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1. Discussion 
NWDAF-Based Energy Analytics was discussed during SA2 160-ahe meeting and documented in clause 6.12. The NWDAF-Based Energy Analytics is considered to provide assistance information for the 5GC and AF to support the network energy efficiency and energy saving. And the analytics can be given in the granularity as required by the consumers, e.g. at per slice, NF, UE, PDU session, and QoS flow level. 
Currently Solution#12 only focuses on the EE or EC of per entities, e.g. the EE or EC of an individual UE or PDU session. It does not have a system view of considering the overall EE or EC of a list/group of entities, e.g. the EE or EC performance of a list of slices, NFs, UEs, PDU sessions, and QoS flow levels. 
In order to optimise the energy efficiency or energy consumption of the 5GS, the 5GC may need to consider the energy performance of a group of entities, e.g. to identify the relative EE or EC of an entity within a group or classify entities in a group into different EE or EC classes/ bands. Therefore, based on the analytics of a group, the NWDAF consumer may take different actions. For example, if the UE ratio of high-EE class is high, it indicates the most of the UEs are consuming energy in high-level. To reduce the energy consumption of the system, the network may modify policies, e.g. charging policies,  
2. Proposal
[bookmark: _Toc524945853]It is proposed to adopt the following changes into Solution #12 in TR 23.700-66.   

*** Start of the change ***
[bookmark: _Toc157674370][bookmark: _Toc157682308]6.12	Solution #12: Support for NWDAF-Based Energy Analytics 
[bookmark: _Toc157674371][bookmark: _Toc157682309]6.12.1	Key Issue mapping
This solution maps to KI#3.
[bookmark: _Toc157674372][bookmark: _Toc157682310]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 by NWDAF for this purpose. In order to assist with network energy saving and 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 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 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 efficiency decision making. As a result, the 5CG and AF are able to 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 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 involved 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 utilisation 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. 
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 analyzed jointly by the analytics consumer.
More than one EC and/or EE classes might be assigned by operator or AF to a list / group entities, e.g. a list/group of UEs, QoS flows, PDU sessions, NFs, slices etc. The list / group of UEs, QoS flows, PDU sessions, NFs, slices etc. might be classified into high-, medium- and low-EE and/or EC classes with respect to the threshold(s) of the corresponding class.

[bookmark: _Toc157682313]*** Next change ***

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 eEnergy consumption per NF service (NOTE 1)
	Indicates the observed energy consumptions at per NF service level, .e.g. the energy consumption derived for NWDAF 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 information for a group
	The statistics of the energy information derived for a group/list of UEs, QoS flows, PDU sessions, NFs, slices, etc., the group is indicated by the service consumer.   

	> EC or EE classes (1…max) (NOTE 3)
	List with group of UEs, QoS flows, PDU sessions, NFs, slices, etc. classified by EC or EE ranges.
The EE or EC might be classified multiple into bands, e.g. high-, medium- and low-EE or EC with respect to the threshold(s) of the corresponding class.

	>> ID(s)
	ID(s) of the a group/list of UEs, QoS flows, PDU sessions, NFs, slices, etc.

	>> Ratio per EC or EE class
	Ratio of UEs, QoS flows, PDU sessions, NFs, slices etc. in different EC or EE class. 

	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.
NOTE 3:	The number of EC or EE classes may be pre-configured by the operator or provided by the service consumer via reporting thresholds.



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 eEnergy consumption per NF service (NOTE 1)
	Indicates the observed energy consumptions at per NF service level, .e.g. the energy consumption derived for NWDAF this analytics request/subscription.

	>> 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.

	Energy information for a group
	The predictions of the energy information derived for a group/list of UEs, QoS flows, PDU sessions, NFs, slices, etc., the group is indicated by the service consumer.   

	> EC or EE classes (1…max) (NOTE 3)
	List with group of UEs, QoS flows, PDU sessions, NFs, slices, etc. classified by EC or EE ranges.
The EE or EC might be classified multiple into bands, e.g. high-, medium- and low-EE or EC with respect to the threshold(s) of the corresponding class.

	>> ID(s)
	ID(s) of the a group/list of UEs, QoS flows, PDU sessions, NFs, slices, etc.

	>> Ratio per EC or EE class
	Ratio of UEs, QoS flows, PDU sessions, NFs, slices etc. in different EC or EE class. 

	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.




*** End of the change ***
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