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1 Introduction
[bookmark: OLE_LINK10][bookmark: _Hlk165310774][bookmark: _Hlk165310927][bookmark: _Hlk165310834]In RAN3#123bis meeting, there was discussion on Multi-hop UE trajectory across gNBs and the agreements were achieved as below:
It is agreed to evaluate solutions on multi hop trajectory and check their impact on specifications with the aim of minimizing that. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
And the following issues were captured and need to be continued in next meeting:
· Further discuss the ES and multi-hop use cases and solutions based on principles as approved above
In this contribution, we would discuss on the potential solutions of Multi-hop UE trajectory across gNBs and provide some proposals.
2 Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: _Hlk146567562]In the discussion on UE Trajectory Prediction in Rel-18 AI/ML for NG-RAN, Multi-hop UE trajectory across gNBs had been mentioned. But considering the potential enhancement/complex and the time limit, the UE trajectory prediction and measured UE trajectory collection in Rel-18 was only limited to the next one hop target NG-RAN node and the related work was completed in Rel-18, including the signaling procedures of UE Trajectory prediction and measured UE Trajectory collection, the information included in predicted UE Trajectory and measured UE Trajectory and the Configuration of UE Trajectory Collection, etc.
Considering the mechanism of UE Trajectory prediction/collection for one hop target NG-RAN node defined in Rel-18, we prefer to reuse the existing procedures and messages as much as possible and consider only the necessary enhancements for Multi-hop UE trajectory across gNBs.
Proposal 1: RAN3 consider to support Multi-hop UE trajectory across gNBs in Rel-19 AI/ML for NG-RAN.
[bookmark: OLE_LINK8]Proposal 2: For the normative work for Multi-hop UE trajectory across gNBs, it is proposed to reuse the existing procedures and messages of for one hop target node as much as possible and only consider the necessary enhancements in Rel-19.
2.1 UE Trajectory Prediction
[bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK3]As for Multi-hop UE trajectory across gNBs, the NG-RAN node with AI/ML model could be called the source node which has the capability to generate the UE trajectory prediction that may include a list of cells related to multiple target nodes. As illustrated in Figure 1, Target node-1 can get the prediction from Source node about the information of Target node-2 (including one or multiple cells) which UE will connect to after leaving Target node-1. The UE Trajectory prediction can be used as the assistance information by Target node-1 for UE handover decision and handover preparation. 
[image: ]
Figure 1: Multi-hop UE trajectory across gNBs
About how to convey the predicted UE Trajectory information from Source node to multiple Target nodes, we observe there are two main options as below from [1] ~ [5].
· Option 1 (Hop-by-hop): Source node convey the prediction to the first hop Target node (e.g., Target node-1 in Figure1). And then Target node-1 could forward the prediction to its next hop Target node (e.g., Target node-2 in Figure1). And then Target node-2 send the related prediction to its next hop Target node. If Target node-1 also has the deployment of AI/ML model for UE Trajectory prediction, it can update or replace the prediction from Source node and send the new prediction generated by Target node-1 to its next hop Target node.
· Option 2 (Point-to-multi-point): Source node convey the prediction to every target node directly by itself.
Compare the above two options, we think Option 1 (Hop-by-hop) has more advantages. For example, for Hop-by-hop, if Target node-1 does not handover the UE to Target node-2, the prediction will not be sent to Target node-2 to avoid the unnecessary overhead between Target node-1 and Target node-2. And if Target node-1 has the deployment of AI/ML model for UE Trajectory prediction, it could choose to either forward the prediction from the Source node to its next hop Target node or generate a new prediction and send to its next hop Target node to ensure the performance of UE Trajectory prediction. Moreover, the existing procedure of Handover Request to transfer the UE Trajectory Prediction can be reused.
But for Point-to-multi-point, on one hand, it may cause the large signaling overhead and wasting of resources since the nodes could get the prediction to reserve resources for the coming UE but the UE may not be handed over to the nodes. On the other hand, the prediction forwarding may be limited by Xn interface between Source node and Target nodes. This may cause some Target nodes may not get the prediction or make the forwarding procedure complex. Furthermore, the UE Trajectory Prediction cannot be sent in Handover Request since the prediction will be sent to the nodes before UE is handed over. So a new procedure or message may be needed.
