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Abstract: In SA2#161 meeting, the solution #17 regarding the OAM-based energy related information collection method was agreed. This document aims at resolving the open issues mentioned in the solution. The contribution S2-2402292 no discussed in last meeting is also merged. 
1. Introduction/Discussion
This contribution addresses the editor’s note of Solution #17 and also the contribution S2-2402292 no discussed in last meeting is merged.
Solution #17 regarding the OAM-based energy related information collection was agreed in SA2#161 meeting. As per the discussion, there are several issues to be further clarified as follows:
Editor’s Note:	How does the NWDAF/EECF find the SMF(s) is FFS.
Editor’s Note:	It is FFS whether extra information regarding energy consumption is needed to calculate the Energy Consumption or Energy Efficiency.
Editor’s Note:	It is FFS whether functionalities at NEF regarding energy related execution can be implemented by NWDAF.
2.	Resolution of Editor’s note of Solution #17
2.2	on the NWDAF/EECF finding the NF(s)
2.2.1	Area Granularity
In TS 22.261 clause 6.15a.2.1, the requirement of per-area granularity is mentioned, see the following excerpts:
Specifically, best-effort traffic can be subject to a policy that limits the maximum energy consumption over time, or further constrained by location (so that the energy consumption limit only applies when used in a specified service area.)
Therefore, among the RAN nodes and UPFs, RAN 2, RAN 3, UPF 1 and UPF 2 in the target area in Figure 2-1 will be considered in case the granularity is “area”. Note that for UPF1, only the volume of the data sent to the RAN nodes within the target area (i.e., RAN 2 and RAN3) will be considered. 


