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Abstract: This contribution resolves editor’s notes in Solution#12 in TR 23.700-66. 
1. Introduction/Motivation
Network Analytics are crucial to 5G networks, since it can tackle the tremendous complexity for network configurations and decision making of network nodes. That is why since Release 16, there are many network analytics defined in TS 23.288 to address different kinds of use cases in order to support the diversity of the evolving 5G networks that traditional hard coding and rule-based paradigm could not manage. 
However, analytics are not coming for free, especially when they are involving complex ML model with intensive computations. That is why with ever-growing adoption of AI-based mechanisms, both academy and industry put more and more effort on improving AI environmental sustainability, which is also called Green AI. 
From 3GPP perspective, it is reasonable and desirable to take Green AI into account when leveraging network analytics for network automations. Thus, we have the following aspects in Key Issue #3 for FS_EnergySys in Release 19.
· Whether and how to enhance network analytics for network energy saving and network energy efficiency
We tackle the issue from two perspectives:
· First perspective is the energy consumption for generating the analytics. The corresponding information is useful for the operator to track its own carbon footprint and to control the energy credits for 3rd party applications, i.e., AF request network analytics for application decisions and each analytics result will consume the consumer’s energy credits. Following this perspective, we enhance the analytics exposure functionality, that the NWDAF (AnLF) can provide the information of energy consumption for generating each analytic result to the service consumer if required. Energy consumption information may come from the ML model provider; thus, the corresponding ML model provisioning service may also be enhanced. There are multiple ways to measure/estimate the energy consumption of machine learnings: e.g., using performance counters, instruction-level estimation, real-time power estimation, etc (please check the reference below). However, we don’t believe we need to standardize how to measure the energy consumption of machine learning, since it is up to implementation.   
· The second perspective is the energy consumption for data collection/exposure, which is focusing on adaptive data collection taking energy saving into account. Our goal here is to enable data producer to choose a proper data reporting period based on energy saving requirement, e.g., from the OAM or by operator configuration, and service requirement indicated by the data consumer.  
Reference: Garcia-Martin, E et al, Estimation of energy consumption in machine learning, Journal of Parallel and Distributed Computing, Volume 134, 2019, Pages 75-88.
In SA2#160AHe, parts of the solution were merged into Solution#12. However, we believe that Solution#12 is mainly about an new analytics for network/UE energy consumption and efficiency, it would be better to have a separate solution about the energy consumption for generating analytics and the energy consumption for data collection/exposures. 
2. Proposal
It is proposed to capture the following changes to 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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* * * * Second change * * * *
[bookmark: _Toc161043204]6.12.2.1	General Description
This clause describes how NWDAF can provide energy related analytics, in the form of statistics or predictions or both, to another NF.
The service consumer may be an AF, 5GC NF (e.g. NEF, PCF, AMF, SMF, EECF), or the OAM.
The consumer of these analytics shall indicate in the request:
-	Analytics ID = "Energy information".
Editor's note:	The Analytics ID is FFS.
-	Target of Analytics Reporting:, network slice level, NF Instance/NF set level, PDU session level, QoS flow level, and/or UE level, e.g. a single UE (SUPI/GPSI) or a group of UEs or any UE, a QoS flow or a set of QoS flows or a PDU session(s).
Editor's note:	Target of Analytics Reporting is FFS.
-	Analytics Filter Information:
-	S-NSSAI;
-	NSI ID;
-	DNN;
-	DNAI;
-	QoS parameters (e.g. 5QI, QoS Characteristics);
-	NF Set ID;
-	NF Instance ID;
-	NF services ID(s);
-	Area of Interest (AoI);
-	Energy saving levels as defined in solution#10;
-	Application ID (NOTE 3);
-	Energy Credits for a given UE subscription (NOTE 3);
-	an optional list of analytics subsets that are requested.
-	optionally, preferred granularity of energy related information: PDU Session level, QoS flow level or application level.
-	Optional preferred level of accuracy of the analytics.
-	Optional preferred level of accuracy per analytics subset.
-	Optional Reporting Thresholds.
-	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.
-	Optionally, Spatial granularity size and Temporal granularity size.
-	Indication whether to return the estimated energy consumption required to provide these analytics.
NOTE 1:	It is FFS whether and how to estimate/predict the required energy consumption for providing energy related analytics.
NOTE 2:	This indication can instruct the NWDAF to a) only return the predicted energy consumption for providing analytics for this analytics request/subscription (without actually executing the analytics), b) return in the analytics (subscription) response an estimated energy consumption for providing analytics for this analytics subscription, c) return an estimation of the energy consumption for the analytics generation also in the analytics notify, or a combination of b) and c).
NOTE 3: 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 UE as part of UE subscription (refer to Solution #10), then such communication with AF may be temporarily deprioritized example limiting data rates during peak hours. When the energy credit is included in the Analytics filter information, the analytics is only focus on the UEs whose maximum energy credits (e.g. defined in Sol#10) are below the given value.
Editor's note:	Whether to extend this indication to analytics request/subscription in general (i.e. also for all existing analytics) and whether other input parameters are needed is FFS.
NOTE 4: The indication of returning the estimated energy consumption required to provide these analytics can be extended to any kind of analytics as described in Solution#X. 
* * * * Third change* * * *
[bookmark: _Toc157682313]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.

