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Abstract: Propose a solution for KI#7 by providing 5GS assistance for FL member selection based on UE location and direction.
1. Introduction/Discussion
Federated Learning can be applied to vehicle services such as real-time navigation map that often has large amount of local data. For the real-time navigation map service, each vehicle makes use of machine learning to recognize traffic situation such as traffic accidents or new traffic signs through images and videos taken by the driving recorder or in-vehicle camera. The information is then sent to the central server to update the navigation map in real time. The machine learning model for the real-time navigation map can be better trained if more accurate information and more efficient network resources are provided together with the more secured privacy protection that can be offered by the FL mechanism.
Proper FL member selection is important to improve the performance of convergence time and the inference accuracy. Current use cases usually consider the UE capability (e.g. computing resource, memory, battery and etc.) and radio condition due to heterogeneous environment. However, low correlation and dependency of training data are also the important factors for the training performance. As shown in Figure 1, each vehicle running in the same down lane will have similar data of a traffic accident from its driving recorder or in-vehicle camera. If the similar data set are used for FL training, the training performance will be ineffective and bias.
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Figure 1. Recognition of traffic accident
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-80.
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This contribution addresses KI#7 on “5GS Assistance to Federated Learning Operation” by providing 5GS assistance for FL member selection based on UE’s location and direction. 
[bookmark: _Toc97271691]6.X.1	Description
[bookmark: _Toc326248711][bookmark: _Toc20147943][bookmark: _Toc23145943]The example shows shown in Figure 6.X.1-1 is very common for vehicles since they can only move on the road which makes that geographically close vehicles tend to have similar data sets from in-vehicle cameras or sensors. To avoid to select these nodes with similar data sets for FL training, 5GC needs to ensure that the distance between each candidate UE provided to the FL server is adequately apart.
Moreover, in Figure 6.X.1-1, car1 and car2 have the same location information from 5GC point of view since they are in the same cell, however they are running at different direction on the road and may have different data sets from in-vehicle camera. For location based FL member selection, this situation need to be considered which means finer granularity (e.g. cell level instead of TA level) and more specifically defined (e.g. same or opposite direction) of location information is needed.
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6.X.1- 1: Recognition of traffic accident
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Figure 6.X.2-1: 5GS assistance for FL member selection based on UE’s location and direction

