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1	Discussion
This document addresses KI#3 in TR 23.700-66 with a new solution proposal. 
‐	Whether and how to enhance network analytics for network energy saving and network energy efficiency.
‐	What, if any, energy related information (e.g. per QoS flow/PDU session/UE/NF) is required and how it is collected to support 5GS enhancement.
2 Proposal
[bookmark: _Hlk513714389]It is proposed to include the following solution in TR 23.700-66 addressing KI#3.
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]
[bookmark: _Toc19106280][bookmark: _Toc27823093][bookmark: _Toc36126564][bookmark: _Toc45171716][bookmark: _Toc51754392][bookmark: _Toc51756095][bookmark: _Toc51839040]* * * * First Change * * * * 
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151529368][bookmark: _Toc151529478][bookmark: _Toc16839382]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 * * * * 
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc151529369][bookmark: _Toc151529479]6.x	Solution #X: Energy Information Analytics for network energy saving support by NWDAF
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc151529370][bookmark: _Toc151529480]6.x.1	Key Issue mapping
Editor's note:	This clause lists the key issue(s) addressed by this solution.
This solution addresses key issue#3 described in clause 5.2.

[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc148441678][bookmark: _Toc151529371][bookmark: _Toc151529481]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]The functional description here focuses on enabling Solution 10 defined in clause 6.10 where the EECF uses the services provided by the NWDAF to obtain the required analytics on energy consumption patterns. The EECF supports Energy Evaluation request from other NFs such as SMF. The Energy evaluation request from SMF includes PDU session ID, Energy Data Profile data for the UE, policy information provided by the PCF for the PDU session which includes energy policy recommendation for the PDU session. The EECF evaluates these input parameters and provides and provides session modifications recommendations in PDU session parameters to optimize energy usage. To evaluate the input parameters and provide session modification recommendations, the EECF may consider the historical data of the energy consumption for the network entities or average energy consumption of the NFs involved in the PDU session while determining the evaluation response provided to the SMF. The EECF may obtain the EnergyInformation analytics defined in clause 6.x.2.1 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. 
6.x.2.1	Energy Information Analytics
The NWDAF as defined in 5GS provides analytics to 5GC NFs, OAM, AFs. The NWDAF containing AnLF performs inference to derive analytics information based on the Analytics information requested by the NWDAF consumer using the Nnwdaf_AnalyticsSubscription or Nnwdaf_AnalyticsInfo service operations. Here we define a new EnergyInformation Analytics supported by NWDAF. Based on the NWDAF consumer request, the EnergyInformation Analytics represents the Energy Efficiency data at a network level, per Network slice level, per PDU session for a given UE.
The consumer of EnergyInformation Analytics may request the NWDAF analytics information regarding the EnergyState change statistics or predictions, EnergyInformation at a required granularity (per PDU session, per UE or group of UEs, per network slice, per Application ID, per QoS Flow, per NF or a group of NFs supporting the establishment of PDU session or group of NFs that are a part of the network slice) for an Analytics target period. The consumer can request either to subscribe or a single notification via request/response service operation.
The service consumer of NWDAF for EnergyInformation Analytics may be a NF in 5GC such as EECF, PCF, SMF, AMF, AF. 
The NWDAF service consumer request for EnergyInformation Analytics includes the following parameters:
· Analytics ID: “EnergyInformation”
· Target of Analytics Reporting indicates the object(s) for which EnergyInformation analytics is requested such as a given UE, a group of UE, NF serving a given UE or group of UEs, gNB serving a given UE or group of UEs, NFs belonging to 5GC serving a given UE or group of UEs. Further filtering criteria for each of these Analytics Reporting targets are included in the Analytics Filter Information. 
· Analytics Filter Information indicates the criteria/ conditions indicates the conditions to be fulfilled for reporting Analytics Information. This may include: 
· Energy saving levels 
· Renewable energy source support 
· S-NSSAI or combination of S-NSSAI and DNN/DNAI
· Application ID. 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 NWDAF service consumer (example AF) then the AF may decide to deprioritize monitoring or data collection for ML training for a given period from a given UE or group of UEs. 
· Traffic type of interest 
· Maximum Energy Credits for a given UE subscription, per slice, per UE, allocated per PDU session.
· Reporting Thresholds, which apply only for subscriptions and indicate conditions on the level to be reached for respective analytics information in order to be notified by the NWDAF. For example, reporting threshold for time spent in certain energy state that may contribute towards maximum energy credits that may be assigned for the target of Analytics Reporting. For example: for a given day or month. 
· Preferred level of accuracy 
· Analytics Target Period: time interval [start..end], either in the past (both start time and end time in the past) or in the future (both start time and end time in the future). An Analytics target period in the past is a request or subscription for statistics.
6.x.2.1.1   Input Data collection for EnergyInformation Analytics
	Information
	Source
	Description

