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[bookmark: _Hlk102588365]Abstract of the contribution: This paper proposes a set of updates related to NWDAF-based Energy Analytics solution #12. 

1.	 Discussion
The proposal updates are related to NWDAF-based Energy Analytics solution # 12 of the FS_EnergySys study. It introduces:
1. A set of editorial changes for improving the text
2. The notion of analytics for additional energy consumption related to the resource that need to be switched back to a non-energy saving state when an increase in data volume per UE or per PDU session or per QoS flow that cannot be handled by the available network resources. 
3. Expected UE Behaviour parameters as specified in TS 23.502 [3] in the AF input.
4. UE location in the NF input data. 

2. Proposals
It is proposed to adopt the following text in TR.23.700-66v0.4.0.   
* * * * Start of 1st Change * * * *
6.12	Solution #12: Support for NWDAF-Based Energy Analytics
[bookmark: _Toc157674371][bookmark: _Toc161043202]6.12.1	Key Issue mapping
This solution maps to KI#3.
[bookmark: _Toc157674372][bookmark: _Toc161043203]6.12.2	Functional Description
This solution aims to address the KI#3 to extend the NWDAF-based analytics with energy related aspects to support network energy saving and enhance network energy efficiency.
Currently, NWDAF by collecting and analysing data from multiple sources including 5GC NFs, OAM can provide various analytics including UE behaviour, network performance, service experience defined in TS 23.288 [14]. The existing analytics do not provide information about the energy-related aspects of the network which is quite important for the energy-aware operation of network, e.g., network function selection or exposing the analytics for the authorized third parties. Hence, this solution proposes providing new analytics provided by NWDAF for this purpose. In order to assist with network energy saving and energy efficiency decision making, determining and enforcing the energy related strategies and policy control, optimising NF planning on its energy saving behaviour (e.g. energy saving states planning, reducing capabilities), multiple energy related objectives need to be considered by the 5GC and the AF, i.e. the historical, current and future energy consumption and energy efficiency at different granularities (e.g. at RAN level, Core Network level, network slice level, NF level, UE level, PDU session level, and/or QoS flow level). The 5GC and AF may interact and negotiate to determine or update energy saving and energy efficiency decision and energy related strategies and policy control before the service starts and during the service operation. For example, the 5GC and 3rd party may negotiate the maximum energy consumption allowance for providing a service to one or more subscribers by considering the prediction of the feasible energy consumptions and the associated service operation strategy provided by the NWDAF. PCF can change the PCC rule to decrease the QoS level if a specific QoS flow cost consume too much energy. AF can change the service level QoS requirement when the received energy saving, and energy efficiency analytics indicate a specific service will cost consume too much energy.
The NWDAF may also expose the analytics of other service quality information associated to the derived energy related information (e.g., the traffic volume that can be transmitted, the delay and data rate that can be achieved by 5GS using the derived EC or EE) to assist the consumers to make energy saving and energy efficiency decision making. As a result, the 5CG and AF are able tocan reach agreements on the implementable energy related policy control that satisfies the requirements of both the AF and 5GC.
In order to assist the network energy saving and enhance network energy efficiency, in different use cases, the NWDAF might be required to provide the energy related output analytics at different granularities by the consumer. For example, to make energy saving decision by considering NF (re-)selection or to change the energy states of NFs as required by SA WG1, the consumer may require the NWDAF to provide the energy related analytics outputs at NF level. To assist with the session management or to determine the implementable energy consumption and efficiency of a service, the consumer may require the NWDAF to provide the energy related analytics outputs at UE level, PDU session level or QoS flow level. Therefore, according to the consumer request, different inputs might be collected by the NWDAF from different data sources, e.g., performance and KPI related data collected from OAM, energy monitoring and management related data collected from energy management network function (EMF) if any, QoS monitoring data collected from SMF or UPF, NF load and status data collected from NRF etc. The NWDAF may also collect MDAS-based analytics as the inputs to derive the NWDAF-based analytics. In short, in order to provide the statistics and/or prediction on energy consumption and/or energy efficiency towards the respective consumer for the desired granularity, the NWDAF would then need to collect input data to gain knowledge related to:
-	the involved UE(s) and their location including potential mobility.
-	UE communication patterns or the data volume UL/DL and bit rate per desired granularity.
-	5G core and RAN nodes involve d and their utilization for enabling the desired granularity.
-	energy consumption and energy efficient information related to the involved 5G core and RAN nodes.
In order to compute the prediction and statistics of the energy consumption and energy efficiency at finer granularities (e.g., at UE level, PDU session level, and/or QoS flow level), the NWDAF can consider the percentage of the total resources of the 5GC, NF, slice or RAN node used by the UE, PDU session or the QoS flow. For example:
-	The energy consumption of a PDU session can be determined by summing up the percentage of the EC consumed by all network functions that serve this PDU session.
