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* * * * First change * * * *
6.2C.2.Z Procedures for Model Accuracy guarantee during Federated Learning
This clause specifies how to guarantee the Model Accuracy in the Federated Learning execution phase. 
During Federated Learning, the global ML model is generated by aggregating local model information from FL client NWDAF(s). The FL server NWDAF monitors the Model Accuracy of the global ML model by requesting the FL client NWDAF(s) to provide the Model Accuracy of the global ML model, which is calculated using the local dataset in the FL client NWDAF(s). The FL server NWDAF may calculate the Model Accuracy of the global ML model by itself when it has enough data. During the Model Accuracy monitoring for Federated Learning, the FL server NWDAF should remove a FL client NWDAF from the FL members if the Model Accuracy of the global ML model calculated by the FL client NWDAF is much different from that calculated by other FL client NWDAFs, to avoid the Model Accuracy of the aggregated global ML model is keeping affected by the different data distribution of the local data in the FL client NWDAF.
 FL client NWDAF N
FL server NWDAF
2. Nnwdaf_MLModelAccuracy_Request
…
FL client NWDAF 1
1. Aggregated global ML Model provisioning from FL server NWDAF to FL client NWDAFs
3. Nnwdaf_MLModelAccuracy_Request Response
4. Reselect FL members for next iteration according to the ML Model check result if needed.
5. Training with local data, local model information reporting 
and model aggregation 
Repeat

Figure 6.2C.2.Z-1: Procedure of Model Accuracy guarantee in the FL execution phase
The procedure for FL server NWDAF monitoring Model Accuracy in the Federated Learning execution phase is as follows:
1. The FL server NWDAF aggregates all the local ML model information retrieved from the FL client NWDAF(s) to update the global ML model, and sends the aggregated ML model information to each FL client NWDAF. Each FL client NWDAF updates its own ML model based on the aggregated ML model information distributed by the FL server NWDAF.
2. The FL server NWDAF sends Nnwdaf_MLModelAccuracy_Request (Analytics ID(s), identifier of the global ML model, accuracy metrics to be checked) to each FL client NWDAF.
3. The FL client NWDAF calculates the Model Accuracy of the global ML Model using the local training data as the testing dataset, and sends a Nnwdaf_MLModelAccuracy_Request Response (Analytics ID(s), identifier of the global ML model, accuracy metrics checked) to the FL server NWDAF. 
4. The FL server NWDAF reselects FL members for the next iteration according to the global ML Model check results if needed. If the accuracy metrics calculated by a FL client MTLF are much different from that by other FL client MTLFs or that by the AnLF, the Sever NWDAF should remove the FL client MTLF from the FL members. If the FL server NWDAF reselects a new MTLF as the FL client NWDAF steps 1 to 3 should be applied before adding the new MTLF into the FL members. 
5. The FL server NWDAF and the FL client NWDAFs repeat FL training iterations. After certain iterations, the FL server NWDAF may provide the global ML model to the AnLF to check the Model Accuracy (see clause 6.2E.3.X), before stopping the Federated Learning. 


* * * * Next change * * * *
[bookmark: _Toc114572060]6.2E.3.X	Procedures for checking the analytics accuracy of a ML model
A NWDAF containing MTLF requests a NWDAF containing AnLF to check Model Accuracy of a ML Model previously provisioned. If the NWDAF containing AnLF has the accuracy check capability and gets collected data with the corresponding ground truth from ADRF or storage of itself, it calculates the Model Accuracy of the specific ML Model using the already collected data with the corresponding ground truth and returns the Model Accuracy in response; Otherwise, the NWDAF containing AnLF will return a failure with corresponding cause.
Figure 6.2E.3.X-1 illustrates the procedure of checking the analytics accuracy of an ML model for the purpose of AnLF-assisted MTLF ML Models Accuracy Monitoring. Using Nnwdaf_MLModelAccuracy_Request service operations, a service consumer, i.e. an NWDAF containing MTLF, requests a service producer, i.e. a NWDAF containing AnLF, to provide Model Accuracy of a previously provisioned ML model.
NWDAF containing
MTLF 
NWDAF containing
AnLF 
0. ML Model provisioning from MTLF to AnLF
2. Calculate the Model Accuracy of the specific ML Model, if possible; Otherwise determine the failure cause.
1. Nnwdaf_MLModelAccuracy_Request
3. Nnwdaf_MLModelAccuracy_Request Response

Figure 6.2E.3.X-1: Procedure for checking analytics accuracy of a ML model
0.	[Precondition] An NWDAF containing MTLF previously provides a ML model to a NWDAF containing AnLF. 
1.	The NWDAF containing MTLF sends a Nnwdaf_MLModelAccuracy_Request (Analytics ID(s), unique identifier of the ML model to be checked, accuracy metrics to be checked) to the NWDAF containing AnLF.
NOTE:	The NWDAF containing MTLF acting as the service consumer can trigger Model Accuracy check for many purposes: e.g. to decide which ML model among multiple candidates is more suitable to the AnLF, to check the model performance of a ML model already provisioned to an AnLF periodically. 
2.	If the NWDAF containing AnLF has the accuracy check capability and collected data with the corresponding ground truth from ADRF or storage of itself, it calculates the Model Accuracy of the specific ML Model by comparing the prediction generated by the ML mode using the already collected data against the corresponding ground truth. Otherwise, the NWDAF containing AnLF determines the failure cause, e.g. service not supported, Analytics ID not supported, data not ready.
3.	The NWDAF containing AnLF sends a Nnwdaf_MLModelAccuracy_Request Response (Analytics ID(s), unique identifier of the ML model, [accuracy metrics checked] or [failure cause]).

* * * * Next 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_MLModelAccuracy
	Request
	Request / Response
	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.




* * * * Next change * * * *
[bookmark: _Toc122419360]7.X	Nnwdaf_MLModelAccuracy Service
[bookmark: _Toc122419361]7.X.1	General
Service Description: This service enables the consumer (e.g. a NWDAF containing MTLF, a FL server NWDAF in Federated Learning) to request the producer (e.g. a NWDAF containing AnLF, a FL client NWDAF in Federated Learning) to check Model Accuracy of a specific ML Model previously provisioned.
If the NWDAF containing AnLF acting as the producer has the accuracy check capability and already collected data with the corresponding ground truth from ADRF or storage of itself, it calculates the Model Accuracy of the specific ML Model using the already collected data with the corresponding ground truth and returns the Model Accuracy in response; Otherwise, the NWDAF containing AnLF returns a failure with corresponding cause.
When the FL client NWDAF in Federated Learning acts as the producer, it calculates the Model Accuracy of the global ML Model using the local training data as the testing dataset and sends a Nnwdaf_MLModelAccuracy_Request Response to the FL server NWDAF. 
[bookmark: _Toc122419383]7.X.2	Nnwdaf_MLModelAccuracy_Request service operation
Service operation name: Nnwdaf_MLModelAccuracy_Request
Description: The consumer requests NWDAF to check Model Accuracy of the ML Model previously provisioned.
Inputs, Required: Analytics ID(s) defined in Table 7.1-2, identifier of the ML model to be checked.
Inputs, Optional: None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: accuracy metrics checked, failure cause (e.g. service not supported, Analytics ID not supported, data not ready).


* * * * End of changes * * * *

