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Abstract: Proposal of the Interactions and information exchange to support VFL-based model training.    
1. Introduction/Discussion
[bookmark: _Hlk155785484]This contribution proposes the overall solution for performing VFL Joint Model Training among NF entities. The proposed procedures are generic and cover different scenarios:
· VFL among NWDAFs
· VFL between AF and NWDAFs
· NWDAF assisting VFL among AFs
The solution considers the following possible VFL roles:
-	VFL Initiator: Determines a VFL training process should be performed, involved in the discovery of VFL participants and VFL Model Training Preparation Phase
-	VFL Coordinator: The VFL Coordinator may need to be involved in the VFL process. When involved, the VFL Coordinator is responsible for maintaining the VFL process, i.e. by collecting required inputs from a set of participants in every iteration and providing them with the information needed to run the next iteration and for authorizing or removing VFL participants.
-	Active VFL Participant: NF performing the VFL model training with the required data labels
-	Passive VFL Participant: NF performing the VFL model training without the data labels.
The combination of the roles depends on the specific scenario using the VFL joint model training process. 
The proposed procedures and their core concepts are summarized below:
Determination of VFL participants: VFL Initiator triggers the determination of VFL participants with interactions with the VFL Coordinator (when different entities play these different VFL roles). VFL Coordinator is the entity that consolidate the set of possible participants and provide such info to VFL Initiator. 

Preparation Phase: VFL Initiator triggers via VFL Coordinator (when different entities play these different VFL roles) the exchange of the VFL Training Preparation information among the identified VFL participants. VFL Coordinator consolidate the actual VFL participants and accepted roles for one VFL training process. 

Execution Phase: The VFL training execution phase is triggered and executed.

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-84.
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This solution is related to the KI#2 with the focus on the 5GC enhancements for supporting VFL joint Model training. Additionally, this solution aims at providing a complete solution for VFL joint model training, including participants selection, feature and sample alignment, and VFL training execution. 
The VFL joint model training is characterized by at least two ML models, each associated with different training entities (i.e., one Active VFL Participant and at least one Passive VFL participant). The Active VFL participant trains its own model together with the ML model owned by the Passive VFL Participant, where both ML Models have the same model objective (e.g., are being trained to predict the same output – such as service experience), but these two ML models are different from each other (i.e., have an overall different set of ML features – an input data type associated with some statistical processing). 
A VFL joint model training is applicable when the two training entities are not able to share their ML models (e.g., due to privacy between AF and NWDAF, or due to multi-vendor NWDAFs) nor the input data for training the ML models can be shared (e.g., due to massive load of data collection or privacy issues). 
The proposed solution considers the existence of VFL entities that can assume the following roles:
-	Active VFL Participant: NF performing the VFL model training with the required data labels
-	Passive VFL Participant: NF performing the VFL model training without the data labels.
-	VFL Initiator: Determines a VFL joint model training process should be performed, involved in the discovery of VFL participants and VFL Model Training Preparation Phase
-	VFL Coordinator: The VFL Coordinator may need to be involved in the VFL process. When involved, the VFL Coordinator is responsible for maintaining the VFL process, i.e. by collecting required inputs from a set of participants in every iteration and providing them with the information needed to run the next iteration and for authorizing or removing VFL participants.
NOTE: The definition of the roles mapped to the NF functions associated with a VFL process depend on the conclusion of the study.
The core principles of the solution are listed below:
- 	NWDAFs and AFs are enhanced with the VFL Capability, which defines that such entities are able to perform VFL joint model training. 
-	Entities with a VFL Capability store such information at NRF, enabling the discovery and search of such entities when necessary, e.g., during participant determination. 
-	At least 2 ML Models are associated with an VFL Model training process, where for a single VFL model training process there exist a unique identifier (Joint ML Training ID) that enables the identification and association with the ML Model identifiers of the participants in the VFL joint model training process. 
-	Each VFL enabled NF has the VFL related configuration, that defines the allowed and/or restricted parameters that can be considered by the NF for executing a VFL joint model training. The VFL related configuration may be per analytics ID:
-	supported VFL Roles (Active Participant, Passive Participant, VFL Coordinator);
-	VFL Interoperability indicator, e.g., to identify vendors involved in the same VFL task; AFs that can participate in the same VFL task. 

