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1 Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK24]In RAN#102 meeting, the new SI on enhancements for AI/ML for NG-RAN was approved [1] with the following objectives:
	4.1	Objective of SI or Core part WI or Testing part WI
The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers.
The detailed objectives of the SI are listed as follows:
· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction
-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.


In this contribution, we would discuss on Multi-hop UE trajectory across gNBs Rel-18 leftovers as candidates for normative work and provide some proposals.
2 Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK5]In the discussion on UE Trajectory Prediction in Rel-18 AI/ML for NG-RAN, Multi-hop UE trajectory across gNBs had been mentioned and the following agreement was achieved in [2]. 
Predicted UE Trajectory conveyed in the Handover Request can span across multiple NG-RAN nodes.
[bookmark: OLE_LINK26]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 with the agreements achieved as shown below.
[bookmark: OLE_LINK17]In Rel18, the UE trajectory prediction is only limited to the next one hop target NGRAN node, and the source NGRAN node can collect measured UE trajectory (in the form of UE History Information) related to one or multiple cells within the single next hop target NGRAN node after handing over the concerned UE(s).
The presence of predicted time UE stays in cell shall be optional.
UE Trajectory Prediction is transferred to the target gNB via the Handover Request.
Take the procedure for UE performance feedback report as the baseline to also support the measured UE trajectory collection by the source gNB.
The measurement object to request the report of the UE Trajectory IE should be introduced in the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message.
The AI/ML Measurement ID in HANDOVER REQUEST from source gNB is reused to trigger the target node feedback the UE trajectory information to the source gNB.
AI/ML INFORMATION UPDATE from target node is used to convey the UE trajectory information.
The conditions triggering the one-time reporting are at least: 
· Condition A: Switch of UE state (e.g. UE goes to RRC_IDLE/RRC_INACTIVE);
· Condition B: UE leaves the target node; 
· Condition C: Expiration of the report time duration;
· Condition D: The configured number of hand-overs within the same target node is reached. 
Report time duration and configured number of intra-NG-RAN node inter-cell handovers are included in DATA COLLECTION REQUEST message. 
Encode the Measured UE Trajectory with new IE with Global NG-RAN Cell Identity and Time UE Stays in Cell as mandatory.
[bookmark: OLE_LINK31][bookmark: OLE_LINK27][bookmark: _Hlk146567562]Based on the above agreements, we can see that the complete mechanism of UE Trajectory prediction/collection for one hop target NG-RAN node was defined 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.
[bookmark: OLE_LINK2]Observation 1: The complete mechanism of UE Trajectory prediction/collection for one hop target NG-RAN node was defined in Rel-18, including
· Signaling procedures of UE Trajectory prediction and measured UE Trajectory collection
· Information included in predicted UE Trajectory and measured UE Trajectory
· Configuration of UE Trajectory Collection
[bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK3]As for Multi-hop UE trajectory across gNBs, 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. On the other hand, the additional capability of AI/ML module in source NG-RAN and the greater volume of data collection for AI/ML module training are required inevitably to predict the UE Trajectory across multiple NG-RAN nodes. 
[image: 图片1]
Figure 1: Multi-hop UE trajectory across gNBs
Observation 2: As for Multi-hop UE trajectory across gNBs, 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 the 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.
[bookmark: _Hlk162874719]Proposal 1: RAN3 consider to support Multi-hop UE trajectory across gNBs in Rel-19 AI/ML for NG-RAN.
In light of 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.
[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.
From our point of view, how to convey the predicted UE Trajectory information from Source node to multiple Target nodes and how to execute the measured UE Trajectory collection are the key issues for Multi-hop UE trajectory across gNBs. They may bring a series of enhancement requirements. 
Observation 3: How to convey the predicted UE Trajectory information from Source node to multiple Target nodes and how to execute the measured UE Trajectory collection are the key issues for Multi-hop UE trajectory across gNBs. They may bring a series of enhancement requirements.
Proposal 3: How to convey the predicted UE Trajectory information from Source node to multiple Target nodes and how to execute the measured UE Trajectory collection are the key issues for Multi-hop UE trajectory across gNBs. It is proposed to consider these key issues as the start point for the discussion on the necessary enhancements.
