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********** First Change **********
[bookmark: _Toc145930569][bookmark: _Toc145939699][bookmark: _Toc138252889]5C.1	General
A NWDAF has the accuracy checking capability of Analytics and/or ML Model, where the NWDAF may provide the accuracy information to consumers when requested or use it for its internal processes.
Input data is collected from Data Producer NF when there is a request for inference/prediction per analytics ID in NWDAF for specific time period in future while ground truth data are collected from Data Producer NF corresponding to analytic ID requested at the time which the prediction refers to.
The ground truth data is the actual measured data observed at the time which the prediction refers to.
NOTE 1:	The ground truth data can be impacted when Analytics Feedback Information shows there is action triggered by the analytics output in the consumer.
Analytics/ML Model Accuracy Monitoring is to be achieved by comparing the predictions using the current trained ML model and its corresponding ground truth data i.e. the corresponding true observed events.
Analytics/ML Model Accuracy information is to represent general performance measurements for analytics and ML Model respectively, which are composed of the number of correct predictions out of all predictions and the corresponding number of samples.
NOTE X: In this release, only Analytics/ML Model Accuracy Information is supported as performance measurement for Analytics/ML Model.
NOTE 2:	How MTLF/AnLF determines whether the prediction is correct one is up to implementation.
The NWDAF (containing AnLF/MTLF) with accuracy checking capability decides to initiate analytics accuracy monitoring based on:
-	A request from an analytics accuracy consumer. The analytics accuracy consumer may be an NWDAF containing AnLF, NWDAF containing MTLF or an analytics consumer NF.
-	Analytics Feedback Information which may be provided by an Analytics Consumer NF.
The AnLF with analytics accuracy checking capability as defined in clause 6.2D is able to provide or notify the accuracy information of Analytics IDs to the analytics consumers of such service and when the analytics accuracy does not meet the analytics consumer's requirements, the analytics consumer may stop using analytics for a period of time or obtain new analytics. In addition, updated analytics for the provided Analytics IDs may be provided to analytics consumers as requested, if the updated analytics is able to be generated within the correction time period. The AnLF with analytics accuracy checking capability is as defined in clause 6.2D.1 is able to determine analytics accuracy information based on e.g.:
-	Comparing predictions generated based on a ML model and its corresponding ground truth data
-	Determining analytics accuracy by comparing analytics accuracy using multiple ML models
The MTLF with ML Model accuracy checking capability as defined in clause 6.2E is able to determine ML Model degradation based on e.g.:
-	comparing/evaluating the data: including input data, analytics output and the ground truth data either collected from various data source NFs, DCCF, AnLF, ADRF or configured by OAM;
-	or AnLF providing notifications of the analytics accuracy information; or
-	AnLF providing analytics feedback information of the analytics generated by the ML model.
The NWDAF containing MTLF may reselect a new ML model or retrain the existing ML model and consequently notify the ML model accuracy degradation to the ML Model consumer(s). In addition, the NWDAF containing MTLF may consider the rating of untrusted AF(s) when used as data sources.



********** Next Changes **********
	
[bookmark: _Toc145930691][bookmark: _Toc20204482][bookmark: _Toc27895181][bookmark: _Toc36192278][bookmark: _Toc45193391][bookmark: _Toc47593023][bookmark: _Toc51835110][bookmark: _Toc145940120][bookmark: _Toc20204529][bookmark: _Toc27895228][bookmark: _Toc36192325][bookmark: _Toc45193438][bookmark: _Toc47593070][bookmark: _Toc51835157]6.2E.3.3	Procedures for monitoring the analytics accuracy of an ML model
An NWDAF containing MTLF, due to the registration of monitoring of the analytics accuracy of an ML model received from NWDAF containing AnLF and local policies, subscribes to the NWDAF containing AnLF for receiving notifications of either the accuracy of the ML Model, or Analytics feedback information of the ML model. The NWDAF containing MTLF may get the Subscription endpoint address of the NWDAF containing AnLF from the information received in a previous registration or through a service discovery procedure at the NRF.
Figure 6.2E.3.3-1 illustrates the procedure either for monitoring the analytics accuracy of an ML model or for delivery of Analytics feedback information of an ML model. Nnwdaf_MLModelMonitor_Subscribe and Nnwdaf_MLModelMonitor_Notify service operations are used for the purposes. A service consumer, i.e. an NWDAF containing MTLF, subscribes at a service producer, i.e. an NWDAF containing AnLF, to be notified when either the analytics accuracy of the previously provisioned ML model is not sufficient, or Analytics feedback information is retrieved from analytics consumer NF.