-	The energy consumption of a QoS flow can be calculated by estimating the percentage of the PDU session or slice resource utilisationutilization by the QoS flow, i.e., the percentage can be estimated by considering the data volume of the specific QoS flow and the overall data volume of the slice the QoS flow belong to.
-	The energy consumption of a UE can be calculated by summing up the energy consumption of all the PDU sessions or QoS flows that belong to the UE.
Based on the energy efficiency (EE) defined in clause 3.1, Energy Efficiency (EE): The relation between a useful output and energy consumption and the definition in clause 6.7 of TS 28.554 [6]: the EE of the mobile network could be defined as Data Volume (DV) divided by Energy Consumption (EC) of the considered network elements. The data volume transmitted could be considered as a useful output. Therefore, one way for the NWDAF to determine the EE at different granularity (i.e., slice, UE, PDU session, QoS level) is to use the data volume at the required granularity divided by the Energy Consumption (EC) at the same granularity. 
Once the 5G system is configured to save energy (e.g., at off-peak times), i.e., when specified NFs or RAN nodes are configured to be on an energy saving state (e.g., by the OAM), and an increase in data volume per UE or per PDU session or per QoS flow that cannot be handled by the available network resources would require the consideration of switching selected resources back to a non-energy saving state. In this case the use of NWDAF can assist to predict the additional energy consumption for the time window that these resources are needed.
The energy related analytics or its subset(s) as described in the following clauses might be combined with the existing analytics (i.e. adding energy related input data and output analytics to existing analytics) or used together with the existing analytics, e.g. Observed Service Experience related network data analytics, Network Performance Analytics, Redundant Transmission Experience related analytics and DN Performance analytics as defined in TS 23.288 [14], so that the connection between energy consumption/energy efficiency and service experience/network performance as well as the impacts on both by adjusting relevant parameters (e.g. QoS parameters) can be analysed jointly by the analytics consumer.
[bookmark: _Toc161043204]6.12.2.1	General Description
This clause describes how NWDAF can provide energy related analytics, in the form of statistics or predictions or both, to another NF.
The service consumer may be an AF, 5GC NF (e.g., NEF, PCF, AMF, SMF, EECF), or the OAM.
The consumer of these analytics shall indicate in the request:
-	Analytics ID = "Energy information".
Editor's note:	The Analytics ID is FFS.
-	Target of Analytics Reporting:, network slice level, NF Instance/NF set level, PDU session level, QoS flow level, and/or UE level, e.g. a single UE (SUPI/GPSI) or a group of UEs or any UE, a QoS flow or a set of QoS flows or a PDU session(s).
Editor's note:	Target of Analytics Reporting is FFS.
-	Analytics Filter Information:
-	S-NSSAI;
-	NSI ID;
-	DNN;
-	DNAI;
-	QoS parameters (e.g. 5QI, QoS Characteristics);
-	NF Set ID;
-	NF Instance ID;
-	NF services ID(s);
-	Area of Interest (AoI);
-	Energy saving levels as defined in solution#10;
-	Application ID (NOTE 3);
-	Energy Credits for a given UE subscription (NOTE 3);
-	an optional list of analytics subsets that are requested.
-	optionally, preferred granularity of energy related information: PDU Session level, QoS flow level or application level.
-	Optional preferred level of accuracy of the analytics.
-	Optional preferred level of accuracy per analytics subset.
-	Optional Reporting Thresholds.
-	An Analytics target period indicates the time period over which the statistics or predictions are requested.
-	In a subscription, the Notification Correlation Id and the Notification Target Address are included.
-	Optionally, Spatial granularity size and Temporal granularity size.
-	Indication whether to return the estimated energy consumption required to provide these analytics.
NOTE 1:	It is FFS whether and how to estimate/predict the required energy consumption for providing energy related analytics.
NOTE 2:	This indication can instruct the NWDAF to a) only return the predicted energy consumption for providing analytics for this analytics request/subscription (without actually executing the analytics), b) return in the analytics (subscription) response an estimated energy consumption for providing analytics for this analytics subscription, c) return an estimation of the energy consumption for the analytics generation also in the analytics notify, or a combination of b) and c).
NOTE 3: Certain applications contribution towards more energy consumption example UEs sending periodic data to an application server as part of monitoring or data collection for ML training. If energy consumed for communication with such applications contribute towards max energy credits assigned to UE as part of UE subscription (refer to Solution #10), then such communication with AF may be temporarily deprioritized example limiting data rates during peak hours. When the energy credit is included in the Analytics filter information, the analytics is only focus on the UEs whose maximum energy credits (e.g. defined in Sol#10) are below the given value.
Editor's note:	Whether to extend this indication to analytics request/subscription in general (i.e. also for all existing analytics) and whether other input parameters are needed is FFS.
[bookmark: _Toc161043205]6.12.2.2	Input Data of Energy Related Analytics
The NWDAF may collect the service data from OAM, AF and/or the 5GC network function in charge of energy monitoring and management of the energy consumption and energy efficiency (i.e. EMF, if any) as listed in Table 6.12.2.2-1 to Table 6.12.2.2-4.
Editor's note:	Whether there is a need for a new 5GC NF such as EMF or whether proposed functionality can be provided by existing NFs (e.g. NWDAF) will be evaluated during evaluation and conclusion phase, and need to consider the progress of KI#1.
Editor's note:	How EMF collects data from other entities is FFS.
[bookmark: _Ref155900577]Table 6.12.2.2-1: Data collected by NWDAF for energy related analytics from OAM
	Information
	Source
	Description