Figure 2.2.1-1: Example of the case to find NFs handling the traffic within the area.
On the issue of the way of the NWDAF/EECF discovering the NFs that within the area, the following procedures will be considered (take the UPF/RAN as the example):
For finding the SMF(s) and acquiring the data volume of the traffic sent to the target area:
-	The NWDAF/EECF receives the target area information from the AF and optionally within a time interval;
-	The NWDAF/EECF discovers the SMF(s) that can serve the requested area from AF, e.g., by the TAI list in the NF Profile of the SMF(s), and NWDAF/EECF send the corresponding area information and optionally the time interval to the selected SMF(s); 
-	For each PDU Session handled by the SMF, the SMF collects the DL/UL data volume of the PDU Session when the UE located in the requested target area (within the requested time interval): 
-	After knowing the UE is inside the target area, e.g., receive the ULI or UE's presence of the target area from AMF, the SMF requests UPF to provide the data volume of the PDU Session; 
-	UPF reports the data volume to the SMF;
-	SMF updates the data volume of the PDU Session of the UE and the associated UE location in its storage. SMF also records the involved UPF ID(s) of the PDU Session;
-	The SMF(s) provides its stored information to the NWDAF/EECF after the expiration of the requested time.
As an alternative, the NWDAF/EECF can check the CDR and invoke the service provided by CHF, to get the same information. To this end, the NWDAF/EECF provides the requested target area and the time interval to the CHF. As the response, the CHF returns the data volume of the UEs within the target area, UPF ID(s), and the associated UE location to the NWDAF/EECF. 
For finding the RAN(s) located within the target area:
-	The NWDAF/EECF finds the AMF(s) that can serve the requested area from AF, e.g., by the TAI list in the NF Profile of the AMF(s), and NWDAF/EECF send the corresponding area information to the selected AMF(s);
-	The AMF(s) responds the Identities of the RAN node(s) that can serve the area provided by the NWDAF, e.g., by the TAI list in the NG Setup procedures provided by RAN node, and the associating TAIs of the RAN node; 
2.2.2	Application Granularity
In TS 22.261 clause 6.15a.5.2, the requirement of per application service granularity is mentioned, see the following excerpts:
Based on operator’s policy and agreement with 3rd party, the 5G system shall be able to expose energy consumption information and prediction on energy consumption of the 5G network per application service to the 3rd party.
On the issue of the way of the NWDAF/EECF discovering the NFs that handling the traffic of a certain application, the following procedures will be considered (take the UPF/RAN as the example):
For finding the SMF(s) and acquiring the data volume of the traffic associated to the certain application:
-	The NWDAF/EECF receives the application information (i.e., the Filter Information or application ID) and optionally the time interval from the AF;
-	The NWDAF/EECF notifies the involved PCF(s) controlling the policy of the PDU Session that transmitting the data of the application via BSF and/or UDR.; 
-	The NWDAF/EECF sends the application information and possibly time interval to the selected PCF(s) and PCF(s) inform the SMF(s).
-	The SMF(s) requests UPF to provide the data volume of the application by providing the application information in the N4 message; 
-	UPF reports the data volume of the application to the SMF;
-	SMF updates the data volume of the PDU Session of the UE and the associated UE location in its storage. SMF also records the involved UPF ID(s) of the PDU Session;
-	The SMF provides the stored information to the NWDAF/EECF directly or via PCF after the expiration of the requested time. 
For finding the RAN(s) that serving the certain specific application:
-	The NWDAF/EECF finds the AMF(s) that can serve the area of the TAIs in the returned UserLocation collected from SMF(s), e.g., by the TAI list in the NF Profile of the AMF(s), and NWDAF/EECF send the corresponding TAs in the area to the selected AMF(s);
-	The AMF(s) responds the Identities of the RAN node(s) that can serve the area provided by the NWDAF, e.g., by the TAI list in the NG Setup procedures provided by RAN node, and the associating TAIs of the RAN node; 
2.2.3	An Example of Calculating the result
As an example, NWDAF/EECF can based on following information to figure out the total Energy Consumption within that area or of a certain application:
1.	For each discovered SMF/RAN, NWDAF/EECF obtain the its Energy Consumption and total data volume, from OAM in step 3 of Figure 6.17.3-1; In clause 1.4 below we proposal 3 different mechanism for retrieving the Energy Related information from OAM.
2.	For each discovered SMF/RAN, NWDAF/EECF obtain the data volume sent to the Target area/of a certain application as described in 1.2.1 and 1.2.2;
3.	NWDAF/EECF figures out the Energy consumption of each discovered SMF/RAN based on 1 and 2, and NWDAF/EECF sums up the Energy Consumption for the discovered SMF(s)/RAN node(s).
2.2.4	Resolution of the EN
Based on the description mentioned above, it is proposed to remove the EN and add the related explanations. 
2.3	on the Potential Extra Information 
Editor’s Note:	It is FFS whether extra information regarding energy consumption is needed to calculate the Energy Consumption or Energy Efficiency.
More information might be considered for the NWDAF/EECF or SMF/EECF, that can be discussed in the evaluation phase. Currently there is no shown-stopper of this solution, and the EN can be kept for the time being. 
2.4	on the NEF functionalities  
Editor’s Note:	It is FFS whether functionalities at NEF regarding energy related execution can be implemented by NWDAF.
This EN is related to the issue that whether the NEF should only assume the functionality of exposure, instead of accumulating the energy consumption (e.g., sum up the EC of the PDU sessions of a given UE), and diverging the EE related request to SMF/EECF or NWDAF/EECF as per the different granularities regarding the energy related execution.
In fact, migrating such functionalities to NWDAF/EECF is also possible since at that time the NWDAF/EECF would be the only entrance. There will be no clear advantage/disadvantage of those two directions. Note that the discussion of whether there will be a dedicated NF for EE is still ongoing, resolving such issue can be done in conclusion phase. 
It is proposed to remove the EN and add a NOTE saying:
NOTE:	The functionalities of NEF regarding energy related execution except for exposing can be implemented in the NWDAF/EECF, and will be determined in the conclusion phase. 
3	Local Energy Consumption evaluation (Merge of solution from last meeting in S2-2402292) 
3.1	General
The energy related parameters, i.e., EC, CI and Renewable Ratio, can be obtained from the OAM on a periodically bases such information every 15 minutes, 1 hours, or any period that is suitable with the evaluation to be performed. This represents the classical “mechanism”. In this solution we propose to additional mechanism aiming to reduce the amount of information exchanged:
a) Local evaluation based on function representation of energy related parameters configured in the NWDAF/EECF or SMF/EECF and exchanged of characteristic parameters from OAM;
b) Local evaluation based on AI-ML modelling of energy related parameters configured in the NWDAF/EECF or SMF/EECF and exchanged of characteristic parameters from OAM.
This clause describes how the energy related information, specifically the Energy Consumption, Renewable and Carbon intensity information are calculated.
3.2	Local evaluation based on function of energy related parameters
The solution is based on the following mechanisms:
a) 	at the consumer of energy related parameters is configured the functions allowing to evaluate the energy related parameters. The function can be configured by OAM or can be transferred to the consumer by MnS as part of service-based interface. This function may be different per different nodes, for example, for different equipment model, different location, etc. Which function is configured is left to implementation and the configuration decision by PLMN.
b)	The OAM provides the characteristic parameters of the function to the consumer which allows to represent the behaviour of a specific node or NF in function of the input parameters. The characteristic parameters of the function are provided only when needed, i.e., when it is determined that those previous provided characteristic parameters are no more valid due to changes on configuration, or it has been determined that a new function allow to better evaluate the energy related parameters. 
c)	the consumer performs the evaluation of the energy related parameters based on the input parameters.
Consider for example the EC of a UPF, the EC can be described as a function of the data volume load as show as example in figure 3.1 (or as a function of any significant characteristic of the Node e.g. per number of UE, PDU session, a combination of more input parameters). The consumer, for example the SMF, in a measurement period determines that the Data Volume load is x, therefore it evaluates that the corresponding EC is y, from the configure formula. 


