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[bookmark: _Toc517082226]* * * * The 1st change (all new text) * * * *
[bookmark: _Toc114572061]6.2x.1	ML Model Training Subscribe/Unsubscribe
The procedure in Figure 6.2x.1-1 is used by an NWDAF service consumer, i.e., an NWDAF containing MTLF to subscribe/unsubscribe at another NWDAF, i.e., an NWDAF containing MTLF, to be notified ML Model training results when becomes available at the service producer NWDAF, using Nnwdaf_MLTraining services as defined in clause 7.x. The service can be used by an NWDAF containing MTLF to enable Federated Learning or to update ML model when trained data is not enough. The service is also used by an NWDAF to modify existing ML Model training subscription(s). An NWDAF containing MTLF 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).



[bookmark: _Toc114572062]Figure 6.2x.1-1: ML Model for Training subscribe/unsubscribe
 1.	The NWDAF service consumer (i.e. an NWDAF containing MTLF) subscribes to, modifies, or cancels subscription for training a (set of) ML Model(s) by invoking the Nnwdaf_MLModelTraining_Subscribe / Nnwdaf_MLModelTraining_Unsubscribe service operation. The parameters that can be provided by the NWDAF service consumer are listed in clause 6.2x.2.
In order to enable Federated Learning, NWDAF Service consumer act as Federated Learning server can subscribe to multiple NWDAFs containing MTLF act as Federated Learning clients to train an ML Model based on ML model requirement (i.e., analytics ID, Service Area/DNAI, or availability of data).
When NWDAF service consumer determine to further update the ML model, NWDAF service consumer modifies the subscription by invoking Nnwdaf_MLModelTraining_Subscribe service operation including Subscription Correlation ID and new ML Model Information. 
2.	The NWDAF containing MTLF trains ML model provided at step 1 by collecting new data or re-use the data that it owns. 
3.	When the NWDAF containing MTLF completes ML model training, the NWDAF containing MTLF notifies the NWDAF service consumer with the updated ML Model Information (containing a file address of updated results) by invoking Nnwdaf_MLModelTraining_Notify service operation. The parameters that can be provided by the NWDAF containing MTLF is specified in clause 6.2x.2.
When the step 1 is for a subscription modification (i.e., including Subscription Correlation ID) and include new ML Model Information, the NWDAF containing MTLF may reject the subscription.
6.2x.2	Contents of ML Model Training
The consumers of the ML model training services (i.e., an NWDAF containing MTLF) may provide the input parameters as listed below:
-	Information for training an ML model including:
-	A list of Analytics ID(s): identifies the analytics for the provided ML model is used.
-	A list of ML Model ID(s): identifies the provided ML model. 
-	ML Model Information, which includes the ML model file address(es) (e.g., URL or FQDN).
-	[OPTIONAL] ML Model Interoperability Information. This is vendor-specific information that conveys, e.g., requested model file format, model execution environment, etc. The encoding, format, and value of ML Model Interoperable Information is not specified since it is vendor specific information, and is agreed between vendors, if necessary for sharing purposes.

-	[OPTIONAL] Training Filter Information: enables to select which data for the ML model training is requested, e.g., S-NSSAI, Area of Interest. Parameter types in the Training Filter Information are the same as or subset of parameter types in the ML Model Filter Information which are defined in procedure 6.2A.1. 
-	[OPTIONAL] Target of Training Reporting: indicates the object(s) for which data for ML model training is requested, e.g., specific UEs, a group of UE(s) or any UE (i.e., all UEs).
-	[OPTIONAL] Use case context: indicates the context of use of ML model.
-	Training Reporting Information with the following parameters:
-	Maximum response time: indicates maximum time for waiting notifications (i.e., training results).
-	The number of required notifications: indicates the number to be notified of training results for an ML model.   
Editor's note:	It is FFS whether the number of required notifications is needed.
- 	Expiry 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.
The NWDAF containing MTLF provides to the consumer of the ML model training service operations as described in clause 7.x, the output information as listed below:
-	The Notification Correlation Information.
-	ML Model ID(s): identifies the provisioned ML model(s).
-	Updated ML Model Information, which includes a file address of updated results (e.g., URL or FQDN) for ML Model ID(s)