	Time window
	OAM
	The time window or the time duration for the collected parameters. The window is between the window start time and stop time.

	[bookmark: _PERM_MCCTEMPBM_CRPT48150001___2][bookmark: _PERM_MCCTEMPBM_CRPT47340002___2][bookmark: _PERM_MCCTEMPBM_CRPT03570003___2][bookmark: _PERM_MCCTEMPBM_CRPT01330024___2]Energy Consumption at 5GC, NF, Network Slice, gNB or NG-RAN level.
	OAM
	Energy consumption (EC) at various granularities, according to output analytics to be derived based on consumer request.
The EC can be collected from OAM or EMF (if available).
For the Energy Consumption parameters collected from OAM:
-	5GC Energy Consumption is obtained by summing up the Energy Consumption of all the Network Functions (ECNF) that compose the 5G core network as defined in clause 6.7.3.2 of TS 28.554 [6].
-	NF energy EC is the sum of the energy consumption of PNF(s) and/or VNF(s) which compose the NF, as defined in clause 6.7.3.1 of TS 28.554 [6].
-	Network Slice Energy Consumption is obtained by summing up the Energy Consumption of all the Network Functions (ECNF) that compose the network slice as defined in clause 6.7.3.3 of TS 28.554 [6].
-	The Energy Consumption (EC) of the gNB is obtained by summing up the Energy Consumption of all the Network Functions (NF) that constitute the gNB, as defined in clause 6.7.3.4.2 of TS 28.554 [6].
-	Energy Consumption of the NG-RAN is obtained by summing up the Energy Consumption of all the gNB that constitute the NG-RAN, as defined in clause 6.7.3.4 of TS 28.554 [6].

	Identifiers (i.e. NF ID/ NF Set ID, S-NSSAI, gNB ID, etc.)
	OAM
	Identifiers of 5GC/NF instance or NF set/ slice/RAN node correspond to the collected EC or EE.

