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Abstract of the contribution: This contribution proposes solution#10 update for KI#2 in TR 23.700-66.
1	Discussion
This document addresses update to Solution 10 in TR 23.700-66 with the following: 
· Resolve EN: Which network analytics is required by EECF as an NWDAF consumer, and the related procedure is for FFS based on the work in KI#3.
Based on the solution #12 and solution #32 documented for KI#3 in TR 23.700-66, the network analytics for energy information with EECF as the consumer of the analytics and the corresponding procedure, the EN can be deleted.
· Update EECF energy evaluation service operation in clause 6.10.2.4 and delete the corresponding EN.

· Update the enhancement to PDU session establishment procedure with policy control for energy saving procedure with further detailed steps in clause 6.10.3.
· Updates to the impact clause 
2 Proposal
[bookmark: _Hlk513714389]It is proposed to include the following solution#10 update in TR 23.700-66 addressing KI#2.
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]
* * * * First Change * * * * 
[bookmark: _Toc157674360][bookmark: _Toc157682283]6.10	Solution #10: Enhancement for subscription and policy control to enable network energy savings with EECF
[bookmark: _Toc157674361][bookmark: _Toc157682284]6.10.1	Key Issue mapping
This solution addresses key issue#2 described in clause 5.2. The solution aims to enhance the existing subscription and policy control framework to support energy-related information as service criteria. This includes defining new energy-related UE subscription information and policies, determining how to perform energy-related policy control at various granularities, and identifying what network energy-related information is required for subscription and policy control.
[bookmark: _Toc157674362][bookmark: _Toc157682285]6.10.2	Functional Description
[bookmark: _Toc157682286]6.10.2.1	Overview of EECF functionality
The solution introduces Energy Efficiency Control Function (EECF) to address energy management challenges in 5G networks mapping to key issues two described in clause 5.2.


Figure 6.10.2.1-1: 5G System reference architecture with EECF
The EECF comprises of the following functionality:
-	Energy efficiency management: EECF evaluates and provides an assessment of the energy consumption of network entity based on current network conditions, user demands, and predefined energy efficiency policies.
-	Policy Enforcement: It enforces energy-related policies set by network operators, which can include maximum energy usage thresholds per subscriber or per PDU session or per network slice, preferred operational states for energy saving, maximum energy credits for specific subscribers and energy-efficient routing of data.
-	Monitoring and Analytics: It provides functionality to support monitoring and analytics on energy consumption patterns, energy efficient routing of data enabling network operators to make informed decisions about energy management strategies. The EECF uses the services provided by the NWDAF to obtain the required analytics on energy consumption patterns.
Editor's note:	Which network analytics is required by EECF as an NWDAF consumer, and the related procedure is for FFS based on the work in KI#3.
[bookmark: _Toc157682287]6.10.2.2	Key definitions 
The following comprises a list of key definitions relevant to this solution:
-	Energy profile data of a UE: maximum energy credit limit associated with this subscription, PEI.
-	Energy profile data of a Network Function: This includes average energy consumption of the network function as defined in clause 6.7.3.1.1 of TS 28.554 [6], energy states supported by the network function, energy saving levels supported by the network function. The energy saving levels (for example - set to low, medium, high) where each of these levels set correspond to a certain range of energy consumption by the network function over a given period. The mapping between each of the energy saving level to the range of the consumption can be determined by the operator of the network based on the energy efficiency goals to be achieved for the 5G network.
[bookmark: _Toc157682288]6.10.2.3	EECF communication with other network functions


Figure 6.10.2.3-1: EECF communication with UDM, NRF, SMF
A.	The EECF sends the Energy Profile request message to UDM to retrieve the energy profile for a given UE. The Energy Profile request includes maximum energy credit limit associated with this subscription, PEI.
B.	The EECF sends the Energy Profile request message to NRF to retrieve the energy profile for a NF(s). The Energy Profile response includes average energy consumption of the network function as defined in clause 6.7.3.1.1 of TS 28.554 [6], energy states supported by the network function, energy saving levels supported by the network function.
C.	During the PDU session establishment procedure, the SMF may send the Session Energy Evaluation request to the EECF. The request includes PDU session ID, Energy Data Profile data for the UE, policy information provided by the PCF for the PDU session which includes energy policy recommendation for the PDU session. The EECF evaluates the input parameters provided in step 7d and provides session modifications recommendations in PDU session parameters to optimize energy usage such as Adjusted Quality of Service parameters, UPF selection and configuration with energy-efficient data handling. The EECF may consider the historical data of the energy consumption for the network entities or average energy consumption of the NFs involved in the PDU session while determining the evaluation response provided to the SMF. The EECF may obtain the analytics corresponding to the historical energy consumption or prediction for the energy consumption over a certain period using the NWDAF services.
[bookmark: _Toc157682289]6.10.2.4	EECF services and enhancement in other NF services
[bookmark: _Toc157682290]6.10.2.4.1a	Nudm_EnergyProfile service
Service Operation name: Nudm_EnergyProfile service operation
Description: Consumer NF (EECF) requests the energy profile for a given UE from the UDM.
Inputs, Required: PEI, Subscription data type (Energy Profile),
Inputs, Optional: 
Outputs, Required: The consumer NF gets the requested Energy Profile subscription data. The energy profile is described in clause 6.10x.2.2.
Outputs, Optional: None.
[bookmark: _Toc157682291]6.10.2.4.1b	Nnrf_EnergyProfile service
Service Operation name: Nnrf_EnergyProfile service operation
Description: Consumer NF (EECF) requests the energy profile for a given NF from the NRF. The energy profile is described in clause 6.10x.2.2.
Inputs, Required: NF type, NF instance ID 
Inputs, Optional: preferred energy saving state, preferred energy level.
Outputs, Required: The consumer NF(EECF) gets the requested Energy Profile data for the requested NF.
Outputs, Optional: None.
6.10.2.4.1c	Neecf_EnergyEvaluation Request service
Service Operation name: Neecf_EnergyEvaluation service operation
Description: Consumer NF (SMF) requests the energy evaluation recommendation for a given PDU session from the EECF. It includes the EECF assessment of the session setup regarding energy efficiency based on the UEs' and NFs' energy profiles and the PCF-provided energy policies.
Inputs, Required: Session ID, UE's energy profile, the list of one or more UPFs selected for this PDU session, Energy policies from PCF
Inputs, Optional:None
Outputs, Required: Session modifications recommendations in PDU session parameters to optimize energy usage such as Adjusted Quality of Service parameters, list of UPF(s) operating at certain energy savings level (defined in clause 6.10.2.2) that may be selected by the SMF for the given PDU session to comply with the energy policy provided by the PCF for the session.
Outputs, Optional: None.
NOTE: In this solution, we provide the example for NF consumer of this operation as SMF specific to the energy evaluation for a given PDU session provided by the EECF. 
Editor's note:	The EECF service operations supported is for FFS.
[bookmark: _Toc157674363][bookmark: _Toc157682292]6.10.3	Procedures
[bookmark: _Toc157682293]6.10.3.1	Enhancements to PDU session establishment procedure with policy control for energy saving




