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Abstract of the contribution: Propose a new solution for KI#1 on Network energy related information exposure.
1	Discussion
[bookmark: _Hlk85614707]This paper proposes a new solution on KI#1.
To support network energy related information exposure, the following aspects are to be studied:
-	Whether and what network energy related information can be exposed.
-	At what granularity (e.g. per network slice, UE, NF, PDU Session, QoS flow, etc) the network energy related information can be exposed.
-	How the network energy related information is exposed.
-	How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
The r01 of S2-2400084 tries to merge the following proposals in the way that:
S2-2400134: the introduction of more parameters in from S2-2400134 in the step 1a request.
S2-2400233: in 4b, adding the alternative way of retrieving SMF information from UDM
S2-2400836: adding the description in 1e that For the PDU session level request, the NEF/EEF retrieves the PCF for the PDU session via BSF. For the UE level request, the NEF/EEF retrieves the PCF of each PDU session of UE via UDM
S2-2401069: adding the two more granularity in the AF request
S2-2401371: adding the the description of another example on EECF doing the calculation of energy consumption information when it receive multiple EC information from multiple resources for a same granularity.

2 Proposal
[bookmark: _Hlk513714389]It is proposed to include the below changes into TR 23.700-66 v0.2.0.
[bookmark: _Toc22214903][bookmark: _Toc23254036]
FIRST CHANGE (all the text is new)
[bookmark: _Toc23402418][bookmark: _Toc148441675][bookmark: _Toc151529478][bookmark: _Toc54968110][bookmark: _Toc26386423][bookmark: _Toc57532437][bookmark: _Toc22192650][bookmark: _Toc57236432][bookmark: _Toc30694627][bookmark: _Toc43906765][bookmark: _Toc57530236][bookmark: _Toc54930305][bookmark: _Toc57236595][bookmark: _Toc26431229][bookmark: _Toc50536533][bookmark: _Toc151529368][bookmark: _Toc43906649][bookmark: _Toc23402388][bookmark: _Toc44311891][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	Key Issues

	
	1
	2
	3
	...

	Solution x: Energy related information collection and exposure
	X
	
	
	

	
	
	
	
	

	…
	
	
	
	



