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1. Introduction
Start from an example, consider two different companies in the same city, one is a bank, and the other is an e-commerce company. Their user sets are likely to contain most of the residents of the area, so the intersection of their user space is large. However, since the bank records the user’s revenue and expenditure behavior and credit rating, and the e-commerce retains the user’s browsing and purchasing history, their feature spaces are very different. That is distributed datasets have different set of features. In addition, the user may shop at different locations when using apps on a mobile phone, e.g. home, shopping center, company. Suppose a prediction model for product purchase is required based on the user, product information, and shopping habit, etc. That is train a ML model for the prediction product purchase by using the distributed datasets with different set of features.
Vertical Federated Learning (VFL) can be used to train such a ML model for product purchase prediction with the distributed datasets and different set of features. The UE at the bank and the UE for the e-commerce company (e.g. mobile phone) are the physical entities. The AI/ML Enablement Clients deployed on these UEs are the VFL members for a VFL process to train the ML model. In addition, information from 5GC on e.g., UE mobility, UE connection to network and communication at different locations, are also important for training the model. NWDAF in the NF which provide ML model training service in 5GC. In the example above, NWDAF from 5GC can be seen as one of the VFL members for train the ML model.
Supporting VFL at enablement layer is one key issue in SA6 Release 19 study, sample and feature alignments between domains are the main study aspects. Meanwhile, cross domain VFL involving AF and NWDAF is under study in SA2. To enable an AI/ML Enablement Server coordinate a VFL process between domains e.g., involving applicaiton layer FL among multiple UE(s) and 5GC NF (i.e., NWDAF), the following aspects need be taken into consideration:
· How the AI/ML Enablement Server get the information (datasets and features, etc.) of VFL members (e.g., UE(s) at different domains and 5GC NWDAF)? 
· How the AI/ML Enablement Server utilize the obtained information (e.g., information on datasets and features) to coordinate a VFL process between domains?
Thus, mechanism on getting information of VFL members between domains, and coordinating a VFL process involing multiple UEs and 5GC NWDAF according to the obtained informaiton (e.g., information on sample and features) need to be studied.
2. Reason for Change
To enable an AI/ML Enablement Server coordinate a VFL process in enablement layer, involing multiple UEs and 5GC NWDAF, getting and utilize information of VFL members between domains is necessary to be studied.
3. Conclusions
This pCR proposes solution on getting information of VFL members between domains, and coordinating a VFL process in enablement layer involing multiple UEs and 5GC NWDAF according to the obtained information (e.g., information on sample and featurs).
4. Proposal
It is proposed to agree the following changes to 3GPP 23.700-82 V0.2.0.
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* * * Next Change * * * *
8.X3	Solution #X3: Supporting VFL in Enablement Layer  
8.X3.1	General
The following clauses specify procedures, information flows and APIs for KI#4 to support VFL among Application Layer multiple UEs and 5GC NWDAF.
Start from an example, consider two different companies in the same city, one is a bank, and the other is an e-commerce company. Their user sets are likely to contain most of the residents of the area, so the intersection of their user space is large. However, since the bank records the user’s revenue and expenditure behavior and credit rating, and the e-commerce retains the user’s browsing and purchasing history, their feature spaces are very different. That is distributed datasets have different set of features. In addition, the user may shop at different locations when using apps on a mobile phone, e.g. home, shopping center, company. Suppose a prediction model for product purchase is required based on the user, product information, and shopping habit, etc. That is train a ML model for the prediction product purchase by using the distributed datasets with different set of features.
Vertical Federated Learning (VFL) can be used to train such a ML model for product purchase prediction with the distributed datasets and different set of features. The UE at the bank and the UE for the e-commerce company (e.g. mobile phone) are the physical entities. The AI/ML Enablement Clients deployed on these UEs are the VFL members for a VFL process to train the ML model. In addition, information from 5GC on e.g., UE mobility, UE connection to network and communication at different locations, are also important for training the model. NWDAF in the NF which provide ML model training service in 5GC. In the example above, NWDAF from 5GC can be seen as one of the VFL members for train the ML model.
VFL approach trains the ML model using the distributed datasets for the user (i.e. for the same sample). Here, sample corresponds to all the data for the user. The sample is formed by multiple datasets, each dataset at the VFL member (e.g. the AI/ML Enablement Client deployed on an UE, NWDAF) contains sample instances which corresponds to the data collected for the user from one of the entities (e.g. VAL Servers from bank and e-commerce company, mobile phone, 5GC NFs). These distributed datasets have different set of features, and the entities are the data sources of the distributed datasets.VFL approach trains the ML model using the distributed datasets for the user (i.e. for the same sample). Here, sample corresponds to all the data for the user. The sample is formed by multiple datasets, each dataset at the VFL member (e.g. the AI/ML Enablement Client deployed on an UE, NWDAF) contains sample instances which corresponds to the data collected for the user from one of the entities (e.g. VAL Servers from bank and e-commerce company, mobile phone, 5GC NFs). These distributed datasets have different set of features, and the entities are the data sources of the distributed datasets.
Pre-conditions:
-	VFL member (e.g. AI/ML Enablement Client which is deployed to an UE, 5GC NWDAF) has dataset or can access to data sources or is able to collect data from data producers for the AI/ML operations.
8.X3.2	Procedure


Figure 8.X3.2-1: Procedure for supporting VFL in Enablement Layer
0. VFL members (AI/ML Enablement Clients which are deployed on UEs) registered their VFL profile to the AI/ML registry (e.g. AI/ML Enablement Server, A-ADRF). VFL member (5GC NWDAF) registered its VFL profile to NRF. 