Figure 3.2-1: Energy Consumption vs data load for a generic NF. 
In this example the EC of UPF is ECUPF(x) is the configured function as in step a) and the input parameter x,y can be any relevant input parameters available in the consumer. Referring to the example in figure 3.1 the EC of the UPF is 

Where the parameter a and b are those provided by OAM in step b). It shall be point out that:
· The function can be any function which is considered representative of the energy related parameter to be evaluated and of the NF (e.g., linear, parabolic, steps, lookup table) 
· The function can have one or more input parameters, e.g., data volume, number of PDU sessions, number of UE, etc
· The same function may be used for a class of NF and the characteristic parameters, e.g., a and b can be different per NF model.
· The number of functions to be used can be arbitrary as decided by PLMN in order to fulfil its needs, for example 1 single NF which is the average of all NF independent by model and vendor, or a finer granularity.
· The representative functions and characteristic parameters can be determined from data sheet, from laboratory test or from measuring the behaviour of some NF defined as “reference NF” which are consider under continuous measurement via OAM or other procedure to determine the characteristic in real deployment. This is considered outside the scope of 3GPP. 
3.3	Local evaluation based on AI-ML modelling of energy related parameters
As an alternative, the function can be substituted by the AI-ML based modelling. This clause describes the option of AI-ML modelling based of energy related parameters.
a) the OAM provides to the consumer of energy related KPI (EC, CI, Renewable ratio) that the blueprint of AI-ML model representing the energy consumption information, including which inputs are relevant for the inference of the AI-ML model are also provided (e.g., the NF load, number of UEs, etc) The AI-ML model blueprint can be configured by OAM or can be passed to the consumer by MnS as part of service -based interface. This AI-ML model blueprint can be different per different nodes, for example for different equipment products, different network location, etc. which AI-ML model blueprint is configured is left to implementation and the configuration decision by PLMN. The AI-ML model blueprint may be provided and updated when it is determined that those previous AI-ML model blueprint is no more valid, for example due to changes of configuration.
b)	The OAM provides the parameters (e.g., neural network weights, number of layers) of the AI-ML model to the consumer to compute the energy related KPI (EC, CI, Renewable ratio) of a specific node or NF. The characteristics parameters of the AI-ML model are transferred only when needed, i.e. when it is determined that those previous provided are no more valid due to changes on configuration, e.g., it has been determined that a new AI-ML allows to better evaluate the energy related parameters. This AI-ML model parameters can be different per different nodes, for example for different equipment products, different network location, etc.
The AI-ML blueprint and the parameters can be determined following the same principles of functional representation described in clause 3.2.


