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********** Start of Changes ***************


[bookmark: _Toc114572062]6.2A.2	Contents of ML Model Provisioning
The consumers of the ML model provisioning services (i.e. an NWDAF containing AnLF) as described in clause 7.5 and clause 7.6 may provide the input parameters as listed below:
-	Information of the analytics for which the requested ML model is to be used, including:
-	A unique ML model identifier, assigned by the NWDAF containing MTLF which created the ML model.
NOTE 1:	The structure and format of the ML Model identifier and its uniqueness is defined by stage 3 specifications.
-	A list of Analytics ID(s): identifies the analytics for which the ML model is used.
-	[OPTIONAL] ML Model Filter Information: enables to select which ML model for the analytics is requested, e.g. S-NSSAI, Area of Interest. Parameter types in the ML Model Filter Information are the same as parameter types in the Analytics Filter Information which are defined in procedures.
-	[OPTIONAL] Target of ML Model Reporting: indicates the object(s) for which ML model is requested, e.g. specific UEs, a group of UE(s) or any UE (i.e. all UEs).
-	ML Model Reporting Information with the following parameters:
-	(Only for Nnwdaf_MLModelProvision_Subscribe) ML Model Reporting Information Parameters as per Event Reporting Information Parameter defined in Table 4.15.1-1, TS 23.502 [3].
-	[OPTIONAL] ML Model Target Period: indicates time interval [start, end] for which ML model for the Analytics is requested. The time interval is expressed with actual start time and actual end time (e.g. via UTC time).
-	A Notification Target Address (+ Notification Correlation ID) as defined in TS 23.502 [3] clause 4.15.1, allowing to correlate notifications received from the NWDAF containing MTLF with this subscription.
-	An indication of whether the ML model is deemed as “degraded”.
The NWDAF containing MTLF provides to the consumer of the ML model provisioning service operations as described in clause 7.5 and 7.6, the output information as listed below:
-	(Only for Nnwdaf_MLModelProvision_Notify) The Notification Correlation Information.
-	ML Model Information, which includes the ML model file address (e.g. URL or FQDN) for the Analytics ID(s).
-	[OPTIONAL] Validity period: indicates time period when the provided ML Model Information applies.
-	[OPTIONAL] Spatial validity: indicates Area where the provided ML Model Information applies.
NOTE 2:	Spatial validity and Validity period are determined by MTLF internal logic and it is a subset of AoI if provided in ML Model Filter Information and of ML Model Target Period, respectively.




********** Next Change ***************




[bookmark: _Toc114572059]6.2x	Procedures for monitoring the accuracy of ML models 
[bookmark: _Toc114572060]6.2x.1	General
The procedures described in this clause enable the following functionality:
· An NWDAF containing AnLF may register with an NWDAF containing MTLF when it starts using and monitoring the accuracy an ML Model for a given Analytics ID. It is assumed that the NWDAF containing AnLF obtained information of the ML model in a previous interaction with the NWDAF containing MTLF, e.g., using the Nnwdaf_MLModelInfo_Request or Nnwdaf_MLModelProvision services.  This registration enables the NWDAF containing MTLF to become aware of NWDAF containing AnLF that are using a given ML model for certain Analytics ID and that the NWDAF containing AnLF supports the capability of monitoring the accuracy of ML models.
· An NWDAF containing MTLF may subscribe to an NWDAF containing AnLF for receiving notifications of the accuracy of a given ML model for a certain Analytics ID.

6.2x.2	Procedures for registering the monitoring of the accuracy of an ML Model
When an NWDAF containing AnLF starts making use and monitoring the accuracy of an ML model, it registers with the NWDAF containing MTLF, that is responsible for training/updating this ML model. 
When the NWDAF containing AnLF is no longer using or monitoring the ML model for the Analytics ID, it de-registers it with the responsible NWDAF containing MTLF.
Figure 6.2x.2-1 illustrates the procedure by which an NWDAF containing AnLF registers with an NWDAF containing MTLF that it is starting to make use and monitor the accuracy of an ML model. A new Nnwdaf_MLModelMonitor_Register service operation is used for that purpose.


Figure 6.2x.2-1: Procedure for ML Model monitoring registration
1.	An NWDAF containing AnLF starts monitoring the accuracy of 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 Nnwdaf_MLModelMonitor_Subscribe service operation at the NWDAF containing AnLF). The NWDAF containing MTLF is now aware of the NF ID of the NWDAF containing AnLF that is monitoring the accuracy of that ML model.
When the NWDAF containing AnLF does no longer monitor the accuracy of the ML model, it sends an Nnwdaf_MLModelMontior_Deregister service operation. The NWDAF containing MTLF deletes the associated data.

