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Abstract: This document proposes the conclusion on KI#1: Network energy related information exposure.
1. Discussion
1.1	General
This document is trying to provide the conclusion proposal for KI#1, based on the moderated email discussion and the analyses from Huawei’s S2-2404794 in the last meeting. In clause 1.2, we demonstrate the principles to be considered in the conclusion from our perspective, and in clause 1.3, we discuss critical issues from the moderated email discussion. 
1.2	Principles to be considered in the conclusion for KI#1 from our side
According to the current solutions in TR 23.700-66, issues to be resolved for KI#1 can be categorized into the following groups:
-	Data collection: 
-	The NFs that can provide the energy related information for calculating and exposure: It is clear that the energy related information can be provided directly from OAM (subscription based). This should be coordinated with SA5 on the details of provisioning. Note that the energy consumption for some of the granularities, e.g., per-UE, per-UE-per-QoS-Flow, needs to be calculated in the 5GC under consideration of some extra information from 5GC NF, i.e., data volume for that granularity. 
-	The main contributor(s) to the energy consumption: We think the user plane (in traffic volume) should be the major contributor to the energy consumption. The user plane energy consumption includes the PSA UPF and gNBs, as well as I-UPF, if it is in the path.
On the part of control plane, it takes a rather smaller portion of the energy consumption, and needs more efforts to collect (e.g., record the number of signaling), therefore it is suggested to consider the energy consumption contribution of Control Plane element as a constant value determined by the operator via consideration outside the 3GPP scope to be added to the EC determined for the user plane. 
-	The collected energy consumption information should be associated with temporal information and a consistent measurement period (e.g., tens of minutes) should be applied within the 5GS: the temporal information should be the same for Energy consumption and Data Volume and applied for all NFs. And timestamps (e.g., end time) should be associated with the measurement information so that the measurements of different NFs can be correlated and combined in the calculation and aggregation process.
-	Calculated granularity for exposure/control/optimization:
-	Besides the already-documented types (i.e., per service, per network slice level), it is necessary to focus on the per-UE-per-QoS-Flow in this release: this is mainly because we need to calculate the energy consumption of the best-effort/dedicated service, and the QoS flow would be the best granularity to differentiate the traffic of such services from other traffic/services as per TS 22.216 requirements.
-	Regarding the way of calculation, there are following possible levels of standardization:
-	Pure implementation-based method. This is easy but it is vendor specific. Note that for different vendors the results are very likely to be different and therefore causing inconsistent results. And the MNO cannot adjust the calculation to base on the real demands. 
-	Operator configuration with standardized principle. The operator can configure the evaluation procedures to be used for the estimation (e.g. the formula and/or statistical procedure), and/or the calculation logic in a consistent way across the PLMN, under consideration of specifics in the deployment or business model. Note that this may require SA5 standardization to enable the configuration of such evaluation procedure. We prefer this option, and the formula should be based on the principle that the energy consumption is depended on the traffic volume (UP).
-	Regarding the system architecture, there is a "Centralized vs. distributed new functionality" discussion. The role of the new functionalities includes collection, calculation, and exposure, and the control decision (related to KI#2 and #3). We believe that it is beneficial to support both options together and within a clear responsibility for different granularities. Especially the distributed functionality option seems to be necessary to realize features like energy credit in a scalable and efficient way (especially for a large amount of UEs):
-	Distributed new functionality: Collection, calculation, and exposure for the per-UE-per-QoS-Flow granularity. This functionality is ideally located at the SMFs due to the need of getting information from UPF (on traffic volume) and gNB (cell id(s) of the PDU Session). 
-	Centralized new functionality: Collection, calculation, and exposure for higher granularities like per UE or per service. This functionality could be located at the NWDAF/new NF (EECF). 
1.3	Discussion of critical issues from the moderated email discussion
1.3.0	General
A two-rounded moderated email discussion has been held before SA2#163 meeting. Companies exchanged their views but for some of the questions more discussion is needed. In this clause we list several aspects that need more clarification and discussion and provide our take on those.