[bookmark: OLE_LINK9]As per Multi-hop UE trajectory across gNBs, the AI/ML model in Source node has the capability to generate the UE trajectory prediction which may include a list of cells related to multiple target nodes. That means Source node should to convey the prediction information to all the related target nodes in time. We think there are two options:
· Option 1: Source node convey the prediction information to every target node directly by itself. It may cause the large signaling overhead for source node and may be limited by the interface between Source node and Target nodes which will make the procedure complexed.
· [bookmark: OLE_LINK11]Option 2: Source node convey the prediction information to the first hop Target node (e.g., Target node-1 in Figure1). And then Target node-1 convey the prediction information to its next hop Target node (e.g., Target node-2 in Figure1) when Target node-1 make sure UE will handover to Target node-2. And then Target node-2 send the related prediction information to its next hop Target node. That means the prediction information will be conveyed from one node to the next hop node in order. If Target node-1 does not handover the UE to Target node-2, the prediction information will not be sent to Target node-2 to avoid the unnecessary overhead for both Target node-1 and Target node-2. Moreover, if Target node-1 also has the deployment of AI/ML model for UE Trajectory prediction, it can update or replace the prediction information from Source node and send the lasted prediction information to its next hop Target node to ensure the performance of UE Trajectory prediction.
Based on the above analysis, we prefer to use Option 2 as the baseline to convey the UE Trajectory prediction across gNBs from Source node to Target node.
Proposal 4: The baseline to convey the UE Trajectory prediction across gNBs is that the prediction information is conveyed from one node to the next hop node in order. And the existing procedure of Handover Request to transfer the UE Trajectory Prediction can be reused.
If Proposal 4 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 and 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 caused by outdated prediction information.
Proposal 5: The timestamp when the UE Trajectory Prediction generated and the period of validity for the UE Trajectory Prediction need to be included in the IE of UE Trajectory Prediction for Multi-hop UE trajectory across gNBs.
Accordingly, measured UE Trajectory collection has the similar problem with UE Trajectory Prediction. And we also prefer to transfer the measured UE Trajectory from the node to its previous hop node in order. For the intermediate node(e.g., Target node-1 in Figure1), it needs to collect measured UE Trajectory that is the cells where the UE connect within Target node-1 and receive the measured UE Trajectory that is transferred from its next hop node; and then merge the measured UE Trajectory and transfer the information to its previous hop node.
Proposal 6: The baseline to convey the measured UE Trajectory across gNBs is that the measured UE Trajectory is conveyed from one node to the previous hop node in order. And the existing procedure of measured UE Trajectory reporting can be reused.
3 Conclusion
In this paper, we discuss on Multi-hop UE trajectory across gNBs, we have the following observations and proposals:
Observation 1: The complete mechanism of UE Trajectory prediction/collection for one hop target NG-RAN node was defined in Rel-18, including
· Signaling procedures of UE Trajectory prediction and measured UE Trajectory collection
· Information included in predicted UE Trajectory and measured UE Trajectory
· Configuration of UE Trajectory Collection
Observation 2: As for Multi-hop UE trajectory across gNBs, 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 the 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.
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.
Observation 3: How to convey the predicted UE Trajectory information from Source node to multiple Target nodes and how to execute the measured UE Trajectory collection are the key issues for Multi-hop UE trajectory across gNBs. They may bring a series of enhancement requirements.
Proposal 3: How to convey the predicted UE Trajectory information from Source node to multiple Target nodes and how to execute the measured UE Trajectory collection are the key issues for Multi-hop UE trajectory across gNBs. It is proposed to consider these key issues as the start point for the discussion on the necessary enhancements.
Proposal 4: The baseline to convey the UE Trajectory prediction across gNBs is that the prediction information is conveyed from one node to the next hop node in order. And the existing procedure of Handover Request to transfer the UE Trajectory Prediction can be reused.
Proposal 5: The timestamp when the UE Trajectory Prediction generated and the period of validity for the UE Trajectory Prediction need to be included in the IE of UE Trajectory Prediction for Multi-hop UE trajectory across gNBs.
Proposal 6: The baseline to convey the measured UE Trajectory across gNBs is that the measured UE Trajectory is conveyed from one node to the previous hop node in order. And the existing procedure of measured UE Trajectory reporting can be reused.
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