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Abstract:
This contribution proposes the 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
Solutions

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 Change (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.

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

This solution allows 5GC to assist an Application Function to be aware of the availability of vertical federated learning services or capabilities, so that AF may request federated learning interactions with 5GC. The availability of VFL capabilties at the 5GC may be informed by a request/response method between an AF and the NEF or may be configured during service level agreement. When 5GC informs the availability of VFL services or capabilties to AF through a subscribe/notify or a request/response method, for each analytic service, the 5GC includes supported ML models with list of features available for data collection. The availability of VFL capability at a NWDAF may be included as part of the NWDAF profile when the NWDAF registers to NRF. NEF may forward the subscription/request message to an appropriate NWDAF, based e.g., on the Network Analytics the AF desires to use with joint ML model training. 

Acccording to use case #5, NWDAF or AF may initiate a VFL training process to support NW Data Analytic service based on VFL (e.g., observed service experience analytics based on VFL). Before NWDAF or AF perform a VFL training process, sample and feature alignment may be performed as part of the initialization process between NWDAF and AF.  To ensure optimal sample selection, it is important that the selected sample satisfy certain characteristics. To this end the AF may provide a sample selection criterion, during the sample and feature alignment process. For sample alignment, 5GC selects relevant samples, based on a requestfrom an AF.

To handle sample and features alignment this solution proposes adding an additional functionality to NWDAF, in the form of a logical function, similar to AnLF and MTLF, that can be termed “VFL_NWDAF”. VFL_NWDAF
can interwork with AF (via NEF) to manage the execution of a vertical federated learning operation. VFL_NWDAF oversees discovery and selection of NFs that may be involved in VFL procedure jointly performed with an AF and help with sample and feature alignment, as well as collection of intermediate 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. NEF and AF share information regarding availability of vertical federated learning at 5GC. Note that NEF may forward the subscription/request message to an appropriate NWDAF (e.g., discovered through NRF), based e.g., on the Network Analytics the AF desires to use with joint ML model training, however this is not shown in the message for simplicity.
    The information may include Analytic Service Information available for Federated Learning (i.e., Network Analytics that may use VFL ML training support) Supported ML models’ information for Federated Learning, List of features available for data collection as input the ML model training and verification, and validity conditions, such Area Information and time. E.g, whether the Network Analytic Service or some ML models are available only for some area or time window.

1. AF may be triggered to use analytic service based on information for availability of vertical federated learning at 5GC.

2. AF sends a Service Request for VFL inialization. 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, selection criteria for sample selection, e.g., selection of UEs.

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.

The selection criteria for sample alignment may include requested size of sample, requested conditions which should be satisfied by each member in the sample (e.g., requested Network Slice information, area of interest, etc). E.g., samples are taken from UEs, these should satisfy the requested statistical properties (e.g., average data rate range, location in the area of interest, etc), and requested dataset statistical properties (e.g., uniform distribution, with or without outliers, etc.)
Once receiving Service Request for VFL initialization, NEF finds a VFL_NWDAF, e.g., through NRF, and sends the service request to the relevant VFL_NWDAF.

3. The VFL_NWDAF may query NRF to discover NF supporting federate learning (e.g. NWDAF) which support the requested analytic service(s), ML models in the candidate ML models, list of supported features for the supported ML model.

Based on the selection criteria for sample alignment, NWDAF may query a relevant NF (e.g., AMF, UDM) to construct the list of candidate samples. And NWDAF may query NF (e.g., SMF, UDM) to collect the data relating to the selection criteria for relevant samples. E.g., NWDAF may down-select UEs from the list of candidate sampling UEs which satisfies the requested dataset statistical properties. (This list may be termed “proposed sampling list”).

If a list of candidate sampling members (e.g, a list of candidate UEs) is included in the request from AF, NWDAF verifies whether the list of candidate sampling members satisfy the selection criteria for sampling. If needed, NWDAF may update the list of candidate sampling members to satisfy the selection criteria for sampling members, provided by the AF. (E.g., down-selection, adding additional sampling members). The updated list of candidate sampling members satisfying the selection criteria referred to as the proposed sampling list.  

NWDAF checks whether data relating to the requested features can be collected for sampling members in the proposed sampling list. If there is any feature not available to collect data for sampling members in the decided sampling list, it can be reported to AF. 

4. The VFL_NWDAF send Service Response for VFL initialization to AF via NEF.  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, Updated service area information and/or time condition, proposed sampling_list of sampling members.

The VFL_NWDAF may manage the list of NFs to be involved for local ML Model training for the requested analytic service and requested ML model with features and list of UEs per NFs. 

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

6. AF send 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 VFL, VFL_NWDAF determine NFs to be involved in the requested federated learning with local ML model. And coordinate with NFs to download local ML model and perform training.

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

8. Each NF performs data collection for the features and list of UEs and perform local ML model training.

9. The VFL_NWDAF collects the training result.

10. The VFL_NWDAF sends Service Response for execution of VFL including the result of ML model training and performance data.

11. Based on the result, 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 or update Vertical Federate Learning Strategy (e.g., the updated ML model for local training, updated features, updated UE’s list, updated service area and/or time period).

12. Until the expected result are acquired, AF and 5GC may repeat the step from 6 to 11.

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

* * * * End of Changes * * * *
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