	Energy efficiency of NG-RAN or network slice
	OAM
	The energy efficiency of NG-RAN or network slice as defined in clauses 6.7.1 and 6.7.2 of TS 28.554 [6].

	NF energy usage per slice
	OAM
	Total energy consumed for different slice (eMBB, Massive IoT) based on clause 6.7.3.3 of TS 28.554 [6] Network Slice energy consumption (EC).

	Datacenter energy efficiency ratio
	OAM
	OAM or Datacenter energy efficiency, e.g. it can be Site Energy Efficiency (SEE) in ETSI ES 203 228 V1.4.1 (2022-04) or the PUE of the Datacenter hosting the NF(s) (see ETSI TS 105 174-2-2 [19]).

	Traffic load trend of cells
	OAM
	The predictions of traffic load trend of certain cells, as defined in TS 28.104 [16].

	Energy Saving recommendation for NG-RAN
	OAM
	Energy Saving recommendation for NG-RAN, as defined in TS 28.104 [16].

	Energy Saving recommendation for 5GC
	OAM
	Energy Saving recommendation for 5GC, as defined in TS 28.104 [16].

	Energy Saving recommendation for NF
	OAM
	Energy Saving recommendation for NF, as defined in TS 28.104 [16].

	[bookmark: _PERM_MCCTEMPBM_CRPT47340003___2]Energy saving level for a given NF
	OAM/PCF
	-	The energy saving levels may be set to low, medium; or
-	The energy saving level may be set to percentage of time the network function spends in energy saving state.



The NWDAF may also collect data from MDAF. For example, the EnergyEfficiencyProblemType provided by MDAF can help NWDAF with identifying and verifying the derived prediction or statistics of the energy efficiency, i.e., at NF level.
Table 6.12.2.1-1: Input data collection from AF
	Information
	Source
	Description

	Application ID
	AF
	To identify the service and support analytics per type of service (the desired level of service).

	UE ID
	AF
	The list of UE ID(s) that are associated with the Service.

	Application Server Instance
	
	The IP address or FQDN of the Application Server that the UE had a communication session when the Energy consumption measurement was made.

	IP filter information
	AF
	Identify a service flow of the UE for the application.

	UL/DL performance data
	AF
	The performance associated with the communication session of the UE with an Application Server that includes Average/Maximum Packet Delay, Average/Maximum Loss Rate and Average/Minimum/Maximum Throughput.

	Timestamp
	AF
	A time stamp associated to the Performance Data provided by the AF.

	UE Behavior
	AF
	Expected UE Behavior parameters as specified in TS 23.502 [3].



NOTE:	The input data collected from the AF as defined in clause 6.14.2 in TS 23.288 [14] is re-used in this solution.
[bookmark: _Ref155900897]Table 6.12.2.2-2: Input data collected from OAM (MDAF)
	Information
	Source
	Description

	Timestamp
	MDAF
	A time stamp associated with the collected information.

	EnergyEfficiencyProblemType
	MDAF
	Indication of type of the energy efficiency issues.
The allowed value is one of the enumerated values: HighEnergyConsumption, LowEenergyEfficiency, Other, Unknown, as defined in clause 8.4.4 of TS 28.104 [16].

	EnergyEfficiencyProblematicObject
	MDAF
	Indication of NR cells or NFs where the energy efficiency issues occurred or potentially occur, as defined in clause 8.4.4 of TS 28.104 [16].



In order to determine the EC and EE, in particular the EC and EE at relatively finer granularities (i.e. UE level, PDU session, and QoS flow level), the NWDAF also needs to collect data from other NFs. For example, based on the principle of computing the EC of UE, PDU session or QoS level, the NWDAF needs to determine or estimate the percentage of resources used by the UE, PDU session or QoS level among the overall usage. For example, by acknowledging the number of UEs for a SMF or a slice and the EC of the SMF or slice, the NWDAF is able to determine the average UE level EC. By acknowledging the traffic volume of the UE and that of the associated SMF, and the EC of the SMF, the NWDAF is able to determine the EC of this specific UE. Using similar methods, the NWDAF is able to derive the prediction and statistics of the EC and EE at finer granularity by collecting the informative data.
Table 6.12.2.1-3: Data collected by NWDAF for energy related analytics from NFs
	Information
	Source
	Description

	Time window
	UPF, SMF, or AF
	The time window or the time duration for the collected parameters. The window is between the window start time and stop time. 

