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Abstract of the contribution: This contribution proposes new solution for KI#3.
1. Discussion 
As it has been documented in the KI description of KI#3 in clause 5.3: 
· Whether and how to enhance network analytics for network energy saving and network energy efficiency.
In order to support the network energy saving and network energy efficiency, enhancements to NWDAF-based analytics to provide the energy related analytics outputs are needed in Rel-19. 

2. Proposal

It is proposed to adopt the following changes into TR 23.700-66.   

*** Start of the change ***

6.0
Mapping of Solutions to Key Issues

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 (all new text) ***

6.x
Solution #X: Support for NWDAF-Based Energy Analytics 

6.x.1
Key Issue mapping

This solution maps to KI#3.

6.x.2
Functional Description 
6.x.2.1 General 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. 
In order to assist with network energy saving and efficiency decision making, determining and enforcing the energy related strategies and policy control, 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. The NWDAF may also provide 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 SA1, 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 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: 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. 

6.x.2.2 Input Data of Energy Related Analytics 
The NWDAF may collect the service data from OAM 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).

Table 6.x.2.2-1: Data collected by NWDAF for energy related analytics from OAM and EMF
	Information
	Source
	Description

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

	Energy Consumption at 5GC, NF, Network Slice, gNB or NG-RAN level. 
	EMF, 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. 

· 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.

· 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.
· 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 23.554.

· 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.


	Identifiers (i.e. PLMN ID, NF ID/ NF Set ID, S-NSSAI, gNB ID, etc.)
	EMF, 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
	EMF, OAM
	The energy efficiency of NR-RAN or network slice as defined in clause 6.7.1 and 6.7.2 of TS 28.554.




The NWDAF may also collect data from MDAF. The Type of Energy Efficiency Problem 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.x.2.2-2: Input data collected from OAM (MDAF)

	Information
	Source
	Description

	Timestamp
	MDAF
	A time stamp associated with the collected information.



	Type of Energy Efficiency Problem 
	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 8.4.4 of TS 28.104.


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 statics of the EC and EE at finer granularity by collecting the informative data.  
Table 6.x.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. 

	NF Load information
	NRF
	Load per NF

	number of Qos flows 
	OAM, SMF
	The 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. 
Or the number of the QoS flow per PDU session at the SMF collected from SMF. 

	number of PDU sessions 
	OAM, SMF
	The 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. 
Or the number (active) PDU sessions collected from SMF.

	Number of UEs
	OAM, AMF
	The 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 collected from OAM. 


In order to derive the output analytics of the renewable energy related information, the NWDAF needs collected the ratio of renew energy in the total energy supply and the Coefficient of carbon from the 3rd party or EMF if any. 
Table 6.x.2.1-4: Input service data related to renewable energy 
	Information
	Source
	Description

	ratio of renew energy in the total energy supply 
	AF, EMF 
	The ratio of renew energy in the total energy supply

	Coefficient of carbon 
	AF, EMF
	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.


6.x.2.3 Energy Related Output Analytics
According to the consumer request, the NWDAF is able to determine the prediction and statistics of energy consumption and energy efficiency along with other corresponding information at different granularities using the input data 

Table 6.x.2.3-1: prediction and statistics of the output analytics 
	Information 
	Description

	List of energy-related information(1…max) 

(NOTE 1)


	Observed statistics and/or predictions during the Analytics target period in the consumer request.

The energy-related information includes statistics and/or predictions of maximum, minimum 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 and/or predictions energy-related information is provided. 

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

	>>Duration
	Duration of the time slot.

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

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

	>> energy consumption at required granularities

	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.



	>> energy consumption of renewable  energy at required granularities


	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.



	>> Carbon emission at required granularities
	The maximum/ minimum / average / variance of Carbon emission at the consumer required granularity over a period of time. 


	>> energy efficiency at required granularities 
	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.



	>> maximum energy credit (limit) 
	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. 



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



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

	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".




6.x.3
Procedures
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Figure 6.x.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.x.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.x.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.x.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.x.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.x.2.2-1 and Table 6.x.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.x.2.1-3 and Table 6.x.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.x.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.x.2.1-3 using Namf_EventExposure_Subscribe service.
2o-p.
The NWDAF subscribes to the load of NF instances Table 6.x.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.

6.x.4
Impacts on existing services, entities and interfaces

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. 

AF:

· Expose energy related information to NWDAF.
EMF:

· Expose energy related information at the required granularity to NWDAF. 

*** End of the change ***
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