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Abstract of the contribution: The contribution proposes solution evaluations for KI#2 "Subscription and policy control to support energy efficiency and energy saving as service criteria".
1. Introduction
For KI#2, solutions #7-11, 14, 15, 20-28 and 30 have been proposed. Evaluations on these solutions are proposed in this contribution. Further updates to the evaluations are to be done to accommodate possible new solutions, solution updates and further discussions.
2. Proposal

It is proposed to agree the following changes to 3GPP TR 23.700-66.
* * * Start of Change * * * *

7.x
Key Issue #2: Subscription and policy control to support energy efficiency and energy saving as service criteria
For KI#2, solutions #7-11, 14, 15, 20-28 and 30 have been proposed. These solutions are categorized and evaluated based on the proposed new or enhanced network functions and functionalities as follows:
Enhanced UE subscription data and EECF assisted subscription and policy control
Solution #7 proposes that an EECF obtains energy saving authorization information and optional energy consumption threshold of the UE(s) in subscribed information from UDM, collects energy consumption assistance information from 5GC NFs, and sends energy control information to the PCF to adjust AM policy (UE-AMBR, UE-Slice-MBR) and SM policy (QoS parameters, indication of PDU Session release/deactivation). This solution assumes that network energy information per PDU Session can be obtained.

Solution #22 proposes that an EECF retrieves the energy related UE subscription data (Energy Efficiency threshold, Energy Consumption Requirements and Renewable energy ratio threshold) from UDR. This can be seen as a complement to Solution #7.
Solution #10 proposes that an EECF collects UE energy profile from the UDM and NF energy profile from the NRF, evaluates the energy consumption of network entity, and based on these information and policy information from the PCF, provides session modification recommendations in PDU session parameters to the SMF to optimize energy usage. In this solution, the SMF sends the policy information received from the PCF to the EECF for further modification on SM parameters, which introduces uncertainty in SM policy control (i.e. SM policy can be changed by the EECF); therefore a better way seems that the PCF takes into account of the input of EECF for policy making.
Solution #8 proposes that an EECF requests energy efficiency and energy usage related information monitoring and collection, e.g. load or traffic level monitoring, from the monitored 5GC NFs (e.g. AMF, SMF), OAM and/or NWDAF, and the EECF may request the monitored NF to move to energy saving mode.
Enhanced UE subscription data and policy control (with no or less EECF assistance)
Solution #11 proposes that the PCF generates the URSP rule to guide the UE to select a network slice which uses renewable energy, based on the energy related information obtained from the OAM/NWDAF or the EMF. This solution also proposes that the AMF provides configured S-NSSAIs or (partially) allowed S-NSSAIs with validity conditions (i.e. validity time and/or location) to the UE based on energy related information (i.e. renewable energy usage) per network slice. 
Solution #14 proposes that the PCF checks the UE's Energy Credit balance in UDR before PDU Session is established and updates the balance in UDR. If there is no Energy Credit units left in the UE's Energy Credit balance, either the PDU Session establishment is rejected or the PDU Session is established but charged at higher service rate. Here rejecting PDU Session establishment due to energy limitation is unfriendly to the user/UE, while whether the PDU Session is charged at higher service rate depends on the decisions in SA WG5.
Solution #15 proposes that the AM/SM subscription data are extended to contain validity conditions (e.g. validity time/area) for more features/capabilities (e.g. Subscribed UE-AMBR, 5GS Subscribed QoS profile, Subscribed-Session-AMBR, ATSSS information), the PCF makes AM/SM policy decisions based on the energy related information from the AMF/SMF/UPF or NWDAF, and the AMF/SMF performs energy-related MM and SM control based on the AM/SM subscription data and AM/SM policy from the PCF.

Solution #21 proposes that UE subscription data are extended to contain energy credit limit per network slice/DNN/Application ID and energy credit limit per UE with validity condition, and based on the energy credit limits and the energy related information from EECF/NWDAF, the AMF/SMF performs corresponding MM/SM control e.g. rejecting the registration request or PDU session establishment request, or performing access control. Here regarding rejecting the registration request or PDU session establishment request or performing access control, similar concerns exist as to Solution #14.
Solution #23 proposes that based on energy related subscription (e.g. Energy credit) per UE or per UE per DNN+S-NSSAI, which may be provisioned by the AF, the PCF subscribes to the energy credit related information from the UDR or an EEF and makes policy decisions taking the energy status into consideration.
AF assisted policy control for energy saving
Solution #25 proposes that the AF and PCF performs Background Data Transfer (BDT) policy selection and re-negotiation taking into account of energy criteria with validity conditions (AoI/time window) for background data transfer.

Solution #26 proposes that during data transfer policy negotiation, the AF specifies its adaptability/flexibility in terms of QoS level and transfer time, and the PCF also takes the energy-related aspect of service provision into account for policy decision.
Solution #27 proposes that the AF provides energy savings requirements (desired energy savings or consumption level, energy credit, required energy efficiency and communication service features that can be adjusted) during the procedure for setting up an AF session with required QoS, and the PCF determines the PCC rules for the session based on the energy savings requirements and energy consumption analytics from an NWDAF or an EECF. Here the parameters/requirements which can provisioned by the AF for network energy saving need further clarification.
Enhanced subscription and policy control to assist NG-RAN in energy saving
Solution #20 proposes that the gNB appends to the uplink GTP-U PDUs the energy related information, which is further reported by the UPF to the SMF and then to the NWDAF/CHF/PCF, and based on these energy related information and optionally energy related analytics from the NWDAF, the PCF provides/modifies QoS profiles to the gNB for the UE for a specific SDF, PDU session or at UE level. Here coordination with RAN WGs is needed on the support of reporting energy related information by the NG-RAN to the 5GC. This solution also proposes that the NWDAF provides analytics identifying the UE Energy Category and the AF can send an SMS or other type of notification to the user to communicate this category, which is to be evaluated in KI#3.
Solution #24 proposes that an Green Subscription Indication (GSI) is introduced in subscription information and that the AMF retrieves the GSI from UDM during registration and passes the GSI to NG-RAN, wherein how the NG-RAN uses the GSI for energy saving is up to implementation. Here GSI is a kind of energy saving authorization information by the user, indicating that the user allows the operator to save resources by offering lower performance for best effort communication of the user.
Solution #28 proposes that the SMF provides the energy related QoS profile (QP) and/or Alternative QoS profile (AQP) to the NG-RAN which is applied when the NG-RAN uses renewable energy. The NG-RAN can get the availability information of the renewable energy from the OAM and decide to switch to use the renewable energy or to re-direct the UE(s) to its neighbour NG-RAN(s) which uses renewable energy. Here coordination with SA WG5 and RAN WGs is needed on how the NG-RAN can get the availability information of the renewable energy, and it is up to RAN WGs to decide how the NG-RAN uses this information.
CHF assisted subscription control for energy saving
Solution #9 proposes that the CHF controls the available energy credit limit of subscribers and when the credit limit is exceeded, notifies to the PCF to trigger AM/SM/UE policy update for the subscribers. This solution assumes that network energy consumption/efficiency per UE can be obtained by the PCF and reported to the CHF.

Solution #20 proposes that the CHF or the billing subsystem may use the reports of data volume per energy related information in UL and DL for the UE for billing purposes or to perform energy credit control, and the CHF may expose energy credit exhaustion events via NEF.
For both Solution #9 and #20 (CHF related aspect), coordination with SA WG5 is required.
* * * End of Change * * * *
