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Abstract of the contribution: This contribution proposes a solution for KI#1 where NWDAF provides a new analytics for the energy related aspects.
1	Discussion
Currently NWDAF provides wide range of analytics, but energy-related analytics are missing which can be utilized by other NFs for making energy-aware decisions, e.g., energy-aware NF selection. This paper introduces an analytics related to energy.   
2 Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.700-66 according to the following text.

[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]

********** First Change **********
[bookmark: _Toc148441662][bookmark: _Toc148441670]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".
[bookmark: definitions][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 23.288 "Architecture enhancements for 5G System (5GS) to support network data analytics services".
[y]	3GPP TS 29.510 "Network Function Repository Services".
[z]	3GPP TS 28.552 "5G performance measurements".

********** Next Change (All new text) **********
6.x	Solution #X: Energy Analytics 
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]6.x.1	Key Issue mapping
The proposed solution maps to the following aspect of KI#3:
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]‐	Whether and how to enhance network analytics for network energy saving and network energy efficiency.
[bookmark: _Toc148441678]6.x.2	Functional Description
[bookmark: _Toc500949101]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. 
[bookmark: _Toc92875663][bookmark: _Toc93070687]Currently, NWDAF by collecting and analyzing data from multiple sources including 5GC NFs, OAM, and UEs can provides various analytics including UE behaviour, network performance, service experience defined in TS 23.288 [x]. The existing analytics do not provide information about the energy-related aspect 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. 
Three observations need to be taken into account in designing a solution for energy-related analytics described as follows.
First, various energy-related aspects are considered in FS_EnergySys SID including “energy consumption”, “energy efficiency”, “Renewable energy” and “carbon emission”. These different aspects may have different priorities for different operators in different situations. Hence, the energy analytics is not needed to be limited to one of these aspects; if measurement data is available for each aspect (e.g., from OAM), NWDAF can collect the corresponding data and generate the corresponding analytics.
Second, several levels of granularities are considered in FS_EnergySys SID including Core Network level, network slice level, NF level, PDU session level, and/or QoS flow level. Providing analytics of energy-related information of these levels is a valuable tool for the operator to optimize network operation for energy-related objectives in different levels, e.g., energy-aware slice selection.
Third, energy consumption of each network function (which consequently affects the other aspects of the energy) is closely related to the computing/communication load of the NF; whereas generic load metrics such as CPU utilization correlates to the energy consumption of the NF, each NF may also have its own specific load metrics for example the rate of PDU session establishment requests for SMF. Accordingly, to generate the energy analytics, the NF specific load metrics need to be considered.
Based on these observations, in the following, a new analytics ID related to energy is proposed.
6.x.2.1	General
This clause describes how NWDAF can provide energy analytics, in the form of statistics or predictions or both, to another NF.
The service consumer may be an NF, or the OAM.
The consumer of these analytics shall indicate in the request:
-	Analytics ID = "Energy information";
-	Target of Analytics Reporting: Indicator of granularity level specifying Core Network level or network slice level or NF level or PDU session level or and/or QoS flow level;
Editor’s Note: Whether and how support “RAN level” and “UE level” energy analytics is FFS.
-	Analytics Filter Information:
-	optional S-NSSAI;
-	optional NF Instance ID
- 	optional SUPI
Editor’s Note: How to identify a specific instance in each granularity level is FFS.
-	an optional list of analytics subsets that are requested;
-	Optional preferred level of accuracy of the analytics;
-	Optional preferred level of accuracy per analytics subset;
-	Optional Reporting Threshold;
-	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.
Editor’s Note: Other input parameters of the request are FFS.
The NWDAF shall notify the result of the analytics to the consumer as indicated in clause 6.5.3 of TS 23.288 [x].
[bookmark: _Toc153794482]6.x.2.2	Input data
Editor’s Note: The input data listed in the clause is not comprehensive and further needed input data for different levels of granularities is FFS.
For the purpose of energy analytics, the NWDAF may collect the information as listed in Table 6.x.2.2-1 for the relevant NF instance(s).
[bookmark: _CRTable6_5_21]Table 6.x.2.2-1: Data collected by NWDAF for energy analytics of NF granularity level
	Information
	Source
	Description

	NF load
	NRF
	The load of NF instance(s) in their NF profile as defined per TS 29.510 [y].