6.X.2	Procedures Supporting VFL Training
6.X.2.1	Procedure for Determining VFL Participants of Training Process
One important stage before the VFL joint model training can actually be performed, is the determination of the training entities as well as their roles for a given VFL joint training process. Figure 6.X.2.1 illustrates the solution for the VFL participant determination. 
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Figure 6.X.2.1: VFL Participants Determination
1.	The VFL Initiator NF (AF or NWDAF) identifies the need to start a VFL process. Based on the VFL related configurations available at the VFL Initiator NF, the NF determines the VFL Participant Information request required for the VFL joint model training to be executed. The VFL Participant Information request comprises: analytics ID, VFL Interoperability Information, list of required VFL Roles, VFL Joint ML Training ID. The VFL Initiator sends the VFL Participant Information request to the VFL Coordinator. 
NOTE 1:	If the VFL Initiator is an external AF, NEF may intermediate the interactions of such AF with further NFs in the Core Network or further external AFs. The NEF and the VFL Coordinator may also be the same entity. 
2.	The VFL Coordinator NF receives the VFL Participant Information request and based on the received information executes the discovery of candidate NF instances that can participate in the required VFL process via NRF based on VFL Capability Information. 
3.	The VFL Coordinator selects from the candidate list of NFs to be requested to participate in the VFL joint model training process. The VFL Coordinator sends for each candidate VFL Participant NF a request with the Indication for Support on VFL process, that comprises: analytics ID, indication of VFL Role to be performed, VFL Interoperability Information, VFL Joint ML Training ID. 
4.	Each VFL Participant NF that received the request with the Indication for Support on VFL process, verifies based on its VFL related configuration if the requested support for the VFL process can be performed. 
5.	In case the requested support can be performed, the VFL Participant sends to the VFL Coordinator NF a response with a confirmation otherwise it sends a response with a rejection. 
6.	The VFL Coordinator NF consolidates final list of VFL Participants for the VFL joint model training process requested by the VFL Initiator NF. 
7.	The VFL Coordinator NF sends the VFL Participant Information for the VFL Initiator NF, where the VFL Participant Information comprises information about the accepted VFL Roles and the information to identify and/or reach the VFL Participant. 
NOTE 2:	At the end of the VFL participation determination procedure, each of the entities involved in supporting the same VFL joint training process keep the mapping of their local VFL related information to the Joint ML Training ID. 


6.X.2.2	Procedure for VFL Training Preparation Phase
Another important stage for VFL joint model training process is the preparation phase, where the VFL participants exchange information in order to align the individual training to be performed by each VFL participant. Figure 6.X.2.2 illustrate the solution for the preparation phase among the VFL participants for a joint model training process.
In the VFL training Preparation Phase all VFL participants receive the VFL Training Preparation Indication which indicates the VFL participants (e.g., Passive VFL Participant) that the training of its local model is associated with the training of the model at the Active VFL Participant. This enables each VFL participant to map and control the information needed to be exchanged for achieving the VFL joint model training. The VFL Training Preparation Indication comprises the following information:
-	A flag indicating a type of training defining the VFL joint model training.
-	VFL Preparation Phase Flag: defining the preparation phase for the VFL joint model training is to be executed.
-	Joint ML Training ID: unique identifier for a VFL training process that enables the identification and association with the ML Model identifiers of the participants in the VFL joint model training process.
-	VFL Training Information (e.g., category of output: discrete value, e.g. related to classification algorithms; or real value, e.g., regression algorithms)
-	(List of) Alignment Information to be used for the joint model training (e.g. feature space, sample space) for each VFL Participant.

