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[bookmark: _Toc517082226]* * * * The 1st change * * * *
[bookmark: _Toc114572061]6.2A.1	ML Model Subscribe/Unsubscribe
The procedure in Figure 6.2A.1-1 is used by an NWDAF service consumer, i.e. an NWDAF containing AnLF to subscribe/unsubscribe at another NWDAF, i.e. an NWDAF containing MTLF, to be notified when ML Model Information on the related Analytics becomes available, using Nnwdaf_MLModelProvision services as defined in clause 7.5. The ML Model Information is used by an NWDAF containing AnLF to derive analytics. The service is also used by an NWDAF to modify existing ML Model Subscription(s). An NWDAF can be at the same time a consumer of this service provided by other NWDAF(s) and a provider of this service to other NWDAF(s).




Figure 6.2A.1-1: ML Model for analytics subscribe/unsubscribe
 1.	The NWDAF service consumer (i.e. an NWDAF containing AnLF) subscribes to, modifies, or cancels subscription for a (set of) trained ML Model(s) associated with a (set of) Analytics ID(s) by invoking the Nnwdaf_MLModelProvision_Subscribe / Nnwdaf_MLModelProvision_Unsubscribe service operation. The parameters that can be provided by the NWDAF service consumer are listed in clause 6.2A.2.
	When a subscription for a trained ML model associated with an Analytics ID is received, the NWDAF containing MTLF may:
-	determine whether an existing trained ML Model can be used for the subscription; or
-	determine whether triggering further training for an existing trained ML models is needed for the subscription.
	If the NWDAF containing MTLF determines that further training is needed, this NWDAF may initiate data collection from NFs, (e.g. AMF/DCCF/ADRF), UE Application (via AF) or OAM as described in clause 6.2, to generate the ML model.
	If the service invocation is for a subscription modification or subscription cancelation, the NWDAF service consumer includes an identifier (Subscription Correlation ID) to be modified in the invocation of Nnwdaf_MLModelProvision_Subscribe. If the NWDAF service consumer includes Target of Feedback and corresponding Feedback Information in the invocation of Nnwdaf_MLModelProvision_Subscribe, the NWDAF containing MTLF may use the Feedback Information to trigger reselection or retraining of the provisioned ML model as described in clause 6.2A.X.
2.	The NWDAF containing MTLF determines to monitor accuracy of the ML model(s) selected at step 1 as described in clause 6.2A.x.  
3.	If the NWDAF service consumer subscribes to a (set of) trained ML model(s) associated to a (set of) Analytics ID(s), the NWDAF containing MTLF notifies the NWDAF service consumer with the trained ML Model Information (containing a (set of) file address of the trained ML model) by invoking Nnwdaf_MLModelProvision_Notify service operation. The content of trained ML Model Information that can be provided by the NWDAF containing MTLF is specified in clause 6.2A.2.
	The NWDAF containing MTLF also invokes the Nnwdaf_MLModelProvision_Notify service operation to notify an available re-trained ML model when the NWDAF containing MTLF determines that the previously provided trained ML Model required re-training at step 1.
	When the step 1 is for a subscription modification (i.e. including Subscription Correlation ID), the NWDAF containing MTLF may provide either a new trained ML model different to the previously provided one, or re-trained ML model by invoking Nnwdaf_MLModelProvision_Notify service operation.
[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 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).
- 	Information to enhance the requested ML model accuracy, including:
-	[OPTIONAL] Multiple ML Models Indicator: indicates to provide multiple ML models for an Analytics ID to service consumer. 
-	[OPTIONAL] ML Model Accuracy Level: indicates a required level (e.g., Accuracy in Training, Mean Absolute Error, etc.) of accuracy for ML model, and enables to provide notification when the provisioned ML model accuracy is degraded under the level.
-	[OPTIONAL] Feedback Indicator: indicates capability of the service consumer (i.e., an NWDAF containing AnLF) to support accuracy feedback for the provisioned ML model. 
-	[OPTIONAL] Target of Feedback: indicates the provisioned ML Model ID which Feedback Information is measured.  
-	[OPTIONAL] Feedback Information: includes measured accuracy level (e.g., Accuracy in Use, Mean Absolute Error, etc.) of the provisioned ML model by service consumer and information (i.e., ADRF ID, Storage Transaction Identifier, DataSetTag) to get data used for generating inference. This information is included only when the service invocation is for a subscription modification or cancellation and Feedback Request is enabled in the notification message from the NWDAF containing MTLF. 