[bookmark: _CRFigure6_2E_3_31]Figure 6.2E.3.3-1: Procedure for monitoring the analytics accuracy of an ML model
0.	Upon the reception of an Nnwdaf_MLModelMonitor_Register request and based on local policy, the NWDAF containing MTLF determines to subscribe to the analytics accuracy monitoring for the ML model as defined in clause 5C.1.
1.	The NWDAF containing MTLF sends an Nnwdaf_MLModelMonitor_Subscribe request (Analytics ID(s), unique identifier(s) of the ML model(s) to be monitored, accuracy metrics to be monitored, optionally Reporting Threshold(s) or Reporting Period) to an NWDAF containing AnLF subscription endpoint.	Comment by DCM-BB: This input is not needed because there is only one metric (i.e., "Accuracy”) which is already specified.
	When the NWDAF containing MTLF determines during the registration process described in clause 6.2E.3.2 that a subscription request for ML model accuracy monitoring to an NWDAF containing AnLF is related to a previous subscription for ML model accuracy information to a different NWDAF containing AnLF (due to changes in the provider of the ML accuracy monitoring for a given ML model, as an effect of analytics transfer among NWDAFs containing AnLF), the NWDAF containing MTLF may use as base for the new subscription request at the new NWDAF containing AnLF the parameters associated with the original subscription identification for the ML model accuracy information that was received in the registration request of the new NWDAF containing AnLF, as described in steps 1-2 of clause 6.2E.3.2.
2.	The NWDAF containing AnLF sends a response to the NWDAF containing MTLF.
3.	The analytics consumer NF may send Analytics feedback information to the NWDAF containing AnLF as described in clause 6.1.1.
4.	When step 1 is triggered, the NWDAF containing AnLF may start monitoring the analytics accuracy of the ML model(s), if it not started yet.
NOTE 1:	The NWDAF containing AnLF can monitor the analytics accuracy in many ways: e.g. comparing predictions of ML model and its corresponding ground truth data, comparing changes in internal configuration for the analytics ID generation, previous existent records of analytics accuracy information etc.
5.	The NWDAF containing AnLF determines whether the analytics accuracy of the ML model is insufficient, i.e. deviation of the output analytics using the trained ML model from ground truth data (which are collected from Data Producer NF corresponding to analytic ID requested at the time which the prediction refers to) is greater than the Reporting Threshold(s) (which are locally configured or received in the Subscribe request), or the Reporting Period indicated in the Subscribe request is reached.
6.	Either the Analytics feedback information is retrieved at step 3 or the NWDAF containing AnLF detects the analytics accuracy of ML model is insufficient at step 5, the NWDAF containing AnLF sends an Nnwdaf_MLModelMonitor_Notify request to the notification endpoint (e.g. the NWDAF containing MTLF). The Notify request includes either Analytics feedback information, or the analytics accuracy information of the ML model (e.g. a Deviation value which indicates the deviation of the predictions generated using the ML model(s) from the ground truth data and the network data when the deviation occurs (which can be used by the NWDAF containing MTLF for possible ML model retraining) and the number of inferences that were performed during the time interval between Nnwdaf_MLModelMonitor_Register request and the Notify request or between the time of last Notification message and the time of the current Notification message and optionally an indication that the analytics accuracy of the ML model does not meet the requirement of accuracy for the ML model.
7.	The NWDAF containing MTLF sends a response.
8.	The NWDAF containing MTLF determines whether the ML model is degraded or not based on the notification at step 6. If the notification contains Analytics feedback information, the NWDAF containing MTLF may determine ML model degradation based on the procedures as described in clause 6.2E.2. Otherwise when the NWDAF containing MTLF has received the multiple analytics accuracy information, from one or more NWDAFs containing AnLF, it may consider that the ML model is degraded/to be updated (i.e. enough number analytics accuracy information received from one or more NWDAFs containing AnLF, indicating insufficient analytics accuracy).
NOTE 2:	The actual mechanism for the NWDAF containing MTLF for determining the degradation of the ML model degradation is an internal procedure of the NWDAF containing MTLF, e.g. the NWDAF containing MTLF calculate a global accuracy based on the analytics accuracy information and the number of inferences received from multiple NWDAFs containing AnLF.
9.	When an ML model is considered degraded / to be updated at step 8, the NWDAF containing MTLF re-trains the existing ML model or selects a new ML model. If the network data was not included in the Nnwdaf_MLModelMonitor_Notify request of step 5, the NWDAF containing MTLF may request data from the NWDAF containing AnLF, ADRF and/or other 5GS entities as specified in clause 6.2 and use the collected data for ML model retraining. The NWDAF containing MTLF notifies the NWDAF(s) containing AnLF with the updated trained ML Model Information by invoking Nnwdaf_MLModelProvision_Notify service operation, as described in clause 6.2A.

