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Abstract: This contribution proposes some clarifications related to Energy consumption Analytics.
1. Introduction/Discussion
Solution#4 defines the procedure to enhance network analytics for renewable energy consumption information exposure, therefore, namely, solution #4 resolves both KI#1 and KI#3.
On the EN below, some text above already states some potential actions as several examples that the consumer could do upon reception of energy related analytics provided by NWDAF, so that EN can simply be removed.
Editor's note:  What the consumer will do upon reception of energy related analytics provided by NWDAF is FFS.
2. Text Proposal
It is proposed to capture the following changes into TR 23.700-66.
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Editor's note:  This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Next change * * * *
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This solution resolves KI#1 and Key Issues #3 for renewable energy consumption information exposure.
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[bookmark: _Toc157682313]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 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.

	>> maximum 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).

	>> 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.

	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.



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 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.

	>> maximum 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).

	>> 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.

	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.
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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