-	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.
Editor’s Note:	The input parameters can be extended to be aligned with TR conclusion.
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 ID(s): identifies the provisioned ML model(s).
NOTE 2: 	ML Model ID is uniquely assigned within a PLMN, and the structure and format of the ML Model ID are up to stage 3. 
-	ML Model Information, which includes the ML model file address(es) (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 3:	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.
-	[OPTIONAL]	 Feedback Request: indicates the NWDAF containing MTLF subscribes accuracy feedback for the provisioned ML model to the service consumer, if Feedback Indicator is provided in the input parameter. 
-	[OPTIONAL]	 Data Request: indicates the NWDAF containing MTLF to get the input data, ground truth data and corresponding inference for the provisioned ML model from the service consumer, if Feedback Indicator is provided in the input parameter. 

* * * * The 2nd change (all new text) * * * *
6.2A.X	ML Model Accuracy Monitoring
The procedure in Figure 6.2A.x-1 is used by an NWDAF containing MTLF to judge ML model degradation. If the NWDAF containing MTLF determines ML model degradation for the provisioned ML model, the NWDAF containing MTLF re-provides an ML model which is retrained or reselected by the procedures as described in clause 6.2A.1.


 
Figure 6.2A.x-1: ML model accuracy monitoring
0. The NWDAF containing MTLF provides an ML model(s) to the NWDAF containing AnLF as described in clause 6.2A.1. 
1. The NWDAF containing MTLF may subscribe to the PCF events for checking changes in the policies for the UE indicated in Target of ML Model Reporting in Nnwdaf_MLModelProvision_Subscribe service operation invoked by the NWDAF containing AnLF at step 0. 
2. When the PCF invokes Npcf_UEPolicyControl_Update_response/ Npcf_AMPolicyControl_Update_response/ Npcf_SMPolicyControl_Update_response or Npcf_UEPolicyControl_UpdateNotify/ Npcf_AMPolicyControl_UpdateNotify/ Npcf_SMPolicyControl_UpdateNotify service operation, the PCF notifies to the NWDAF containing MTLF that the occurrence of change in the policy, if step 2 is performed. 
3. The NWDAF containing MTLF may subscribe to the UDM to get notification on UE subscription data (e.g., Access and Mobility Subscription data, Session Management Subscription data, Slice Selection Subscription data, etc.) change by invoking Nudm_SDM_Subscribe service operation. 
4. If step 3 is triggered, the UDM may subscribe to the UDR to get notifications of the modification on UE subscription data by invoking Nudr_DM_Subscribe.
5. If step 4 is triggered, the UDR sends the notification of data changes from the UDR regarding on the UE subscription data as indicated in step 4 by invoking Nudr_DM_Notify.
6. If step 3 is triggered, the UDM notifies the change in UE subscription data indicated in Step 3 by invoking Nudm_SDM_Notification.
7. The NWDAF containing MTLF determines to check the provisioned ML model accuracy based on the internal logic or configuration which may exploit the notifications from step 2 and step 6, and/or the provided ML Model Accuracy Level in Nnwdaf_MLModelProvision_Subscribe service operation by the NWDAF containing AnLF at step 0. 
When the NWDAF containing MTLF decide to check the provisioned ML model accuracy, the NWDAF containing MTLF may:
· request to check accuracy of the provisioned ML model to the NWDAF containing AnLF, if Feedback Indicator provided in Nwdaf_MLModelProvision_Subscribe service operation at step 0; and/or
· trigger to collect data from the NWDAF containing AnLF, ADRF, or other NF to monitor or to build a new test data (including input data, ground truth data and corresponding inference).  
8. If the NWDAF containing AnLF supports accuracy feedback, the NWDAF containing MTLF may request to check accuracy of the provisioned ML model to the NWDAF containing AnLF by invoking Nnwdaf_MLModelProvision_Notify service operation, and/or, the NWDAF containing MTLF may trigger to collect test data from the NWDAF containing AnLF by invoking Nwdaf_MLModelProvision_Notify service operation with Data Request. 
9. The NWDAF containing AnLF determines accuracy of the provision ML model based on:
· Comparing predictions and its corresponding ground truth data.
· Comparing changes in internal configuration for the analytics ID generation (e.g., data collection parameters).
· Previous existent records of analytics accuracy information.