* * * * The 2nd change * * * *
[bookmark: _Toc122419263]6.2C.2.1	General procedure for Federated Learning among Multiple NWDAF Instances




Figure 6.2C.2.1-1: General procedure for Federated Learning among Multiple NWDAF
0.	The ML model consumer (NWDAF containing AnLF) sends a subscription request to NWDAF containing MTLF to retrieve a ML model, including Analytic ID and ML model filter information by invoking Nnwdaf_MLModelProvision_Subscribe service operation as described in TS 23.288 [5], the NWDAF containing MTLF can be a FL server (Server NWDAF) with FL server capability or a MTLF without FL server capability.
Editor's note:	Procedure of MTLF registration and discovery with respect to FL is FFS.
Editor's note:	Definition of FL capability is FFS.
1.	Server NWDAF sends a request to the selected NWDAF containing MTLF (Client NWDAF) that participates in the Federated learning to perform the local model training for Federated Learning by invoking Nwndaf_MLModelTraining_Subscribe service operation.
2.	Each Client NWDAF collects its local data by using the current mechanism in clause 6.2 of TS 23.288 [5].
3.	During Federated Learning training procedure, each Client NWDAF further trains the retrieved ML model from the server NWDAF at step 1 based on its own data from step 2.
4.	, and During Federated Learning training procedure, each Client NWDAF reports interim locally updated ML model information to the Server NWDAF by invking Nwndaf_MLModelTraining_Notify service operation.
	The ML model information are exchanged between the Client NWDAF(s) (i.e. NWDAF containing MTLF) and the Server NWDAF (i.e., NWDAF containing MTLF) during the FL training process.
Editor's note:	The ML model information exchanged between the Client NWDAF(s) and the Server NWDAF is FFS.
Editor's note:	The services in step 1, 3, 5a and 6 to enable FL based ML model training is for FFS, and the Figure 6.2C.2.1-1 will be updated accordingly.
45.	The Server NWDAF aggregates all the local ML model information retrieved at step 3, to update the global ML model, and determines to update or terminate the current FL training process..
NOTE:	The steps 1-5 should be repeated until the training termination condition (e.g. the number of required notifications, or the result of loss function is lower than a threshold) is reached.
65a.	Based on the ML model consumer request, the Server NWDAF updates the training status (an accuracy level) to the ML model consumer periodically (one or multiple rounds of training or every 10 min, etc.) or dynamically when some pre-determined status (e.g. some accuracy level) is achieved.
65b.	[Optional] The ML model Cconsumer decides whether the current model can fulfil the requirement e.g. accuracy and time, if available. The ML model consumer modifies subscription if the current model can fulfil the requirement by re-invoking Nnwdaf_MLModelProvision_Subscribe service operation.
Editor's note:	Further details on providing the accuracy of FL model process is for FFS.
65c.	[Conditional] According to the request from the ML model consumer, Server NWDAF determines to updates or terminates the current FL training process.
67.	If the FL procedure continues, Server NWDAF sends the aggregated ML model information to each Client NWDAF for next round model training by invoking Nnwdaf_MLModelTraining_Subscribe service operation.
7.	Each Client NWDAF updates its own ML model based on the aggregated ML model information distributed by the Server NWDAF at step 6.
NOTE:	The steps 2-7 should be repeated until the training termination condition (e.g. maximum number of iterations, or the result of loss function is lower than a threshold) is reached.
After the training procedure is complete, the Server NWDAF may send the globally optimal ML model information to the ML model consumer.
* * * * The 3rd change * * * *
[bookmark: _Toc122419359]7.1	General
Table 7.1-1 illustrates the NWDAF Services.
Table 7.1-1: NF services provided by NWDAF
	Service Name
	Service Operations
	Operation
Semantics
	Example Consumer(s)

