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Abstract of the contribution: This contribution clarifies part of KI#2 and presents a solution addressing KI#2, focusing on sample/feature alignment.

1.  Discussion
[bookmark: _Hlk99100636]This submission centers on tackling a specific sub-issue within KI#2: 5GC Support for Vertical Federated Learning. This particular aspect pertains to enabling sample and feature alignment among the network entities involved in VFL. Before delving into the detailed text proposal, the rationale behind the importance of such alignment is elucidated.
· Sample alignment
In a typical VFL process, the participating parties each possess a subset of the entire dataset, commonly referred to as "samples." Extending this concept to the UE IDs involved in VFL facilitated by a 5GC, it becomes essential for VFL entities to verify that the dataset being collected originates from the same group of UEs. This alignment ensures strict adherence to VFL requirements regarding an identical sample space, thus maintaining consistency across entities engaged in VFL with 5GC support. In scenarios involving the NWDAF and an external AF as participants in VFL, it is crucial to align the UE IDs between the external identifiers originating from the AF outside the PLMN and those collected by the NWDAF within the PLMN. Conversely, when VFL is conducted solely among different NWDAF instances, it may be feasible to match the samples within the automation process.
· Feature alignment
Even though VFL maintains differences in the feature domain across participating entities, specific alignments of feature attributes or variables required by the coordinator are essential. This alignment process functions more like filtering different features provided by selected samples, based on the coordinator's preferences. For instance, in the scenario of connected vehicles, this alignment process involves selecting vehicles that offer pertinent information aligned with the coordinator's objectives, such as optimizing route planning or predicting maintenance needs. Encryption techniques are commonly employed to safeguard data during the alignment process of VFL, playing a critical role in upholding data privacy while facilitating collaborative model training. This alignment procedure, augmented by encryption methods, distinguishes VFL from HFL. Consequently, feature alignment in VFL necessitates consideration of the associated encryption methods.
To ensure proper model training procedures for VFL, it's essential to facilitate a request and corresponding response mechanism regarding sample and feature alignment beforehand. This detailed procedure is elaborated in the followings. 
2.  Text Proposal
It is proposed to agree the following changes to TR 23.700-84.
* * * * First change * * * *
[bookmark: _Toc26431228][bookmark: _Toc30694626][bookmark: _Toc43906648][bookmark: _Toc43906764][bookmark: _Toc44311890][bookmark: _Toc50536532][bookmark: _Toc54930304][bookmark: _Toc54968109][bookmark: _Toc57236431][bookmark: _Toc57236594][bookmark: _Toc57530235][bookmark: _Toc57532436][bookmark: _Toc153792591][bookmark: _Toc153792676][bookmark: _Toc157534621][bookmark: _Toc157747892]6	Solutions
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Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
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* * * * Second change * * * *
[bookmark: _Toc157534623][bookmark: _Toc157747894]6.X	Solution #X: Sample/Feature alignment and VFL participating entities selection
[bookmark: _Toc157534624][bookmark: _Toc157747895]6.X.1	      Description

The proposed solution entails establishing concrete interaction procedures between different NFs for sample and feature alignment, as well as the alignment procedure when the participating list updates. As outlined in the description of VFL use cases in TS 23.700-84 clause 5.1.4/5.1.5, both the NWDAF and AF can serve as active participants in VFL. Initially, after the NFs' registration and discovery for VFL, the process of VFL sample and feature alignment is initiated to prepare for the next training procedure. This involves coordinating the alignment of samples and features among all participating entities. However, if any participating entity leaves or a new entity joins the VFL, this triggers the process of updating the participating entity list. Additionally, it necessitates re-aligning sample and feature profiles among all entities to ensure consistency and compatibility in the collaborative model training process.

6.X.2         Procedures 

1. Active participant, i.e, AF/NWDAF initiates a request to the passive participant for the alignment of samples and features during preparation. This request typically includes UE IDs, Application/Analytic IDs, expected features, and specifications regarding encryption methods. These encryption methods may encompass various techniques such as Rivest-Shamir-Adleman (RSA), ElGamal, and Lattice-based encryption, among others.

2. Passive participant sends request of VFL sample and feature alignment to NFs, e.g., AMF, SMF, UDM, PCF… for collecting UE related data as per the requirement received from the active participant in step 1.  The passive participant, upon receiving the request for VFL sample and feature alignment from the active participant, proceeds to request UE-related data from relevant NFs, such as the AMF, SMF, UDM, PCF and etc. This data collection is carried out in accordance with the requirements specified by the active participant in the step 1.

3. NFs response to the passive participant together with their collected UE(s) related data.

4. Upon receiving the collected data for sample and feature alignment, the passive participant verifies whether the data strictly adhere to the sample and feature requirements provided by the active participant. This verification process may involve identifying analytics that closely correspond to the exposed requirements, ensuring alignment with the intended objectives of the collaboration.

5. Passive participant responses to active participant in regards to the sample and feature alignment results.

6. Before initiating VFL, the active participant verifies whether the selected samples and features meet the requirements. If the active participant determines that there is an insufficient quantity of samples or features that meet the specified criteria, it can halt the VFL process. Subsequently, it has the capability to initiate a new VFL process by adjusting the requirements or selecting different passive entities, where iterations are needed. 

7. If the response from the passive participant confirms that the sample and feature alignment requirements have been met, the active participant proceeds to notify the passive participant to initiate VFL procedures, e.g., model training. 

8. When introducing a new passive participant or when updates are required for the current one, the active participant evaluates whether realignment is needed for the ongoing VFL procedure or if it is necessary for initiating a new collaborative learning process. Realignment ensures that the sample and feature requirements are appropriately matched to facilitate effective collaboration.

9. If necessary, the active participant initiates the sample and feature alignment procedure as described in steps 1 through 7, based on either the existing alignment requirements or an updated version.





Figure.1 Procedure of initial sample and feature alignment and possible update in preparation of VFL


6.X.3		Impacts on services, entities and interfaces

NWDAF:
· Support of sample and feature alignment for VFL
· Support of being an active and passive participant for VFL in terms of providing and responding to the requirements of sample and feature alignment
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