

	
3GPP TSG-WG SA2 Meeting #161	S2-2402217
26 February - 01 March, 2024, Athens, Greece	(revision of S2-240xxxx)
	CR-Form-v12.2

	CHANGE REQUEST

	

	
	23.288
	CR
	1066
	rev
	-
	Current version:
	18.4.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	X



	

	Title:	
	FL related corrections

	
	

	Source to WG:
	Huawei, HiSilicon

	Source to TSG:
	SA2

	
	

	Work item code:
	eNA_Ph3
	
	Date:
	2024-02-16

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-18

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier 													release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
…
Rel-16	(Release 16)
Rel-17	(Release 17)
Rel-18	(Release 18)
Rel-19	(Release 19)

	
	

	Reason for change:
	As described in TS 23.501, the NF type(s) and NF Set ID(s) of the data source(s) where data can be collected as input for local model training can be used when selecting FL client NWDAF. To align with TS 23.501, the NF Set ID(s) of the data source(s) could be used when the FL client registers with the NRF or the FL server NWDAF discovers the FL client NWDAF.
In the FL process, if the FL Client NWDAF cannot finish the training within the maximum response time, it will notify the event to the FL Server NWDAF. The FL Server NWDAF may ask the FL client to skip the current round of FL process. In the service definition of Nnwdaf_MLModelTraining_Subscribe and Nnwdaf_MLModelTrainingInfo_Request, the skip indication is missing in the input parameters.

	
	

	Summary of change:
	Add the NF set ID(s) of the data source(s) to the FL client NWDAF registration request and the FL client NWDAF discovery request.
Add the indicaiton of skipping current FL round in Nnwdaf_MLModelTraining_Subscribe and Nnwdaf_MLModelTrainingInfo_Request message.

	
	

	Consequences if not approved:
	The FL client NWDAF cannot be selected based on the NF set ID(s) of the data source(s) where data can be collected as input for local model training.
Nnwdaf_MLModelTraining_Subscribe and Nnwdaf_MLModelTrainingInfo_Request service definitions are not complete.

	
	

