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Abstract of the contribution: This pCR proposes a solution for supporting VFL between NWDAF and AF to address Key Issue #2: 5GC Support for Vertical Federated Learning.
[bookmark: _Hlk513714389]1	Discussion
In order to support vertical federated learning (VFL) as a new promising AI/ML mechanism in 5GC, Key Issue #2 has been defined.
This pCR introduces a solution for supporting VFL between NWDAF and AF. As an example use case, the utilization of VFL for service experience analytics can be considered. The existing service experience analytics assumes NWDAF can collect various types of raw data, including service experience (i.e., QoE), from AF. However, due to potential privacy concerns, this may not always be feasible, necessitating alternative approaches. Utilizing VFL can help overcome this limitation.
Specifically, the solution provides customized support for VFL between NWDAF and AF, covering NF discovery and selection, ML model training and inference related procedure, ML model provisioning to participants, and sample alignment among participants.
2. Proposal
It is proposed to adopt the following solution in TR 23.700-84.

*** Start of change (all new text) ***
[bookmark: _Toc435670433][bookmark: _Toc23254037][bookmark: _Toc436124703][bookmark: _Toc510604403][bookmark: _Toc509905226][bookmark: _Toc22214904]6.X	Solution #X: How to support Vertical Federated Learning between NWDAF and AF
[bookmark: _Toc96943829]6.X.1	Description
This solution addresses Key Issue #2: 5GC Support for Vertical Federated Learning.
The key operational characteristics of vertical federated learning (VFL) is to train a ML model without explicitly sharing raw data among participants involved in training and inference. However, it still require coordination between the involved participants for training and inference.
This solution targets a use case where VFL is operated between NWDAF and AF and addresses the following aspects as agreed in S2-2401830:
-	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 provide ML Models to the participants in the VFL training process.
[bookmark: _Toc96943830]-	How to support sample and feature alignment among the participating network entities when performing VFL.
6.X.2	Procedures
[bookmark: _Toc122508526]6.X.2.1	Procedure of NF discovery and selection
Figure 6.x.2-1 shows the procedure of NF discovery and selection.


Figure 6.x.2-1. Procedure for of NF discovery and selection
1. NWDAF or ASF (AI/ML Support Function as a new NF) with the capability to participate as a VFL member or participant, registers its NF profile with the NRF. This profile may include VFL capability information indicating whether it can support training for VFL, the NWDAF NF Type, Analytics ID(s), Address information of NWDAF, Service Area, VFL capability type information (i.e. “VFL server (or active participant) or VFL client (or passive participant)) and Time interval supporting VFL. 
If NWDAF is a VFL member, it requires the NWDAF to have the capability to perform ML model training with ML models provided by the AF or Third Party, serving as a coordinator for VFL, as a new functionality.
NOTE 1: An active participant is considered to be a participant that owns the label information, while passive participants refers to the rest of participants.
NOTE 2: It is assumed that the VFL coordinator owns the entire ML model for VFL, as in conventional VFL.
2. The NRF stores the NWDAF or ASF profile and marks it as available.
3. The NRF acknowledges that NF registration is accepted via Nnrf_NFManagement_NFRegister response.
4. The AF or Third Party, serving as a coordinator for VFL, aims to perform VFL. When the Third Party plays a role of a VFL coordinator, it may communicate with the 5GC through the AF. When the AF serves as a VFL coordinator without involving the Third Party, it may directly communicate with the 5GC.
5. The AF subscribes to the VFL Member NF selection assistance information by sending an initial Nnef_MemberNFSelectionAssistance_subscribe request, which includes one or more VFL member NF filtering criteria. Subsequently, the AF may update the Member NF filtering criteria of the subscription by invoking Nnef_MemberNFSelectionAssistance_subscribe and providing a Subscription Correlation ID. In this step, filtering criteria related to sample and/or feature alignment or VFL capability may be included. 
NOTE 3: Sample and/or feature alignment may be performed by other NF (e.g. NWDAF) apart from the NEF. The specific methods used for sample and/or feature alignment are considered out of scope of 3GPP.
6. If the AF request does not contain a Subscription Correlation ID, the NEF verifies the authorization of the AF request and executes the corresponding service operations (e.g. NF discovery) based on the VFL Member NF filtering criteria provided by the AF. If filtering criteria related to sample and/or feature alignment are included in step 5, the NEF may perform necessary operations for sample and/or feature alignment. For example, the NEF may identity a set of available NFs that have data for the same sample but different features based on the received filtering criteria.
7. If the AF request contains a Subscription Correlation ID, the NEF correlates the Nnef_MemberNFSelectionAssistance_Subscribe request to an existing subscription based on the Subscription Correlation ID. The NEF may update the filtering criteria and subsequently trigger corresponding service operations (e.g. NF discovery) based on the updated filtering criteria.
8. The NEF interacts with different 5GC NFs to collect the required information. The interactions between the NEF and the 5GC NFs depend on the VFL Member NF filtering criteria provided by the AF.
9. Based on the collected information from other 5GC NFs, the NEF consolidates all the information to derive the list(s) of candidate NFs which fulfil the VFL Member NF filtering criteria in the AF request.
10. The NEF sends a Nnef_MemberNFSelectionAssistance_Notify request to the AF, which includes the list(s) of candidate NFs and possibly additional information.
11. Based on the information received in step 10, the AF or Third Party determines VFL member NF(s).

6.X.2.2	Procedure of ML model provisioning, training, and inference
Figure 6.x.2-2 shows the procedure of ML model provisioning, training, and inference.


Figure 6.x.2-2. Procedure of ML model provisioning, training, and inference
1. Following the steps in the previous clause of 6.X.2.1, the AF or Third Party intends to provision the ML model for VFL to VFL member NF(s).
2. The AF or Third Party provisions ML model used for training to NWDAF(s) or ASF selected as VFL member NFs according to the previous clause of 6.X.2.1.
NOTE 4: Ownership of the entire ML model may vary depending on the scenario.
3. The NWDAF(s) or ASF performs ML model training based on the provisioned ML model and local dataset.
4. The NWDAF(s) or ASF sends its intermediate results of to the AF or Third Party.
5. The ML model inference is performed collaboratively with VFL member NFs.
[bookmark: _Toc96943831]6.X.3	Impacts on services, entities and interfaces
NWDAF or ASF (as new NF):
-	Supports sample and/or feature alignment.
-	Retrieve ML models to be used for training from the AF.
-	Performs local ML model training with ML models provisioned from the AF.
-	Performs ML model inference collaboration with other NWDAF(s), ASF and/or the AF.
NEF:
-	Receives VFL member NF filtering criteria from AF.
-	Maps VFL member NF filtering criteria to corresponding service operations, including those required for sample and/or feature alignment.
-	Derives candidate VFL member NFs and sends the information of the candidate VFL member NFs to the AF.
AF:
-	Acts as coordinator managing the training and inference procedures for VFL.
-	Provisions ML models to be used for training to the NWDAF or AEF.
-	Receives intermediate results from the NWDAF or AEF.
-	Performs ML model inference collaboration with other NWDAF(s), ASF and/or the AF.
NOTE 5: Third Party is not included in this clause as it is not an entity within the scope of 3GPP. Therefore, operations involving Third Party are also excluded here.
NRF:
-	Recognizes and stores a new VFL capability for NWDAF to facilitate the discovery of VFL-capable NWDAF.
*** End of change ***
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