[bookmark: _Toc20203927][bookmark: _Toc27894612][bookmark: _Toc36191679][bookmark: _Toc45192765][bookmark: _Toc47592397][bookmark: _Toc51834478][bookmark: _Toc162423707]1.3.1	Granularity to be exposed
In general, we think the per-UE-per-QoS flow granularity has to be supported, and it will be used for the best-effort traffic (and it can also be used for some dedicated services), since TS 22.261 clause 6.15a.2.2 specifies these requirements.:
	Subject to operator’s policy, the 5G system shall support a means to define subscription policies and means to enforce the policy that define a maximum energy consumption (i.e., quantity of energy for a specified period of time) for services without QoS criteria.


The Energy Consumption per QoS flow granularity is the only one that allows to separate the contribution of the best-effort traffic (i.e., general Internet traffic) from non-best-effort traffic (i.e., operator services, SLA based traffic). Furthermore, if several QoS flows are carrying traffic which can be considered as best-effort, the EC for all these QoS flows shall be summed up in order to derive the EC for the best-effort traffic.
Per-UE granularity has to be supported, for the purpose of enforcing energy consumption limitation of the subscriber. See the following excerpt of clause 6.15a.4.2 of TS 22.261:
	Subject to operator's policy, the 5G network shall support energy consumption monitoring at per network slice and per subscriber granularity.
NOTE 1:	Energy consumption monitoring as described in the preceding requirement is done by means of averaging or applying a statistical model. The requirement does not imply that some form of 'real time' monitoring is required. The granularity of the subscription policies can either apply to the subscriber (all services), or to particular services. 



Regarding Per Service granularity, it is an aggregation of all the individual UE’s energy consumption of that service traffic, i.e., it has to be based on per-UE per QoS flow level (the service traffic can be the only traffic in a QoS Flow but it would also be possible to do the measurement and calculation on the SDF granularity if the service runs together with other traffic on the same QoS Flow).
Regarding Per NF granularity, we don’t think it should be supported in this release, reasons are: 1) in order to support such exposure the AF would need to be able to identify the NF ID assigned internally to the PLMN (which would be impossible for most of the cases), and 2) the use case is not clear, i.e., why AF needs to have the energy consumption for a specific NF 3) if required the exposure of such information from OAM may be easier since potentially information and management procedure may solve the issue 1) , if possible.
Proposal 1: it is proposed to support per-UE-per-QoS flow, and Per-UE granularity for exposure in this release. 
1.3.2	On calculating the energy consumption for the supported granularities
As per the LS answer from RAN to the SA2 questions in RP-240825: 
-	Regarding the feasibility of obtaining per UE network energy consumption, RAN has not reached a consensus and may discuss whether to have some activities in September, so at this stage of the discussion we cannot solve the feasibility issue. Thus, it is proposed for the time being to leave them open as per RAN’s feedback.
The following EN is suggested to be kept and modified to exact reflect RAN’s response:
	Editor's note:	Whether in this release the NG-RAN will provide per UE level energy consumption information is FFS and depends by RAN WGs.


-	Regarding the granularity of reporting. It is agreed as per RAN’s feedback that in this Release, the gNB neither supports per-UE-per-PDU session nor per-UE-per-QoS flow level energy consumption reporting. 
Therefore, any mechanisms assuming RAN can measure/provide/evaluate per-UE-per-PDU-Session or per-UE-per-QoS-Flow level energy consumption would impact RAN’s current behaviour (including N2/N3 interfaces and internal logic) thus cannot be concluded, since RAN WGs neither justified the feasibility to do that, nor provided standards support. The only source that we can rely on to obtain energy consumption information is OAM, which could provide energy consumption either per NF or per Network Slice granularity. 
The gap between the OAM provided energy consumption granularity (see clause 1.3.2 above) and the stage 1 required granularity (see clause 1.3.1) can be closed by deriving the per-UE-per-PDU-Session or per-UE-per-QoS-Flow level energy consumption in the 5GC based on the following principle. 
