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Abstract: This contribution proposes a solution for KI#2.
[bookmark: _Toc352077766]1. Discussion
In this contribution, we propose a solution to solve the NF discovery and selection process for VFL, which cover one bullet of KI#2 as highlighted below:
This Key Issue aims to study architecture enhancement to support VFL, which allows the cooperative AI/ML training and inference with the following aspects:
-	Identify VFL use cases and under which conditions, and for which entities these VFL use cases show that VFL is justified to train ML models.
-	Whether and how to support architecture enhancement for supporting VFL for model training and/or inference. In particular:
-	Whether and how the existing NF discovery and selection needs to be enhanced.
-	Whether and how ML Model training and/or inference related procedures need to be enhanced to support VFL.
-	Whether and how to do performance monitoring for the ML model trained via VFL.
-	Whether and how to provide ML Models to the participants in the VFL training process.
-	How to support sample and feature alignment among the participating network entities when performing VFL.

2. Proposal
[bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc326248711][bookmark: _Toc97052459][bookmark: _Toc97057841][bookmark: _Toc97052787]This paper proposes to add a solution for Key Issue #2 to TR23.700-84 as follows.
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Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
	
	Key Issues
	Use cases (optional)

	Solutions
	<Key Issue #1>
	<Key Issue #2>
	<use case 5#x>
	<use case #y>
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	X
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[bookmark: startOfAnnexes][bookmark: _Toc93070684][bookmark: _Toc92875660][bookmark: _Toc146539438][bookmark: _Toc500949097]6.x	Solution #X: NF discovery and selection for VFL
[bookmark: _Toc146539440][bookmark: _Toc93070686][bookmark: _Toc500949099][bookmark: _Toc92875662]6.x.1	Description
[bookmark: _Toc500949101]The VFL process may include NWDAF and external AF. This solution proposes to do NF discovery process through NRF. The NWDAF can report/update its VFL capability to NRF and external AF can report its VFL capability to NRF via NEF. After reporting the VFL capability, the VFL server can select VFL client afterwards. Below are the terminology definitions of this solution:
[bookmark: _Hlk160197307]-  VFL sever(VFL Active Participant): An NF with labels for a VFL training task that may have related inputs data. 
-  VFL client(VFL Passive Participant): An NF with the required inputs data without the required labels for a VFL training task. There can be multiple passive participants in VFL.
NOTE X: The VFL server is equivalent to VFL active participant and VFL client is equivalent to VFL passive participant in this solution
[bookmark: _Toc93070687][bookmark: _Toc92875663][bookmark: _Toc146539441]6.x.2	Procedures
6.x.2.1 External AF VFL capability report
The 2-side VFL capability reporting process of external AF can be conducted as follow:NRF
NEF
External AF


1. Report/Update the VFL capability


2. Store VFL capability

3. Send the VFL capability

4. Store VFL capability

5. Response with operation indication



6. Forward the operation indication





Figure 6.x.2-1: VFL capability report for External AF
1. External AF reports or updates its VFL capability(i.e. VFL server, VFL client, VFL server and client) and its AF ID to NEF.
2. NEF store the VFL capability and AF ID of external AF in the UnTrustAfInfo.
Editor's note: Whether NEF stores the VFL capability of external AF is FFS.
3. NEF sends the VFL capability and AF ID of external AF to NRF.
4. NRF stores the VFL capability.
5. NRF response NEF with operation indication(i.e. operation successful, operation fail)
6. The NEF forwards the operation indication to external AF.


6.x.2.2 NWDAF VFL capability report
The 2-side VFL capability reporting process of  NWDAF can be conducted as follow:
NWDAF
NRF


1. Report/Update the VFL capability

2.Store NF profile


[bookmark: _Toc92875664][bookmark: _Toc146539442][bookmark: _Toc93070688]3. Operation indication



Figure 6.x.2-2: VFL capability report for NWDAF
1. NWDAF reports/updates its VFL capability(i.e. VFL server, VFL client, VFL server and client) to NRF in its NF profile.
2. NRF stores the NF profile of NWDAF.
3. The NRF response with operation indication(i.e. operation successful, operation fail).

6.x.2.3 Client selection process of VFL
The client selection process of VFL can be conducted as follow:VFL server
VFL client
NRF


  0. Server selection for VFL process is done or no need for server selection

1. VFL client selection query


5. Response whether to join VFL
6. select final VFL client list
4. Decide join or not
3. Join VFL process request
2. VFL client selection response





Figure 6.x.2-3: Client selection process of VFL

0. The procedure above assumes the VFL server selection is done, or no need for VFL server selection.
1. The VFL Server NWDAF discovers and selects other NWDAF(s) containing MTLF as VFL Client NWDAF(s) from NRF by invoking the Nnrf_NFDiscovery_Request service operation. The following criteria might be used: Analytic ID, FL capability Type (i.e. VFL client), Service Area, NF type(s) of data sources from which the VFL Client NWDAF is able to collect data for local model training, Time Period of Interest, ML Model Interoperability Indicator, NF consumer information.
Editor's note: Whether features of VFL clients need to be considered for client selection is for FFS.
2. The NRF response with a list of VFL client candidates. 
3.  VFL Server NWDAF sends Federated Learning joining requests to the VFL Client. In the joining request, it may specify the type of loss that will be used in the VFL process and the maximum response time for every training iteration of the VFL process.
4. The VFL client checks whether it supports doing gradient calculations base on the type of loss and whether it can send intermediate training results to VFL server in maximum response time. The VFL client makes a final decision on whether to join VFL.
5. The VFL client sends a response with its final decision.
6. VFL Server determines the final list of  VFL Client to be involved in the VFL procedures.
Editor's note: Whether separate NF discovery procedures are needed for VFL training and VFL inference is for FFS.

6.x.3	 Impacts on existing services, entities and interfaces
To implement the solution above, The AF and NWDAF shall report its VFL capability to NRF. The NEF shall be involved in helping external AF for the VFL capability reporting. On the other side, the VFL server shall have the ability to select VFL client(s) base on the criteria mentioned in 6.x.2.3. The NRF shall have the ability to return VFL client candidate list.
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