Based on the above analysis, we prefer to use Option 1 as the baseline to convey the UE Trajectory prediction across gNBs from Source node to Target node. 
Proposal 3: To take Hop-by-hop as the baseline for the forwarding of the UE Trajectory prediction across gNBs and UE trajectory collection configuration. 
If Proposal 3 is agreed, the transfer time of UE Trajectory Prediction for Multi-hop UE trajectory across gNBs may be longer than the time for only one hop target node. So we think the timestamp when the UE Trajectory Prediction generated or the period of validity for the UE Trajectory Prediction may need to be considered for Multi-hop UE trajectory across gNBs to avoid the confusion of HO decision or resource reservation caused by outdated/invalid prediction information.
Proposal 4: The timestamp when the UE Trajectory Prediction generated or the period of validity for the UE Trajectory Prediction need to be considered in the enhancements for Multi-hop UE trajectory across gNBs.
2.2 Measured UE trajectory collection
Similar with forwarding of UE Trajectory Prediction, there are also two main options for Measured UE Trajectory collection. 
· Option 1 (Hop-by-hop): The measured UE Trajectory is sent from the node to its previous hop node. As illustrated in Figure 1, Target node-2 send the measured UE Trajectory to Target node-1. And then Target node-1 send the UE Trajectory measured by itself and the measured UE Trajectory from Target node-2 to source node.
· Option 2 (Point-to-multi-point): Target nodes feedback the measured UE Trajectory to Source node directly.
In Option 1 (Hop-by-hop), the intermediate hop node (e.g., Target node-1 in Figure1) needs to collect measured UE Trajectory in the cells where the UE connect within Target node-1 and receive the measured UE Trajectory that is sent from its next hop node; and then send the information to its previous hop node. The intermediate hop node needs to keep UE context after handover execution for the duration of the measured UE Trajectory collection from its next hop node. It brings the implementation complexity for the intermediate hop node without any benefit from the measured UE Trajectory collection.
Observation 1: For Hop-by-hop, the intermediate hop node needs to keep UE context after handover execution for the duration of the measured UE Trajectory collection from its next hop node. It brings the implementation complexity for the intermediate hop node.
In Option 2 (Point-to-multi-point), the feedback of measured UE Trajectory is limited by Xn interface. If there is no Xn interface between Source node and some Target node, the measured UE Trajectory related to the Target node cannot sent to Source node directly, that may result in the missing of partial measured UE Trajectory or great impact on specs to introduce new feedback procedure.
Observation 2: For Point-to-multi-point, the feedback of measured UE Trajectory is limited by Xn interface between Source node and Target nodes. It may result in the missing of partial measured UE Trajectory or great impact on specs.
Based on the above analysis, we think the above two options have their own application scenarios. For example, in the case where there is Xn interface between source node and target node, Point-to-multi-point solution could be used, that means the target node could send the measured UE Trajectory to Source node directly to avoid the related intermediate hop node keep UE context for a long time after handover execution. Otherwise, in the case where there is no Xn interface between source node and target node, Hop-by-hop solution could be used. With the help of the intermediate hop node,  the measured UE Trajectory could be reported to source node to avoid the measured UE Trajectory missing.
Observation 3: The above two options could be used in different scenarios.
[bookmark: _Hlk166169084]From the above analysis, we also observe that the info of Xn interface between source node and target nodes is useful for target nodes to choose the appropriate feedback path. For example, when there is no Xn interface between a target node and source node, with the help of the info of Xn interface the target node could find one intermediate hop node in the UE trajectory, which has the Xn interface with the target node and with the source node, respectively. 
