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Abstract of the contribution: this paper proposes solution on KI #1 and for use case 5.9 (Use case on renewable energy consumption information exposure) and for use case 5.8 (Use case on Application energy efficiency monitoring) from 3GPP TR 22.882 V19.1.0
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]
* * * Start of Change * * * *
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TR 22.882: "Study on Energy Efficiency as service criteria".
[6]	3GPP TS 28.554 "5G end to end Key Performance Indicators (KPI)".
[7]	3GPP TS 28.310 "Management and orchestration; Energy efficiency of 5G".
[8]	3GPP TS 22.261 "Service requirements for the 5G system".
[x]	3GPP TS 28.532 “Management and orchestration; Generic management services”.
[y]	3GPP TS 28.541 “Management and orchestration; 5G Network Resource Model (NRM); Stage 2 and stage 3”.
[z]	3GPP TS 28.550: "Management and orchestration; Performance Assurance".

* * * Next Change * * * *
[bookmark: _Toc148441666][bookmark: OLE_LINK37]4	Architectural Assumptions and Requirements
Editor's note:	This clause will document the Architectural Assumptions and Requirements applicable for the study.
The architecture for the present study shall be based on the existing 5G System architecture.
· Solutions shall comply with the 5G System architectural principles in TS 23.501 [2], including flexibility and modularity for newly introduced functionalities..
NOTE 1:	Coordination with RAN WGs is required for potential enhancements impacting the NG-RAN.
NOTE 2:	The study will consider the related work done by SA WG5 and reuse it when possible.
NOTE 3:	Security aspects are to be addressed in SA WG3.
[bookmark: _Toc148441667]4.1	Architectural Assumptions

[bookmark: _Toc148441668]4.2	Architectural Requirements

***** All New Text *****
[bookmark: OLE_LINK34][bookmark: OLE_LINK33]6.x	Solution #X: Network energy consumption (Including renewable energy consumption) and network energy efficiency related information exposure
[bookmark: _Toc43397086][bookmark: _Toc43483482][bookmark: _Toc43483776][bookmark: _Toc50473144][bookmark: _Toc50539464][bookmark: _Toc54638084][bookmark: _Toc54638578][bookmark: _Toc54639460][bookmark: _Toc57131533][bookmark: _Toc66304665][bookmark: _Toc68084227]6.x.1	Key Issue mapping
Editor's note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: OLE_LINK1][bookmark: OLE_LINK35]This solution addresses the below requirements from Key Issue #1: Network energy related information exposure.
-	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.
[bookmark: _Toc43397087][bookmark: _Toc43483483][bookmark: _Toc43483777][bookmark: _Toc50473145][bookmark: _Toc50539465][bookmark: _Toc54638085][bookmark: _Toc54638579][bookmark: _Toc54639461][bookmark: _Toc57131534][bookmark: _Toc66304666][bookmark: _Toc68084228]6.x.2	Functional Description
Editor's note:	This clause will describe the solution principles and assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details.
This solution addresses the following requirement from clause 5.9.6 of SA1 Study 3GPP TR 22.882 [5].
[PR.5.9.6-2] Subject to operator’s policy, the 5G system shall be able to provide to a 3rd party the reporting of the ratio of renewable energy used to provide dedicated communication service to the 3rd party on periodic basis.
NOTE 2: The reporting period could be set, e.g., on monthly or yearly basis. 
[PR.5.8.6-1] Based on operator policy and service agreement between the operator and application service provider, the 5G system shall be able to derive energy efficiency information for one or more application services, and expose energy efficiency information notifications to the application service provider. 
NOTE: The granularity of energy efficiency information notifications could vary according to different situations, for example, application service energy consumption can be acquired based on means of averaging or applying a statistical model for the energy consumed by the application sessions within the application service in the service area, etc. 
In the current 5GS, the energy consumption measurement is carried in OAM. To support energy consumption and efficiency as a service criterion, this information needs to be accessible by 5GC. Once the information is stored in 5GC, the information could be exposed to the authorised 3rd party.
Assumptions:
[bookmark: OLE_LINK27]-	This solution assumes that the network energy related information in 5GC is managed by a new network function EMF (Energy Management Function) which is represented as a new network entity in this solution. EMF provides exposure services to AF (directly if AF is trusted), via NEF to AF if the AF is untrusted or to other NFs. 