	Nnwdaf_AnalyticsSubscription
	Subscribe
	Subscribe / Notify
	PCF, NSSF, AMF, SMF, NEF, AF, OAM, CEF, NWDAF, DCCF

	
	Unsubscribe
	
	PCF, NSSF, AMF, SMF, NEF, AF, OAM, CEF, NWDAF, DCCF

	
	Notify
	
	PCF, NSSF, AMF, SMF, NEF, AF, OAM, CEF, NWDAF, DCCF, MFAF

	
	Transfer
	Request / Response
	NWDAF

	Nnwdaf_AnalyticsInfo
	Request
	Request / Response
	PCF, NSSF, AMF, SMF, NEF, AF, OAM, CEF, NWDAF, DCCF

	
	ContextTransfer
	Request / Response
	NWDAF

	Nnwdaf_DataManagement
	Subscribe
	Subscribe / Notify
	NWDAF, DCCF

	
	Notify
	
	NWDAF, DCCF, MFAF, ADRF

	
	Fetch
	Request / Response
	NWDAF, DCCF, MFAF, ADRF

	Nnwdaf_MLModelProvision
	Subscribe
	Subscribe / Notify
	NWDAF

	
	Unsubscribe
	
	NWDAF

	
	Notify
	
	NWDAF

	Nnwdaf_MLModelInfo
	Request
	Request / Response
	NWDAF

	Nnwdaf_MLModelTraining
	Subscribe
	Subscribe / Notify
	NWDAF

	
	Unsubscribe
	
	NWDAF

	
	Notify
	
	NWDAF

	NOTE 1:	How OAM consumes Nnwdaf services and which Analytics information is relevant is defined in TS 28.550 [7] Annex H and out of the scope of this TS.
NOTE 2:	How CEF consumes Nnwdaf services and which Analytics information is relevant is defined in TS 28.201 [21] and out of the scope of this TS.
NOTE 3:	The Nnwdaf_MLModelProvision service and the Nnwdaf_MLModelInfo service are provided by an NWDAF containing MTLF and consumed by an NWDAF containing AnLF.



Table 7.1-2 shows the analytics information provided by NWDAF service.
Table 7.1-2: Analytics information provided by NWDAF
	Analytics Information
	Request Description
	Response Description

	Slice Load level information
	Analytics ID: load level information
	Load level provided as number of UE registrations and number of PDU sessions for a Network Slice and Network Slice instances as well as resource utilization for Network Slice instances.

	Observed Service experience information
	Analytics ID: Service Experience
	Observed Service experience statistics or predictions may be provided for a Network Slice or an Application. They may be derived from an individual UE, a group of UEs or any UE. For slice service experience, they may be derived from an Application, a set of Applications or all Applications on the Network Slice.

	NF Load information
	Analytics ID: NF load information
	Load statistics or predictions information for specific NF(s).

	Network Performance information
	Analytics ID: Network Performance
	Statistics or predictions on the load in an Area of Interest; in addition, statistics or predictions on the number of UEs that are located in that Area of Interest.

	UE mobility information
	Analytics ID: UE Mobility
	Statistics or predictions on UE mobility. When visited AOI(s) is included in the Analytics Filter information, only statistics on UE mobility can be provided.

	UE Communication information
	Analytics ID: UE Communication
	Statistics or predictions on UE communication.

	Expected UE behavioural parameters
	Analytics ID: UE Mobility and/or UE Communication
	Analytics on UE Mobility and/or UE Communication.

	UE Abnormal behaviour information
	Analytics ID: Abnormal behaviour
	List of observed or expected exceptions, with Exception ID, Exception Level and other information, depending on the observed or expected exceptions.

	User Data Congestion information
	Analytics ID: User Data Congestion
	Statistics or predictions on the user data congestion for transfer over the user plane, for transfer over the control plane, or for both.