NEXT CHANGE (all the text is new)
6.x	Solution #X: Energy related information collection and exposure
[bookmark: _Toc151529370][bookmark: _Toc93070685][bookmark: _Toc151529480][bookmark: _Toc92875661][bookmark: _Toc148441677][bookmark: _Toc500949098]6.x.1	Key Issue mapping
[bookmark: _Toc151529371][bookmark: _Toc92875662][bookmark: _Toc148441678][bookmark: _Toc93070686][bookmark: _Toc500949099][bookmark: _Toc151529481]This paper proposes a new solution on KI#1.
To support network energy related information exposure, the following aspects are to be studied:	Comment by Nokia: No need to repeat KI text.
-	Whether and what network energy related information can be exposed.
-	At what granularity (e.g. per network slice, UE, NF, PDU Session, QoS flow, etc) the network energy related information can be exposed.
-	How the network energy related information is exposed.
-	How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
6.x.2	Functional Description
[bookmark: _Toc92875663][bookmark: _Toc500949101][bookmark: _Toc93070687]This solution provides a framework of for energy related information collection and exposure. Figure 6.x.2-1 describes the architecture of this solution.
[image: 架构图]
Figure 6.x.2-1: Architecture assumption
To achieve the centralized collection and uniform handling for the energy consumption/efficiency related information, a new NF, Energy Efficiency Control Function (EECF), is introduced. The EECF includes the following functionalities:
Editor’s note: whether there is a need for a new 5GC NF or whether proposed functionality can be provided by existing NFs will be evaluated during evaluation and conclusion phase
-	Collection of the information that have impact on energy consumption/efficiency from other 5GS 5GC NFs and OAM. The information can be collected from 5GS 5GC NFs at the granularity of per NF, per S-NSSAI, per UE, per UE per service, per PDU Session or per QoS level etc., while the information collected from OAM can be per NF and/or per S-NSSAI. This solution considers the following information which impact energy consumption/efficiency:
-	Collecting from AMF: number of registered subscribers; for each registered UE: UE specific DRX values, paging time window, paging area, periodic registration update timer.
-	Collecting from SMF: number of PDU Sessions; for each PDU Session: QoS parameters.
[bookmark: _Hlk156891843]-	Collecting from UPF: data volume, bit rate.
-	Collecting from NG-RAN through OAM: data volume, signal strength.
-  Collecting from NFs/ OAM: renewable energy information, e.g. based on geographic areas, where networks deployed in different areas may utilize the energy derived from different sources such as the Sunsun, wind, rivers, etc., with differentiated proportions of consumption.
-	ReceiveExpose the energy consumption/efficiency related information based on the optimization request from 5GC NF, e.g., AF or based on local operator configuration, e.g. limiting the energy consumption of specific NF, slice or UE to a threshold.
[bookmark: _Hlk156891969]-	Storage, organization and calculation of energy consumption/efficiency related information. The calculation of energy consumption/efficiency is based on the associated information above at the granularity of per NF, per S-NSSAI, per UE, per UE per service, per PDU Session or per QoS level, etc. For example, the energy consumption of one particular service can be obtained by calculating the ratio of data volume of the corresponding PDU Session to the total data volume of the entire slice, and multiplying it by the energy consumption of the slice. Or if the energy consumption information EECF received from the RAN (via OAM) and the UPF are for the same UE, the EECF can aggregate the energy consumption information for each UE.
-	Determination of network optimization to be executed for energy saving, and indicating 5GS NFs to execute. The energy efficiency recommendations/decisions generated by EECF may support two modes: Mode A and Mode B. The Mode A provides the energy information-based decision e.g. allowing the UPF guarantee the energy consumption for specific traffic into 80% than previous, while Mode B provides the detailed decision e.g. reducing the UPF transmission data rate into 10Mbps.
[bookmark: _Toc148441679][bookmark: _Toc151529372][bookmark: _Toc151529482]6.x.3	Procedures
[bookmark: _Toc92875664][bookmark: _Toc510604409][bookmark: _Toc326248711][bookmark: _Toc93070688]Figure 6.x.3-1: Procedure for Energy related information collection and exposure
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If AF triggers the exposure request of the energy consumption related information, then steps 1a, 1b, 1c, 1d, 1e are executed, otherwise step 1 is executed.
[bookmark: _Hlk156892736]1a.	If AF triggers subscription of NEF on energy consumption related information with Nnef_EventExposure_Subscribe Request, in the request, AF provides the subscription information including Energy related information category, Energy related information granularity (e.g. per NF, per S-NSSAI, per UE, per UE per service, per PDU Session or per QoS level, etc), Location, reporting mode (defines whether the energy efficiency report is to be provided on event basis or periodically)，reporting threshold (if the reporting mode is per event basis) and Time period (if the reporting mode is periodic).
[bookmark: _Hlk156892162]1b. NEF send subscription request to EECF with Neecf_EnergyConsumptionExposure_Subscribe Request.
1c. EECF confirms the request and send subscription confirmation to NEF with Neecf_EnergyConsumptionExposure_Subscribe Response.
1d. NEF confirms the request to AF with Nnef_EventExposure_Subscribe Response.
1e. [Conditional]For the PDU session level request, the NEF/EECF finds the PCF for the PDU session via BSF. For the UE level request, the NEF/EECF finds the PCF of each PDU session of UE via UDM. If AF sends the AF request including the energy consumption related information per UE or per UE per service, EECF invokes Nbsf_Management_Discovery service operation (providing at least the UE address) to find out the address of the relevant PCF if the PCF address is not available. BSF provides the PCF address in the Nbsf_Management_Discovery response to EECF.
1. EECF is triggered to perform energy consumption/efficiency optimization based on the local operator policy.
[bookmark: _Hlk156892297]2. EECF invokes the Npcf_PolicyAuthorization service to the PCF to request the NF ID associated to the energy consumption related information exposure.	Comment by Nokia-r04: This would need rewording.
3. The PCF processes the Npcf_PolicyAuthorization_Create/Update request and sends the requested NF ID in the Npcf_PolicyAuthorization_Create/Update response.
Editor Note: If corresponding NFs (e.g. AMF, SMF, UPF) change, how to notify EECF with the target NF ID is FFS.
4a. EECF may interact with OAM to obtain energy consumption related information per NF or per (DNN, S-NSSAI), e.g. energy consumption information of RAN, renewable energy information for an area.
4b. EECF interacts with NRF to request the NF ID, alternatively, EECF can also request the UDM to get the information of serving SMF through UDM_UECM_get service. EECF requests energy consumption related information from SMF with Nsmf_EnergyInfoCollect Request. SMF collects parameters including number of PDU Sessions, overall energy consumption of SMF instance. Optionally, SMF calculates energy consumption related information based on parameters above. SMF responses responds with energy consumption related information to EECF with Nsmf_EnergyInfoCollect Response	Comment by Nokia-r04: Which NF ID? The ID of the SMF serving the UE?
4c. EECF interacts with NRF to request the NF ID. EECF requests energy consumption related information of UPF from SMF with Nsmf_UPF_EnergyInfoCollect Request. SMF requests energy consumption related information of UPF with Nupf_EnergyInfoCollect Request. UPF collects parameters data volume, bit rate. Optionally, UPF calculates energy consumption related information based on parameters. UPF responses energy consumption related information to SMF with Nupf_EnergyInfoCollect Response. SMF responses energy consumption related information of UPF to EECF with Nsmf_UPF_EnergyInfoCollect Response.	Comment by Nokia-r04: Which NF ID? The ID of the UPF serving the UE?
[bookmark: _Hlk156892545]4d. EECF interacts with NRF to request the NF ID. EECF requests energy consumption related information from AMF with Namf_EnergyInfoCollect Request. AMF collects parameters number of registered subscribers. Optionally, AMF calculates energy consumption related information based on parameters. AMF responses energy consumption related information to EECF with Namf_EnergyInfoCollect Response. 	Comment by Nokia-r04: Which NF ID? The ID of the AMF serving the UE?
5. EECF may calculate the energy consumption/efficiency based on the collected information. Based on the results, EECF send the energy related information requested by AF to NEF with Neecf_EnergyConsumpExposure_Notify.
[bookmark: _Hlk156893534]Editor’s note:	Details for energy consumption information and details for energy efficiency information sent to AF are FFS.
6. NEF sends the energy related information requested by AF to AF with Nnef_EnergyConsumpExposure_Notify.
[bookmark: _Toc151529483][bookmark: _Toc151529373][bookmark: _Toc148441680]6.x.4	Impacts on existing services, entities and interfaces
EECF: New NF. Functionalities are as description of clause 6.x.2.
PCF: Providing the corresponding NF ID to EECF for energy consumption related information exposure.
AMF: Exposure the following information to EECF: number of registered subscribers, UE specific DRX values, paging time window, paging area, periodic registration update timer.
SMF: Exposure the following information to EECF: number of PDU Sessions, QoS parameters.
UPF: Exposure the following information to EECF: data volume, bit rate.
NG-RAN: Exposure the following information through OAM to EECF: data volume, signal strength.
End of CHANGE
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