	UL/DL/overall data volume 
	UPF, SMF, or AF
	UL/DL/overall (UL and DL) data volume of a slice, a UE, a PDU session, Qos flow, UPF, RAN node, 5GC, according to the consumer request.
Could be Volume Measurement and/or Throughput Measurement.

	NF Load information
	NRF
	Load per NF.

	NF status
	NRF
	The status of a specific NF instance(s) (registered, suspended, undiscoverable) as defined per TS 29.510 [15].

	NF resource usage
	OAM
	The usage of assigned virtual resources currently in use for specific NF instance(s) (mean usage of virtual CPU, memory, disk) as defined in clause 5.7 of TS 28.552 [10].

	NF resource configuration
	OAM
	The life cycle changes of specific NF resources (e.g. NF operational or interrupted during virtual/physical resources reconfiguration).

	NF energy state
	NRF or NF
	Current NF energy state or NF energy state schedule/planning.

	NF energy consumption estimate
	OAM
	NF energy consumption estimation (including IT and non-IT resources). This can be a combination of the estimated energy consumption of the NF instance(s) (considering only IT equipment) with the energy efficiency ratio (e.g. PUE) of the datacenter hosting the NF instance(s). The NF energy consumption (considering only IT equipment) can be estimated based on one of the proposed methods in clause 4.1 of TR 28.913 [20] or clauses 6.7.3.1.4, 6.7.3.1.5, 6.7.3.1.6 and 6.7.3.1.7 of TS 28.554 [6] (NOTE 1).

	number of QoS flows 
	OAM, SMF, UPF
	The Max/mean number of Qos flows.
The measurement can be split into per S-NSSAI at the SMF as defined in clause 5.3.2.1 of TS 28.552 [10].
Or the number of the QoS flow per PDU session at the SMF collected from SMF.

	number of PDU sessions 
	OAM, SMF, UPF
	The Max/mean number of PDU sessions established by SMF.
The measurement can be split into per S-NSSAI as defined in clause 5.3.1 of TS 28.552 [10].
Or the number (active) PDU sessions collected from SMF.

	Number of UEs
	OAM, AMF
	The Max/mean number of UEs register to AMF collected from AMF or the number of subscribers per slice as defined in clause 5.2.1 of TS 28.552 [10] collected from OAM.

	Location of UE(s)
	AMF, LMF, OAM
	The location of a UE or group of UEs when communication would take place. The location can be cell ID and/or TA. 



In order to derive the output analytics of the renewable energy related information, the NWDAF needs collected the ratio of renewable energy in the total energy supply and the Coefficient of carbon from OAM.
[bookmark: _Ref155900943]Table 6.12.2.1-4: Input service data related to renewable energy
	Information
	Source
	Description

	ratio of renew energy in the total energy supply 
	OAM
	The ratio of renew energy in the total energy supply

	Coefficient of carbon or carbon emission
	OAM
	Coefficient of carbon is Used to derive the carbon emission, i.e. the statistically observed grams per mill watthour for any use of energy in the country or region where the service is provided.

	Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	OAM
	Ratio of CO2eq to the energy consumption by the Datacenter hosting the NF, e.g. it can be calculated based on ETSI GS OEU 020 V1.1.1, clause 4.1.2.



Editor's note:	Coordination with SA WG5 is needed regarding network energy related data collection from OAM.
Editor's note:	Data collected by NWDAF for energy related analytics needs further justification.
[bookmark: _Toc161043206]6.12.2.3	Energy Related Output Analytics
According to the consumer request, the NWDAF determines the prediction and statistics of energy consumption and energy efficiency along with other corresponding information at different granularities using the input data.
Table 6.12.2.3-1: Statistics of the output analytics
	Information
	Description

	List of energy-related information(1…max)
	Observed statistics during the Analytics target period in the consumer request.
The energy-related information includes statistics of maximum, minimum, variance or average value of energy consumption and energy efficiency or additional energy consumption at the consumer required granularity over the time slot(s).
The energy consumption includes the EC of renewable energy.