10. The NWDAF containing AnLF sends Feedback Information and Target of Feedback to the NWDAF containing MTLF by invoking Nnwdaf_MLModelProvision_Subscribe service operation including Subscription Correlation ID from step 0.
11. The NWDAF containing MTLF may subscribe to collect data to monitor the accuracy of the provisioned ML model by invoking Ndccf_DataManagement_Subscribe service operation. 
12. The DCCF provides the requested data to the NWDAF containing MTLF by invoking Ndccf_DataManagement_Notify
13. If the information to get data used for generating inference is provided at step 10, then the NWDAF containing MTLF retrieves the data from indicated ADRF with DataSetTag by invoking Nadrf_DataManagement_RetrievalRequest including Storage Transaction Identifier. 
14. The NWDAF containing MTLF may subscribe to collect data to monitor the accuracy of the provisioned ML model by invoking Nnf_EventExposure_Subscribe service operation.
15. The NF provides the requested data to the NWDAF containing MTLF by invoking Nnf_EventExposure_Notify
16. The NWDAF containing MTLF determine to re-train the provisioned ML model and/or to re-select ML model for the requested analytics by step 0. 
* * * * The 3rd change * * * *
[bookmark: _Toc114572177]7.5.1	General
Service Description: This service enables the consumer to receive a notification when an ML model matching the subscription parameters becomes available.
When the subscription is accepted by the NWDAF containing MTLF, the consumer NF, i.e. the NWDAF containing Analytics Logical Function, receives from the NWDAF an identifier (Subscription Correlation ID) allowing to further manage (modify, delete) this subscription. The modification of ML model subscription can be enforced by NWDAF either based on operator policy and configuration, or to send accuracy information of the provisioned ML model, if requested by the NWDAF containing MTLF.
[bookmark: _Toc114572178]7.5.2	Nnwdaf_MLModelProvision_Subscribe service operation
Service operation name: Nnwdaf_MLModelProvision_Subscribe.
Description: Subscribes to NWDAF ML model provision with specific parameters.
Inputs, Required: (set of) Analytics ID(s) defined in Table 7.1-2, Notification Target Address (+ Notification Correlation ID).
Inputs, Optional: Subscription Correlation ID (in the case of modification of the ML model subscription), ML Model Filter Information to indicate the conditions for which ML model for the analytics is requested and Target of ML Model Reporting to indicate 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 (including e.g. ML Model Target Period), Multiple ML Models Indicator,  ML Model Accuracy Level, Feedback Indicator, Target of Feedback, Feedback Information, Expiry time.
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.
[bookmark: _Toc114572179]7.5.3	Nnwdaf_MLModelProvision_Unsubscribe service operation
Service operation name: Nnwdaf_MLModelProvision_Unsubscribe.
Description: unsubscribe to NWDAF ML model provision.
Inputs, Required: Subscription Correlation ID.
Inputs, Optional: Target of Feedback, Feedback InformationNone.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc114572180]7.5.4	Nnwdaf_MLModelProvision_Notify service operation
Service operation name: Nnwdaf_MLModelProvision_Notify.
Description: NWDAF notifies the ML model information to the consumer instance which has subscribed to the specific NWDAF service.
Inputs, Required: Set of the tuple (Analytics ID, address (e.g. URL or FQDN) of Model file), Notification Correlation Information, ML Model ID(s).
Inputs, Optional: Validity period, Spatial validity, Feedback Request, Data Request.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
* * * * The 4th change * * * *
[bookmark: _Toc114572214]10.2.5	Nadrf_DataManagement_RetrievalRequest service operation
Service operation name: Nadrf_DataManagement_RetrievalRequest
Description: The consumer NF uses this service operation to retrieve stored data or analytics from the ADRF. The Nadrf_DataManagement_RetrievalRequest response either contains the data or analytics, or provides instructions for fetching the data or analytics. The Nadrf_DataManagement_RetrievalRequest may be unsolicited (e.g. when the consumer itself has known "Storage Transaction Identifier") or sent in response to a Fetch Instructions received from the ADRF in an Nadrf_DataManagement_RetrievalNotify.
Inputs, Required: one of the following:
-	Storage Transaction Identifier; or
-	Fetch Correlation ID(s) if the RetrievalRequest is in response to a Fetch Instruction received from the ADRF in an Nadrf_DataManagement_RetrievalNotify.
Inputs, Optional: DataSetTagNone.
Outputs Required: Result Indication.
Outputs, Optional: Data or Analytics.
* * * * End of changes * * * *
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