2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-66.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc161043234]6.17	Solution #17: Energy related information collection based on two granularities
[bookmark: _Toc161043235]6.17.1	Key Issue mapping
This solution maps to KI#1.
[bookmark: _Toc161043236]6.17.2	Functional Description
[bookmark: _Toc161043237]6.17.2.1	Principles about how related information is determined and processed energy
This clause describes how the energy related information, specifically the Energy Consumption, Renewable Energy and Carbon emission information is obtained via OAM and the principal requirements for the processing of energy related information.
The specification TS 28.554 [6] defines the Energy Consumption KPI of a Physical Node in clause 6.7.3 based on Power and other Energy Environmental Parameters for the equipment based on ETSI EN 202 336-12 [9] and TS 28.522 [10].
Since the Energy Consumption is mainly determined from measurement on power interface and/or estimation based on CPU, memory and disk usage in case of a virtual NF, it is difficult (if not impossible) to derive this information directly at the NF. It should however not be a problem to retrieve the Energy Consumption information per NF (irrespective of whether it is realized as virtual NF or a physical node) as defined in clause 6.3.2.1 of TS 28.554 [6].
For Renewable Energy and Carbon emission information we assume that they can be obtained in the same way via the OAM.
NOTE:	Whether and which granularity of renewable energy information would be available from OAM is under SA WG5 responsibility.
For simplicity reasons and due to the fact that this information is already standardized, we focus only on the retrieval and usage of Energy Consumption information in the following description. The approach can however be used in the same way for the retrieval and usage of Renewable Energy and Carbon emission information.
The energy related information retrieved from the OAM can then be further processed in the CN. From the SA1 requirements, one can derive two main scenarios, one that is related to the rather accurate energy consumption information of a specific UE or PDU Session and another that is related to the energy consumption in a coarser granularity of areas, application traffic, UE group, and so on. And given that the collection of energy related information and its processing in the CN is creating additional costs and is consuming energy as well, it only makes sense to look for the most efficient approach, even if this comes with a certain reduction in accuracy or actuality.
Based on the above considerations, it is therefore proposed to use the fine granular and relative accurate collection and processing of energy consumption information only for those situations and UEs where it really matters, i.e. where a user specific energy credit/budget is to be enforced or where the energy consumption is used for traffic policing/charging. In all other situations, a coarse granular approach should be applied for the collection and processing of energy consumption information that makes use of certain assumptions, averages, statistics and whatever simplification is helpful to keep the efforts as low as possible. It should be clear that it is not possible (from scalability as well as from energy consumption perspective) to collect fine granular and accurate energy consumption information for every UE in the network. And it should also not be necessary since the simplifications that are taken in the coarse granular approach can be the same for the different NFs, use cases or scenarios and do therefore lead to comparable results.
[bookmark: _Toc161043238]6.17.2.2	Architectural model and functional entities
This solution is based on existing OAM capabilities enabling to collect and expose energy consumption information of network entities (i.e. RAN nodes, 5GC NFs) with the granularity of network slice and NF.
The principles of the solution are:
1)-	SMF and NWDAF retrieve the energy consumption information of the relevant NFs from the OAM on a per Node/NF and slice granularity via the Provisioning Management Service (MnS) and with the granularity period defined in TS 28.532 [11].
2)-	The NWDAF is responsible for the calculation of the energy consumption information for coarser granularities (e.g. per area, per application, per group of UEs, etc.):
-a)	The calculation of the energy consumption information can take further input from other NFs into account (e.g. measurements, context information, etc.) including energy consumption information of specific PDU Sessions (provided by the SMF).
3)-	The SMF is responsible for the finer granularity and relative accurate collection of energy consumption information with the granularity of a PDU Session (or even a QoS Flow):
a)-	The energy consumption information for a PDU Session is calculated under consideration of the actual traffic volume that is transferred, the UPF and RAN node energy consumption information.
4)-	The NEF supports the exposure of energy consumption information with fine as well as coarse granularity:
a)-	The NEF forwards the subscriptions and notifications to/from the NWDAFs and SMFs;
b)-	The NEF may need to aggregate energy consumption information of specific PDU Sessions provided by the SMF(s) in order to expose the energy consumption information for a UE.
5)-	The CHF can receive fine granular and relative accurate energy consumption information a PDU Session (or even a QoS Flow) and can provide energy credit/budget control information to the SMF.
6)	The MnS which sends the energy related information to the relevant CN NFs as follow:
a) with the granularity period defined in TS 28.532 [11], for example every 15 Minutes.
b) provide the characteristics parameters of the function representing the energy related information of a given NF
c) provide the hyperparameter of the AI-ML model representing the energy related information of a given NF

The reference architecture in figure 6.17.2.2-1 shows MnS which sends the energy related information per NF, node and slice granularity, and the SMF, NWDAF, NEF and CHF which further process and expose the energy related information according to the desired granularity, i.e. per area/application, per UE, pre PDU session or even per QoS Flows.


Transferred information:
a.	(Other NFs to SMF): Data Volume (DV) or other useful input of the desired granularity (e.g., per PDU Session/QoS Flow);
b.	(Other NFs to NWDAF): DV or other useful input of the NF(s) (e.g., NFs belong to a certain NS);
c.	(OAM to SMF): DV or other useful input of the involved NF(s), EC of the involved Network entities;
d.	(OAM to NWDAF): DV or other useful input of the involved NF(s), EC of the involved Network entities;
e.	(SMF to NEF): Fine granularity of EC/EE e.g., PDU Session/QoS Flow;
f.	(NWDAF to NEF): Coarse granularity of EC/EE e.g., per area, per application, per group of UEs;
g.	(Between CHF and SMF): Charging related control.
h.	(NEF to AF): desired granularity of EC/EE e.g., per QF, per PDU Session, per UE, per NF, per area, per application, per group of UEs;
i.	(SMF to NWDAF): Fine granularity of EC/EE e.g., PDU Session/QoS Flow;