	Clauses affected:
	5.2, 6.2F.2, 7.10.2, 7.11.2

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



Page 1


[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc145930555]5.2	NWDAF Discovery and Selection
The NWDAF service consumer selects an NWDAF that supports requested analytics information and required analytics capabilities and/or requested ML Model Information by using the NWDAF discovery principles defined in clause 6.3.13 of TS 23.501 [2].
Different deployments may require different discovery and selection parameters. Different ways to perform discovery and selection mechanisms depend on different types of analytics/data (NF related analytics/data and UE related analytics/data). NF related refers to analytics/data that do not require a SUPI nor group of SUPIs (e.g. NF load analytics). UE related refers to analytics/data that requires SUPI or group of SUPIs (e.g. UE mobility analytics).
In order to discover an NWDAF containing AnLF using the NRF:
-	If the analytics is related to NF(s) and the NWDAF service consumer (other than an NWDAF) cannot provide an Area of Interest for the requested data analytics, the NWDAF service consumer may select an NWDAF with large serving area from the candidate NWDAFs from discovery response. Alternatively, in case the consumer receives NWDAF(s) with aggregation capability, the consumer preferably selects an NWDAF with aggregation capability with large serving area.
NOTE 1:	If the selected NWDAF cannot provide the requested data analytics, e.g. due to the NF(s) to be contacted being out of serving area of the NWDAF, the selected NWDAF might reject the analytics request/subscription or it might query the NRF with the service area of the NF to be contacted to determine another target NWDAF.
-	If the analytics is related to UE(s) and the NWDAF service consumer (other than an NWDAF) cannot provide an Area of Interest for the requested data analytics, the NWDAF service consumer may select an NWDAF with large serving area from the candidate NWDAFs from discovery response. Alternatively, in case the consumer receives NWDAF(s) with aggregation capability, the consumer preferably selects an NWDAF with aggregation capability with large serving area.
NOTE 2:	If a selected NWDAF cannot provide analytics for the requested UE(s) (e.g. the NWDAF serves a different serving area), the selected NWDAF might reject the analytics request/subscription or it might determine the AMF serving the UE as specified in clause 6.2.2.1, request UE location information from the AMF and query the NRF with the tracking area where the UE is located to discover another target NWDAF serving the area where the UE(s) is located.
-	If the analytics are related to UE(s) and if NWDAF instances indicate weights for TAIs in their profile (see clause 6.3.13 of TS 23.501 [2]), the NWDAF service consumer may use the weights for TAIs to decide which NWDAF to select.
-	If the NWDAF service consumer needs to discover an NWDAF containing an AnLF with Accuracy checking capability, the consumer may query NRF providing also the accuracy checking capability in the discovery request.
If the NWDAF service consumer needs to discover an NWDAF that is able to collect data from particular data sources identified by their NF Set IDs or NF types, the consumer may query NRF providing the NF Set IDs or NF types in the discovery request.
NOTE 3:	The NF Set ID or NF Type of a data source serving a particular UE, can be determined as indicated in Table 5A.2-1.
In order to discover an NWDAF that has registered in UDM for a given UE:
-	NWDAF service consumers or other NWDAFs interested in UE related data or analytics, if supported, may make a query to UDM to discover an NWDAF instance that is already serving the given UE.
If an NWDAF service consumer needs to discover NWDAFs with data collection exposure capability, the NWDAF service consumer may discover via NRF the NWDAF(s) that provide the Nnwdaf_DataManagement service and their associated NF type of data sources or their associated NF Set ID of data sources as defined in clause 6.3.13 of TS 23.501 [2].
In order to discover an NWDAF containing MTLF via NRF:
-	an NWDAF containing MTLF shall include the ML model provisioning services (i.e. Nnwdaf_MLModelProvision, Nnwdaf_MLModelInfo) as one of the supported services during the registration in NRF when trained ML models are available for one or more Analytics ID(s). The NWDAF containing MTLF may provide to the NRF a (list of) Analytics ID(s) corresponding to the trained ML models and possibly the ML Model Filter Information for the trained ML model per Analytics ID(s), if available. In this Release of the specification, only the S-NSSAI(s) and Area(s) of Interest from the ML Model Filter Information for the trained ML model per Analytics ID(s) may be registered into the NRF during the NWDAF containing MTLF registration. For each Analytics ID, if the NWDAF containing MTLF supports ML Model interoperability, the NWDAF containing MTLF may also include, in the registration to the NRF, an ML Model Interoperability indicator.
-	The ML Model Interoperability indicator comprises a list of NWDAF providers (vendors) that are allowed to retrieve ML models from this NWDAF containing MTLF. It also indicates that the NWDAF containing MTLF supports the interoperable ML models requested by the NWDAFs from the vendors in the list.
NOTE 4:	The S-NSSAI(s) and Area(s) of Interest from the ML Model Filter Information are within the indicated S-NSSAI and NWDAF Serving Area information in the NF profile of the NWDAF containing MTLF, respectively.
-	During the discovery of NWDAF containing MTLF, a consumer (i.e. an NWDAF containing AnLF) may include in the request the target NF type (i.e. NWDAF), the Analytics ID(s), the S-NSSAI(s), Area(s) of Interest of the Trained ML Model required, ML Model Interoperability indicator and NF consumer information. The NRF returns one or more candidate instances of NWDAF containing MTLF to the NF consumer and each candidate instance of NWDAF containing MTLF includes the Analytics ID(s), possibly the ML Model Filter Information for the available trained ML models and ML Model Interoperability indicator, if available.
NOTE 5:	NF consumer information such as Vendor ID is defined in stage 3.
-	If the NWDAF service consumer needs to discover an NWDAF containing an MTLF with accuracy checking capability, the consumer may query NRF also providing the accuracy checking capability in the discovery request.
In order to discover an NWDAF containing MTLF with Federated Learning (FL) capability via NRF:
- An NWDAF containing MTLF supporting FL as a server shall additionally include FL capability type (i.e. FL server), Time interval supporting FL as FL capability information during the registration in NRF.
-	An NWDAF containing MTLF supporting FL as a client shall additionally include FL capability type (i.e. FL client), Time interval supporting FL as FL capability information during the registration in NRF, and it may also include, NF type(s) and/or NF set ID(s) of the data source(s) where data can be collected as input for local model training.
NOTE 6:	An NWDAF containing MTLF may indicate to support both FL server and FL client in the FL capability for specific Analytics ID.
-	During the discovery of NWDAF containing MTLF as FL server, a consumer (e.g. a NWDAF containing MTLF) includes in the request the FL capability type as FL server, Time Period of Interest and ML model Filter information for the trained ML model(s) per Analytics ID(s), if available. The NRF returns one or more candidate instances of NWDAF containing MTLF as FL server to the consumer.
-	During the discovery of NWDAF containing MTLF as FL client, a consumer (e.g. an FL server) includes in the request FL capability type as FL client, Time Period of Interest, ML model Filter information for the trained ML model(s) per Analytics ID(s), a list of NF type(s) and/or NF set ID(s) of the data source(s). The NRF returns one or more candidate instances of NWDAF containing MTLF as FL client to the consumer.
NOTE 7:	The service consumer to discover an NWDAF containing MTLF with FL capability is limited to NWDAF containing MTLF in this Release.
A PCF may learn which NWDAFs being used by AMF, SMF and UPF for a specific UE, via signalling described in clause 4.16 of TS 23.502 [3]. This enables a PCF to select the same NWDAF instance that is already being used for a specific UE.
In the roaming architecture, the NWDAF with roaming exchange capability (RE-NWDAF) to request analytics or input data is discovered via the NRF. A consumer in the same PLMN as the RE-NWDAF discovers the RE-NWDAF by querying for an NWDAF where the roaming exchange capability is indicated in its NRF profile. A consumer in a peer PLMN (i.e. RE-NWDAF) discovers the RE-NWDAF by querying for an NWDAF in the target PLMN that is supporting the specific services defined for roaming. A RE-NWDAF discovers the RE-NWDAF in a different PLMN (i.e. HPLMN or VPLMN) using the procedure defined in clause 4.17.5 (if delegated discovery is not used) or clause 4.17.10 (if delegated discovery is used) of TS 23.502 [3], where the detailed parameters are determined based on the analytics request or subscription from the consumer 5GC NF, operator policy, user consent and/or local configuration.