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

	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 [z].

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

	NF specific load metrics
	OAM
	As defined in table 6.x.2.2-3

	NF energy consumption
	OAM
	As defined in clause 6.7 of TS 28.554 [6]

	NF energy efficiency
	OAM
	As defined in clause 6.7 of TS 28.554 [6]

	NF renewable energy ratio
	OAM
	

	NF carbon emission
	OAM
	



Editor’s Note: Whether and how to collect renewable energy and carbon emission in NF level from OAM is FFS.
NOTE 1:	Data collection in the NF level can also be used by NWDAF to provide analytics in the 5G Core network granularity level.
NOTE 2:	The OAM information can be used as a complement to NRF information for some or all of the following aspects: resources utilization, NRF information correlation and alternative source of information if NRF information on load is not available.
NOTE 3:	NWDAF can request NRF for data related to NF instances, as described in TS 29.510 [y].
For the purpose of energy analytics, the NWDAF may collect the information as listed in Table 6.x.2.2-2 for the relevant network slice instance(s).
[bookmark: _CRTable6_3_2A1]Table 6.x.2.2-2: Data collected by NWDAF for energy analytics of slice granularity level
	Information
	Source
	Description

	UE registered in a Network Slice/Network Slice instance
	OAM
	Mean number of UEs registered in a NW slice or NW slice instance as defined in TS 28.552 [z]. 

	PDU Session established on a Network Slice/Network Slice instance
	OAM
	Mean number of established PDU Sessions in a NW slice or NW slice instance as defined in TS 28.552 [z]. 

	Load of NFs associated to Network Slice instance
	OAM
	Resource utilization information of a Network Slice instance obtained from its constituent NF instances. 

	Current number of UEs registered in a NW slice
	NSACF
	NSACF reports the number of UE registered at the S-NSSAI.

	Current number of PDU Sessions established in a NW slice
	NSACF
	NSACF reports the number of PDU Sessions established at the S-NSSAI.

	Network Slice/Network Slice instance energy consumption
	OAM
	As defined in clause 6.7 of TS 28.554 [6]

	Network Slice/Network Slice instance energy efficiency
	OAM
	As defined in clause 6.7 of TS 28.554 [6]

	Network Slice/Network Slice instance renewable energy ratio
	OAM
	

	Network Slice/Network Slice instance carbon emission
	OAM
	



Editor’s Note: Whether and how to collect renewable energy and carbon emission in slice level from OAM is FFS.
Table 6.x.2.2-3: NF specific load metrics collected by NWDAF for energy analytics
	NF
	Information
	Source

	AMF
	Max/mean number of registered subscribers, Total number of attempted service requests, Number of PDU sessions requested for inter-AMF incoming handovers, Number of QoS flows requested for inter-AMF incoming handovers, Number of 5G paging procedures, Number of UE Configuration Update, Number of authentication requests
	OAM as defined in clause 5.2 of TS 28.552 [z]

	SMF
	Max/mean number of PDU sessions, Number of requested PDU session modifications, Number of released PDU sessions, Max/mean time of PDU session establishment, Number of QoS flows requested to create, Number of QoS flows requested to modify, Peak/Mean number of QoS flows, Number of N4 session modifications
	OAM as defined in clause 5.3 of TS 28.552 [z]

	UPF
	Number of incoming/outgoing GTP data packets/octets/data volume on the N3 interface, N6 incoming/outgoing link usage, Number of N4 sessions, GTP Data Packets and volume on N9 interface, Max/Mean number of QoS flows, 
	OAM as defined in clause 5.4 of TS 28.552 [z]

	PCF
	Number policy association requests, Number of policy authorization creation requests
	OAM as defined in clause 5.5 of TS 28.552 [z]

	NOTE 1:	In the case of energy analytics in the slice granularity level, the NF specific load metrics are per S-NSSAI or per S-NSSAI and NSI ID.