	> Time slot entry (1..max)
	List of time slots within the Analytics target period.
The time slots of within which the statistics of energy-related information is provided.

	>>Time slot start
	Time slot start within the Analytics target period.

	>>Duration
	Duration of the time slot. If a Temporal granularity size was provided in the request or subscription, the Duration is greater than or equal to the Temporal granularity size.

	>>Application ID
	Identifiers of the one or more applications in use during the time slot within which the EE, EC and the Carbon emission is derived.

	>> Identifiers (i.e. S-NSSAI/ NSI ID, NF ID/ NF Set ID, gNB ID, , PDU session ID, QFI, UE ID(s) etc.)
	Identifiers of slice or slice instance/NF instance or NF set/ RAN node/5GC/PDU session/QoS flow/UE that correspond to the EE, EC and the Carbon emission derived by the NWDAF, based on consumer request.

	>> NF type
	Type of the NF instance.

	>> energy consumption at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of EC at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.
This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high) (NOTE 2).

	>> energy consumption of renewable energy at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of renewable energy consumption at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.

	>> Carbon emission at required granularities (NOTE 1)
	The maximum/ minimum / average / variance of Carbon emission at the consumer required granularity over a period of time, of a requested AOI, or of a datacentre hosting the NF.

	>> energy efficiency at required granularities (NOTE 1)
	The maximum/ minimum / average/ variance value of energy efficiency at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, of a requested AOI, or of a datacentre hosting the NF.

	>>energy credit (limit) (NOTE 1)
	The upper bound of energy used by the 5G system to provide services provided to one or more subscribers, e.g. the EC of per service per UE level.

	>> NF energy state history
	Indicates the statistics of energy state of relevant NF(s). The information might also include information on the time/schedule when the NF instance was observed to be in a specific energy state.

	>> traffic volume (NOTE 1)
	The traffic volume used to derive the statistics of the energy related information at the required granularity, i.e. the energy consumption or energy efficiency.

	>> traffic/packet rate (NOTE 1)
	The traffic/packet rate associated to the statistics of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC. 

	>> traffic latency/ packet delay (NOTE 1)
	The traffic latency/ packet delay associated to the statistics of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC.

	>> Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	Indicates the statistics of ratio of CO2eq to the energy consumption by the datacenter hosting the NF.

	>> Datacenter energy efficiency ratio (1..max)
	Indicates the statistics of Datacenter energy efficiency, e.g. it can be the PUE of the Datacenter hosting the NF(s) (see ETSI TS 105 174-2-2 [19]).

	>> Analytics energy consumption (NOTE 1)
	Indicates the observed energy consumptions derived for this analytics request/subscription.

	>> Spatial Validity
	Area where the analytics applies. If a Spatial granularity size was provided in the request or subscription, the number of elements of the list is smaller than or equal to the Spatial granularity size.

	Energy Saving recommendation for NG-RAN
	Energy Saving recommendation for NG-RAN over Analytics target period.

	Energy Saving recommendation for 5GC
	Energy Saving recommendation for 5GC over Analytics target period.

	Traffic load trend for cells
	Traffic load trend of certain cells over the Analytics target period.

	NF energy saving level
	The energy saving status of the NF over the Analytics target period, expressed as a percentage of time per status value (low, medium, high).

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested", "Preferred level of accuracy per analytics subset" and "Reporting Thresholds".
NOTE 2:	The operator can define the range of energy consumption corresponding to each class of energy.



Editor's note:	Whether the Energy Savings recommendations provided by OAM is required as output of Energy Information analytics is for FFS.
Table 6.12.2.3-2: Predictions of the output analytics
	Information 
	Description

	List of energy-related information(1…max)
	Predictions during the Analytics target period in the consumer request.
The energy-related information includes predictions of maximum, minimum, variance or average value of energy consumption and energy efficiency or additional energy consumption at the consumer required granularity over the time slot(s).
The energy consumption includes the EC of renewable energy.