********** Next Changes **********
	
[bookmark: _Toc145930856]7.9.2	Nnwdaf_MLModelMonitor_Subscribe service operation
Service operation name: Nnwdaf_MLModelMonitor_Subscribe
Description: Subscribes to NWDAF for ML model accuracy (i.e. Analytics accuracy for an ML model as described in clause 6.2E.3.3) information and Analytics feedback information for the analytics generated by the NWDAF with specific parameters.
Inputs, Required: (set of) Unique ML Model identifier(s), Notification Target Address (+ Notification Correlation ID).
Inputs, Optional: Subscription Correlation ID (in the case of modification of the ML model monitor subscription), Accuracy metrics to indicate the metrics to calculate the accuracy information, ML model accuracy information period to indicate the reporting periodicity in which the information can be reported, Accuracy reporting threshold to indicate the reporting condition above which the accuracy information needs to be reported.	Comment by DCM-BB: This input is meaningless because there is no possibility to indicate the metric to be calculated. There is only one metric.
Outputs Required: When the subscription is accepted: Subscription Correlation ID (required for management of this subscription), Expiry time (required if the subscription can be expired based on the operator's policy).
Outputs, Optional: None.

********** Next Changes **********
	
[bookmark: _CR5_2_6_4_3][bookmark: _Toc153794628][bookmark: _Toc145930858]7.9.4	Nnwdaf_MLModelMonitor_Notify service operation
Service operation name: Nnwdaf_MLModelMonitor_Notify.
Description: NWDAF notifies the monitored ML model accuracy (i.e. Analytics accuracy for an ML model as described in clause 6.2E.3.3) information and Analytics feedback information for the analytics generated by the NWDAF to the consumer instance which has subscribed to the specific NWDAF service.
Inputs, Required: Notification Correlation Information, at least one of the following:
-	the monitored ML model accuracy information which includes:
-	Unique ML model identifier;
-	Monitoring interval: time interval during which the ML model accuracy monitoring was conducted;
-	Monitored Analytics accuracy of the ML Model and a deviation value which indicates the deviation of the predictions generated using the ML model(s) from the ground truth data;
-	Number of inferences that were performed during the monitoring interval;
-	Accuracy metrics as requested in Subscribe service operation.	Comment by DCM-BB: As it is proposed to remove the corresponding input, this output is also meaningless.
-	Analytics feedback information: indicates that the consumer NF of the analytics generated by the provisioned ML model has taken an action(s) influenced by the analytics and includes the following parameter(s):
-	Corresponding Analytics ID(s) which has been used for taking an action(s);
-	Corresponding ML Model identifier(s) which has been used for generating Analytics;
-	Indication whether the action will affect on ground truth data (if available);
-	Time stamp(s) when the action(s) are taken.
Inputs, Optional:
-	Input data used for inferencing indicated by DataSetTag with ADRF ID when the prediction generated from the ML Model is not correct (which can be used by the NWDAF containing MTLF for possible ML model retraining);
NOTE:	How MTLF/AnLF determines whether the prediction is correct one is up to implementation.
-	An indication that the analytics accuracy of the ML model does not meet the requirement of accuracy for the ML model.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.

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