* * * * Next change * * * *
[bookmark: _Toc153794464]6.2F.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 in Nnwdaf_MLModelTraining_Subscribe or Nnwdaf_MLModelTrainingInfo_Request service operations as listed below:
-	Analytics ID: identifies the analytics for which the ML model is requested to be trained.
-	ML Model Interoperability Information as defined in clause 6.2A.2.
-	(Only for Nnwdaf_MLModelTraining_Subscribe) 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 the subscription.
-	[OPTIONAL] ML Model Information (as defined in clause 6.2A.2).
-	[OPTIONAL] ML Model file.
NOTE 1:	It is up to NWDAF implementation to determine whether to include ML Model file in input parameters considering ML Model file size, etc.
-	[OPTIONAL] ML Model ID: identifies the provided ML model.
-	[OPTIONAL] ML Preparation Flag: identifies whether the request is for preparing Federated Learning or executing Federated Learning.
-	[OPTIONAL] ML Model Accuracy Check Flag: identifies that the request is for using the local training data as the testing dataset to calculate the Model Accuracy of the global ML model provided by the NWDAF service consumer acting as the FL Server NWDAF.
-	[OPTIONAL] ML Correlation ID: identifies the Federated Learning procedure for training the ML model. This parameter is included when the service is used for Federated Learning.
-	[OPTIONAL] Available data requirement. This is for informing the requirement on available data for the ML model training. e.g. FL Server NWDAF sends the requirement in preparation request to a FL Client NWDAF for selecting the FL Client NWDAF which can meet the available data requirement. The following available data requirements can be included:
-	Event ID list to be collected for local model training.
-	Dataset statistical properties as defined in clause 6.1.3.
-	Time window of the data samples.
-	Minimum number of data samples.
-	[OPTIONAL] Availability time requirement. This is for informing the requirement on availability time for the ML model training, e.g. FL Server NWDAF sends the requirement in preparation request to FL Client NWDAF for selecting the FL Client NWDAF which is available in the required time for training ML model.
-	[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, i.e. a group of UEs or any UE (i.e. all UEs).
-	[OPTIONAL] Use case context: indicates the context of use of ML model.
-	[OPTIONAL] Training Reporting Information with the following parameters:
-	Maximum response time: indicates maximum time for waiting notifications (i.e. model training results).
-	[OPTIONAL] Iteration round ID: indicates the iteration round number of current ML model training.
-	[OPTIONAL] Expiry time.
-	[OPTIONAL] Indication of skipping the current FL round.
The NWDAF containing MTLF provides to the consumer of the ML model training service operations as described in clause 7.10, the output information in notification as listed below:
-	The Notification Correlation Information.
-	[OPTIONAL] ML Model Information (as defined in clause 6.2A.2).
-	[OPTIONAL] ML Model ID: identifies the provisioned ML model.
-	[OPTIONAL] Model Accuracy: The model accuracy of the global ML model, which is calculate by the FL Client NWDAF using the local training data as the testing dataset.
	[OPTIONAL] Status report of FL training: Accuracy of local model and Training Input Data Information (e.g. areas covered by the data set, sampling ratio, maximum/minimum of value of each dimension , etc.), which are generated by the FL Client NWDAF during FL procedure.
NOTE 2:	The parameters in Training Input Data Information are up to the implementation.
-	[OPTIONAL] ML Correlation ID. This parameter may be included when the service is used for Federated Learning.
-	[OPTIONAL] Iteration round ID: indicates the iteration round number of ML model training indicated by the FL Server NWDAF.
-	[OPTIONAL] Delay Event Notification with the following parameters:
-	delay event indication: this parameter indicates that FL Client NWDAF is not able to complete the training of the interim local ML model within the maximum response time provided by the FL Server NWDAF.
-	[OPTIONAL] cause code (e.g. local ML model training failure, more time necessary for local ML model training, etc.).
-	[OPTIONAL] Expected time to complete the training: Indicates to the FL Server NWDAF that expected remaining training time and may be provided with Delay Event Notification.

