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[bookmark: _Toc462478989][bookmark: _Hlk154651783]Abstract of the contribution: This paper proposes an update for Solution #30 to optimize the usage of a network slice based on the energy consumption.
1	Discussion
[bookmark: _Hlk162257687]Solution #30 is related to KI#3: 5GS enhancements for network energy saving and efficiency and proposes that SMF proceeds with PDU Session establishment procedure (i.e., accepts or rejects PDU Session establishment request) based on the energy consumption for the slice (i.e., based on the admission control response message received from the EECF). With the current solution, the PDU Session establishment request is rejected if the energy threshold is exceeded for the slice.
The reason for this solution update proposal is to optimize the usage of a network slice based on the network slice and/or individual UE energy consumption. This update proposes to accept the PDU Session establishment in case the energy credit limit is exceeded for the slice on the condition that other PDU Sessions (one or many), associated with the same slice, are released, or modified. To make the determination whether the PDU Session should be accepted or rejected, and which other PDU Session should be released or modified, an energy category is associated with every PDU Session. The energy category indicates if increasing the cost or lowering the QoS is allowed for the PDU Session, or if no compromise on cost/QoS is allowed. A PDU Session which allows increasing the cost or lowering the QoS may be established on the condition that already established PDU Sessions (e.g., which do not allow any compromise), are released.  
2	Proposal
It is proposed to include the following changes in TR 23.700-66 V0.4.0.

		* * * * Start of Changes * * * *
6.30	Solution #30: Network optimization for energy saving per S-NSSAI
6.30.1	Key Issue mapping
This solution is related to the KI#3: 5GS enhancements for network energy saving and efficiency. 
6.30.2	Functional Description
The NWDAF, OAM or a new NF (TBD) Energy Efficiency Control Function (EECF)/Energy Control Network Function (ECNF) provide the control of energy saving in network slice granularity. 
NOTE: the name of the new NF (e.g. EECF or ECNF) will be determined in conclusion.
This solution performs energy saving in network slice granularity, with following methods:
For the S-NSSAI, which is subject to per network slice energy control and also subject to NSAC, the existing NSAC mechanism is re-used and the following parameters can be adjusted based on the monitored or collected energy state or consumption per S-NSSAI by the EECF, NWDAF, and/or OAM:
-	Adjustment on maximum number of UEs: Reducing maximum number of UEs for a network slice limits the number of UEs registered in this network slice, therefore limits the energy consumption in the network slice.
-	Adjustment on maximum number of PDU Sessions: Reducing maximum number of PDU Sessions for a network slice limits the number of PDU Sessions access to this network slice, therefore limits the energy consumption in the network slice.
For the S-NSSAI, which is subject to per network slice energy control regardless whether it is subject to NSAC, the following determination can be performed by the NFs based on the monitored or collected energy state or consumption per S-NSSAI by the ECNF:
-	Determination on accept/reject of requested S-NSSAIs for the UE and the PDU Session.	
-	Determination on modification/release of the PDU Session.
- 	Determination on accept the PDU Session on the condition that other PDU Sessions (one or many) are released or modified.
For above methods, this solution proposes the following procedures, the detail is described in clause 6.30.3.
- The EECF sends the adjustment information to NSACF based on energy consumption threshold and energy saving authorization information provided by AF and energy information from OAM, indicating NSACF to adjust the maximum number of UEs and maximum number of PDU Sessions.
- The NSACF can directly receive the current level of energy consumption analytics or measurements from the NWDAF and OAM respectively and admit based on energy consumption threshold set based on agreement with the network slice customer.
NOTE: this solution is expected to be used in non roaming case with centralized NSACF.
Editor’s NOTE: It is FFS whether and how to apply this NSAC solution to other NSAC architecture options.
- The ECNF provides energy control per S-NSSAI by communicate with AMF, SMF. For the S-NSSAI which is subject to per network slice energy control, the AMF or SMF communicate with the ECNF whether to determine the requested S-NSSAI for the UE and for the PDU Session can be accepted based on the monitored or collected energy state or consumption per S-NSSAI by the ECNF. 
Editor's note: The PDU Session modification/release procedure considering energy states of network slice is FFS.
6.30.3	Procedures
6.30.3.1	NSAC number of UE or PDU session adjustment based on input from EECFOAM
3. Energy information collection
1. Nnef_EnergySaving
NEF
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Figure 6.30.3-1: Procedure for network optimization for energy saving per S-NSSAI
1.	[Optiona]AF creates a request for energy saving, including S-NSSAI and energy consumption threshold, and sends the request to NEF.
2.	[Optional]The NEF invokes Neecf_EnergySaving to send the S-NSSAI and energy consumption threshold to EECF.
3.	The EECF collects energy information of the S-NSSAI from OAM, including Energy type information, Carbon emission information, Carbon efficiency information, Energy efficiency information, Energy consumption information. The details can be referred to Solution #1 described in clause 6.1. And the EECF determines the maximum number of UEs, maximum number of PDU sessions for S-NSSAI(s) based on AF input, local operator policy or collected energy information.  
4.	The EECF sends the maximum number of UEs, maximum number of PDU sessions to NSACF via Nnsacf_NSAC_NumberUpdate service.
6.30.3.2	NSAC based on energy consumption admission threshold


