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Abstract of the contribution: Key Issue #2 was approved to study supporting Vertical Federated Learning in 5GS in TS 23.700-81. This contribution proposed a solution to support VFL between NWDAF and AF. 

1.	Discussion
KI#2 was approved to study supporting VFL with 5GC and/or AF in TR 23.700-84. As indicated in KI#2
-	Whether and how the existing NF discovery and selection needs to be enhanced.
It is proposed to enhance NF Registration and Discovery Enhancement for supporting VFL.

2.	Text proposal
It is proposed to agree the following changes in TR 23.700-84:
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES (all new text)<<<<
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc153792592][bookmark: _Toc153792677][bookmark: _Toc155796959][bookmark: _Toc16839382][bookmark: _Toc500949097]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
	
	Key Issues
	Use cases (optional)

	Solutions
	<Key Issue #2>
	
	<use case #x>
	<use case #y>
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Editor’s Note:	The use cases may be further updated.

[bookmark: _Toc97057911][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97546137]6.X	Solution #X: NF Registration and Discovery Enhancement for VFL
[bookmark: _Toc97052785][bookmark: _Toc97052457][bookmark: _Toc500949099][bookmark: _Toc97057839][bookmark: _Toc97057912][bookmark: _Toc97546138]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc97052458][bookmark: _Toc97057840][bookmark: _Toc97052786][bookmark: _Toc97057913]This solution is proposed for KI#2 to support NF Registration and Discovery Enhancement for VFL.
[bookmark: _Hlk158737079]During the registration procedures with NRF of the trusted AF and the NWDAF containing MTLF or AnLF, or that of untrusted AF via NEF, the NFs (i.e., NWDAF and AF) shall include their "VFL capability" within their NF Profiles. The detailed VFL capabilities are as follows.
- 	"VFL capability" indicates whether to support "VFL server", "Active VFL Client", "Passive VFL Client", "VFL training Client" and/or " VFL inference Client", respectively,  for the corresponding Analytics ID. 
	-	"VFL Server" capability means whether the NWDAF is able to manage the VFL operation, (i.e., which is a ML model training and inference mechanism that enables joint training and inference between NWDAF and AF without breaking the data isolation), and select VFL Clients from NFs that registered in NRF.
-	"VFL training Client" and "VFL inference Client" capabilities refer to whether the NF is able to participate in the VFL model training and VFL inference, respectively.
-	"Active VFL Client" capability means whether the NF is able to aggregate the intermediate results from other VFL participants and compute final results. If the NF also supports "VFL training" capability, the NF should be able to train its local ML model and send back the feedback of the intermediate results to each participant.
- 	"Passive VFL Client" capability means whether the NF is able to compute the intermediate results from the available local data using its local ML model and report the intermediate results to the "Active VFL Client." If the NF also supports "VFL training" capability, the NF should be able to train its local ML model using the feedback from the "Active VFL Client." The "Passive VFL Client" does the job by the request from the "Active VFL Client."

If the AF is registered as "Active VFL Client" and /or "Passive VFL Client" in "VFL capability" parameters, the AF should be able to include "ML model transfer permission" registered in its NF Profile, if necessary.
-	"ML model transfer permission" capability means whether the AF permits the transfer of the local ML model that is trained with the VFL model training to the 5GC.

[bookmark: _Toc97546139]6.X.2	Procedures
[bookmark: _Hlk158904251]6.x.2.1	Registration and discovery of NWDAF and AF for VFL
The VFL model training operation consists of three parts: NF discovery and VFL preparation. In the NF Discovery, the "VFL Server" discovers the "VFL Client" NFs that will participate in the VFL training or inference procedure. In the VFL preparation, the "VFL Server" determines the "VFL Client" NFs, where the NFs include an "Active VFL Client" NF and a "Passive VFL Client" NF(s). The procedure is depicted in Figure 6.x.2.2-1.


Figure 6.x.2.2-1 VFL Client discovery procedure

Steps 1 and 2 are the VFL Clients NF (i.e., AF and/or NWDAF) Discovery procedure. 
1-2.    "VFL server" determines to use VFL model training or inference based on operator policy, Analytic ID, Service Area/DNAI, UE ID, or data that cannot be obtained/exposed directly from data producer NF (e.g., for privacy reasons). "VFL Server" NWDAF may discover and select NWDAF(s) and AF(s) as VFL Clients and, if untrusted AF is included, the "VFL Server" NWDAF also select appropriate NEFs from NRF by invoking the Nnrf_NFDiscovery_Request service operation clause TS23.288　[5] clause 6.2.2.3. The requests shall include sample alignment information (e.g., UE ID), which is used to select the NF that has data that associates to the sample alignment information.
The additional parameters that might be used for AF discovery are VFL capability, ML model transfer permission, and other parameters (e.g., Time Period of Interest and ML Model Interoperability Indicator,) As described in TS23.288 [5].
The additional parameter that might be used for NWDAF containing MTLF discovery is the VFL capability type.
Editor Note:	How to select "VFL Server" NWDAF is FFS.
3.       [optional]"VFL Server" NWDAF sends VFL preparation requests to the VFL Client AF(s) via NEF and VFL Client NWDAF(s) containing MTLF.  This aims to check if the VFL Client NFs can meet the VFL requirement, (e.g., available data requirement whether the VFL Client includes the data that is correlated with the sample alignment information).
4.        [optional]"VFL Client" NFs check if it can meet the VFL procedure and decide whether to join the VFL process based on operator policy and/or implementation. 
5.       [optional]"VFL Client" NFs indicate to the "VFL Server" NWDAF whether it will join the VFL procedure and may include the reason in the response message if it cannot join the VFL process.
Editor Note:	Whether VFL preparation procedure (i.e., steps 3-5) is needed is FFS. At least, VFL preparation procedure is optional procedure and can be skipped if the "VFL Server" NWDAF can decide that the VFL Client NF(s) supports the VFL procedure to be performed (e.g., based on information acquired from previous VFL procedures or from the NRF) or based on local configuration.
6. 		"VFL Server" NWDAF determines the final list of "VFL Client" NFs to be involved in the VFL model training procedures based on the information received in step 2 and other information received in step 5 (if available). The final list of VFL Clients includes an "Active VFL Client" NF and "Passive VFL Client" NF(s).  
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97052787][bookmark: _Toc97057841][bookmark: _Toc97546140]
6.X.3	Impacts on Existing Nodes and Functionality
For NWDAF containing MTLF, NWDAF containing AnLF, and AF:
- register the "VFL capability" in NF profile to NRF, (in case of untrusted AF, register the "VFL capability" in NF profile to NRF via NEF profile).
For "VFL server" NWDAF:
- support "VFL Client" NF (i.e., NWDAF and AF) discovery procedure.

>>>>END OF CHANGES<<<<
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