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1. Introduction 
In the TR 23.700-66, KI#3: 5GS enhancements for network energy saving and efficiency, below aspects are identified to be studied:
‐	Whether and how to enhance network analytics for network energy saving and network energy efficiency.
This pCR proposes a solution extending NWDAF capabilities with new network analytics for network energy and network energy efficiency. Consumers of these analytics could be 5GC Network Functions and/or an Application Function. NF Consumers could use this information, for example in order to better/optimally plan the NFs energy saving behavior, such as energy saving states planning, reducing capabilities and so on.

2. Text Proposal 
It is proposed to capture the following changes vs. 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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6.x	Solution #X: on network analytics for NF energy consumption
6.x.1	Key Issue mapping
This solution addresses below aspects of KI#3:
-	Whether and how to enhance network analytics for network energy saving and network energy efficiency.
Using the proposed NF energy consumption analytics, the NF Consumer can optimize its energy saving behaviour and thereby improve the overall network energy efficiency.
6.x.2	Functional Description
6.x.2.1	General
Following are the main aspects of this solution:
-	NWDAF is enhanced to provide new analytics related to NF energy consumption. 
-	Any Network Function, including a trusted third party Application Function can either request or subscribe to be notified by NWDAF of the NF energy consumption analytics information. NF Consumer could then use this information, for example in order to better/optimally plan its energy saving behavior such as energy saving states planning, reducing capabilities and so on. 
-	In order to generate analytics information related to NF energy consumption, NWDAF can collect relevant information from 5G Core Network Function(s), Application Functions and/or OAM.
-	An NF Consumer is able to request Analytics information from NWDAF for a certain period of time, for NFs in a certain area or slice, with specific accuracy or confidence level, etc.
6.x.2.2	NF energy consumption analytics
NWDAF provides a new Analytics ID related to NF energy consumption.
The request for NF energy consumption analytics from NF consumer contains:
-	Analytics ID: “NF energy consumption”,
-	Analytics target period,
-	Preferred level of accuracy,
-	Analytics Filter Information optionally including:
-	NF Instance ID(s),
-	S-NSSAI,
-	NF services ID(s),
-	Area of Interest (AoI)
-		Indication whether to return the estimated energy cost required to provide these analytics.
NOTE:	This indication can instruct the NWDAF to a) only return the predicted energy cost estimated for this analytics request/subscription (without actually executing the analytics), b) return in the analytics subscription response an estimate of the predicted energy cost for this analytics subscription, c) return an estimate of the consumed energy cost for the analytics generation also in the analytics response/notify, or a combination of b) and c).




6.x.2.3	Input Data
The input data NWDAF can collect to generate this Analytics ID is listed in Table 6.x.2.3-1.
Table 6.x.2.3-1: Input Data
	Information
	Source
	Description

	NF energy state
	NRF or NF
	Current NF energy state or NF energy state schedule/planning.

	NF energy consumption estimate
	NF
	NF energy consumption estimation (including IT and non-IT resources). This can be a combination of the estimated energy consumption of the NF instance(s) (considering only IT equipment) with the energy efficiency ratio (e.g., PUE) of the datacenter hosting the NF instance(s). The NF energy consumption (considering only IT equipment) can be estimated based on one of the proposed methods in clause 4.1 of TR 28.913 or clauses 6.7.3.1.4, 6.7.3.1.5, 6.7.3.1.6 and 6.7.3.1.7 of TS 28.554. (NOTE1)

	NF energy usage per slice
	OAM
	Total energy consumed for different slice (eMBB, Massive IoT, …) based on TS 28.554 clause 6.7.3.3 Network Slice energy consumption (EC).

	Datacenter energy efficiency ratio
	OAM
	OAM or Datacenter energy efficiency, e.g., it can be Site Energy Efficiency (SEE) in ETSI ES 203 228 V1.4.1 (2022-04) or the PUE of the datacenter hosting the NF(s) (see ETSI TS 105 174-2-2).

	Datacenter Carbon Emission Effectiveness KPI (KPICEE)
	OAM
	Ratio of CO2eq to the energy consumption by the datacenter hosting the NF, e.g., it can be calculated based on ETSI GS OEU 020 V1.1.1, clause 4.1.2.

	NOTE1: The method of combining the two elements is operator specific. 



6.x.2.4	Output Analytics
The analytics results are predictions or statistics on the energy consumption of the NF(s), or NF service(s) of the NF(s) as indicated in the Analytics Filter Information. The information returned is defined in Table 6.x.2.4-1 (for statistics) and Table 6.x.2.4-2 (for predictions).
Table 6.x.2.4-1: NF energy consumption statistics
	Information
	Description

	NF energy consumption 
	Indicates the statistics of NF energy consumed during the Analytics target period. This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high). (NOTE 1)

	NF energy state planning
	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.