-	The granularity of the information stored in EMF function is per NF and network slice levelEMF engages with OAM and various 5GC Network Functions (NFs) to acquire data necessary for generating the essential energy-related information, such as measuring data volume at UPF and obtaining PDU Session-related information at SMF etc. 
-	EMF obtains ratio of renewable energy (network slice, NF) from OAM 
- 	The authorised 3rd party could be an AF or other 5GC NF
[bookmark: _Toc43397090][bookmark: _Toc43483486][bookmark: _Toc43483780][bookmark: _Toc50473148][bookmark: _Toc50539468][bookmark: _Toc54638088][bookmark: _Toc54638582][bookmark: _Toc54639464][bookmark: _Toc57131537][bookmark: _Toc66304669][bookmark: _Toc68084231]6.x.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc43397091][bookmark: _Toc43483487][bookmark: _Toc43483781][bookmark: _Toc50473149][bookmark: _Toc50539469][bookmark: _Toc54638089][bookmark: _Toc54638583][bookmark: _Toc54639465][bookmark: _Toc57131538][bookmark: _Toc66304670][bookmark: _Toc68084232][bookmark: OLE_LINK23]6.x.3.1	Procedure for data collection from OAM
[bookmark: _Hlk149417542]The interactions between EMF and OAM for data collection are illustrated in Figure 6.x.3.1-1. The data collected depends on the use cases. This figure is an abstraction of the OAM performance data file report management service that is defined in TS 28.532 [x]. 
[bookmark: OLE_LINK2][bookmark: _Hlk148978404][bookmark: OLE_LINK20]The management services required for the assessment of the energy efficiency of 5G networks are defined in TS 28.310 [7] clause 4.2 and the solutions for energy consumptions are defined in TS 28.310 [7] clause 6.3. The actual OAM services and reporting mechanisms that EMF may use are specified in TS 28.532[x], or TS 28.550 [z].
NOTE:	The MDA services related to renewable energy consumption are to be defined by SA WG5 and EMF could subscribe to them. The reference to SA WG5 specification will be added when defined in SA WG5.
The flow below assumes the EMF is configured on how to subscribe to the relevant OAM services. 
[image: A diagram of a process

Description automatically generated]
Figure 6.x.3.1-1: Data collection from OAM
[bookmark: OLE_LINK29]1. (Clause 11.6.1.3.2 of TS 28.532 [x]), Subscribe (Input): EMF subscribes to the notification(s) related to the services provided by the management service producer. 
2. (Clause 11.6.1.3.3 of TS 28.532 [x]), Subscribe (Output): management service producer responses to EMF if the subscription is success or not. 
[bookmark: OLE_LINK10]3. Data processing: management service producer prepares the data. The solutions for energy consumptions are defined in TS 28.310 [7] clause 6.3.
4. (Clause 11.6.1.1 of TS 28.532 [x]), Notification (notifyFileReady): management service producer notifies the data file is ready. 
As the final step, EMF fetches data by using file transfer protocols as defined in clause 11.6.2 of TS 28.532 [x]. 
[bookmark: OLE_LINK22]NOTE 1: The call flow in Figure 6.x.3.1-1 only shows a subscribe/notify model for the simplicity, however both request-response and subscription-notification models are supported. 
NOTE 2: EMF is configured with the Network Slice information (i.e. NetworkSliceInfo including a DN (Distinguished Name) of the NetworkSlice managed object relating to the network slice instance associated to the S-NSSAI and NSI ID if available as defined in TS 28.541 [y]). Based on the Network Slice information, the EMF uses the DN (Distinguished Name) to identify the NetworkSlice managed object relating to the S-NSSAI and NSI ID and consumes the management services to collect the management data of the corresponding NetworkSlice managed object. 
[bookmark: OLE_LINK28]NOTE 3: How OAM determines renewable energy consumption data for network slice or NF is FFS out of SA2 scope and will be addressed by SA5.
