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Introduction
During the last RAN3 #117bis-e meeting, the following agreements and FFS were captured for UE trajectory prediction: 
· Cell based UE Trajectory Prediction is transferred via existing HO signalling messages, it’s FFS on whether other way to transfer the cell based UE Trajectory Prediction information is needed. 
· Cell-based UE Trajectory prediction has the same structure as UE History Information IE. 
· The input needed to train cell-based UE Trajectory prediction, e.g., UE reported history information, UE History Information IE, UE geographic location, etc. is FFS
· Cell-based UE Trajectory prediction is provided as a list of cells into the future, each of which is indicated together with an expected time of stay into the cell.
The cell-level UE trajectory prediction function is located in gNB CU-CP.
In this contribution, we mainly discuss the input information used for UE trajectory prediction and further usage of UE trajectory prediction for AI/ML based mobility optimization use case. 
Discussion
[bookmark: P5][bookmark: P1]Input and Output for UE Trajectory Prediction
It is FFS on what information can be used as input to train cell-based UE trajectory prediction, e.g. UE reported history information, UE History Information IE, UE geographic location, etc.
The existing UE History Information carried in Handover Request message contains information about cells that a UE has been served by in active state prior to the target cell. It includes maximum 16 history cell information. For each history cell information, it includes global cell ID, cell type, time UE stayed in one cell, and handover cause. 
Additionally, the UE may also report its mobility history VisitedCellInfoList in mobilityHistoryReport if it is requested. The VisitedCellInfoList includes the mobility history information of maximum of 16 most recently visited primary cells or time spent in any cell selection state and/or camped on any cell state. The most recently visited cell is stored first in the list. The list includes cells visited during RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states. The target NG-RAN node can request the handed-over UE to report the above information in the UEInformationResponse message. 
The history of global cell IDs in the existing UE History Information or nr-CellId in VisitedCellInfo-r16 provides the target NG-RAN node with the information about how the UE was handed-over in the past. Based on the geographic location of each history cell, one NG-RAN node can predict roughly about the UE trajectory and select the cell covering that predicted area. Moreover, one NG-RAN node can also generate the duration the UE stayed in the predicted cell based on the Time UE Stayed in Cell in the Last Visited NG-RAN Cell Information or timeSpent in VisitedCellInfo-r16.
Since it was agreed that the UE trajectory prediction is in cell-level, there’s no need to use the accurate UE geographic location for model training and model inference.
Proposal 1: The existing UE History Information IE in the Handover Request message and/or mobilityHistoryReport reported by the UE should be used as the input to train cell-based UE trajectory prediction.
Note that the UE mobility history report only includes maximum of 16 most recently visited primary cells. It should be also noted that, with limited information as input, the inference output (i.e. cell-level UE trajectory prediction) cannot be made valid for up to e.g. next 100 cells that the UE is expected to visit in future. To guarantee the accuracy of prediction result, it is better to predict at most next two cells that the UE is expected to visit. The first cell is the target cell for handover, while the second one is the next expected target cell after first handover, i.e. the cell that the UE is expected to be handed over after handover to the target cell. 
Proposal 2: Enhance the Handover Request message (which by default contains the target cell) to include the next predicted handover cell after the UE's handover to the target NG-RAN node.  
Handover prediction
In [1], only one target cell is selected for handover from the prediction output of AI/ML based mobility optimization. However, it is possible that a handover preparation failure can happen for the selected target cell, and if so, the source NG-RAN node needs to either perform Model Inference again or fall back to the legacy handover procedure, which may incur extra delay or service interruption. If the model is able to generate multiple target cells for next hop as output from the beginning, such delay or interruption of repopulating another suitable target cell won't happen from the beginning.
Observation 1: Predicting multiple handover target cells for next hop as the output of AI/ML based mobility optimization can help reduce delay in case handover failure happens.
Additionally, we think that the estimated arrival probability, priority, handover execution timing and time window are suitable outputs when predicting handover target cells. These information have been already agreed as the output of AI/ML based mobility optimization for CHO, i.e. when predicting candidate target cells, and thus they are not something new that should be discussed and agreed. Moreover, we think that those information is useful for the source when down-selecting one target cell for handover among multiple predicted cells. 