	EnergySaving State
	  OAM
	Specifies the status regarding the energy saving in a cell

	NF EnergySaving State
	 OAM
	Specifies the status regarding the energy saving for a specific NF

	Type of power of NF
	OAM
	The powerInterface of the NF, defined in TS 28.622 

	Energy Consumption of gNB

	OAM
	Measurements of energy consumption for PNF (gNB), as defined in TS 28.552

	Energy Consumption of NG-RAN

	OAM
	KPIs of energy consumption for NG-RAN, as defined in TS 28.554

	Energy Consumption of 5GC NF

	OAM
	KPIs of energy consumption for 5GC NF, as defined in TS 28.554

	Energy Consumption of 5GC

	OAM
	KPIs of energy consumption for 5GC, as defined in TS 28.554

	Energy Efficiency per slice


	 OAM 
	Network slice Energy Efficiency KPI is the ratio between the performance of network slice to the Energy Consumption of the network slice as defined in TS 28.554

	Energy Efficiency for given gNB
	 OAM
	KPIs of energy efficiency for gNB, as defined in TS 28.554.

	Energy Efficiency for given 5GC NF
	OAM
	KPIs of energy efficiency for 5GC NF as defined in TS 28.554.

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

	Traffic projections for a network slice
	OAM
	The traffic projection of a NFs in a slice in TS 28.104

	Energy Saving recommendation for NG-RAN
	OAM
	Energy Saving recommendation for NG-RAN, as defined in TS 28.104

	Energy Saving recommendation for 5GC
	OAM
	Energy Saving recommendation for 5GC, as defined in TS 28.104

	Energy Saving recommendation for NF
	OAM
	Energy Saving recommendation for NF, as defined in TS 28.104

	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 


Table 6.x.2.1-1: Input data collection from OAM
Based on the Analytics Filter information received from the NWDAF service consumer, the NWDAF determines the NF, slice for which energy efficiency information needs to be collected from the OAM.
	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.


Table 6.x.2.1-2: Input data collection from AF
6.x.2.1.2   EnergyInformation Analytics Output
	Information
	Description

	Resource energy status
	List of observed energy information for each NF instance along with the corresponding NF id / NF Set ID

	· NF ID
	Type of NF

	· NF energy status
	The energy state status of the NF over the Analytics target period, expressed as a percentage of time per status value (inEnergySaving, notEnergySaving)

	· 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)

	· Energy Efficiency
	Expressed as Data Volume divided by the Energy Consumption of the NF over the Analytics target period

	· Energy consumption
	Energy consumption for 5GC NF over the Analytics target period

	· Energy Saving recommendation
	Energy Saving recommendation for NF over Analytics target period

	Energy Efficiency per slice
	The energy efficiency status of the network slice over the Analytics target period

	Energy Efficiency for given gNB
	Expressed as Data Volume divided by the Energy Consumption of the gNB over the Analytics target period

	Energy Consumption of 5GC

	Energy consumption for 5GC over the Analytics target period

	Energy Consumption of NG-RAN

	Energy consumption of NG-RAN over the Analytics target period

	Energy Consumption of gNB

	Energy consumption gNB over the Analytics target period

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

	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




[bookmark: _Toc148441679][bookmark: _Toc151529372][bookmark: _Toc151529482]6.x.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.


Figure 6.x.3-1: Procedure for EnergyInformation Analytics provided to an NWDAF consumer
1a. The consumer NF (EECF, SMF, PCF) sends a request to the NWDAF for EnergyInformation analytics using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The Analytics ID is set to "EnergyInformation", the Target of Analytics Reporting and the Analytics Filter Information are set as described in clause 6.x.2. 
1b. The consumer NF can request statistics or prediction and the analytics can be requested with the filter information. The consumer NF (EECF, SMF, PCF) sends a request to the NWDAF for NF load analytics using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The Analytics ID is set to "NF load".
1c. The consumer NF (EECF, SMF, PCF) sends a request to the NWDAF for NF Performance analytics using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The Analytics ID is set to "NF Performance".
1d. The consumer NF (EECF, SMF, PCF) sends a request to the NWDAF for NF Performance analytics using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The Analytics ID is set to "DN Service performance".
2. The NWDAF collects data required as described in clause 6.x.2 from OAM, AF, other NFs in 5GC to generate the EnergyInformation analytics, NF load analytics and NF performance analytics requested in step 1.
3. The NWDAF derives the requested analytics.
4. The NWDAF sends Nnwdaf_AnalyticsSubscription_Notify or Nnwdaf_AnalyticsInfo_Request response (output for requested analytics in step1, [Subscription Correlation Id], Confidence).
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc148441680][bookmark: _Toc151529373][bookmark: _Toc151529483]6.x.4	Impacts on existing services, entities and interfaces
Editor's note:	This clause captures impacts on existing services, entities and interfaces.

[bookmark: _Hlk123667599]* * * * End of Change * * * * 
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