	QoS Sustainability
	Analytics ID: QoS Sustainability
	For statistics, the information on the location and the time for the QoS change and the threshold(s) that were crossed; or, for predictions, the information on the location and the time when a potential QoS change may occur and what threshold(s) may be crossed.

	Session Management Congestion Control Experience
	Analytics ID: Session Management Congestion Control Experience
	Statistics on session management congestion control experience for specific DNN and/or S-NSSAI.

	Redundant Transmission Experience
	Analytics ID: Redundant Transmission Experience
	Statistics or predictions aimed at supporting redundant transmission decisions for URLLC services.

	WLAN performance
	Analytics ID: WLAN performance
	Statistics or predictions on WLAN performance of UE.

	Dispersion
	Analytics ID: UE Dispersion
	Statistics or predictions that identify the location (i.e. areas of interest) or network slice(s) where a UE, or a group of UEs disperse their data volume, or disperse mobility or session management transactions or both.

	DN Performance
	Analytics ID: DN Performance
	Statistics or predictions on user plane performance for a specific Edge Computing application.




* * * * The 4th change * * * *
[bookmark: _Toc122419360]7.x	Nnwdaf_MLModelTraining Service
[bookmark: _Toc122419361]7.x.1	General
Service Description: This service enables the consumer to subscribe/unsubscribe for ML model training.
When the subscription for ML model training is accepted by NWDAF, the consumer receives from the NWDAF an identifier (Subscription Correlation ID) allowing to further manage (modify, delete) this subscription. The modification of ML model training subscription can be enforced by NWDAF based on operator policy and configuration.
NOTE:	In this release of the specification, the service provider and consumer are limited to NWDAF containing MTLF.
This service also enables the consumer to enable federated learning while providing ML model to service provider NWDAF. Using this service operation, a consumer can request to the NWDAF to train ML model with its own data.
[bookmark: _Toc122419362]7.x.2	Nnwdaf_MLModelTraining_Subscribe service operation
Service operation name: Nnwdaf_MLModelTraining_Subscribe.
Description: Subscribes to NWDAF ML model training with specific parameters.
Inputs, Required:
-	(A list of) Analytics ID(s) as defined in Table 7.1-2;
-	(A list of) ML Model ID(s);
-	ML Model Information, which includes ML model file address(es) (e.g. URL or FQDN);
-	Notification Target Address (+ Notification Correlation ID);
-	Training Reporting Information as defined in clause 6.2x.2;
-	Expiry time.
Inputs, Optional:
-	Training Filter Information;
-	Target of Training Reporting;
-	Subscription Correlation ID (in the case of modification of the analytics subscription);
-	Use case context.
NOTE 2:	Training Filter Information, Target of Training Reporting, Use case context can be provided per individual ML Model ID.
Outputs Required: When the subscription is accepted: Subscription Correlation ID (required for management of this subscription). When the subscription is not accepted, an error response.
Outputs, Optional: None.
[bookmark: _Toc122419363]7.x.3	Nnwdaf_MLModelTraining_Unsubscribe service operation
Service operation name: Nnwdaf_MLModelTraining_Unsubscribe.
Description: Unsubscribe to NWDAF ML model training.
Inputs, Required: Subscription Correlation ID.
Inputs, Optional: None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc122419364]7.x.4	Nnwdaf_MLModelTraining_Notify service operation
Service operation name: Nnwdaf_MLModelTraining_Notify.
Description: NWDAF notifies the consumer instance of the trained ML model that has subscribed to the specific NWDAF service. 
Inputs, Required: 
· Notification Correlation Information: this parameter indicates the Notification Correlation Id that has been assigned by the consumer during analytics subscription;
· A set of the tuple (Analytics ID, ML Model ID, Updated ML Model Information).
Inputs, Optional:
-	Corresponding Use case context;
-	Termination Request: this parameter indicates that NWDAF requests to terminate the ML model training subscription, i.e. NWDAF will not provide further notifications related to this subscription, with cause value (e.g. NWDAF overload, etc.).
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
* * * * End of changes * * * *
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