Among the factors that contribute to the energy consumption, the user plane is the major one and includes the energy consumption at the gNB and at the UPF, and even at the I-UPF if it is in the path. The portion of best-effort/service traffic volume can be used to calculate the portion of the energy consumption at the gNB and at the UPF (and I-UPF), specifically:
-	Information provided by OAM:
-	Energy consumption information at the NF level, i.e., energy consumption of the gNB(s) and UPF(s) serving the UE, or Network Slice serving the UE;
-	Overall data volume for the gNB(s);
-	Overall data volume of the UPF;
-	Information provided by UPF (TBD whether it is from UPF directly or reported by SMF):
-	Data volume for the QoS flow;
-	Calculation of the energy consumption:
-	E2E energy consumption per QoS flow based on the sum of the energy consumptions of the QoS flow at all serving NFs (i.e., gNB(s), UPF and I-UPF).
-	The formula to calculate the energy consumption per QoS flow at any NF may be: NF energy consumption × (data volume of QoS flow) / overall data volume of the NF. 
-  On the part of control plane, it takes rather a smaller portion of energy consumption, and needs more efforts to collect them (e.g., record the number of signaling), therefore it is suggested to not consider the other parts the of energy consumption contribution of Control Plane element as a constant value determined by the operator via consideration outside the 3GPP scope to be added to the EC determined for the user plane. This constant value may be configured in the NF performing the evaluation or provided by OAM.
Proposal 2: it is proposed to rely on OAM to provide energy consumption information, and to calculate the E2E energy consumption constituted by UPF and gNB based on data volume. 
1.3.3	The energy information to be exposed
[bookmark: _Hlk166676435]It was also discussed which energy information can be exposed. We think it needs to be clarified at which granularity and for which purpose energy information is exposed. The granularity implies different considerations on how the values are estimated and for which purposes. For example, the EE for UE or for NF requires a different evaluation procedure. Note that the energy information exposed externally and those used internally for other purposes can be different. Therefore:
-	On Energy Efficiency: Since the EE criteria for the per-UE-per-QoS-Flow and per-UE have not been specified, we suggest to not support the exposure of this information. Furthermore, the Energy efficiency requires further discussion on how to be defined and how to be considered. For more details see contribution S2-2406403.
-	On Energy Credit/Limit: we don’t think the credit/limit per UE can be exposed by 5GC itself to AF since it is related to user subscription offer. Potentially we may expose a flag indicating "Energy credit/limit is exceeded or about to be exceeded" to AF, if it can be clarified that this is a combination of energy consumption and subscription information. 
-	Carbon Emission: this is highly dependent on SA5 work, and currently even in SA5 it is not clear how to support carbon emission. We suggest to not consider this in this release. 
-	Renewable Energy Usage: It can be proceeded in Rel-19 if SA5 can provide sufficient output in the normative phase on per NF granularity and it is based on the energy consumption. If such information will be provided by OAM, we propose to consider the Renewable Energy usage with the same granularity and approach of EC. For more details see contribution S2-2406403.
-	Analytics/Prediction on energy usage: We suggest to not support this in this release. 
Proposal 3: In addition to support energy consumption information, the exposure and collection of renewable energy related information is supported but only if it is supported by SA WG5.
1.3.4	Architecture perspective
Regarding the system architecture, there is a pending issue whether we should introduce a new 5GC NF for the collection and exposure, or whether such functionalities could be supported by existing NFs, e.g., all energy related functionalities are integrated by NWDAF, or whether such functionalities can be distributed to multiple existing NFs (SMF, NEF etc.). 
Although the architecture decision should be based on all of the KIs, e.g., energy related information collection, exposure, policy enforcement and/or energy saving procedures, it is still beneficial to explain the issue under this clause. 


Figure 1.3.4-1: Option 1, centralized NF, EECF or NWDAF.


Figure 1.3.4-2: Option 2, Energy related functionalities distributed in existing 5GC NFs.
The role of the new functionality includes collection, calculation, and exposure, and the control decision (related to KI#2 and #3). 