Figure 6.17.2.2-1: Reference architecture and the information flow
[bookmark: _Toc161043239]6.17.2.3	The Way of NWDAF/EECF obtaining the information for coarse granularity
[bookmark: _Toc153792137]6.17.2.3.1	Area Granularity
On the issue of the way of the NWDAF/EECF discovering the NFs within the area and the associating data volumes, the following procedures will be used:
For finding the SMF(s) and acquiring the data volume of the traffic sent to the target area:
-	The NWDAF/EECF receives the target area information from the AF and optionally within a time interval;
-	The NWDAF/EECF discovers the SMF(s) that can serve the requested area from AF, e.g., by the TAI list in the NF Profile of the SMF(s), and NWDAF/EECF send the corresponding area information and optionally the time interval to the selected SMF(s); 
-	For each PDU Session handled by the SMF, the SMF collects the DL/UL data volume of the PDU Session when the UE located in the requested target area (within the requested time interval): 
-	After knowing the UE is inside the target area, e.g., receive the ULI or UE's presence of the target area from AMF, the SMF requests UPF to provide the data volume of the PDU Session; 
-	UPF reports the data volume to the SMF;
-	SMF updates the data volume of the PDU Session of the UE and the associated UE location in its storage. SMF also records the involved UPF ID(s) of the PDU Session;
-	The SMF(s) provides its stored information to the NWDAF/EECF after the expiration of the requested time.
As an alternative, the NWDAF/EECF can check the CDR and invoke the service provided by CHF, to get the same information. To this end, the NWDAF/EECF provides the requested target area and the time interval to the CHF. As the response, the CHF returns the data volume of the UEs within the target area, UPF ID(s), and the associated UE location to the NWDAF/EECF. 
For finding the RAN(s) located within the target area:
-	The NWDAF/EECF finds the AMF(s) that can serve the requested area from AF, e.g., by the TAI list in the NF Profile of the AMF(s), and NWDAF/EECF send the corresponding area information to the selected AMF(s);
-	The AMF(s) responds the Identities of the RAN node(s) that can serve the area provided by the NWDAF, e.g., by the TAI list in the NG Setup procedures provided by RAN node, and the associating TAIs of the RAN node;
The NWDAF/EECF evaluates the energy consumption per UE and per area as sum of the EC contribution of NFs, where the proportion of the EC of the NF is defined by corresponding KPI, for example as described in solution #x (S2-2401231)
6.17.2.3.2	Application Granularity
On the issue of the way of the NWDAF/EECF discovering the NFs that handling the traffic of a certain application, the following procedures will be considered (take the UPF/RAN as the example):
For finding the SMF(s) and acquiring the data volume of the traffic associated to the certain application:
-	The NWDAF/EECF receives the application information (i.e., the Filter Information or application ID) and optionally the time interval from the AF;
-	The NWDAF/EECF notifies the involved PCF(s) controlling the policy of the PDU Session that transmitting the data of the application via BSF and/or UDR.; 
-	The NWDAF/EECF sends the application information and possibly time interval to the selected PCF(s) and PCF(s) inform the SMF(s).
-	The SMF(s) requests UPF to provide the data volume of the application by providing the application information in the N4 message; 
-	UPF reports the data volume of the application to the SMF;
-	SMF updates the data volume of the PDU Session of the UE and the associated UE location in its storage. SMF also records the involved UPF ID(s) of the PDU Session;
-	The SMF provides the stored information to the NWDAF/EECF directly or via PCF after the expiration of the requested time. 
For finding the RAN(s) that serving the certain specific application:
-	The NWDAF/EECF finds the AMF(s) that can serve the area of the TAIs in the returned UserLocation collected from SMF(s), e.g., by the TAI list in the NF Profile of the AMF(s), and NWDAF/EECF send the corresponding TAs in the area to the selected AMF(s);
-	The AMF(s) responds the Identities of the RAN node(s) that can serve the area provided by the NWDAF, e.g., by the TAI list in the NG Setup procedures provided by RAN node, and the associating TAIs of the RAN node;