	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
	Indicates the estimated energy costs derived for this analytics request/subscription.

	NOTE 1:	The operator can define the range of energy consumption corresponding to each class of energy.



Table 6.x.2.4-1: NF energy consumption predictions
	Information
	Description

	NF energy consumption 
	Indicates the predicted NF energy consumption in the Analytics target period. This information can be a value (e.g. in Wh) or a class (e.g. low, medium, high). (NOTE 1)

	NF energy state planning update
	Indicates the predicted energy state of relevant NF(s), e.g. when a NF will likely go to energy saving mode. The information might also include information on the time/schedule when the NF instance is predicted to be in a specific energy state.

	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
	Indicates the estimated energy costs used for this analytics request/subscription.

	Confidence
	Indicates the confidence of this prediction. 

	NOTE 1:	The operator can define the range of energy consumption corresponding to each class of energy.



6.x.3	Procedures
[bookmark: _MON_1742020637]6.x.3.1	NWDAF NF energy consumption analytics procedure
The NWDAF NF energy consumption analytics procedure is depicted in Figure 6.x.3.1-1.
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Figure 6.x.3.1-1: NWDAF NF energy consumption analytics procedure
1.	The analytics consumer NF sends an Nnwdaf_AnalyticsInfo_Request or an Nnwdaf_AnalyticsSubscription_Subscribe request to the NWDAF with analytics ID set to “NF energy consumption”. 
2a/b.	[optional] If the analytics consumer has provided an AoI in step 1, the NWDAF uses NF/NF service discovery procedures (in clause 4.17.4 of TS 23.502 [3]) and Nnrf_NFDiscovery service (in clause 5.2.7.3 of TS 23.502 [3]) in order to discover the NF instances in the AoI and the services they provide.
2c/d.	The NWDAF uses NF status subscribe/notify procedures (clause 4.17.7 of TS 23.502) and Nnrf_NFManagement service (clause 5.2.7.2 of TS 23.502) in order to be notified about the changes in the status of an NF. The service operations for obtaining status information are NFStatusSubscribe and NFStatusNotify, from the Nnrf_NFManagement service. 
3.	The NWDAF collects from the OAM (e.g. single request or subscription) information that are needed to generate the “NF energy consumption” analytics. 
4a.	NWDAF collects from NRF the NF consumer NF profiles that include NF states. NF states indicate whether the NF is in sleep or inactive mode, semi-sleep or partially inactive state, or fully active state, etc. These NF states can be associated with certain specific time or duration of the day.
4b.	The NWDAF collects from the NF(s) (e.g., single request or subscription) information e.g., regarding the energy state planning and capabilities of the target NF instance(s).
5.	The NWDAF generates the “NF energy consumption Analytics” using information collected in steps 2, 3 and 4. NWDAF also generates statistics and/or analytics on NF instance states (e.g. sleep, normal, semi-sleep, active) during a period of time e.g. NF Instance 1 (deployed in certain location) is sleep mode (or other mode) during 1 am to 4 am during last 20 days and consumes certain energy, etc. 
6.	The NWDAF returns/notifies the generated analytics output information to the analytics consumer NF.
7.	NF consumer uses the received “NF energy consumption” analytics for specific behaviour/ purposes, for example:
-	If the NF consumer is AF then based on the received “NF energy consumption” analytics, it can request to scale up or scale down or instantiate certain NF instances in certain geographic area at a certain period of timeI. AF can also use this information for determining energy consumed indicator for a slice (e.g., value, class, tag).
-	If the NF consumer is a 5GC NF e.g., SMF or AMF, it can decide to change its NF state, e.g. sleep/inactive mode, partially/semi sleep mode, active mode, etc. during a certain period of time.
-	If the NF consumer is a 5GC NF e.g., SMF, it can use the analytics to select “greener” (e.g. consuming less energy or generating less carbon emission) NF instances at specific location and time. It could also be group of NF (instances) in a specific slice.
8, 9.	The NWDAF might receive further notification from the NRF, OAM, or other NFs that the NWDAF has already subscribed to.
10.	Based on the available information and the information received in steps 8 or 9, the NWDAF generates an updated output analytics.
11.	The NWDAF returns a notification with the output analytics back to the analytics consumer NF.

6.x.4	Impacts on existing services, entities and interfaces
OAM:	handling of additional energy-related information exposure including PUE/SEE of Datacenter hosting the NFs, Datacenter Carbon Emission Effectiveness KPI.
Any consumer NF: Can be extended to request the new NF energy consumption analytics to, e.g., support deriving their energy state planning.
NWDAF:	Provides a new analytics ID related to NF energy consumption.
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