-	Option 1: Centralized new functionality: Could be NWDAF/new NF (EECF). The merits of adopting this option are to have a future proof architecture (by using EECF), or reusing current procedures (by using NWDAF), and the related procedures for collection, calculation and exposure are unified. 
-	Option 2: Distributed new functionality: Collection, calculation, and exposure are located at SMFs for small granularity (i.e., per-UE-per-QoS-Flow), and NWDAF for coarse granularity (i.e., per UE or per service). The advantage of using this approach is that some of the procedures can be reused, e.g., volume measurement, interaction with CHF and so on. In addition, the performance of using the distributed functionality should be more desirable since finer granularity would correspond to larger number of requests and having a single NF to deal with that might become the bottleneck of the system. 
Proposal 4: it is proposed to determine the architecture during the meeting by weighing the pros/cons of the available options.
It is proposed to update the conclusion part as in the next part. 
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-66.
[bookmark: _Toc519004414][bookmark: _Toc517082226][bookmark: _Toc165103823]* * * * First change * * * * 
8.1	Interim Conclusion for KI#1: Network energy related information exposure
The following bullets are recommended for normative work for KI#1:
-	The following granularities of the energy consumption information are supported to be exposed, based on operator policy/configuration:
-	per-UE-per-QoS-flow.
-	per UE (which are derived based on per-UE-per-QoS flow level). 
-	per Service (which are derived based on per-UE-per-QoS flow level).
-	per Network Slice level.
Expose of Per NF level is not supported by SA2 in this release. 
Editor's note:	It is FFS whether there is other granularity to be exposed is FFS
Editor's note:	whether or not to expose energy consumption per NF level or per Network Slice level by NEF is FFS.
Editor's note:	Which energy-related parameters to be exposed is FFS.
-	AF may request the energy consumption information exposure with reporting request e.g. Periodic reporting or Threshold based reporting.
-	The information for the calculation of the Energy Consumption information is obtained from the following sources:
-	OAM: provides the energy consumption information at the NF level, i.e., energy consumption of the gNB(s) and UPF(s) serving the UE, or Network Slice serving the UE;
-	OAM: provides the overall data volume for the gNB and UPF;
-	UPF: provides the data volume for the QoS flow;
-	New functionality in the 5GC determines the E2E energy consumption per QoS flow based on energy consumption of the flow at serving NF (i.e., NG-RAN and UPF).
NOTE 2:	The formula to calculate the energy consumption per QoS flow may be: NF energy consumption × (data volume of QoS flow) / overall data volume of the NF.
-	New functionality stores/aggregates/exposes the energy consumption information of the QoS flow including UPF and gNB energy consumption, as per the supported granularities and the consumer’s request (PCF, NWDAF, CHF, NEF).
-	Exposure and collection of renewable energy related information is supported only if it is supported by SA WG5 and the details of support will be addressed in the normative phase.
Editor's note:	The sources of where the energy consumption information is obtained is FFS.
Editor's note:	What is the granularity of energy consumption information to be collected and how it is collected is FFS.
Editor's note:	How E2E energy consumption information is determined is FFS.
Editor's note:	Whether other energy related information can be exposed and how it is collected in the system is FFS.
NOTE 1:	Exposure and collection of renewable energy and carbon emission information depend on the coordination with SA WG5.
NOTE 3:	In this Release, the gNB neither supports per-UE-per-PDU session nor per-UE-per-QoS flow level energy consumption reporting.
Editor's note:	Whether in this release the NG-RAN will provide per UE level energy consumption information is FFS and depends by RAN WGs.
Editor's note:	It is FFS whether the new functionality will be supported by a new and/or the existing NF(s).
Editor's note:	It is FFS whether the contribution of other NFs, e.g. SMF, AMF, will be considered.
-	Regarding the calculation of the Energy consumption, the details (e.g., algorithm) is based on the MNO's configuration and depends on the traffic volume, to make consistent across the PLMN, SA5 standardization might be required to enable configuration. 
* * * * End of changes * * * *
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