	>>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 [19]).

	>> Analytics energy consumption (NOTE 21)
	Indicates the observed 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 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.

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

	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).

	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 Energy Savings recommendations provided by OAM is required as output of Energy Information analytics is for FFS.
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.

	>>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 [19]).

	>> 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.

	Confidence
	Confidence of this prediction.

	Energy Saving recommendation for 5GC
	Energy Saving recommendation for 5GC over Analytics target period.

	Energy Saving recommendation for NG-RAN
	Energy Saving recommendation for NG-RAN over Analytics target period.

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

	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).

	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 as descried in Solution#X.
-	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 (as described in Solution #X).
-	If the consumer is EECF, the EECF may obtain the Energy Information analytics 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 as described in Solution 10.
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.
* * * * Fourth change (All texts are new) * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148441676][bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677]6.X	Solution #X: Energy-aware Analytics Exposure and Data Collection 
6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses Key Issue #3 “5GS enhancements for network energy saving and efficiency”. 
[bookmark: _Toc148441678]6.X.2	Functional Description
The proposed solution tackles the Key issue from two perspectives:
· First perspective is the energy consumption for generating the analytics. The corresponding information is useful for the operator to track its own carbon footprint and to control the energy credits for 3rd party applications, i.e., AF request network analytics for application decisions and each analytics result will consume the consumer’s energy credits. Following this perspective, we enhance the analytics exposure functionality, that the NWDAF(AnLF) can provide the information of energy consumption for generating each analytic result to the service consumer if required. Energy consumption information may come from the ML model provider; thus, the corresponding ML model provisioning service may also be enhanced. There are multiple ways to measure/estimate the energy consumption of machine learnings: e.g., using performance counters, instruction-level estimation, real-time power estimation, etc (please check the reference below). However, there is no need to standardize how to measure/estimate the energy consumption of machine learning, since it is up to implementation.   
· The second perspective is the energy consumption for data collection, which is focusing on adaptive data collection taking energy saving into account. The target is to enable data producer to choose a proper data reporting period based on energy saving requirement e.g., from the OAM or by operator configuration, and service requirement indicated by the data consumer.  
In particular, the proposed solution enhancing the existing analytics exposure and data collection procedure in the following principles:
· [bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]The energy consumption of the generated analytics can be based on the actual energy consumption during analytics generation or estimated ML model inference energy consumption received in the ML model information.
· The energy consumption information of the generated analytics result can be used by the consumer NF to determine whether to continue subscribing the analytics.
· Adaptive notification service operation defines time-varying reporting periodicity supported by the producer NF for energy saving. The producer NF adjusts the notification periodicity due to energy saving requirements (e.g., configured by OAM or operator) and the parameters provided by the service consumer. The producer NF notifies adjusted reporting periodicity in the notification message to the service consumer.
[bookmark: _Toc148441679]6.X.3	Procedures
6.X.3.1	Procedure for Energy-aware Analytics Exposure
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]The Figure 6.X.3-1 describes the details about the enhanced analytics exposure procedure of energy-aware analytics exposure.
2. Nnwdaf_AnalyticsSubscription_Subscribe response ()
7. Nnwdaf_AnalyticsSubscription_Subscribe response ()
NWDAF Service Consumer
NWDAF
containing AnLF
1. Nnwdaf_AnalyticsSubscription_Subscribe request (accuracy, energy credit, energy consumption indication)
9. Nnwdaf_AnalyticsSubscription_Notify (analytics, energy consumption)
8. generating analytics and the related energy consumption
NWDAF
containing MTLF
3. Nnwdaf_MLModelProvision_Subscribe(accuracy , energy consumption indication, running environment information)
OAM
5.subscribe input/output (running environment information)
4. Select ML model
6. Nnwdaf_MLModelProvision_Notify (estimated ML model inference energy consumption)