[bookmark: OLE_LINK13][bookmark: _Hlk148979513][bookmark: OLE_LINK8]6.x.3.2	Procedure for Renewable Energy Consumption request by AF Request
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[bookmark: _Hlk149522766][bookmark: OLE_LINK9]Figure 6.x.3.2-1: Procedure for Energy Consumption Information Exposure to AF by AF Request
[bookmark: _Hlk149551794][bookmark: _Hlk149522850][bookmark: OLE_LINK11][bookmark: OLE_LINK4][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK31]1. From AF to EMF via NEF if necessary: Nemf_EnergyConsumption_Request. The AF includes in the request the S-NSSAI for which the AF wants to request the renewable energy consumption information. The AF may also provide the time duration (e.g., last month or the previous 6 months) for which the energy consumption info is requested to be reported. If no time duration is provided, ESF provides the current renewable energy consumption information. AF can also request renewable energy consumption information for individual network functions (NFs) as part of the network slice identified by S-NSSAI, and EMF shall provide the renewable energy consumption information for individual NF. 
If the AF is untrusted, the AF invoked Nnef_EnergyConsumption_Request and subsequently, the NEF invokes Nemf_EnergyConsumption_Request towards EMF
[bookmark: OLE_LINK18]NOTE 1: It is assumed that the service Nemf_EnergyConsumption_Request can provide information related to both total energy consumption and renewable energy consumption. When making a request, the AF may indicate whether it is interested in obtaining data for the total energy consumption or specifically for renewable energy consumption.
[bookmark: OLE_LINK24]NOTE 2: The call flow in Figure 6.x.3.2-1 only shows a request/response model for the simplicity, however both request-response and subscription-notification models are supported.
[bookmark: OLE_LINK19][bookmark: OLE_LINK12]2-5. From EMF to OAM: EMF sends the energy consumption request to OAM and receives the response according to clause 6.x.3.1.
6. From EMF to AF via NEF if necessary: Nemf_EnergyConsumption_Response. ESF send the energy consumption response to AF. In case the AF is untrusted, EMF send Nemf_EnergyConsumption_Request to NEF and NEF send the information to AF via Nnef_EnergyConsumption_Response
6.x.4.2	Procedure for Energy Efficiency request by AF Request
[image: ]
Figure 6.x.4.2-1: Procedure for Energy Efficiency Information Exposure to AF by AF Request
[bookmark: OLE_LINK30]1. From AF to EMF via NEF if necessary: Nemf_EnergyEfficiency_Request. The AF includes in the request the S-NSSAI for which the AF wants to request the energy efficiency information. The AF may also provide the time duration (e.g., last month or the previous 6 months) for which the energy efficiency info is requested to be reported. If no time duration is provided, EMF provides the current energy efficiency information. AF can also request energy Efficiency information for individual network functions (NFs) as part of the network slice identified by S-NSSAI, and EMF shall provide the energy efficiency information for individual NF.
If the AF is untrusted, the AF invoked Nnef_EnergyEfficiency_Request and subsequently, the NEF invokes Nemf_EnergyEfficiency_Request towards EMF
NOTE 1: It is assumed that one or more application services provided by the service is on its own dedicated slice.
NOTE 2: The solutions for energy efficiency of network slice is defined in TS 28.310 [7] clause 6.1.2
NOTE 3: The call flow in Figure 6.x.4.2-1 only shows a request/response model for the simplicity, however both request-response and subscription-notification models are supported.
2-5. From EMF to OAM: EMF sends the energy efficiency request to OAM providing the network slice information and receives the response according to clause 6.x.3.1.
6. From EMF to AF via NEF if necessary: Nemf_EnergyEfficiency_Response. ESF send the energy efficiency response to AF. In case the AF is untrusted, EMF send Nemf_EnergyEfficiency_Request to NEF and NEF send the information to AF via Nnef_EnergyEfficiency_Response
[bookmark: _Toc515977958][bookmark: _Toc515978343]6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Impacts on existing nodes and functionality:
[bookmark: _Hlk149907719]1. New NF called EMF (Energy Management Function) to support:
- Obtains network energy consumption and efficiency information from OAM
- Network energy consumption (including renewable energy consumption) and efficiency exposure information to AF or NEF.
2. NEF:
- Extending service to expose the services provided by the EMF.
3. AF:
- Extending service to expose the services provided by the EMF.
***** End of Changes ****
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