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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: 5GC Support for Vertical Federated Learning, the following aspects need to be studied:
-	Whether and how ML Model training and/or inference related procedures need to be enhanced to support VFL.
-	Whether and how to provide ML Models to the participants in the VFL training process.
This paper proposes a solution focusing on the inference part of the proposed 

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>

	#X
	X
	
	
	

	
	
	
	
	


Editor’s Note:	The use cases may be further updated.

[bookmark: _Toc97057911][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97546137]6.X	Solution #X: VFL inference procedure between NWDAF and AF
[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 the Vertical Federated Learning procedure between NWDAF and AF.
[bookmark: _Toc97546139]6.X.2	Procedures
6.x.2.1	VFL inference operation between VFL Client NWDAF and VFL Client AF
The inference using the ML model trained in the VFL model training as clause 6.x.2.2 has two cases. 
-	the case where the consumer NF does not perform any ML model inference task and the NWDAF provides the final results.
-	the case where the consumer NF acts as the VFL Client and performs a part of the ML model inference task. The final result is obtained in the consumer NF and is not exposed outside of the consumer NF.


Figure 6.x.2.3-1 VFL inference operation between NWDAF and AF

The procedures are
1.	Consumer NF subscribes to analytics to the "VFL Server" NWDAF, invoking Nnwdaf_AnalyticsSubscription_Subscribe. The request may additionally include 
-	VFL flag, which means that the Consumer NF is able to be a "VFL Client" and participate in the VFL inference procedure as a "VFL Client."
-	ML correlation ID for VFL that the consumer NF was involved.
"VFL Server" NWDAF determines to use VFL 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).  If the "VFL Server" NWDAF determines to use VFL inference, the "VFL Server" NWDAF select either to perform step 2 or step 3 based on the operator policy and other information in the analytics request.
2.	VFL server invokes a part of  VFL model training procedure, which may includes initial ML model transfer from 5GC to AF, data collection in each "VFL Client," sending of intermediate results from "Passive VFL Client" to "Active VFL Client", and computation of final results in the "Active VFL Client." "Active VFL Client" NF notifies the "VFL Server" NWDAF of the final results. "VFL Server" NWDAF notifies the Consumer NF of the results.
Editor’s note: Details of step 2 is FFS. Step 2 considers the use case where the consumer NF and the "Active VFL Client" NF exist in the same domain and the "Passive VFL Client" NF is in another domain. For example, the consumer NF and "Active VFL Client" NF are 5GC NFs in the PLMN, and the "Passive VFL Client" NF is untrusted AF.
 3. "VFL Server" triggers a part of  VFL model training procedure, where the Consumer NF is also involved as an "Active VFL Client." The procedure may include initial ML model transfer from 5GC to AF, data collection in each "VFL Client," sending of intermediate results from "Passive VFL Client" to the consumer NF, and computation of final results in the consumer NF. 
Editor’s note: Details of step 3 is FFS.  Step 3 considers the use case where the consumer NF, which enables to act as "Active VFL Client" NF, exists in different domain from the domain that "Passive VFL Client" NFs exist. For example, the consumer NF is untrusted AF that enables to act as an "Active VFL Client" and "Passive VFL Client" NF is NWDAF in 5GC.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97052787][bookmark: _Toc97057841][bookmark: _Toc97546140]
6.X.3	Impacts on Existing Nodes and Functionality
For "Active VFL Client" NF:
- support to send VFL training/inference request to "Passive VFL Client" NFs.
- support to aggregate the intermediate results of local ML models from "Passive VFL Client" NFs and compute final results
For "Passive VFL Client" NF:
- support to compute the intermediate results and report the intermediate results to the "Active VFL Client." 
	For "VFL Client" AF:
		-support to retrieve and upload the initial ML model from NWDAF.

>>>>END OF CHANGES<<<<
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