The VFL profile that VFL member (AI/ML Enablement Client which are deployed on an UE) registered contain PLMN information (e.g. PLMN ID), VFL capability information, Time interval supporting VFL, Available data/sample/data source information, Available feature information, Interoperability information.
Editor’s Note:	The content of VFL profile that VFL member (NWDAF) registered to NRF will depend on the definition in SA2.
1. Consumer (e.g. VAL Server) sends request to the AI/ML Enablement Server for AI/ML operations, e.g. train a ML model. The request message may contain detail requirements, e.g. approach for training a ML model (Centralized ML, Distributed ML/FL (HFL, VFL), etc.), initial ML model information (e.g. ML model, ML model address, ML model ID and information of repository, ML model structure), intent of ML model (e.g. size of ML model), ML model metric (e.g. accuracy), list of UE(s) involve in the AI/ML operations, data sources for train the ML model, maximum response time, indication on whether intermediate report is needed or not (e.g. for report training status, which may be used by the consumer to adjust request).
2. After receiving the request from the consumer, the AI/ML Enablement Server determines that VFL training between domains is needed based on request from the consumer (if the request on VFL been provided in step 1) or local configuration (according to the requirements from the consumer on the AI/ML operations). If initial ML model is not provided in the request in step1, the AI/ML Enablement Server determines an initial ML model.
3. AI/ML Enablement Server sends request to and get response from the AI/ML registry for discovery VFL members (AI/ML Enablement Clients which are deployed on UEs). The request message may include e.g. requirements on VFL capability, data/sample (e.g. sample ID), feature sets of the datasets (e.g. Feature IDs of one dataset, each dataset corresponds to the data/sample instances at one VFL member), data sources (e.g. UE IDs, NF ID, VAL server IDs), interoperability information (e.g., ML model interoperability information), time period of the VFL training process, UE capability, area of interest, UE distribution. The response message from the AI/ML registry contains the VFL members information.
NOTE:	Step 3 may be skipped if the AI/ML registry is the AI/ML Enablement Server.
4. AI/ML Enablement Server sends request to and get response from NRF (or via NEF) for discovery VFL member (5GC NWDAF). 
Editor’s Note:	The service for AF to discovery NF from NRF (via NEF) is not available now, which service to be used and what content in the request to and response message from NRF (via NEF) will need coordination with SA2.
Steps 3 and 4 can be performed simultaneously or sequentially.
5. After obtains the VFL members information, the AI/ML Enablement Server sends preparation request to the VFL members.
5a.	AI/ML Enablement Server sends preparation request to the VFL members (AI/ML Enablement Clients which are deployed on UEs). The request message may include e.g. test task (compute task or mini training task), interoperability information (e.g. ML model interoperability information), requirements on available time for support VFL operations, available features of the dataset from the UE (e.g. Feature IDs of the dataset), available data sources (e.g. UE IDs, VAL server IDs), domains of the datasets at the UE (e.g. PLMN IDs of the UEs, VAL service provider IDs), UE capability, ML model information (ML model or ML model address). 
5b.	AI/ML Enablement Server sends preparation request to the VFL member (5GC NWDAF) via NEF. 
Editor’s Note:	The content of the request message will need coordination with SA2.
6. The VFL members evaluate their capability and availability to join the VFL training process. The VFL members (AI/ML Enablement Clients which are deployed on UEs) run the test task contained in the request in step 5a and judge whether it will join the VFL process. The VFL members may collect data from VAL client and other data sources.
NOTE:	The procedures for data collection from UE need to take user consent into account.
7. The VFL members send response to the AI/ML Enablement Server.
7a.	The VFL members (AI/ML Enablement Clients which are deployed on UEs) send response to the AI/ML Enablement Server. The response message includes the decision on whether to join the VFL training process or not, with the reason if not join (e.g. capability not satisfied, time not available, data not available, feature not applicable, cannot access to data source) or with test result if join (e.g. time spend for complete the test task, energy consumption for the test task, memory usage for the test task, available time for support the VFL training process, feature information for the VFL training process, data source information for the VFL training process, domains of the dataset information for the VFL training process).
7b.	The VFL member (5GC NWDAF) sends response to the AI/ML Enablement Server. 
Editor’s Note:	The content of the response message and what is the expectation output from SA2 will need coordination with SA2.
8. The AI/ML Enablement Server determines the VFL members for this VFL training process based on the information received in steps 3, 4 and 7. The criteria used by the AI/ML Enablement Server include:
· Available data for the same sample among the VFL members
· Feature alignment of the sample/datasets among the VFL members 
· Features needed for this VFL training operations
· Same features of the same sample/datasets among the VFL members (to guarantee sample alignment)
· Different features of the same sample/datasets among the VFL members
· Available time of the VFL members for support the VFL training operations 
· Capability of the VFL members for the VFL training operations
· Time spends for complete the test task
· Energy consumption for the test task
· Memory usage for the test task
9. The AI/ML Enablement Server coordinates the selected VFL members to perform VFL training operations for the VFL process. The procedure for the coordination process is similar as that in the solutions to KI#3 for FL.
9a.	The AI/ML Enablement Server may report to the consumer with the intermediate training status, e.g. the ML model metric of the intermediated ML model (e.g. accuracy), list of UEs involved in the training. The consumer may adjust its request on the ML model, e.g. increase or decrease requirements on the ML model metric (e.g. accuracy), adjust intent of the ML model (e.g. size of the ML model), extend or reduce the maximum response time, add or remove UE(s) from the list, inform to terminate request on the AI/ML operations.
10. The AI/ML Enablement Server sends response to the consumer. The response message may contain result of the AI/ML operations based on the request from the consumer, e.g. a trained ML model.
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