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Abstract: This contribution proposes a solution to the KI#1 for improving correctness of NWDAF analytics, by introducing a mechanism to detect a possible ML model degradation and perform relevant actions to maintain the accuracy of predictions at an appropriate level.
Discussion
An ML model which has been trained by NWDAF containing MTLF can be degraded as time goes by. Such a model will no longer be able to generate accurate predictions and hence the problem needs to be fixed by triggering proper action, e.g., re-train the degraded ML model with additional data. The proposed solution in this paper includes:
· Detection of the degradation of an ML model.
· Triggering of a proper action in case any degradation in an ML model is observed.
The solution answers the following item in this KI:
· Study mechanisms to detect that degradation on an ML model has happened and whether and which actions should be triggered.
There are several mechanisms to detect degradation in a model. For instance, when a classifier is used to perform a prediction e.g., UE location in UE mobility analytics, an error matrix can be created where accuracy metrics for the ML model can be calculated out of it, to assess whether the model is performing accurately or not.
In other cases when classification algorithms are not applicable, e.g., NF load analytics, a mean square of overall error can be used. Moreover, statistical methods which will act on the input date to measure correctness of the model can be utilized.

Proposed Solution
The following text is proposed to be added to TR 23.700-81 v0.1.0.
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This is a solution for KI#1, on how to improve correctness of NWDAF analytics and addresses the following item in this KI:
-	Study mechanisms to detect that degradation on an ML model has happened and whether and which actions should be triggered.
An ML model which has been trained by NWDAF containing MTLF can be degraded as time goes by. Such a model will no longer be able to generate accurate predictions and hence the problem needs to be fixed by triggering proper action, e.g., re-train action the degraded ML model with additional data. This solution considers two aspects of the ML Model degradation problem:
-	Detection of the degradation of an ML model.
-	Triggering of a proper action in case any degradation in an ML model is observed.

[bookmark: _Toc97546139]6.X.2	Procedures

6.X.2.1	General
The proposed solution consists of two main parts:
-	How to detect whether an ML model has been degraded.
-	Trigger proper action in case ML model degradation has been observed.
Each part is discussed in the following subsections. 
6.X.2.2	Detection of ML Model Degradation
Figure 6.X.2.2-1 illustrates an NWDAF containing MTLF subscribing to the monitoring of an ML model at an NWDAF containing AnLF. If any degradation in the ML model is detected, the NWDAF containing AnLF generates a notification to the NWDAF containing MTLF. 
In this solution, the NWDAF containing AnLF may start the monitoring process when it starts making use of an ML model, and it registers with the MTLF that is responsible for training/updating this ML model. The NWDAF containing MTLF, due to the registration of monitoring from NWDAF containing AnLF or due to local policies, subscribes to the NWDAF containing AnLF for receiving notifications of the detection of degradation of the ML Model.
When the subscription request is received, the NWDAF containing AnLF is assumed to be in possession of possible ML model’s associated information, included in the ML model file, that can be used to support the AnLF performing the monitoring of the ML model. The NWDAF containing AnLF may start the monitoring process when it starts making use of the ML model. NWDAF containing AnLF monitors the performance of the ML model and notifies NWDAF containing MTLF if any degradation is detected.


[bookmark: _Ref97200285]Figure 6.X.2.2-1: Monitoring an ML model and report degradation if detected.

6.X.2.3	Act Upon ML Model Degradation
In case of detecting degradation of an ML model which has been monitored, an NWDAF containing AnLF notifies the subscribed NWDAF containing MTLF of this detection. The NWDAF containing MTLF may not declare an ML model as “degraded” until enough degradation detection notifications have been received. When the NWDAF containing MTLF determines that an ML model is “degraded”, it marks it with an indication in the ML model information (see 3GPP TS 23.288 clause 6.2A.2 for existing contents).
It is then up to the NWDAF containing MTLF to determine the actual actions to be taken. These actions include, e.g.:
-	Trigger a re-training process with an extended data set.
-	The NWDAF containing MTLF may need to collect new data (e.g., statistics) from, e.g., ADRF.
-	In case of existing more than one ML model for an Analytics ID, based on the records of ML model performance metrics, another ML model might be chosen without re-training any of the existing ML models.
6.X.2.4	Procedure for the registration of ML model monitoring
Figure 6.X.2.4-1 illustrates the procedure by which an NWDAF containing AnLF registers with an NWDAF containing MTLF that it is starting to monitor the degradation of an ML model. A new Nnwdaf_MLModelMonitor_Register service operation is used for that purpose.


Figure 6.x.2.4-1: Procedure for ML model monitoring registration
1.	An NWDAF containing AnLF starts monitoring an ML model, due to start using the ML model for producing analytics
2,3. The NWDAF containing AnLF sends an Nnwdaf_MLModelMonitor_Register request to an NWDAF containing MTLF (NWDAF containing AnLF NF ID, unique identifier of the ML model, optionally: subscription endpoint of the ML Monitoring service operation). The NWDAF containing MTFL is now aware of the NF ID of the NWDAF containing AnLF that are monitoring that ML model.
When the NWDAF containing AnLF does no longer monitor the ML model, it sends an Nnwdaf_MLModelMontior_Unregister service operation. The NWDAF containing MTLF deletes the associated data.

