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Abstract of the contribution: This contribution proposes a solution for KI#2 related to the VFL inference procedure.  

1. Introduction/Discussion
[bookmark: _Hlk99100636]This contribution addresses the KI#2: 5GC Support for Vertical Federated Learning. More specifically, this solution will address these bullets as following:
-	Whether and how to support architecture enhancement for supporting VFL for model training and/or inference. In particular:
-	Whether and how ML Model inference related procedures need to be enhanced to support VFL.
5GS includes several domains and for this release, we only consider the 5GC and AF. For the 5GS assistance in collaborative AI/ML operation between 5GC and AF for Vertical Federated Learning, one of the use cases is QoE prediction which is related to the observed service experience analytics. When NWDAF provides observed service experience analytics, as in other analytics that require input data from the AF, the AF may prevent raw data to be exchanged directly between NWDAF and an external AF, as NWDAF is in the PLMN and the AF is outside the PLMN and the user data has high privacy protection needs.
Furthermore, NWDAF and AF may have different features of the same sample identity, which is a requirement of VFL. In such cases, VFL can be very helpful to break the data isolation and enable joint training between NWDAF and AF. 
In order to protect the data privacy, the model inference for the VFL is also a distributed manner. After the VFL model training completed, each entity will store its local sub model. For the inference phase, each entity uses its own local data to generate the local result based on the local model. The local result will be gathered to generate the final inference result.
Therefore, this solution addresses the issue on how to support the VFL inference procedures based on the QoE prediction use case.
2. Text Proposal
It is proposed to agree the following changes to TR 23.700-84.
* * * * First change * * * *
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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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* * * * Second change * * * *
[bookmark: _Toc157534623][bookmark: _Toc157747894]6.X	Solution #X: General inference procedure for the VFL
[bookmark: _Toc157534624][bookmark: _Toc157747895]6.X.1	Description
This solution is focusing on how 5GC support the VFL inference progress. The difference between the VFL training and inference is that, for the VFL training phase, the one which has the label, should be the active participant to initiate the VFL task. 
However, since the model is already well-trained and stored in each entity and no label is needed for the inference phase, the other entity which wants to know the final result can be the active participant to initiate and control the inference phase. For example, VFL used in the QoE predication use case which is related to the observed service experience analytics supported by the NWDAF. When the NWDAF and AF already perform the VFL training procedure, and the VFL model is already stored in the NWDAF and AF, NWDAF may need to generate the QoE predication output results which is still following the same principle in the existing architecture. The NWDAF can be the active participant to initiate the VFL inference procedure with the AF. NWDAF uses its local dataset to generate its local inference result. AF provides the AF side local inference results based on the AF side local data. NWDAF gathers the results and generate the final inference result (i.e. QoE prediction). 
Following the logic above, NWDAF can control the VFL inference procedure, and still support the observed service experience analytics based on the VFL inference to generate more accurate output.
NOTE 1: How to select the participant that has the VFL capability to perform the VFL inference is not in the scope of this solution.
NOTE 2: The coordinator in the VFL is related to the security key management and the VFL model type (e.g. linear model or DNN model). Therefore, in order to make sure this solution can be used in a more general case, the coordinator role is not considered in this solution.


[bookmark: _Toc157534625][bookmark: _Toc157747896][bookmark: _Toc157534626]6.X.2	Procedures
6.X.2.1       General inference procedure for the VFL between the active participant (e.g. NWDAF) and passive participant (e.g. AF)

 
1. The first step is the same as the existing one captured in the TS 23.288 clause 6.4.4 since the NF consumer doesn’t need to be aware whether the NWDAF performs VFL or normal analytics for the requested analytics ID. Consumer NF sends an Analytics request/subscribe (i.e. Analytics ID = Service Experience, Target of Analytics Reporting = UE IDs, Analytics Filter Information that may include one or more of the following as defined in TS 23.288 Table 6.4.1-1 (Application ID, S-NSSAI, DNN, Application Server Address(es), Area of Interest, RAT type(s), Frequency value(s)), Analytics Reporting Information=Analytics target period) to NWDAF by invoking a Nnwdaf_AnalyticsInfo_Request or a Nnwdaf_AnalyticsSubscription_Subscribe.
2. Based on the requested analytics ID, the NWDAF determines to perform the VFL inference with the AF to generate a more accurate analytics result. NWDAF and AF already performed the VFL training before. Therefore, NWDAF and AF has its own local model to perform the VFL inference. NWDAF, based on the local collected data, decides to perform the VFL inference.
3. NWDAF sends the VFL inference request to the NEF including the internal UE IDs that are used by the NWDAF as the data sample for the inference, the feature profile to indicate what are the feature used by the NWDAF to generate the intermedia inference result, the VFL model correlation ID to indicate which VFL model should be used by the AF to generate the other part of the intermedia inference result.
4. NEF maps the internal UE IDs to the external UE IDs.
5. NEF sends the VFL inference request to the AF including the external UE IDs, the feature profile and the VFL model correlation ID.
6. Based on the external UE IDs and the feature profile received from NEF, AF identifies the related sample and feature that will be used as the local dataset. Based on the VFL model correlation ID, AF choses the local model to generate the local inference result.
7. AF sends the VFL inference response to the NEF including the intermedia result and the VFL model correlation ID.
8. NEF sends the VFL inference response to the NWDAF including the intermedia result and the VFL model correlation ID.
9. Based on the VFL model correlation, NWDAF gathers the intermedia inference result from the AF and from NWDAF itself to generate the final inference result (i.e. observed Service Experience).
10. The NWDAF provides the data analytics, i.e. the observed Service Experience to the consumer NF by means of either Nnwdaf_AnalyticsInfo_Request response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1.
Editor's Note: Whether to use the existing or new service operation between the NWDAF and NEF and between NEF and AF to perform the VFL model inference is FFS.

[bookmark: _Toc157747897]6.X.3	Impacts on services, entities and interfaces
NWDAF: 
Enhanced to initiate the VFL inference procedure to support the request analytics. 
Collects the intermedia results from AF and generates the final inference result based on the AF and NWDAF intermedia inference result.
NEF: 
Enhanced to support the VFL inference related information exchange between NWDAF and AF.
[bookmark: _Hlk157518240]* * * * End of changes * * * *
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