To be specific, the information of Xn interface could be provided by source node or target nodes. For example, when the source node generates the UE Trajectory Prediction, it could also provide the information of Xn interface between the source node and the related target nodes in the UE Trajectory Prediction. In another case where the information of Xn interface provided by target nodes, when UE is handed over to a target node, the node could add the information of Xn interface and provide information to its next hop node when it forwards the UE Trajectory Prediction to its next hop node. Therefore, the information of Xn interface between source node and target nodes could be considered as a part of the UE Trajectory Prediction and provided by source node or target nodes.
Observation 4: The info of Xn interface between source node and target nodes is helpful for target nodes to choose the appropriate feedback path.
Proposal 5: RAN3 considers to introduce the info of Xn interface between source node and target nodes in the UE Trajectory Prediction. 
[bookmark: OLE_LINK28]Proposal 6: The information of Xn interface between source node and target nodes could be provided by source node or target nodes.
[bookmark: _Hlk165991362]In order to terminate the measured UE Trajectory collection in time, the condition triggers are defined in Rel-18, including Switch of UE state, UE leaves the target node, Expiration of the report time duration and the configured number of hand-overs within the same target node is reached. And the related configuration of triggers is included in UE Trajectory Collection Configuration. 
As for Multi-hop UE trajectory across gNBs, the time of stay in every target node which UE connect to or the remaining time of UE Trajectory Collection time duration may be needed to determine the collection time duration in the next hop node and terminate the measured UE Trajectory collection timely when the time duration expiry. And the related information could be included in the UE Trajectory Collection Configuration and provided hop-by-hop to next hop node. 
Observation 6: The time of stay in every target node which UE connect to or the remaining time of UE Trajectory Collection time duration is helpful to determine the collection time duration in the next hop node and terminate the measured UE Trajectory collection timely when the time duration expiry.
Proposal 7: The time of stay in every target node which UE connect to or the remaining time of UE Trajectory Collection time duration should be considered in the enhancements of UE Trajectory Collection Configuration.
Here is an example of the procedure of Multi-hop UE trajectory across gNBs:
[image: ]
Figure 2: An example of the procedure
3 Conclusion
In this paper, we discuss on the potential solutions of Multi-hop UE trajectory across gNBs, we have the following observations and proposals:
Proposal 1: RAN3 consider to support Multi-hop UE trajectory across gNBs in Rel-19 AI/ML for NG-RAN.
Proposal 2: For the normative work for Multi-hop UE trajectory across gNBs, it is proposed to reuse the existing procedures and messages of for one hop target node as much as possible and only consider the necessary enhancements in Rel-19.
For UE Trajectory Prediction
Proposal 3: To take Hop-by-hop as the baseline for the forwarding of the UE Trajectory prediction across gNBs and UE trajectory collection configuration. 
Proposal 4: The timestamp when the UE Trajectory Prediction generated or the period of validity for the UE Trajectory Prediction need to be considered in the enhancements for Multi-hop UE trajectory across gNBs.
For Measured UE trajectory collection
Observation 1: For Hop-by-hop, the intermediate hop node needs to keep UE context after handover execution for the duration of the measured UE Trajectory collection from its next hop node. It brings the implementation complexity for the intermediate hop node.
Observation 2: For Point-to-multi-point, the feedback of measured UE Trajectory is limited by Xn interface between Source node and Target nodes. It may result in the missing of partial measured UE Trajectory or great impact on specs.
Observation 3: The above two options could be used in different scenarios.
Observation 4: The info of Xn interface between source node and target nodes is helpful for target nodes to choose the appropriate feedback path.
Proposal 5: RAN3 considers to introduce the info of Xn interface between source node and target nodes in the UE Trajectory Prediction.
Proposal 6: The information of Xn interface between source node and target nodes could be provided by source node or target nodes.
Observation 6: The time of stay in every target node which UE connect to or the remaining time of UE Trajectory Collection time duration is helpful to determine the collection time duration in the next hop node and terminate the measured UE Trajectory collection timely when the time duration expiry.
Proposal 7: The time of stay in every target node which UE connect to or the remaining time of UE Trajectory Collection time duration should be considered in the enhancements of UE Trajectory Collection Configuration.
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