Observation 2: The (1) estimated arrival probability; (2) priority; (3) handover execution timing and time window, for which have been already agreed as the output of AI/ML mobility optimization for CHO, are also useful in normal handover, i.e. useful for the source when down-selecting one target cell for handover among multiple predicted target cells. 
Proposal 3: For normal handover, the AI/ML model for mobility optimization produces multiple handover target cells as next hop, together with their (1) estimated arrival probability; (2) priority; (3) handover execution timing and time window.
Then, we think that the predicted handover execution timing is useful for the target as well, since the target is able to prepare resources for potential handover UEs in advance. Moreover, if some AI/ML model for other use cases is running in the target that can predict its future status, then the target may take its future status into account in deciding whether to accept handover request or not, especially at the timing of the received predicted handover execution time from the source. 
Observation 3: Providing the predicted handover execution timing to the potential target cell has the following advantages: 1) the target can prepare resources for potential handover UEs; 2) the target cell may take its future status into account for admission control, at the received predicted handover execution timing. 
In addition to the predicted handover execution timing, other predicted information (e.g. estimated arrival probability, priority, and confidence level) will be also useful for the target to optimize and manage resources by the similar reasons. 
Proposal 4: For normal handover, the source NG-RAN node provides the predicted information (e.g. estimated arrival probability, priority, handover execution timing, confidence level, etc.) in the Handover Request message associated with the target cell that the handover is requested. 
The Handover Request message can be extended to support such prediction information transfer from the source to the target. A new IE “Prediction Information” can be introduced to include the predicted information for the corresponding handover action towards the target NG-RAN node.
Proposal 5: Introduce a new IE “Prediction Information” in the Handover Request message to include the following information:
· Predicted estimated arrival probability
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
CHO configuration
In [1], Model Inference of AI/ML based mobility optimization can also generate several CHO candidate cells, together with estimated arrival probability, confidence level, priority, handover execution timing, predicted resource reservation time window.
As part of the CHO candidate configuration, the above information can be transmitted to the candidate target in the conditional handover request for the UE(s). Based on the priority and/or confidence level information, the target can know the possibility of a UE’s handover. With the time window of the predicted resource reservation, the target can release the resources reserved for the predicted handover UE when that time window expires, which helps to improve resource utilizations at the target.
[bookmark: _Hlk115217758]Proposal 6: The source NG-RAN node sends priority, confidence level and predicted resource reservation time window to the candidate target when requesting CHO for the UE(s). 
Since the confidence level affects the accuracy of all the prediction outcomes, it may be taken into account as the highest priority for admission control. For example, if the confidence level is low, the target may reject CHO directly without further evaluation, i.e. by sending a HANDOVER FAILURE message to the source NG-RAN node. 
Since for CHO the final cell for HO execution is selected by the UE, the above information (i.e. confidence level, priority, handover execution timing) can also be included in the CHO configuration towards the UE over RRC signaling to assist the UE’s CHO decision. 
Proposal 7: The source NG-RAN node includes (1) confidence level; (2) priority; (3) handover execution timing in the CHO configuration to the UE.
In the legacy CHO, the UEs selects the cell for HO execution based on the configured trigger event, i.e. CondEvent A3/A5, which are based on the measurement report for the corresponding cell. And it was left up to UE implementation which cell to choose to execute when several candidate cells are triggered simultaneously. In this case, we think that those information (i.e. predicted priority and/or confidence level) could be used as a tie breaker, i.e. the UE selects one with higher priority or higher confidence level, which also leads to more successful handover.  
Proposal 8: The confidence level and/or priority configured to the UE as part of CHO configuration can be used to break tie when several candidate cells are triggered simultaneously (but details should be left up to UE implementation or up to RAN2 to decide).  
Additionally, we think that the predicted handover execution timing should also be considered as a new conditional trigger event. With this, a UE could simply be made to perform CHO towards one candidate cell when its handover execution timing is met, without any measurement efforts.  
Proposal 9: Introduce “predicted handover execution timing” as a new execution condition for CHO (but up to RAN2 to decide).