Figure 6.X.3-1: Procedure of Energy-aware Analytics Exposure 
1. For the sake of presentation, we use Nnwdaf_AnalyticsSubscription_Subscribe service as example, the procedure also applies to Nnwdaf_AnalyticsInfo service. Consumer sends analytics subscription using Nnwdaf_AnalyticsSubscription_Subscribe service. The consumer includes the energy credit and energy consumption indication in analytics subscription. Energy credit indicates the consumer’s energy credit budge to consume for obtaining each analytic result. The energy consumption indication indicates that the consumer wants to know the energy consumption for the generated analytics in the analytics notification.
2. If the NWDAF(AnLF) can measure or estimate the energy consumption for generating analytics by itself (e.g., by configuration), the step 3 to step 7 can be skipped. The NWDAF(AnLF) may reject the analytics subscription request if it determines the analytics can’t be provided within the energy credit budget. The NWDAF may also include the related information about the trade-off between the energy consumption and the accuracy of the analytics, if available. For example, the NWDAF may inform the consumer that how accurate the analytics can achieve within the energy credits budget. 
3. The NWDAF(AnLF) may include energy consumption indication in the ML model provisioning request to get the inference energy consumption of ML model which may help NWDAF(AnLF) determine the energy consumption of generating analytics. The running environment information of the NWDAF(AnLF) may also be included in the message.
4. The NWDAF(MTLF) selects the one or more ML model that meets the ML model requirement.
5. If energy consumption indication is received in the ML model provisioning request, the NWDAF(MTLF) may obtain the running environment information of NWDAF(AnLF) from OAM (e.g. whether the NWDAF(AnLF) is running on a bare-metal environment or on a Virtual Machine) if the information is not included in the ML model provisioning request. The running environment information is up to operator’s implementation.
6. The NWDAF(MTLF) estimates the inference energy consumption of the ML model(s). The estimation may take the NWDAF(AnLF)’s running environment information into account. Then NWDAF(MTLF) sends the ML model information with the estimated ML model inference energy consumption information to the NWDAF(AnLF).
7. With the received ML model inference energy consumption from the ML model provider, the NWDAF(AnLF) determines whether the analytics can be provided to the consumer within the energy credit budget and sends the response to the consumer.
8. NWDAF(AnLF) generates analytics. The NWDAF(AnLF) may estimate the energy consumption of the generated analytics based on the pre-configuration or estimated ML model inference energy consumption information received from the ML model provider.
9. NWDAF(AnLF) sends the analytics including energy consumption for generating the analytics to the consumer.

6.X.3.2	Procedure for Energy-aware Data Collection
The following figure illustrates a high-level procedure of the adaptive subscriptions and notifications in the data collection procedure.


Figure 6.X.3.2-1:Procedure for Energy-aware Data Collection
1.	A data consumer subscribes to the energy saving notification(s) to a data source. The subscription request includes reporting mode information (i.e., Adaptive), energy saving indication and service requirements (e.g., the reporting periodicity bound(s) or the alternative reporting periodicity values). The request may include the initial reporting periodicity.
NOTE:	If the data consumer provides the reporting periodicity bound(s) in subscription, it means that the data consumer can accept any value selected within the reporting periodicity bounds. Otherwise, the data consumer can provide the reporting periodicity values in the subscription, and the data source can select one of the alternative periodicity values when energy saving is required.
2.	The data source responses to the data consumer the acknowledgement of the subscription.
3.	The data source notifies to the data service consumer the requested data with initial reporting periodicity.
4.	When the data source needs to enter energy saving mode, the data source determines to use one of the reporting periodicity values received in the subscription or select a new reporting periodicity value within the reporting periodicity bounds as the updated reporting periodicity for the upcoming notifications.
NOTE:	The determination of a new reporting periodicity is an internal logic of the data source.
5.	The data source sends a notification message to the data consumer together with the selected new reporting periodicity value. This notification message includes the latest data notification and is sent according to the old periodicity.
6. The data source notifies to the data consumer according to the new periodicity value.
NOTE:	The steps 4-6 can repeat when a new time-varying reporting periodicity is determined. 
7. [Optional] The data consumer may further modify the data collection subscription request with new reporting periodicity bounds according to its requirement. 
NOTE: The procedure can also be used to analytics subscription and event exposure.
[bookmark: _Toc148441680]6.X.4	Impacts on existing services, entities and interfaces:
Consumer:
Enhance the analytics subscription with the energy budget and energy consumption indication
Receive "energy consumption" in analytics notification and maintain the energy credit of using analytics subscription.
NWDAF:	
Estimate the inference energy consumption for ML Model.
Provide energy consumption information for the analytics generation.
Data Source NF:
Enhance event reporting mode for Adaptive notifications to support time-varying reporting periodicity based on service requirements (e.g., the reporting periodicity bound(s)) and energy saving indication.

* * * * End of changes * * * *
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