Editor’s Note: Specific metrics for other NFs are FFS.
For the purpose of energy analytics, the NWDAF may collect the UE related information as listed in Table 6.x.2.2-3
Table 6.x.2.2-3: UE related data collected by NWDAF for energy analytics
	Information
	Source
	Description

	UE Speed
	OAM
	UE Speed 

	UE Orientation
	OAM
	UE Orientation

	Per UE attribute
	UE Application
	UE application data to be collected from UE.

	> Destination
	
	Expected final location of UE based on the route planned.

	> Route
	
	Planned path of movement by a UE application (e.g. a navigation app). The format is based on the SLA.

	> Average Speed
	
	Expected speed over the route planned by a UE application.

	> Time of arrival
	
	Expected Time of arrival to destination based on the route planned.

	Collective Attribute 
	AF / NEF
	Characterise collective attribute per set of UEs (see Table 6.5.2-4) within the area of interest.

	  > Number of UEs
	
	Total number of UEs that fulfil a collective behaviour within the area of interest.

	  > Timestamp
	
	A time stamp of time that the collective attribute derived.

	  > Application ID(s)
	
	Identifying the application providing this information

	  > List of UE IDs
	
	UE IDs that fulfil a collective behaviour within the area of interest.



Editor’s Note: Input data needed to derive analytics in the granularity level of PDU session is FFS.
Editor’s Note: Input data needed to derive analytics in the granularity level of QoS Flow is FFS.
6.x.2.3	Output analytics
NWDAF provides the following energy analytics:
· Statistics of energy related metrics as defined in Table 6.x.2.3-1.
· [bookmark: _CRTable6_5_31]Predictions of energy related metrics as defined in Table 6.x.2.3-2.

Table 6.x.2.3-1: Energy related statistics
	Information
	Description

	Network energy statistics (1..max) 
	List of observed energy related information of the network 

	> Area subset
	List of TA(s) or Cell ID(s) within the requested area of interest 

	> Max/min/mean/variance of energy consumption
	The statistics (including maximum, minimum, average and variance) of the energy consumption of the network

	> Max/min/mean/variance of energy efficiency
	The statistics (including maximum, minimum, average and variance) of the energy efficiency of the network

	> Max/min/mean/variance of renewable energy consumption ratio
	The statistics (including maximum, minimum, average and variance) of the ratio of the renewable energy consumption of the network

	> Max/min/mean/variance of carbon emission
	The statistics (including maximum, minimum, average and variance) of the carbon emission of the network

	Network Slice instances energy statistics (1..max)
	List of observed energy related information for each Network Slice instance(s).

	> S-NSSAI
	Identification of the Network Slice.

	> NSI ID
	Identification of the Network Slice instance

	> Max/min/mean/variance of energy consumption
	The statistics (including maximum, minimum, average and variance) of the energy consumption of the Slice instance

	> Max/min/mean/variance of energy efficiency
	The statistics (including maximum, minimum, average and variance) of the energy efficiency of the Slice instance

	> Max/min/mean/variance of renewable energy consumption ratio
	The statistics (including maximum, minimum, average and variance) of the ratio of the renewable energy consumption of the Slice instance

	> Max/min/mean/variance of carbon emission
	The statistics (including maximum, minimum, average and variance) of the carbon emission of the Slice instance

	NF level energy statistics (1..max)
	List of observed energy related information for each NF instance along with the corresponding NF id

	> NF type
	Type of the NF instance.

	> NF instance ID
	Identification of the NF instance

	> Max/min/mean/variance of energy consumption
	The statistics (including maximum, minimum, average and variance) of the energy consumption of the NF instance

	> Max/min/mean/variance of energy efficiency
	The statistics (including maximum, minimum, average and variance) of the energy efficiency of the NF instance

	> Max/min/mean/variance of renewable energy consumption ratio
	The statistics (including maximum, minimum, average and variance) of the ratio of the renewable energy consumption of the NF instance

	> Max/min/mean/variance of carbon emission
	The statistics (including maximum, minimum, average and variance) of the carbon emission of the NF instance

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested" and "Preferred level of accuracy per analytics subset".



Editor’s Note: Energy related statistics of other granularity levels are FFS.

