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Abstract:
This paper proposes a new solution for Key Issue #2.
1
Discussion
2. Proposal

It is proposed to agree the following solution into TR 23.700-84


* * * * Start of Changes * * * *
 6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues and Use Cases
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* * * * Next of Changes (All new text) * * * *
6.X
Solution #X: Vertical Federate Learning 
6.X.1
Description

This solution addresses aspects of key issue #2 on 5GC Support for Vertical Federated Learning.

This solution allows 5GC to assist Vertical Federated |Learning Application Servers to be aware of the availability of Network Analyitcs Services for vertical federated learning operations, so that AF may execute cooparatve AI/ML training and inference operations with the help of the 5GC. 

AF can negotiate with 5GC for vertical federate learning before executing VFL so that AF and 5GC can align features and samples for a ML model training.

Furthermore, the availability of Network Analytics Services to support VFL may be notified by a request and response operation between AF and NEF or may be configured during service level agreement. When 5GC notifies the availability of Network Analytics for VFL operations to AF, e.g., by unsoliciated manner or by request and response mechanisms, for each Network Analytic service, the 5GC may provided the supported ML models with a list of features available for data collection.

In addition, this solution proposes adding a logical function, e.g., VFL_NWDAF, e.g., as part NWDAF, similar to those logical functions such as MTLF, and AnLF, that can coordinate VFL support in the 5G, and which may interwork with an AF (via NEF) for executing Vertical Federated Learning operations. Such logical function can oversee the discovery and selection of NFs to be involved in VFL between the 5GC and an AF and it can help coordinate model distribution, model training, collection of training result.

6.X.2
Procedures

The procedure for vertical federated learning between AF and 5GC is depicted in figure 6.X.2.1
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0. The AF may subscribe to event notification to retrieve information to determine support for vertical federated learning at the 5GC. The information includes Analytic Service Information available for Federated Learning, Supported ML models’ information for Federated Learning, List of features available for data collection as input the ML model training and verification, and Area Information if Analytic Service or some ML models are available only for some area.
1. AF may determineto use a Network Analytic service based on information regarding availability of vertical federated learning support at the 5GC.

2. AF sends a Service Request for information of ML model for VFL. The service request includes Requested Analytics Service’s information, Candidate ML models for the requested analytic service, List of features to be used in the requested ML model.

AF may include Requested Service Area information and/or Time condition in the service request if the requested analytic service or ML models are for some specific service area or time period.

If the requested features are relating to data of UEs, list of candidate Ues may be included with conditions for selection of Ues (e.g. active or idle state, RAT type, a S-NSSAI or DNN, etc.).

Once receiving Service Request for information of ML model for VFL, NEF finds an applicable VFL_NWDAF and sends the service request to this VFL_NWDAF, e.g., the main VFL_NWDAF.
3. The main VFL_NWDAF may query NRF to discover other NWDAFs supporting vertical federate learning (e.g. other VFL_NWDAFs) which support the requested analytic service(s), ML models in the candidate ML models, list of supported features for the supported ML model.

When list of candidate Ues are included in the request, the main VFL_NWDAF may query NF (e.g. AMF, SMF, UDM) to check the status of Ues (e.g. NAS status, Access Network Status, PDU session status, service area, cell ID, etc) and downselect the list of Ues per UE’s status.

4. The main VFL_NWDAF sends, via NEF, a Service Response to the AF, including information for ML model.  The Service Response includes Indication whether the requested ML model for the requested analytics service is available, list of available ML models for the requested analytic service, List of available features for the available ML models (as input data and/or as labels), Updated service area information and/or time condition, updated list of Ues available for data collection for the features.

The main VFL_NWDAF may manage the list of ancillary VFL_NWDAF(s), to be involved for local ML Model training for the requested analytic service and requested ML model with features and list of UEs per ancillary VFL_NWDAF 

5. Based on the Service Response, the AF decides which ML models to use for collaborative VFL with 5GC.

6. The AF send a Service Request for execution of VFL. The service request includes information for sharing ML model for local training with list of features (as input data and/or as label) and list of UEs. AF may include the requested performance metric (e.g. required accuracy of trained ML model) and indication to request to share interim result of local ML model training and performance data of the result.

7. After receiving initiation of the VFL request, the main VFL_NWDAF determines other ancillary VFL_NWDAF(s), that may be involved in the requested federated learning operation, with a local ML model, and it coordinates with ancillaryVFL_NWDAF(s) to download local ML model and perform training.

Each ancillary VFL_NWDAF may be assigned with different list of UEs for samples for training ML model.

8. Each ancillary VFL_NWDAF performs data collection for the features and list of UEs, included in the VLF request, and perform local ML model training.

9. The main VFL_NWDAF collects the training result.

10. The main VFL_NWDAF sends a Service Response for execution of VFL including the result of ML model training and performance data, e.g,. accuracy of the trained ML model.

11. Based on the result, the AF may update the local ML model (with or without updated features) and ask local ML model training with the updated ML model. When the requested performance metric is not met after some period of local ML training, AF may determine whether to stop the VFL operation or to update individual components of the Vertical Federate Learning operation; (e.g., the updated ML model for local training, updated features, updated UE’s list, updated service area and/or time period).

12.  The AF and 5GC may repeat step from 6 to 11, until a sastisfactory result is achived.

6.X.3
Impacts on services, entities and interfaces
Editor's note:
This clause captures impacts on existing services, entities and interfaces.

FFS.
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