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1	Discussion
[bookmark: _Hlk85614707]This paper proposes update on solution #1 clarifying the following 3 aspects: 
1. Add per service (e.g., for an XRM service, for a certain application) granularity information collection from the 5GC NFs. Alternatively, per service energy consumption can be calculated indirectly by aggregating per UE per service EC. Whether both are needed or only one is needed will be determined in the evaluation phase. 
2. Add EC information aggregation for the same service (e.g., XRM service with multiple UEs, V2X service provided to a certain automobile manufactory), and the same PDU session (e.g., SSC mode 3).   
3. UPF may provide to EECF in certain time period an Energy Consumption portion factor of a certain UE/PDU session at this UPF instead of providing the total data volume at the UPF and the total data volume of a certain UE/PDU session for per UE/per PDU session EC calculation at the EECF. In similar, SMF may provide to EECF in certain time period an Energy Consumption portion factor of a certain UE/service at this SMF instead of providing the total number of PDU sessions at the SMF and the total number of PDU sessions of a certain UE/service at the SMF. Therefore. it is proposed to add also the option that EECF collects an Energy Consumption portion factor from a UPF/SMF.
4. Add a timestamp for each exposed EC/EE related information from 5GC NF to ECCF.   
2 Proposal
[bookmark: _Hlk513714389]It is proposed to include the below changes into TR 23.700-66 v0.4.0.
[bookmark: _Toc22214903][bookmark: _Toc23254036]
FIRST CHANGE 
[bookmark: _Toc157674313][bookmark: _Toc161043128][bookmark: _Toc93070687][bookmark: _Toc500949101][bookmark: _Toc92875663]6.1	Solution #1: Energy related information collection and exposure
[bookmark: _Toc157674314][bookmark: _Toc161043129]6.1.1	Key Issue mapping
This paper proposes a new solution on KI#1.
[bookmark: _Toc157674315][bookmark: _Toc161043130]6.1.2	Functional Description
This solution provides a framework for energy related information collection and exposure. Figure 6.1.2-1 describes the architecture of this solution.
[image: 架构图]
Figure 6.1.2-1: 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 5GC NFs and OAM. The information can be collected from 5GC NFs at the granularity of per UE, per UE per service, 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.
-  Collecting from OAM: per node, per slice, or per node per slice energy consumption information and related time period, 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 sun, wind, rivers, etc., with differentiated proportions of consumption.
For per UE, per PDU session, per service Energy Consumption calculation, ECCF may also collect an EC portion factor from the SMF/UPF. The EC portion factor refers to a percentage of NF node EC used for a specific UE, a specific PDU session, or a specific service. EC consumption of a specific UE, a specific PDU session, or a specific service at a NF is derived by multiplex the EC portion factor with the node level EC collected from the OAM. 
NOTE 1: How to calculate the EC portion factor is configured per NF by the OAM. E.g., in case of UPF, the portion factor could be calculated as the data volume of a certain UE/PDU session/service divided by the total data volume at the UPF. 
NOTE 2: The energy related information above includes also a timestamp indicating when the information is collected. 
-	Exposing the energy consumption/efficiency related information based on the request from 5GC NF or AF.
[bookmark: _Hlk156891969]-	Handling 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, PDU session (e.g., SSC mode 3), or service (e.g. XRM service), the EECF can aggregate the energy consumption information for each UE, PDU session, or service per time unit at the RAN and different UPFs.
This solution addresses the use cases on energy related information exposure in TR 22.882[5] such as 5.3, 5.4, 5.6, 5.7, etc
[bookmark: _Toc157674316][bookmark: _Toc161043131]6.1.3	Procedures


Figure 6.1.3-1: Procedure for Energy related information collection and exposure
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.
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).
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.
1.	EECF is triggered to perform energy related information collection and exposure based on the local operator policy (e.g. the granularity of energy related information exposure).
2.	EECF invokes the Nudm_UECM to the UDM to request the ID of the NF which provides the energy consumption related information.
3.	The UDM processes the Nudm_UECM request and sends the requested NF ID in the 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 (e.g. by subscribe to the notification(s) related to the services provided by the OAM, as TS 28.532 [11]) to obtain energy consumption related information per NF or per S-NSSAI, e.g. energy consumption information of RAN, renewable energy information for an area.
4b.	EECF 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. SMF responds with energy consumption related information to EECF with Nsmf_EnergyInfoCollect Response
4c.	EECF interacts with SMF to request the UPF 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. 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.
4d.	EECF interacts with UDM to request the AMF ID. EECF requests energy consumption related information from AMF with Namf_EnergyInfoCollect Request. AMF collects parameters number of registered subscribers. AMF responses energy consumption related information to EECF with Namf_EnergyInfoCollect Response.
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.
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: _Toc157674317][bookmark: _Toc161043132]6.1.4	Impacts on existing services, entities and interfaces
EECF:
-	New NF. Functionalities are as description of clause 6.1.2.
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, an EC portion factor.
UPF:
-	Exposure the following information to EECF: data volume, bit rate, an EC portion factor.
NG-RAN:
-	Exposure the following information through OAM to EECF: data volume.
AF:
-	There is impact on existing Nnef_EventExposure_Subscribe service.

AMF/SMF/UPF/NG-RAN: timestamp for each exposed energy related information.
End of CHANGE
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