Table 6.x.2.3-1: Energy related predictions
	Information
	Description

	Network energy prediction (1..max) 
	List of predictions of energy related information of the network 

	> Area subset
	List of TA(s) or Cell ID(s) within the requested area of interest 

	> Max/min/mean/variance of energy consumption
	The prediction of the energy consumption of the network

	> Max/min/mean/variance of energy efficiency
	The prediction if the energy efficiency of the network

	> Max/min/mean/variance of renewable energy consumption ratio
	The prediction of the ratio of the renewable energy consumption of the network

	> Max/min/mean/variance of carbon emission
	The prediction of the carbon emission of the network

	Network Slice instances energy statistics (1..max)
	List of predictions of energy related information for each Network Slice instance(s).

	> S-NSSAI
	Identification of the Network Slice.

	> NSI ID
	Identification of the Network Slice instance

	> Max/min/mean/variance of energy consumption
	The prediction of the energy consumption of the Slice instance

	> Max/min/mean/variance of energy efficiency
	The prediction of the energy efficiency of the Slice instance

	> Max/min/mean/variance of renewable energy consumption ratio
	The prediction of the ratio of the renewable energy consumption of the Slice instance

	> Max/min/mean/variance of carbon emission
	The prediction of the carbon emission of the Slice instance

	NF level energy statistics (1..max)
	List of predictions of energy related information for each NF instance along with the corresponding NF id

	> NF type
	Type of the NF instance.

	> NF instance ID
	Identification of the NF instance

	> Max/min/mean/variance of energy consumption
	The prediction of the energy consumption of the NF instance

	> Max/min/mean/variance of energy efficiency
	The prediction of the energy efficiency of the NF instance

	> Max/min/mean/variance of renewable energy consumption ratio
	The prediction of the ratio of the renewable energy consumption of the NF instance

	> Max/min/mean/variance of carbon emission
	The prediction of the carbon emission of the NF instance

	NOTE 1:	Analytics subset that can be used in "list of analytics subsets that are requested" and "Preferred level of accuracy per analytics subset".



Editor’s Note: Energy related predictions of other granularity levels are FFS.
[bookmark: _Toc148441679]6.x.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
The procedure depicted in Figure 6.x.3-1 allows a consumer NF to request analytics to NWDAF for energy analytics of various granularity levels.


[bookmark: _CRFigure6_5_41]Figure 6.x.3-1: Energy Information analytics provided by NWDAF
1.	The NF sends a request to the NWDAF for analytics for Energy information analytics at a specific granularity level, using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The Analytics ID is set to Energy information, the Target of Analytics Reporting and the Analytics Filter Information are set according to clause 6.5.1. The NF can request statistics or predictions or both and can provide a time window.
2-5. If the request is authorized and in order to provide the requested analytics, the NWDAF may need for each NF targeted instance to subscribe to OAM services to retrieve the target NF resource usage and NF resources configuration. The NWDAF may collect MDT input data per individual UE from OAM.
6.	For Collective Behaviour attributes, if the request is authorized and in order to provide the requested analytics, NWDAF may follow the UE Input Data Collection Procedure via the AF as defined in clause 6.2.8 of TS 23.288 [x]
7a.	The NWDAF subscribes to changes on the load and status of NF instances registered in NRF and identified by their NF id from NRF using Nnrf_NFManagement_NFStatusSubscribe service operation for each NF instance.
7b. NRF notifies NWDAF of changes on the load and status of the requested NF instances by using Nnrf_NFManagement_NFStatusNotify service operation.
8.	The NWDAF derives requested analytics.
9.	The NWDAF provides requested Energy information analytics to the NF along with the corresponding Validity Period (only for predictions) or area of interest, using either the Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1.
10-12. If at step 1 the NF has subscribed to receive continuous reporting of energy information analytics, the NWDAF may generate new analytics and, when relevant according to the Analytics target period and Reporting Threshold, provide them along with the corresponding Validity Period (only for predictions) to the NF upon reception of notification of new energy information from OAM or NRF or UE Input data notification via MDT or the AF.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc148441680]6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.
The solution has the following impacts:
NWDAF:
-	New functionalities to provide the energy-related analytics.

********** End of Changes **********
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