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[bookmark: _Toc122419260]6.2C	Federated Learning among Multiple NWDAFs
[bookmark: _Hlk124865823]6.2C.1	GeneralDescription
This clause specifies how NWDAF containing MTLF can leverage Federated Learning technique to train an ML model. , in which there is no need for input data transfer (e.g. centralized into one NWDAF) but only need for cooperation among multiple NWDAFs (MTLF) distributed in different areas i.e. sharing of ML model(s) and of the learning results among multiple NWDAFs (MTLF).
[bookmark: _Toc122419262]6.2C.2	Procedures
[bookmark: _Toc122419263]6.2C.2.1	Registration and Discovery procedure for Federated Learning


Figure 6.2X.2.1-1: Registration and Discovery procedure for Federated Learning
1-3.  NWDAF containing MTLF as Server NWDAF or Client NWDAF registers to NRF with its NF profile, which includes NWDAF NF Type (see clause 5.2.7.2.2 of TS 23.502 [3]), Analytics ID(s), Address information of NWDAF, Service Area, FL capability information including FL capability Type (i.e. FL server or FL client) and Time interval supporting FL as described in clause 5.2. 
Editor's note:	Definition of FL capability and whether FL capability includes computation capability is FFS.
4-6  NWDAF containing MTLF determines ML model requires FL based on Analytic ID, Service Area/DNAI or data can not be obtained directly from data producer NF (e.g. due to privacy reasons).
If the NWDAF containing MTLF can not perform as Server NWDAF, the MTLF first discovers and selects Server NWDAF from NRF by invoking the Nnrf_NFDiscovery_Request service operation. The following criteria might be used: Analytic ID of the ML model required, Model filter information as defined in TS 23.288 [5], FL capability Type (i.e. FL server), If Server NWDAF is currently doing a FL for the Analytics ID, Time Period of Interest, Service Area.
Once the Server NWDAF (the requested or the selected one) is determined, it discovers and selects other NWDAF(s) containing MTLF as Client NWDAF(s) from NRF by invoking the Nnrf_NFDiscovery_Request service operation. The following criteria might be used: Analytic ID of the ML model required, FL capability Type (i.e. FL client), Service Area, Data availability by the Client NWDAF, Time Period of Interest, Interoperability Indicator.
Editor’s Note: Additional criteria for FL server to discover FL clients from the NRF (e.g. data availability) is FFS.
7.  Server NWDAF sends Federated Learning preparation request to the Client NWDAF(s) with Interoperability information. In the preparation request, the following parameters may be added: Available data requirement, availability time requirement.
[bookmark: _Hlk124952381]Editor’s Note: Other parameters in the preparation request and the definition of “Available data requirement” and “availability time requirement” are FFS.
8.  Client NWDAF(s) decides whether to join the Federated Learning process based on its availability, computation and communication capability, and Interoperability information.
9.  Client NWDAF(s) sends response to Server NWDAF indicating if it will join the FL procedure.
10.  Server NWDAF conducts selection of Client NWDAF(s).
6.2C.2.21	General procedure for Federated Learning among Multiple NWDAF Instances


Figure 6.2C.2.21-1: General procedure for Federated Learning among Multiple NWDAF
      0.	The consumer (NWDAF containing AnLF) sends a subscription request to NWDAF containing MTLF to   retrieve a ML model, using Nnwdaf_MLModelProvision service as defined in TS 23.288 [5], including Analytics ID and ML model filter information 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., model metric (e.g., accuracy, precision, recall, etc), pre-determined status (e.g. requested accuracy level and/or total training time) and/or periodically reporting condition (e.g. training round/time).

NOTE 1: The requested accuracy level can be used to indicate the target accuracy level of the training process, and the FL server NWDAF may stop the training process when the requested accuracy level is achieved during the training process.

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 by using Nnwdaf_MLModelInfo_Provision service operation to the selected NWDAF containing MTLF(Client NWDAF) that participates in the Federated learning to perform the local model training for Federated Learning, including model metric. FL Server includes initial ML Model Information, a Federated Learning execution flag, FL Correlation ID, guideline information (e.g., maximum response time for FL Client to provide interim local ML model information) in the preparation message. 
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 Serverserver NWDAF based on its own data, and reports interim local ML model information to the Server NWDAF. Each Client NWDAF also computes local model metric and reports it to the Server NWDAF. 
The ML model information are exchanged between the Client NWDAF(s) and the Server NWDAF during the FL training process by using Nnwdaf_MLModelInfo_Provision service operation. 

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.
4.	The Server NWDAF aggregates all the local ML model information retrieved at step 3, to update the global ML model.  The Server NWDAF may also compute the global model metric.
Editor's note: It is FFS how the global model metric is derived during the procedure for Federated Learning among Multiple NWDAF.
5a.	[Optional] Based on the consumer request, the Server NWDAF updates the training status (e.g., global model metrican accuracy level) to the consumer periodically (one or multiple e.g. a certain number of rounds of training rounds or every 10 min, etc.) or dynamically when some pre-determined status  (e.g. some accuracy level) is achieved (e.g. the requested accuracy level is achieved or training time expires) by using Nnwdaf_MLModelInfo_Provision service operation.
5b.	[Optional] Consumer decides whether the current model can fulfil the requirement, e.g. global model metric is satisfactory for the consumer. e.g. accuracy and time. The consumer modifies subscription (stops or continues the training process) according to the consumer decision.
 if the current model can fulfil the requirement.
Editor's note:	Further details on providing the accuracy of FL model process is for FFS.
5c. [Optional]	According to the request from the consumer, Server NWDAF updates or terminates the current FL training process.
6.	If the FL procedure continues, Server NWDAF sends the aggregated ML model information to each Client NWDAF for next round model training by using Nnwdaf_MLModelInfo_Provision 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 consumer.

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

	
	Provision
	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: _Toc122419381][bookmark: _Toc122419399]7.6	Nnwdaf_MLModelInfo service
[bookmark: _Toc122419382]7.6.1	General
Service description: this service enables the consumer to request or provideand get from NWDAF containing MTLF ML Model Information.
[bookmark: _Toc122419383]7.6.2	Nnwdaf_MLModelInfo_Request service operation
Service operation name: Nnwdaf_MLModelInfo_Request
Description: The consumer requests NWDAF ML Model Information.
Inputs, Required: (Set of) Analytics ID(s) defined in Table 7.1-2.
Inputs, Optional: 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), Use case context, indication of support for multiple ML models, multiple ML models Filter Information to indicate the conditions for which multiple ML models are requested.
Outputs, Required: Set of:
-	the tuple (Analytics ID, address (e.g. URL or FQDN) of Model file), when multiple ML models is not supported; or
-	the tuple (Analytics ID, one or more tuples of unique ML Model identifier and address (e.g. URL or FQDN) of Model file).
Outputs, Optional: Validity period, Spatial validity.
[bookmark: _Toc122419401]7.6.X	Nnwdaf_MLModelInfo_Provision service operation
Service operation name: Nnwdaf_MLModelInfo_Provision.
Description: The consumer provides NWDAF ML model information.
Inputs, Required: (Set of) Analytics ID(s) defined in Table 7.1-2.
Inputs, Optional: 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)), Use case context, ML Model Information, ML Model Interoperability Information, FL execution flag, FL Correlation ID, FL guideline information (e.g., maximum response time for FL Client to provide interim local ML model information), FL training status (e.g., global model metric).
Editor's note:	The ML model information for FL exchanged between the Client NWDAF(s) and the Server NWDAF is FFS.
Outputs Required: Operation execution result indication.
Outputs, Optional: None.

END of CHANGES
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