Figure 6.10.3.1-1: PDU session establishment procedure with policy control for energy saving
The PDU session establishment procedure as defined in clause 4.3.2.2 of TS 23.502 [3] is used as baseline to describe the enhancements required to the procedure for policy control on energy saving.
In step 4, when SMF retrieves the Session Management Subscription data using Nudm_SDM_Get. Subscription data from UDM includes the Allowed PDU Session Type(s), Allowed SSC mode(s), default 5QI and ARP, subscribed Session-AMBR, SMF-Associated external parameters. If the subscription data includes Energy saving indication required for the PDU session, the SMF requests the Energy Data Profile subscription data from the UDM using the Nudm_SDM_Get service. The Energy Data Profile subscription data from the UDM includes PEI, maximum energy credit limit associated with the subscription, Internal Group identifier if the UE belongs to a group where the Energy Data Profile is the same for all the UEs in the group.
In step 7b, the SMF may perform an SM Policy Association Establishment procedure as defined in clause 4.16.4 to establish an SM Policy Association with the PCF and get the default PCC Rules for the PDU Session. The SMF shall include Energy saving indication required for the PDU session, Energy Data Profile data for the UE if received in step 4. The PCF may provide policy information defined in clause 5.2.5.4 (and in TS 23.503 [4]) to SMF. The policy information may include energy policy recommendation for the PDU session such as the maximum allowed energy credit for this PDU session for a given UE, data on maximum energy consumption allowed for all the network entities involved in the establishment of the PDU session, energy saving levels allowed for the NF selected for the PDU session, Adaptive Mobility management (Preferential handovers to cells with lower energy consumption), Limiting maximum data rates during peak hours to save energy).
Step 7c: When the SMF receives energy policy recommendation for the PDU session, the SMF selects an EECF. 
Step 7d: The SMF sends a session energy evaluation request to the EECF. The request includes PDU session ID, Energy Data Profile data for the UE, policy information provided by the PCF in step 7b for the PDU session which includes energy policy recommendation for the PDU session and the list of one or more UPFs selected for this PDU session as described in TS 23.501.
Step 7e: The EECF requests for the energy related information of the network functions involved in establishing this PDU session including the list of UPFs provided in step 7d from the OAM. 
Step 7f: The EECF may subscribe to NWDAF for Energy Information analytics to request the energy consumption pattern over a period of time for NF(s) involved in establishing this PDU session.
NOTE 1: The EECF may receive the energy related information of the network function(s) involved in establishing this PDU session from the NRF when the NF energy profile information is stored as part of NF profile in the NRF.
Step 7ge: The EECF evaluates the input parameters provided in step 7d, response from OAM or NWDAF in step 7e, 7f and provides session modifications recommendations in PDU session parameters to optimize energy usage such as Adjusted Quality of Service parameters, UPF selection and configuration with energy-efficient data handling. The UPF configuration with energy-efficient data handling may include bandwidth management, data routing adjustments directing data packets through the specified energy-efficient routing paths, QoS enforcements ensuring that the QoS aligns with the energy-efficient policies possibly by de-prioritizing non-critical data during high network load conditions. The EECF may consider the historical data of the energy consumption for the network entities or average energy consumption of the NFs, NG-RAN nodes involved in the PDU session while determining the evaluation response provided to the SMF as described in step 7e. The EECF may obtain the analytics corresponding to the historical energy consumption or prediction for the energy consumption over a certain period using the NWDAF services as described in step 7f.
In step 10a, the SMF sends an N4 Session Establishment/Modification Request to the UPF and provides Packet detection, enforcement, and reporting rules to be installed on the UPF for this PDU Session. This may include modifications recommendations in PDU session parameters to optimize energy usage provided in step 7e.
Editor's note:	The impact of policy control with energy saving service criteria on other procedures is FFS.

[bookmark: _Toc157674364][bookmark: _Toc157682294]6.10.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
EECF:
-	New network functionalities are as description of clause 6.10.2.1.
UDM:
-	Storing and providing Energy Data Profile subscription data in subscription information.
SMF:
-	Extending UPF configuration service to configure UP paths based on the EECF session modifications recommendations.
NWDAF: 
· Support new Energy Information Analytics 
PCF:
   -  Provide energy-based SM policy update to the SMF as part of energy policy recommendation for the PDU session
[bookmark: _Hlk123667599]* * * * End of Change * * * * 
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