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Abstract of the contribution: This paper proposes to update Solution#30.
1 Introduction
Solution #30: Network optimization for energy saving per S-NSSAI was captured in TR 23.700-66
2 Proposal
This paper proposes to update Solution#30 by resolving the following ENs.
Editor's note:	The PDU Session modification/release procedure considering energy states of network slice is FFS.
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.
Editor's note:	It is FFS what information is included in Admission control response message.
In addition, it is proposed to add a procedure of how to enhance the Network Slice Replacement (5.19.5 of TS 23.501) control by considering energy states per S-NSSAI. (see, clause 6.30.3.Y of this paper)
[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc161043323]6.30	Solution #30: Network optimization for energy saving per S-NSSAI
[bookmark: _Toc161043324]6.30.1	Key Issue mapping
This solution is related to the KI#3: 5GS enhancements for network energy saving and efficiency.
[bookmark: _Toc161043325]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.
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.
[bookmark: _Toc161043326]6.30.3	Procedures
[bookmark: _Toc161043327]6.30.3.1	NSAC number of UE or PDU session adjustment based on input from EECF


Figure 6.30.3-1: Procedure for network optimization for energy saving per S-NSSAI
1.	[Optional]: 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.
[bookmark: _Toc161043328]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.
2.	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.
[bookmark: _Toc161043329]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.
[bookmark: _Toc161043330]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.	AMF determines that S-NSSAI is subject to energy control based on the subscription data from UDM, or based on configurations. AMF checks energy state of the S-NSSAI.
3.	When the S-NSSAI is subject to energy control, the AMF requests the energy states of the S-NSSAI to the ECNF.
4.	ECNF checks the energy states of the S-NSSAI.
5.	ECNF responses the energy states of the S-NSSAI (e.g. energy rate or energy mode available for the S-NSSAI) to the AMF.
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.
36.	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.
[bookmark: _Toc161043331]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.
2.	If the S-NSSAI is subject to energy control, AMF discovers SMF via NRF.
3.	AMF sends NF discovery request to NRF.
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.
7.	If the S-NSSAI is subject to energy control, AMF sends Admission control request message to EECF.
8.	EECF checks energy states per S-NSSAI and determine whether the S-NSSAI can be provided.
9.	EECF sends Admission control response message that includes the energy states of the S-NSSAI (e.g. energy rate and/or energy mode available for the S-NSSAI) to inform the SMF of whether the S-NSSAI can be provided.
10.	If the S-NSSAI can be provided, the SMF proceeds the session establishment procedure and sends response message to the AMF.
11.	AMF sends PDU session establishment response to the UE.
6.30.3.3.X	General energy control per network slice during PDU Session modification and release
Figure 6.30.3.3.X-1 illustrates session modification/release procedure considering energy states.


Figure 6.30.3.3.X-1: Session modification procedure considering energy states of network slice
1. PDU session has been established as described in Figure 6.30.3.3.X-1.
2. ECNF monitors energy consumption and detects that energy states is below the threshold.
3. ECNF sends notification message to the SMF to request to reduce the energy consumption. The ECNF includes the energy states (e.g. energy rate or energy mode available for the S-NSSAI) which is lower than the threshold.
4. SMF determines whether to modify or release the PDU session associated with the S-NSSAI, and sends message to the AMF. 
5. AMF sends PDU session modification command message to the UE. 
6.30.3.Y	Network Slice Replacement control considering energy states of network slice 
Based on 5.15.9 of TS 23.501 [2], Figure 6.30.3.Y-1 illustrates control of the Network Slice Replacement feature with considerations on energy states of S-NSSAIs.
NOTE:	ECNF (Energy Control Network Function) can be located in NWDAF, OAM, EECF, or any other NFs.



Figure 6.30.3.Y-1: Network Slice Replacement considering energy states of network slice
1. UE Registration and PDU Session Establishment that supporting Network Slice Replacement feature are performed.
2. The AMF subscribes to NSSF or PCF to be notified about any changes in status of the availability of S-NSSAI(s) by invoking Nnssf_NSSAIAvailability_Subscribe.
3. The NSSF or the PCF requests or subscribes to ECNF about the energy states of the S-NSSAI(s). The NSSF or the PCF may further provide the Energy Efficiency (e.g. the level of efficiency) threshold of each S-NSSAI, and/or the Energy Consumption (e.g. the absolute/relative amount of energy consumption) threshold of each S-NSSAI.
The NSSF and the PCF determines the S-NSSAIs to be monitored by the ECNF, and/or whether the S-NSSAIs are subject to energy control, based on the subscription data, and/or configuration. 
4. The ECNF monitors the energy states of each S-NSSAI. Based on the request or the subscribed event by the NSSF or the PCF in step 3, the ECNF responds or notifies to the NSSF or the PCF about the energy states of the S-NSSAI(s).
If the ECNF received the Energy Efficiency threshold or the Energy Consumption threshold of S-NSSAI(s) in step 3, based on the request/subscribed event by the NSSF or the PCF, the ECNF indicates the S-NSSAI(s) whose energy states crossing the threshold (e.g., S-NSSAI(s) whose Energy Consumption exceeding the threshold), and/or the energy states of that S-NSSAI(s) in the notification message to the NSSF or the PCF.
5. Based on the energy states of the S-NSSAI(s) and/or the S-NSSAIs received from the ECNF, the NSSF or the PCF determines the availability of the S-NSSAI(s) and network slice replacements.
6. The NSSF or the PCF notifies to the AMF about the availability of the S-NSSAI(s), the Alternative S-NSSAI(s), with a cause set to energy related reason by invoking Nnssf_NSSAIAvailability_Notify.
7. If the AMF receives the notification message from the NSSF/PCF including the unavailable S-NSSAI(s) and the cause set to the energy related reason, the AMF triggers Network Slice Replacement for one or more UEs within the UEs who are allowed by the subscription (e.g. Green Subscription Indication, as described in Solution #24).

[bookmark: _Toc161043332]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.
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.
NSSF/PCF:
-	Checking energy states per S-NSSAI and whether the energy states exceed the threshold, via ECNF by requesting/subscribing energy states per S-NSSAI to ECNF.
-	Triggering Network Slice Replacement by providing the availability of the S-NSSAI(s), the Alternative S-NSSAI(s), with a cause set to energy related reason in Nnssf_NSSAIAvailability_Notify.
* * * * End of changes * * * *
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