* * * * Next change * * * *
[bookmark: _Toc153794633]7.10.2	Nnwdaf_MLModelTraining_Subscribe service operation
Service operation name: Nnwdaf_MLModelTraining_Subscribe
Description: Subscribes to NWDAF ML model training with specific parameters.
Inputs, Required:
-	Analytics ID as defined in Table 7.1-2;
-	ML Model Interoperability information;
-	Notification Target Address (+ Notification Correlation ID).
Inputs, Optional:
-	ML Model ID: identifies the provided ML model.
-	ML Model Information (as defined in clause 6.2A.2);
-	ML model file;
-	Subscription Correlation ID (in the case of modification of the ML Model Training subscription);
-	ML Training Information, i.e. data availability requirement, time availability requirement.
-	ML Preparation Flag;
-	ML Model Accuracy Check Flag;
-	ML Correlation ID;
-	Training Filter Information;
-	Target of Training Reporting;
-	Training Reporting Information as defined in clause 6.2F.2;
-	Use case context;
-	Iteration round ID;
-	Expiry time.
-	Indication of skipping the current FL round.
Outputs Required: When the request is accepted: Subscription Correlation ID (required for management of this subscription). When the request is not accepted, an error response with cause code (e.g. NWDAF does not meet the ML training requirements, ML training is not complete, NWDAF overload, not available for the FL process anymore, etc.).
NOTE:	The detail reasons in the cause code are up to Stage 3.
Outputs, Optional: ML Correlation ID (e.g. confirm of the subscription for this FL process).

* * * * Next change * * * *
[bookmark: _Toc153794638]7.11.2	Nnwdaf_MLModelTrainingInfo_Request service operation
Service operation name: Nnwdaf_MLModelTrainingInfo_Request
Description: Request information about NWDAF ML model training with specific parameters.
Inputs, Required:
-	Analytics ID as defined in Table 7.1-2.
-	ML Model Interoperability information.
Inputs, Optional:
-	ML Model ID: identifies the provided ML model.
-	ML Model Information (as defined in clause 6.2A.2).
-	ML Model file.
-	ML Training Information (i.e. data availability requirement, time availability requirement).
-	Training Reporting Information as defined in clause 6.2F.2.
-	ML Preparation Flag.
-	ML Model Accuracy Check Flag.
-	ML Correlation ID.
-	Termination Request, when terminating the Federated Learning identified by the ML Correlation ID and optionally indicating the reason, e.g. FL Client NWDAF is unselected by the FL Server NWDAF for the FL process, or the FL process is suspended, etc.
-	Training Filter Information.
-	Target of Training Reporting.
-	Use case context.
-	Indication of skipping the current FL round.
Outputs Required: When the request is accepted: Operation execution result indication. When the request is not accepted, an error response with cause code (e.g. NWDAF does not meet the ML training requirements, ML training is not complete, NWDAF overload, not available for the FL process anymore, etc.).
NOTE:	The detail reasons in the cause code are up to stage 3.
Outputs, Optional:
-	ML Model ID.
-	Set of the tuple (Analytics ID, ML model Information (as defined in clause 6.2A.2)).
-	ML Correlation ID, when for Federated Learning.
-	Corresponding Use case context.
-	Global ML Model Accuracy: The model accuracy of the global ML model, which is calculate by the FL Client NWDAF using the local training data as the testing dataset.
-	Status report of FL training: local ML model metric and Training Input Data Information (e.g. areas covered by the data set, sampling ratio, maximum/minimum of value of each dimension of data, etc.), which are generated by the FL Client NWDAF during FL procedure.
-	Delay Event Notification as defined in clause 6.2F.2;
-	global ML model metric.
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