NOTE: The functionality of the NEF has been extended in this solution in order to support the assistance of the FL member selection for the given FL operation.   
Step 1 
In order to select the UEs with different data sets which are within the FL coverage area, the AF requests 5GS assistance to support the UE selection by considering the UE’s current location and direction.  AF includes the External Group Identifier and the following filtering info as part of the FL UE selection request: 
FL Coverage Area: The FL training server’s coverage area, i.e. the coverage area of the FL training server where the selected UEs participate in the FL operation
When providing a target area for FL, the AF may provide sub-areas (e.g. cell 1,2,3), and provide a maximum number of UEs (e.g. 2) that should take part in FL from each sub-area.
· Direction: Select the UE with the different direction in the FL coverage Area.
Step 2 
NEF translates the External Group Identifier to Internal Group Identifier (the procedure as defined in TS23.502 clause 4.13.2). 	Comment by Nokia: Can the reference from the figure be more explicit?
Steps 3-4 
In order to locate the group of UEs which are associated with the AF and are within the FL training server coverage (i.e. FL coverage area),  and more specifically, they can be identified to be located at the sub-area of the FL coverage area, for each sub-area of the FL coverage area, the NEF invokes Namf_EventExposure_Subscribe service operation with the Internal Group Identifier, event ID = Number of UEs present in a geographical area. AMF will provide a list of UEs that are within the sub-area of the FL coverage area to the NEF using the Namf_EventExposure_Notify service operation. 
Step 5
In order to identify the appropriate NWDAF which can provide UE mobility analytic output in the order to get the UE direction, the NEF needs to select the suitable NWDAF by initiating the NWDAF discovery request (Analytics ID = UE mobility, AOI = Target AOI) with Internal Group Identifier. 
Steps 6-7
The NEF invokes NWDAF Analytics Info request (Internal Group Identifier, Analytics ID = UE mobility, Filters include “AOI (e.g. cell1,2,3))”). NWDAF will then provide a list of UEs and UE’s location in the order of which the UE passes through to the NEF. Then the NEF gets the corresponding statistics of UE mobility and the UE’s direction (as defined in TS 23.288, clause 6.37.2).	Comment by Nokia: Seems to be wrong reference as this clause is voided in TS 23.288.
Steps 8-9
Based on the step 3-4, the NEF knows the list of UE in the FL coverage area and each UE’s location within the sub-area. Based on the step 6-7, NEF will know the direction of each UE. NEF selects the candidate UEs based on the request from AF. For example, the NEF selects two UEs in each cell and the NEF selects the UE with the different direction within the FL coverage Area. The NEF notifies AF for such UE candidate list.	Comment by Nokia: Any enhancement needed to UE mobility analytics?
Toyota> Yes, the corresponding enhancement to UE mobility analytics is discussed in eNA_ ph3 (sol.26 in TR23.700-81).
Steps 10
The NEF also needs to consider the list of UEs which are now within the FL coverage area, but may move out of the FL coverage area. Therefore, for each UE in the candidate list in steps 8-9, the NEF invokes the Namf_EventExposure_Notify service with UE ID = SUPI, Event ID=UE moving in/out of AOI (PRA) to keep track the movement of the UE(s) in/out of the AOI. 
Steps 11-12
If step 10 identifies any UE which is moving out of the FL coverage area, the NEF may further notify AF of the given UE which is moving out the coverage.	Comment by Nokia: Any need to also add new entering UEs?
Toyota> The intention here is to notify AF that some selected candidate UEs have moved out the coverage and are not suitable for FL any more. So we do not need new entering UEs here.
Step 13
When AF completes the FL operation, it terminates the 5GS assistance support for the UE selection based on the UE’s location and direction.
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6.X.3	Impacts on services, entities and interfaces
NEF:
· New service operation to provide the candidate UE selection function.
· Select the candidate UE list based on the Interested area information, maximum number of UEs in sub-area and UE direction request provided by AF. 
AF:
· Request NEF to provide the candidate UE list based on the Interested area information, maximum number of UEs in sub-area and UE direction.
NEDAFNWDAF:
· If multiple UE locations are provided, they will be in the order of which the UE passes through.
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1. AF triggers the UE selection with the filter condition and External Group Identifier
5. NWDAF discovery request/response (Analytics ID = UE mobility, AoI)
6.NWDAF Analytics Info request (Internal Group Identifier, Analytics ID = UE mobility, Filters = Area of Interests
7. Mobility analytics result (Statistics lcoation information for each UE will be in the order of which the UE passes through)
9. Notification of Candidate UEs

The NEF invokes NWDAF Analytics info request to get any UE’s location in the order
8. Based on the step 3-4, the NEF knows UEs  within the sub-area and based on the step 6-7, NEF will know the direction of each UE. NEF selects the candidate UEs which are in the different sub-area and has different direction.
3.Namf_EventExposure_Subscribe service operation (Internal Group Identifier, Event ID = Number of UEs present in a geographical area)
4. Namf_EventExposure_Notify service operation (list of UEs in the geographical area)

The NEF sends event request to search for UE group corresponding to the AF within FL server’s coverage and list of UEs that are within each sub-area of the FL coverage area.
2. If the External Group Identifier  is received, the NEF performs the procedure as defined in TS23.502 clause 4.13.2 to map the External Group Identifier to Internal Group Identifier
12. Notification of Candidate UE is In/Out of PRA
11. Namf_EventExposure_Notify service operation (UE presence in the Area Of Interest and UE location)
13. AF terminates the UE selection request  with NEF
10. Namf_EventExposure_Subscribe service operation (SUPI, Event ID = UE moving in/out of AoI, PRA)

For each candidate UE in Step 8, NEF sends event request to track the UEs which are corresponding to the AF  for moving in/out of  FL server’s coverage