[image: ]
Figure 6.X.2.2: VFL Preparation Phase 
1.	The VFL Initiator NF identifies the need to trigger the VFL preparation phase. Based on the VFL related configuration and VFL Participant Information, the VFL Initiator NF determines the VFL Training Preparation Indication.  
2.	If the VFL Coordinator NF is required for the execution of the VFL joint model training process, The VFL Initiator provides to the VFL Coordinator the VFL Training Preparation Indication.    
NOTE 1:	Depending on the scenario, the VFL Initiator NF and the VFL Coordinator NF are the same entity. Therefore, the Step 2 and 6 of the procedure in Figure 6.X.2.2 are not executed. In this case, Step 3 and 5 would represent the interaction between VFL Initiator and VFL Participant. 
3.	The VFL Coordinator NF (or VFL Initiator if no VFL Coordinator is required) provides to each VFL participant the VFL Training Preparation Indication. 
4.	Each VFL participant based on the received VFL Training Preparation Indication and the VFL related configuration locally available, determines whether it can associate its local training process of a local ML model to the VFL joint model training process with the requested requirements and alignment information.  
5.	In case the requested preparation can be performed, the VFL Participant sends to the VFL Coordinator NF (or to the VFL Initiator NF) a response with a confirmation otherwise it sends a response with a rejection. 
6.	The VFL Coordinator sends to the VFL Initiator NF the confirmation that the preparation is completed. 
NOTE 2:	The VFL Coordinator or the VFL Initiator NF determines the final VFL participants that will participate in the VFL model training execution phase. 

6.X.2.3	Procedure for VFL Training Execution Phase
The steps of the VFL joint model training phase are illustrated in Figure 6.X.2.3.
The solution describes the steps from the perspective of the Active VFL Participant NF (i.e., Active VFL NF) and the at least one Passive VFL Participant NF (Passive VFL NF). If the direct communication among these entities is not supported (e.g., if one of the participants is an external AF) the VFL Coordinator and/or NEF may be part of the procedure as an intermediary entity forwarding the messages between the Active VFL NF and Passive VFL NF. For simplicity, the solution does not show the forwarding messages. 
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Figure X.1.2.1 – Procedure for VFL-Based ML Training Execution

1.	When Active VFL NF determines that the VFL joint model training should start, the Active VFL NF provides to the at least one Passive VFL NF the VFL Training Start Indication, which indicates to the Passive VFL NF the local training of its ML model associated with the joint model training should start. The VFL Training Start Indication comprises: 
1. VFL Training Start Phase Flag: a flag indicating to start the joint model training;
1. Joint Training ML ID
1. Identification of Active VFL NF
2.	(a) Based on the confirmation of VFL training started from the Passive VFL NF(s), the Active VFL NF stars the training of its ML model (i.e., Active ML Model) associated with the Joint ML Training ID. 
(b) Based on the VFL Training Start Indication, each the Passive VFL NF start the training processes for their local ML model (i.e., Passive ML Model) associated with the Joint ML Training ID.
NOTE: The data used by Active VFL NF and the Passive VFL NF(s) is collected as per alignment information defined in the preparation phase.
The Active and Passive VFL NFs will each execute one round of training process to generate, respectively the Active VFL ML Model Output Reporting and Passive VFL ML Model Output Reporting.  
3.	The Passive VFL NF provides the Passive VFL ML Model Output Reporting to the Active VFL NF. 
4.	Based on the Active VFL ML Model Output Reporting and Passive VFL ML Model Output Reporting, the Active VFL NF determine the updated information associated with the Active ML Model and the Passive ML Model. 
5.	The Active VFL NF provides to the Passive VFL NF(s) the updated Passive VFL Model Information (e.g., learning rate parameter, update function related to the backward ML propagation process). 
6. 	(a) The Active VFL NF stores the updated Active VFL ML Model Information associated with the Joint ML Training ID as the newest information to be used for the next round of training of the Active VFL Model. 
(b)The Passive MTLF stores the updated Passive VFL ML Model Information associated with the Joint ML Training ID as the newest information to be used for the next round of training of the Passive VFL Model.
NOTE: 	The Steps 2 to 6 are repeated executed until the Active VFL NF determines the performance of the model training is enough to stop the training. 
7.	The Active VFL NF determines that the joint model training is completed based on the analysis of the Active VFL ML Model Output Reporting; the Passive VFL ML Model Output Reporting and the training labels configured to allow evaluation of ML models.
8. 	The Active VFL NF provides to the Passive VFL NF(s) the VFL Training Conclusion indication. 
9. 	(a) The Active VFL NF stores the latest Active VFL ML Model Information associated with the Joint ML Training ID. 
(b) The Passive MTLF stores the latest Passive VFL ML Model Information associated with the Joint ML Training ID.
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NWDAF: 
-	Support VFL interactions as mentioned above
AF: 
-	Support VFL interactions as mentioned above
NEF: 
-	Support VFL interactions as mentioned above
NRF: 
-	NF Profile extensions supporting VFL discovery

* * * * End of changes * * * *
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