	> Time slot entry (1..max)
	List of time slots within the Analytics target period.
The time slots of within which the predictions of energy-related information is provided.

	>>Time slot start
	Time slot start within the Analytics target period.

	>>Duration
	Duration of the time slot. If a Temporal granularity size was provided in the request or subscription, the Duration is greater than or equal to the Temporal granularity size.

	>>Application ID
	Identifiers of the one or more applications in use during the time slot within which the EE, EC and the Carbon emission.

	>> Identifiers (i.e. S-NSSAI/ NSI ID, NF ID/ NF Set ID, gNB ID, PLMN ID, PDU session ID, QFI, UE ID(s) etc.)
	Identifiers of slice or slice instance/NF instance or NF set/ RAN node/5GC/PDU session/QoS flow/UE that correspond to the EE, EC and the Carbon emission derived by the NWDAF, based on consumer request.

	>> NF type
	Type of the NF instance.

	>> energy consumption at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of EC at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.
This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high) (NOTE 2).

	>> energy consumption of renewable energy at required granularities (NOTE 1)
	The maximum/ minimum / average / variance value of renewable energy consumption at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, or of a requested AOI.

	>> Carbon emission at required granularities (NOTE 1)
	The maximum/ minimum / average / variance of Carbon emission at the consumer required granularity over a period of time, of a requested AOI, or of a datacentre hosting the NF.

	>> energy efficiency at required granularities (NOTE 1)
	The maximum/ minimum / average/ variance value of energy efficiency at the consumer required granularity over a period of time, i.e. at RAN level, Core Network level, network slice level, UE level, PDU session level, and/or QoS flow level, of a requested AOI, or of a datacentre hosting the NF.

	>>energy credit (limit) (NOTE 1)
	The upper bound of energy used by the 5G system to provide services provided to one or more subscribers, i.e. the EC of per service per UE level.

	>> NF energy state planning
	Indicates the prediction of energy state of relevant NF(s). The information might also include information on the time/schedule when the NF instance is predicted to be in a specific energy state.

	>> traffic volume (NOTE 1)
	The traffic volume used to derive the predictions of the energy related information at the required granularity, e.g. the energy consumption or energy efficiency.

	>> traffic/packet rate (NOTE 1)
	The traffic/packet rate associated to the predictions of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC.

	>> traffic latency/ packet delay (NOTE 1)
	The traffic latency/ packet delay associated to the predictions of the energy related information at the required granularity or the traffic/packet rate used to derive the EE and EC.

	>> Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	Indicates the prediction of ratio of CO2eq to the energy consumption by the Datacenter hosting the NF.

	>> Datacenter energy efficiency ratio (1..max)
	Indicates the prediction of Datacenter energy efficiency, e.g. it can be the PUE of the Datacenter hosting the NF(s) (see ETSI TS 105 174-2-2 [19]).

	>> Analytics energy consumption (NOTE 1)
	Indicates the estimated energy consumptions derived for this analytics request/subscription.

	>> Spatial Validity
	Area where the analytics applies. If a Spatial granularity size was provided in the request or subscription, the number of elements of the list is smaller than or equal to the Spatial granularity size.

	Confidence
	Confidence of this prediction.

	Energy Saving recommendation for 5GC
	Energy Saving recommendation for 5GC over Analytics target period.

	Energy Saving recommendation for NG-RAN
	Energy Saving recommendation for NG-RAN over Analytics target period.

	Traffic load trend for cells
	Traffic load trend of certain cells over the Analytics target period.

	NF energy saving level
	The energy saving status of the NF over the Analytics target period, expressed as a percentage of time per status value (low, medium, high).

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested", "Preferred level of accuracy per analytics subset" and "Reporting Thresholds".
NOTE 2:	The operator can define the range of energy consumption corresponding to each class of energy.