The NWDAF/EECF evaluates the energy consumption per UE and per services as sum of the EC contribution of NFs, where the proportion of the EC of the NF is defined by corresponding KPI, for example as described in solution #x (S2-2400xx)
6.17.2.4	Evaluation of Energy related information by SMF/EECF and NWDAF/EECF
The energy related parameters, i.e., EC, CI and Renewable Ratio, can be obtained from the OAM on a periodically bases such information every 15 minutes, 1 hours, or any period that is suitable with the evaluation to be performed. This represents the classical “mechanism”. In this solution we propose to additional mechanism aiming to reduce the amount of information exchanged based on local evaluation of energy related information:
a) Local evaluation based on function representation of energy related parameters configured in the NWDAF/EECF or SMF/EECF and exchanged of characteristic parameters from OAM;
b) Local evaluation based on AI-ML modelling of energy related parameters configured in the NWDAF/EECF or SMF/EECF and exchanged of characteristic parameters from OAM.
This clause describes how the energy related information, specifically the Energy Consumption, Renewable and Carbon intensity information are calculated.
6.17.2.4.1	Local evaluation based on function of energy related parameters
The solution is based on the following mechanisms:
a) 	at the consumer of energy related parameters is configured the functions allowing to evaluate the energy related parameters. The function can be configured by OAM or can be transferred to the consumer by MnS as part of service-based interface. This function may be different per different nodes, for example, for different equipment model, different location, etc. The function to be configured is left to implementation and the configuration decision by PLMN.
b)	The OAM provides the characteristic parameters of the function to the consumer which allows to represent the behaviour of a specific node or NF in function of the input parameters. The characteristic parameters of the function are provided only when needed, i.e., when it is determined that those previous provided characteristic parameters are no more valid due to changes on configuration, or it has been determined that a new function allow to better evaluate the energy related parameters. 
c)	the consumer performs the evaluation of the energy related parameters based on the input parameters.
Consider for example the EC of a UPF, the EC can be described as a function of the data volume load as show as example in figure 6.17.2.4.1-1  (or as a function of any significant characteristic of the Node e.g. per number of UE, PDU session, a combination of more input parameters). The consumer, for example the SMF, in a measurement period determines that the Data Volume load is x, therefore it evaluates that the corresponding EC is y, from the configure formula. 



Figure 6.17.4.1.-1: Energy Consumption vs data load for a generic NF. 
In this example the EC of UPF is ECUPF(x) is the configured function as in step a) and the input parameter x, y, can be any relevant input parameters available in the consumer. Referring to the example in figure 6.17.3.x.2-1 the EC of the UPF is 

Where the parameter a and b are those provided by OAM in step b). It shall be point out that:
· The function can be any function which is considered representative of the energy related parameter to be evaluated and of the NF (e.g., linear, parabolic, steps, lookup table), The figure 6.17.4.1-1 represents one of  possible example. 
· The function can have one or more input parameters, e.g., data volume, number of PDU sessions, number of UE, etc
· The same function may be used for a class of NF and the characteristic parameters, e.g. a and b can be different per NF model.
· The number of functions to be used can be arbitrary as decided by PLMN in order to fulfil its needs, for example 1 single NF which is the average of all NF independent by model and vendor, or a finer granularity.
· The representative functions and characteristic parameters can be determined from data sheet, from laboratory test or from measuring the behaviour of some NF defined as “reference NF” which are consider under continuous measurement via OAM or other procedure to determine the characteristic in real deployment. This is considered outside the scope of 3GPP. 
6.17.2.4.2	Local evaluation based on AI-ML modelling of energy related parameters
As an alternative, the function can be substituted by the AI-ML based modelling. This clause describes the option of AI-ML modelling based of energy related parameters.
a) the OAM provides to the consumer of energy related KPI (EC, CI, Renewable ratio) that the blueprint of AI-ML model representing the energy consumption information, including which inputs are relevant for the inference of the AI-ML model are also provided (e.g., the NF load, number of UEs, etc) The AI-ML model blueprint can be configured by OAM or can be passed to the consumer by MnS as part of service-based interface. This AI-ML model blueprint can be different per different nodes, for example for different equipment products, different network location, etc. which AI-ML model blueprint is configured is left to implementation and the configuration decision by PLMN. The AI-ML model blueprint may be provided and updated when it is determined that those previous AI-ML model blueprint is no more valid, for example due to changes of configuration.
b)	The OAM provides the parameters (e.g., neural network weights, number of layers) of the AI-ML model to the consumer to compute the energy related KPI (EC, CI, Renewable ratio) of a specific node or NF. The characteristics parameters of the AI-ML model are transferred only when needed, i.e. when it is determined that those previous provided are no more valid due to changes on configuration, e.g., it has been determined that a new AI-ML allows to better evaluate the energy related parameters. This AI-ML model parameters can be different per different nodes, for example for different equipment products, different network location, etc.
The AI-ML blueprint and the parameters can be determined following the same principles of functional representation described in clause 6.17.2.4.1.
6.17.2.5	Provision of energy related information by OAM
The MnS (OAM) provides the energy related information as follow:
a) sends the energy related information to the relevant CN NFs with the granularity period defined in TS 28.532 [11], for example every 15 Minutes. This is the current default behaviour.
b)	provides the characteristic parameters of the function to the consumer which allows to represent the behaviour of a specific node or NF as described in clause 6.17.2.4.1. The characteristic parameters of the function are provided only when needed, i.e., when it is determined that those previous provided characteristic parameters are no more valid due to changes on configuration, or it has been determined that a new function allow to better evaluate the energy related parameters 
c)	provides the parameters (e.g., neural network weights, number of layers) of the AI-ML model to the consumer to compute the energy related KPI (EC, CI, Renewable ratio) of a specific node or NF as described in clause 6.17.2.4.2. The characteristics parameters of the AI-ML model are transferred only when needed, i.e. when it is determined that those previous provided are no more valid due to changes on configuration, e.g., it has been determined that a new AI-ML allows to better evaluate the energy related parameters. This AI-ML model parameters can be different per different nodes, for example for different equipment products, different network location, etc. 