And considering that a predicted candidate cell could become invalid/less-optimal after its predicted execution timing, the UE could simply be made not to consider such candidate cell when its handover execution timing expires.
[bookmark: _Hlk118315140]Proposal 10: The UE should not select a CHO candidate cell for handover if its handover execution timing expires (but up to RAN2 to decide).
In the existing Handover Request message, the Conditional Handover Information Request IE is used to request to establish conditional handover toward the CHO candidate cells. To further support AI/ML output for CHO, it is straightforward to re-use this existing IE to include more AI/ML generated information, e.g. predicted handover execution timing, predicted priority, etc. The existing IE “estimated arrival probability” can be directly used for the predicted estimated arrival probability generated by Model Inference instead.
Proposal 11: Extend the existing IE “Conditional Handover Information Request” in the Handover Request message to include for AI/ML based mobility optimization for CHO:
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
As for the CHO configuration toward a UE, it is suggested to send LS to RAN2 to define such information in the  RRCReconfiguration message. 
Proposal 12: Send LS to RAN2 to define AI/ML based CHO configuration in the RRCReconfiguration message, including:
· Predicted priority of CHO candidate cell
· Predicted handover execution timing of CHO candidate cell (as new execution condition)
· Confidence level
· Not selecting a CHO candidate cell for handover if its handover execution timing expires.
Conclusion
In this contribution, we discussed the stage-3 details for mobility optimization use cases.
We propose the following observations and proposals:
Proposal 1: The existing UE History Information IE in the Handover Request message and/or mobilityHistoryReport reported by the UE should be used as the input to train cell-based UE trajectory prediction.
Proposal 2: Enhance the Handover Request message (which by default contains the target cell) to include the next predicted handover cell after the UE's handover to the target NG-RAN node.  
Observation 1: Predicting multiple handover target cells for next hop as the output of AI/ML based mobility optimization can help reduce delay in case handover failure happens.
Observation 2: The (1) estimated arrival probability; (2) priority; (3) handover execution timing and time window, for which have been already agreed as the output of AI/ML mobility optimization for CHO, are also useful in normal handover, i.e. useful for the source when down-selecting one target cell for handover among multiple predicted target cells. 
Proposal 3: For normal handover, the AI/ML model for mobility optimization produces multiple handover target cells as next hop, together with their (1) estimated arrival probability; (2) priority; (3) handover execution timing and time window.
Observation 3: Providing the predicted handover execution timing to the potential target cell has the following advantages: 1) the target can prepare resources for potential handover UEs; 2) the target cell may take its future status into account for admission control, at the received predicted handover execution timing. 
Proposal 4: For normal handover, the source NG-RAN node provides the predicted information (e.g. estimated arrival probability, priority, handover execution timing, confidence level, etc.) in the Handover Request message associated with the target cell that the handover is requested. 
Proposal 5: Introduce a new IE “Prediction Information” in the Handover Request message to include the following information:
· Predicted estimated arrival probability
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
Proposal 6: The source NG-RAN node sends priority, confidence level and predicted resource reservation time window to the candidate target when requesting CHO for the UE(s). 
Proposal 7: The source NG-RAN node includes (1) confidence level; (2) priority; (3) handover execution timing in the CHO configuration to the UE.
Proposal 8: The confidence level and/or priority configured to the UE as part of CHO configuration can be used to break tie when several candidate cells are triggered simultaneously (but details should be left up to UE implementation or up to RAN2 to decide).  
Proposal 9: Introduce “predicted handover execution timing” as a new execution condition for CHO (but up to RAN2 to decide).
Proposal 10: The UE should not select a CHO candidate cell for handover if its handover execution timing expires (but up to RAN2 to decide).
Proposal 11: Extend the existing IE “Conditional Handover Information Request” in the Handover Request message to include for AI/ML based mobility optimization for CHO:
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
Proposal 12: Send LS to RAN2 to define AI/ML based CHO configuration in the RRCReconfiguration message, including:
· Predicted priority of CHO candidate cell
· Predicted handover execution timing of CHO candidate cell (as new execution condition)
· Confidence level
· Not selecting a CHO candidate cell for handover if its handover execution timing expires.
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