Editor's note:	Whether the analytics of energy consumption, energy efficiency and Carbon emission at NF level and or slice level or those of a datacentre will be provided by NWDAF or OAM is FFS and may require coordination with SA WG5.
Based on energy consumption information:
-	If the consumer is AF, the AF may decide the energy related limits for a service.
-	If the consumer is PCF, the PCF may make policy decision and adjustments.
-	If the consumer is OAM, the OAM may configure the NF to enter an energy-saving mode.
-	If the consumer is AMF, the AMF may perform cell-based paging and provides a list of recommended cells.
-	If the consumer is SMF, the SMF may select a suitable UPF for the UE based on the energy consumption information.
-	If the consumer is CHF, the CHF may record the energy consumption information for charging.
-	The energy consumption of generating analytics can be used by the consumer NF to determine whether to continue subscribing the analytics.
-	The consumer of NWDAF based Energy analytics can use the analytics to define time-varying reporting periodicity (e.g. for event exposure), if supported by the producer NF.
-	If the consumer is EECF, the EECF may obtain the Energy Information analytics corresponding to the historical energy consumption or prediction for the energy consumption over a certain period, NF load analytics, NF performance analytics using the NWDAF services as described in Solution 10.
Editor's note:	The details of whether and how the analytics of EE can be provided at NF service level is FFS.
Editor's note:	What the consumer will do upon reception of energy related analytics provided by NWDAF is FFS.
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Figure 6.12.3-1: Procedures for energy related analytics
1.	The Consumer NF, e.g. AF, PCF or NEF, requests or subscribes to analytics for energy related analytics from NWDAF (possibly via NEF in case the consumer NF is an untrusted AF) and provides the input information as specified in clause 6.12.2.2 by invoking either Nnwdaf_AnalyticsSubscription_Subscribe or Nnwdaf_AnalyticsInfo_Request.
2a-b.	The NWDAF may subscribe to service data from EMF (5GC network function in charge of energy monitoring and management) in Table 6.12.2.2-1, if this EMF is available, by invoking Nemf_EventExposure_Subscribe service.
2c.	NWDAF subscribes to service data from SMF in Table 6.12.2.1-3 by invoking Nsmf_EventExposure_Subscribe (Event ID, SUPI(s) or Application ID).
	In order to provide the requested analytics, the NWDAF may subscribe to N4 Session related input data from SMFs as defined in Table 6.12.2.1-3.
2d.	The N4 session event is triggered.
2e-2f.	N4 related input data is provided by UPF to NWDAF via SMF.
2f1.	Instead of step 2e-2f, the UPF directly provides the requested N4 related input data to NWDAF.
2g-h.	The NWDAF may subscribe to input data in Table 6.12.2.2-1 and Table 6.12.2.2-2 from the OAM according to the data collection principles from the OAM, including data collection from MDAS.
2i-j.	The NWDAF may subscribe the service data from AF in the Table 6.12.2.1-3 and Table 6.12.2.1-4 by invoking Nnef_EventExposure_Subscribe or Naf_EventExposure_Subscribe (Event ID = energy related information, Application ID, Event Filter information, Target of Event Reporting) service as defined in TS 23.502 [3].
2k-l.	The NWDAF may subscribe the service data from UPF in the Table 6.12.2.1-3 by invoking Nupf_EventExposure_Subscribe (Event ID = energy related information, Application ID, Event Filter information, Target of Event Reporting) service as defined in TS 23.502 [3].
2m-n.	The NWDAF subscribes the service data from AMF in Table 6.12.2.1-3 using Namf_EventExposure_Subscribe service.
2o-p.	The NWDAF subscribes to the load of NF instances Table 6.12.2.1-3 by using Nnrf_NFManagement_NFStatusSubscribe.
3.	The NWDAF derives requested analytics, in the form of energy consumption and energy efficiency related statistics or predictions or both.
4.	The NWDAF provides the requested energy related analytics to the consumer, using either Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1.
5-7.	If the consumer NF subscribes to energy related analytics at step 1, when the NWDAF generates new analytics, it notifies the newly generated analytics to the consumer NF.
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NWDAF:
-	Collect new energy related inputs from 5GC NFs (i.e. SMF, EMF), AF and OAM.
-	Generate new energy related output analytics including predictions and statistics.
-	Expose energy related analytics outputs to consumers.
5GC NFs (e.g. NRF, SMF, UPF):
-	Expose required information for energy related analytics to NWDAF.

* * * * End of Changes * * * *
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