6.17.3	Procedures
NOTE 1:	The message names in the procedure below are descriptive. It is assumed that the names are updated with corresponding SBI based names where applicable during the normative phase.


Figure 6.17.3-1: Procedure for Energy related information collection and exposure
1.	AF triggers the energy information exposure by invoking Nnef_EventExposure_Subscribe service. In addition to the information defined in clause 5.2.6.2.2 of TS 23.502 [3], AF includes the following information in the request for energy related execution:
-	Desired granularity: Desired granularity of the Energy related information, i.e. per QoS Flow, per PDU Session, per UE, per area, per application, per group of UEs;
-	Desired Information Type: Energy Consumption, Energy Efficiency, Renewable Energy information, Carbon Emission information;
-	Other optional information: UE ID(s)/GPSI, DNN, S-NSSAI, Filter Information (e.g. per QoS Flow, per application), Area of Interest.
1a.	NEF checks authorization of AF. If geographical area information or civic address information was provided by the AF as the requested service area, NEF performs the translation.
NOTE 2:	NEF is not required if AF is in trusted domain. In this case, only step 2-10 are needed and the interactions between NEF and NWDAF/UDM/SMF also apply for an AF in the trust domain.
2.	If the Desired Information Type indicates a coarse granularity (e.g. per area, per application), the NEF sends Nnwdaf_EnergyInformation_Exposure_Subscribe Request message to NWDAF/EECF. The message includes the Desired granularity, Desired Information Type and Other information received in step 1.
3.	NWDAF/EECF obtains Energy Related Management Information from OAM. The Energy Related Management Information includes:
-	Energy Consumption of the Network Entities: e.g. Energy Consumption of the RAN nodes and UPF(s);
-	Renewable Energy Ratio;
-	Carbon Emission Factor;
-	other additional information required for the evaluation of the KPI, for example the contribution of Transport network, non-3GPP access node if provided by OAM.
If the alterative mechanism described in clauses 6.17.3.x.2 and 6.17.3.x.3 are used, this energy related information at NF level is evaluated locally by the NWDAF/EECF.
NOTE 3:	The interactions between OAM (e.g. MnS) and NWDAF/EECF will be further coordinate with SA5 and the details of the exchanged information (e.g. data format, services) will be determined then.
4.	NWDAF/EECF obtains other required input information from the 5GC NFs, such as:
-	Data Volumes of the desired granularity: e.g. the Data Volume of the UL/DL path of the N3 interface from UPF (directly or via SMF). NWDAF/EECF acquires the Data Volumes of the desired granularity as mentioned in clause 6.17.2.X;
	If the Desired granularity is per area, the NWDAF/EECF may interact with e.g. NRF to identify the target 5GC NFs within the Area.
	If the Desired granularity is per application, the NWDAF/EECF will further interact with the associated SMF(s) to get the required information (e.g. EC information) of the QoS flows.
Editor's note:	How does the NWDAF/EECF find the SMF(s) is FFS.
NOTE 4:	The NWDAF/EECF retrieves from 5GC NFs the information required to evaluate the KPI and performs the evaluation of the required KPIs. The KPIs are a separate issue and will be described in other solutions.
5.	The NWDAF/EECF responds the NEF with Nnwdaf_EnergyInformation_Exposure_Notify. The message includes the required Energy related information evaluated for requested granularity. Before responds to NEF, the NWDAF/EECF may further process the obtained information received in step 3 and step 4. Specifically:
-	If the Desired granularity is per area, the NWDAF/EECF aggregates the collected EC information of the NFs within the area (i.e. within the Area of Interest).
-	If the Desired granularity is per application, the NWDAF/EECF aggregates the collected EC information of the QoS flows from SMF.
-	If the Desired Information Type is Energy Efficiency, the NWDAF/EECF figures out the Energy Efficiency based on the EC (obtained in step 3 or calculated in step 5) and useful input (i.e. DV information obtained in step 3).
-	If the Desired Information Type is Renewable Energy information or Carbon Emission information, the NWDAF/EECF figures out the Desired Information based on EC (obtained in step 3 or calculated in step 5) and Renewable Energy Ratio/Carbon Emission Factor (obtained in step 3).
NOTE 5:	The NWDAF/EECF may consider other additional inputs, e.g. analytics, when figuring out the Energy Consumption or Energy Efficiency.
6.	In case the Desired Information Type indicates a fine granularity (e.g. per QoS Flow, per PDU Session, per UE), the NEF determines the target NF(s) (i.e. SMF) by invoking the Nudm_UECM_Get service.
	If the Desired granularity is per group of UEs, the NEF will interact with the associated SMF(s) to get the required information (e.g. EC information) of the PDU Sessions.
7.	The NEF sends Nsmf_EnergyInformation_Exposure_Subscribe Request message to the SMF(s). The message includes the Desired granularity, Desired Information Type and Other information received in step 1.
8.	SMF obtains Energy Related Management Information from OAM. The Energy Related Management Information includes:
-	Energy Consumption of the Network Entities: e.g. Energy Consumption of the RAN nodes and UPF(s);
-	Renewable Energy Ratio;
-	Carbon Emission Factor.
If the alterative mechanism described in clauses 6.17.3.x.2 and 6.17.3.x.3 are used, this energy related information at NF level is evaluated locally by the SMF.

