribe to events or notifications of energy usage or energy efficiency of PDU session, QoS flow, UE(s) etc., and other events (e.g. QoS monitoring, data volume during a period of time, session activation and inactivation time etc.) during the service operation. When the condition is met, i.e. when the energy consumption reaches a certain level, or the energy efficiency is lower than a threshold, the PCF may notify the NEF about the events and the values of the energy related parameters. The NEF sends notify message with the events and parameters reported by the PCF to the AF.
The PCF or AF can modify or update the previously agreed energy related policy in different scenarios, i.e. energy consumption credit is changed from the AF side, since the 5GC might not be able to provide the service in the agreed manner considering the energy limits, or the operator’s policy can changed, etc. The PCF can generate new policies subject to operator’s policy and based on data collected within 5GS (i.e. from NWDAF, energy monitoring and management NF, OAM, RAN node, etc.) and AF requirements if any. Then the PCF will inform the AF of the new policy. Further negotiation between the 5GC and AF on the acceptable policies is also possible. 

[bookmark: _Toc148441680][bookmark: _Toc151529373][bookmark: _Toc151529483]6.x.4	Impacts on existing services, entities and interfaces
PCF:
· Provide service operations for NF (including AF) to request, modify and notify energy related policy and parameters. 
· Collect energy related information from 5GC NF, AF, OAM, RAN, etc. 
· Generate energy related policy based on data collected within 5GS and/or provided by 3rd party. 
NEF:
· Provide service operations for NF (including AF) to request, update and modify energy related policy. 



*** End of the change ***
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