Figure 6.30.3.2-1: NSAC based on energy criterion
1.	NSACF subscribes to network slice energy consumption analytics from with the NWDAF/EECF of a S-NSSAI
2.	NWDAF/EECF provides analytics to the NSACF for the S-NSSAI of step 1
3.	UE attempts to register with the S-NSSAI from step 1, or to establish a PDU session for the Same S-NSSAI
4.	The AMF or, as applicable, the SMF detects the S-NSSAI is subject to NSAC
5.	The NSAC step is executed by updating the NSACF to increase the number of UEs or sessions as applicable.
6.	The results of the step 5 are received at the AMF or SMF as applicable and the S-NSSAI is included (or not) in the allowed NSSAI and, as applicable, the PDU session is established (or not) depending on outcome of step 5. The result may include whether NSAC energy threshold is exceeded.
Editor's note: Whether the results includes, which NSAC energy threshold is exceeded is to be evaluated.
The NSAC energy threshold may be set by the operator based on an agreement with the network slice customer or by the customer directly via a NEF-based interaction with the NSACF. OAM (not shown) may also provide the energy-related information directly to the NSACF.
The procedure of network slice admission control exposure can be reused for the exposure of per slice consumption.
NSACF may expose the following additional information to the AF/charging function/other NFs:
1. Whether the NSAC energy threshold is exceeded for a network slice

1. Which NSAC energy threshold is exceeded/the next NSAC energy threshold if the current one is exceeded

Editor’s NOTE: it is FFS whether and how the exposure process above can be performed by other NF instead of NSACF.
6.30.3.3	Procedure of network slice admission control by EECF based on energy consumption information
The general energy control per S-NSSAI during registration procedure is illustrated in Figure 6.30.3.3.1-1, during PDU Session establishment procedure is illustrated in Figure 6.30.3.3.2-1.
6.30.3.3.1	General energy control per network slice during registration


Figure 6.30.3.3.1-1: Registration procedure considering energy states of network slice
1. UE sends Registration Request message including S-NSSAI as Requested NSSAI.
2. S-NSSAI is subject to energy control. AMF checks energy state of the S-NSSAI. 
Editor’s note: it is FFS how the AMF knows the S-NSSAI is subject to energy control and how the AMF check energy states of the S-NSSAI, e.g. via interaction with EECF. 
1. If the requested S-NSSAI can’t be provided e.g. due to the lack of energy, AMF determines to reject the requested S-NSSAI. Otherwise AMF allows the requested S-NSSAI.
6.30.3.3.2	General energy control per network slice during PDU Session establishment




Figure 6.30.3.3.2-1: PDU Session establishment procedure considering energy states of network slice
1. UE sends PDU session establishment request including S-NSSAI and an energy category. The energy category indicates if the UE allows a higher cost and/or a lower QoS or do not allow cost/QoS compromise, depending on the energy consumption of the network slice.
2. If the S-NSSAI is subject to energy control, AMF discovers SMF via NRF.
3. AMF sends NF discovery request to NRF including the S-NSSAI and the energy category.
4. NRF checks energy states per NF and selects SMF. 
5. NRF sends NF discovery response. If SMF is selected at step 4, the selected SMF information is included in NF discovery response. 
6. AMF sends PDU session establishment request to the discovered SMF including the S-NSSAI and the energy category. 
7. If the S-NSSAI is subject to energy control, ASMF sends Admission control request message to EECF including the S-NSSAI and the energy category. 
8. EECF checks energy states per S-NSSAI and the energy category to determine whether the PDU Session establishment should be accepted, rejected or if the PDU Session establishment should be accepted on the condition that other PDU Sessions (one or many) are released or modified.S-NSSAI can be provided.
9. EECF sends Admission control response message to inform the SMF of whether the S-NSSAI can be providedincluding a result and expected follow-up action with the PDU Session establishment request. For example, the result may be “energy threshold is met” and the follow-up action may be “accept PDU Session establishment” or the result may be “energy credit is exceeded” and the follow-up action may be “accept PDU Session establishment and release other PDU sessions” with a list of PDU Session IDs to be released. EECF may also indicate if the QoS should be lowered or if the cost should be increased.
Editor’s note: It is FFS what information is included in Admission control response message.
10. If the S-NSSAI can be provided, the SMF proceeds with the session establishment procedure and sends a response message to the AMF. The response may be “accept” with an indication about higher cost or lower QoS, or “reject”, or “accept on the condition that other PDU Sessions are released or modified” with the PDU Session IDs to be released. 
11. If the PDU Session establishment is accepted on the condition that other PDU Sessions are released or modified, SMF triggers the release or modification of the existing PDU Session(s), as specified by EECF and identified by their PDU Session IDs, with cause value “energy threshold met” or “energy credit limit exceeded”. 
Based on the results from the EECF, SMF may trigger the AMF to lower the QoS or increase the cost for the S-NSSAI. In this case, AMF interacts with the charging system to increase the cost for the S-NSSAI and/or interacts with the RAN to lower the QoS.
1112. AMF sends PDU session establishment response to the UE including the cause value. 



6.30.4	Impacts on existing services, entities and interfaces
EECF/ECNF: 
-	New NF. Functionalities are as description of clause 6.30.2. EECF/ECNF monitors energy states per S-NSSAI in a PLMN. EECF/ECNF can be co-located in an existing NF or can be defined as a new NF.
-	Admit based on threshold on consumed energy analytics or measurements in the network slice. 
-	Determines if existing PDU Session should be released when a new PDU Session request is received based on energy consumption and PDU Session energy category and determines which PDU Session should be released.
NEF: New service operation Nnef_EnergySaving.
NSACF: 
-	Updating maximum number of UEs and maximum number of PDU sessions per S-NSSAI based on adjustment information from EECF. 
-	New service operation: Nnsacf_NSAC_NumberUpdate
-	Admit based on threshold on consumed energy analytics or measurements in the network slice. 
AMF:
· AMF checks energy state per S-NSSAI during Registration procedure.

SMF:
-	SMF checks energy state per S-NSSAI via ECNF during PDU session establishment procedure. SMF triggers PDU session modification/release procedure if receiving notification from ECNF. 



* * * * End of Changes * * * *
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