6.X.2.5	Procedure for the detection of ML model degradation
Figure 6.X.2.5-1 illustrates the procedure for the detection of ML model degradation. A new Nnwdaf_MLModelMonitor_Subscribe and Nnwdaf_MLModelMonitor_Notify service operations are used for that purpose.



Figure 6.X.2.5-1: Procedure for ML model degradation detection
0. 	An NWDAF containing MTLF receives a trigger for subscribing to the ML model monitor at an NWDAF containing an AnLF. This trigger could be the reception of an Nnwdaf_MLModelMonitor_Register request, an administrative action, or determined by local policy. The NWDAF containing MTLF reads the information registered by the AnLF, such as the NF ID, unique identifier of the ML model, MLModelMonitor subscription endpoint, etc.
1.	The NWDAF containing MTLF sends an Nnwdaf_MLModelMonitor_Subscribe request (Analytics ID, unique identifier of the ML model to be monitored) to an NWDAF containing AnLF subscription endpoint.
2.	The NWDAF containing AnLF sends a response to the NWDAF containing MTLF.
3.	If it has not done it before, the NWDAF containing AnLF starts an internal process for monitoring the degradation of the ML model.
4,5	Upon detection of the degradation of the ML model, the NWDAF containing AnLF sends an Nnwdaf_MLModelMonitor_Notify request to the notification endpoint (e.g., the NWDAF containing MTLF). 
6.	The NWDAF containing MTLF sends a response indicating that it has received ML model monitor notification from respective instance of NWDAF containing AnLF.
7.	The NWDAF containing MTLF adds an indication to the ML Model Information as “degraded”.
8.	The NWDAF containing MTLF takes an appropriate action. This can be, e.g., re-training the ML model with additional data.
6.X.2.6	Procedures for ML Model Provisioning
Model provisioning is affected by the proposed solution in a way that provisioning can be postponed if an action might be required, in case of detection of an ML model degradation.
When NWDAF containing MTLF receives a subscription request from a NWDAF’s service consumer for ML model provision, upon accepting the subscription, the NWDAF containing MTLF generates a regular notification request including the required ML model information including an indication of the “degraded” status.
Figure 6.X.2.6-1 shows an enhanced procedure for signalling whether a model is degraded.


Figure 6.X.2.6-1: Procedure for enhanced ML model provisioning
1.	An ML Model Provisioning service consumer (i.e., an NWDAF containing AnLF) sends an Nnwdaf_MLModelProvisioning_Subscribe request for subscribing to a (set of) ML models associated to a (set of) Analytics ID.
2.	The NWDAF containing MTLF sends a response.
3,4. Prior to sending a notification, the NWDAF containing MTLF determines whether the model is marked as “degraded”. Then the NWDAF containing MTLF sends an Nnwdaf_MLModelProvisioning_Notify request (ML model Information, including the file address of the trained ML model and its “degradation” indication status).
5,6. The NWDAF containing AnLF sends a response and determines, based on the “degraded” indication in the ML Model information, whether it still wants to download the ML model or not.
7.	Later, the NWDAF containing MTLF finishes the re-training and a new ML model becomes available. The MTLF clears the “degraded” indication of the ML Model Information.
8.	The NWDAF containing MTLF sends an Nnwdaf_MLModelProvisioning_Notify request (ML Model Information, addresses of the file address of the trained ML model).
9. The service consumer acknowledges NWDAF containing MTLF by sending back Nnwdaf_MLModelProvision_Notify response.
The ML Model Information (including the new “degraded” indication) is also available through the Nnwdaf_MLModelInfo_Request service operation.

[bookmark: _Toc97546140]6.X.3	Impacts on Existing Nodes and Functionality
NWDAF containing AnLF:
-	New functionality for monitoring the degradation of an ML model and registering/unregistering the monitoring of an ML model using the Nnwdaf_MLModelMonitor_Register service operation.
-	New functionality for receiving subscription requests for monitoring the degradation of an ML model (Nwdaf_MLModelMonitor_Subscribe/Unsubscribe) and generating their corresponding notifications (Nnwdaf_MLModelMonitor_Notify).
-	Upon requesting the provisioning of an ML model, new functionality for receiving a notification with the ML model information containing the “degraded” indication in Nnwdaf_MLModelProvisioning_Notify request and response to Nnwdaf_MLModelInfo_Request.

NWDAF containing MTLF:
-	New functionality for registering/unregistering and storing NF ID of NFs which are monitoring of an ML model by receiving the Nnwdaf_MLModelMonitor_Register service operation.
-	New functionality for subscribing to notifications of the degradation of an ML model (Nnwdaf_MLModelMontior_Subscribe/Unsubscribe and Nnwdaf_MLModelMonitor_Notify).
-	New functionality for triggering an NWDAF containing MTLF action upon receiving information of the degradation of an ML model. Such actions may include, starting a procedure for re-training the degraded ML model.
-	New functionality for including a “degraded” indication in the ML model information, Nnwdaf_MLModelProvisioning_Notify request and response to Nnwdaf_MLModelInfo_Request.

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