NOTE 6:	The SMF may further authorize the request based on the subscription information, which should be under the remit of KI#2.
NOTE 7:	The interactions between OAM (e.g. MnS) and SMF will be further coordinate with SA5 and the details of the exchanged information will be determined then.
9.	SMF obtains other useful input information from the 5GC NFs.
	If the granularity is per QoS Flow, the SMF get the data volume of the specific QoS Flow from UPF, by providing the Filter Information to UPF.
	If the granularity is per PDU Session, the SMF gets the data volume of the PDU Session from UPF. The SMF performs the evaluation of the required KPIs would be a separate issue and will be described in other solutions.
NOTE 8:	UPF records the data volume per QoS Flow/per PDU session, this could be done by e.g. during the PDU Session Establishment/Modification procedure.
Editor's note:	It is FFS whether extra information regarding energy consumption is needed to calculate the Energy Consumption or Energy Efficiency.
10.	The SMF responds the NEF with Nsmf_EnergyInformation_Exposure_Notify. The message includes the required Energy related information evaluated for the requested granularity. Before responds to NEF, the SMF may further process the obtained information received in step 8 and step 9. Specifically:
-	If the Desired granularity is per UE, the NEF aggregates the collected EC information of all the related SMF(s) of the UE.
-	If the Desired granularity is per group of UEs, the NEF aggregates the collected EC information of the involved UEs.
-	If the Desired Information Type is Energy Efficiency, the SMF figures out the Energy Efficiency based on the EC (obtained in step 8 or calculated in step 10) and useful input (i.e. DV information obtained in step 3).
-	If the Desired Information Type is Renewable Energy information or Carbon Emission information, the NWDAF/EECF figures out the Desired Information based on EC (obtained in step 8 or calculated in step 10) and Renewable Energy Ratio/Carbon Emission Factor (obtained in step 8).
11.	The NEF provides the required information for exposure to AF via Nnef_EventExposure_Notify message.
Editor's note:	It is FFS whether functionalities at NEF regarding energy related execution can be implemented by NWDAF.NOTE 9:	The functionalities of NEF regarding energy related execution except for exposing can be implemented in the NWDAF/EECF, and will be determined in the conclusion phase. 

[bookmark: _Toc161043240]6.17.4	Impacts on existing services, entities and interfaces
NWDAF/EECF:
-	Handles the energy related information collection and calculation for the coarse granularity.
SMF/EECF:
-	Handles the energy related information collection and calculation for the fine granularity.
UPF:
-	Provides the date volume information as per the request from SMF.
NEF:
-	Identify the involved NF(s) and handles the energy related information calculation (for the fine granularity) and exposure.
AF:
-	There is impact on existing Nnef_EventExposure_Subscribe service.
OAM:
-	in case of support of alternative described in clause in clauses 6.17.3.x.2 and 6.17.3.x.3 support the provisioning of the characteristic parameters for the functional representation or for the AI-ML representation.

* * * * End of changes * * * *
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