6.2x.3	Procedures for monitoring the accuracy of an ML model
An NWDAF containing MTLF, due to the registration of monitoring of the accuracy of an ML model received from NWDAF containing AnLF or due to local policies, subscribes to the NWDAF containing AnLF for receiving notifications of the accuracy of the ML Model.  The NWDAF containing MTLF might have learned the Subscription endpoint address of the NWDAF containing AnLF due to information received in a previous registration or through a service discovery procedure at the NRF.
Figure 6.2x.2-1 illustrates the procedure for monitoring the accuracy of an ML model. Nnwdaf_MLModelMonitor_Subscribe and Nnwdaf_MLModelMonitor_Notify service operations are used for that purpose. An NWDAF service consumer, i.e., an NWDAF containing MTLF, subscribes at a service producer, i.e., an NWDAF containing AnLF, to be notified when the accuracy of the previously provisioned trained MT model is not sufficient.


Figure 6.2x.3-1: 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, optionally Reporting Threshold(s)) to an NWDAF containing AnLF subscription endpoint.
2.	The NWDAF containing AnLF sends a response to the NWDAF containing MTLF.
3.	NWDAF containing AnLF starts an internal process for monitoring the accuracy of the ML model.
NOTE:	NWDAF containing AnLF can monitor the accuracy in many ways: e.g comparing predictions and its corresponding ground truth data, comparing changes in internal configuration for the analytics ID generation, previous existent records of analytics accuracy information etc.
4,5	Upon detection of an insufficient accuracy of the ML model, and if deviation (i.e., deviation of the output analytics using the trained ML model from the actual network running data) is greater than the Reporting Threshold(s) if received in the Subscribe request, the NWDAF containing AnLF sends an Nnwdaf_MLModelMonitor_Notify request to the notification endpoint (e.g., the NWDAF containing MTLF). The Notify request should include a Deviation value.
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.	When the NWDAF containing MTLF has received enough number of of reports indicating insufficient accuracy, from one or more NWDAFs containing AnLF, it may consider that the ML model is degraded and may add an indication to the ML Model Information as "degraded".
8.	When an ML model is considered degraded, the NWDAF containing MTLF takes an appropriate action. This can be, e.g., re-training the ML model with additional data.


[bookmark: _Toc104467730][bookmark: _Toc104433274][bookmark: _Toc113350118][bookmark: _Toc113350976]6.2x.3	Procedures for ML Model Provisioning
Provisioning of ML Models can be postponed 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 whether the ML Model is deemed as "degraded". The ML Model Information is further described in claused 6.2A.2.
Figure 6.2x.3-1 shows an example for signalling whether an ML model is degraded.


Figure 6.2x.3-1: 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 each ML 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 "degraded" 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. 
8.	The NWDAF containing MTLF sends an Nnwdaf_MLModelProvisioning_Notify request (ML Model Information, addresses of the file address of the trained ML model), where the “degraded” indication is cleared.
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 applicable to the Nnwdaf_MLModelInfo_Request service operation.
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********** Next Change ***************



7.x	Nnwdaf_MLModelMonitor services
7.x.1	Nnwdaf_MLModelMonitor_Register
Service operation name: Nnwdaf_MLModelMonitor_Register
Description: The consumer registers the use and monitoring capability for an ML model at an NWDAF containing MTLF
Inputs, Required: Consumer NF ID, Analytics ID, ML Model identifier
Inputs, Optional: Endpoint address of the Nnwdaf_MLModelMonitor_Subscribe service operation
Outputs, Required: ML model monitoring registration ID
Outputs, Optional: None

7.x.2	Nnwdaf_MLModelMonitor_Deregister
Service operation name: Nnwdaf_MLModelMonitor_Deregister
Description: The consumer deregisters, from an NWDAF containing MTLF, a previous MLModelMonitor registration, e.g., when the consumer is no longer using or monitoring the accuracy of the ML model.
Inputs, Required: ML model monitoring registration ID
Inputs, Optional: None
Outputs, Required: None
Outputs, Optional: None
7.x.3	Nnwdaf_MLModelMonitor_Subscribe
Service operation name: Nnwdaf_MLModelMonitor_Subscribe
Description: The consumer subscribes for receiving notifications of the accuracy of an ML model
Inputs, Required: Analytics ID, ML Model identifier
Inputs, Optional: Notification endpoint address, Reporting thresholds
Outputs, Required: ML model monitoring subscription ID
Outputs, Optional: None
7.x.4	Nnwdaf_MLModelMonitor_Notify
Service operation name: Nnwdaf_MLModelMonitor_Notify
Description: The consumer notifies the accuracy of an ML model
Inputs, Required: ML model monitoring subscription ID, Accuracy level
Inputs, Optional: Deviation level
Outputs, Required: None
Outputs, Optional: None
7.x.5	Nnwdaf_MLModelMonitor_Unsubscribe
Service operation name: Nnwdaf_MLModelMonitor_Unubscribe
Description: The consumer unsubscribes from a previous subscription for receiving notifications of the accuracy of an ML model.
Inputs, Required: ML model monitoring subscription ID
Inputs, Optional: None
Outputs, Required: None
Outputs, Optional: None

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