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1	Introduction
In RAN3 #119-bise the following agreements were made:
Predicted UE Trajectory conveyed in the Handover Request can span across multiple NG-RAN nodes.
In Rel_18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs.
The presence of the predicted time UE stays in a cell in the predicted cell-based trajectory remains still an open issue: 
The presence of time stay of UE, optional or mandatory is FFS.
Another open issue is related to the information that comprises UE Trajectory Information:
It needs to be further discussed if the UE Trajectory Information consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated.
In this contribution, we address the two open issues above and provide a TP to BLCR for TS 38.423.
2	Predicted time UE stays in a cell
Cell-based UE Trajectory prediction, provided as a list of cells into the future, each of which is indicated together with a predicted time of stay into the cell, can be sent in Handover Request message for AI/ML Mobility Optimization. This information can be useful to the target node to perform: 
· Resource reservation, namely, to allocate resources accordingly depending on how long a UE is expected to stay in its cells.
· Training or Retraining of a cell-based trajectory prediction AI/ML Model using neighbour information in the training input.
In addition, cell-based trajectory information at the source is useful to the NG-RAN serving the UE to select: 
· A handover method, e.g., to allow a source node to decide whether to trigger conditional handover versus baseline handover.
· Select the next target node.
In the absence of an expected time of stay of a UE at a cell, the promised gains from sending cell-based predicted trajectory from a source to a target node diminish. Specifically, a target will not be able to know for how long to reserve resources for the incoming handover. In addition, if timing information is missing a source node may not know whether to trigger a normal handover or a conditional handover. 
A scenario where predicted time UE stays in a cell is not necessarily needed could be to configure different candidate target cells for CHO Handover. However, the predicted UE trajectory is currently provided as a sequence of predicted cells along a single path. Therefore, a single cell in the list can be considered for Handover, but the list of cells does not indicate (per hop) multiple candidate cells which could be used for possible CHO Handover. 
Observation 1: The current form of predicted UE Trajectory does not enable predicting multiple possible target cells, within a single hop, that could be used to configure CHO. 
Therefore, in the present structure of predicted UE Trajectory the timing aspect is important. Note that different predicted times of stay in the same cell give rise to different trajectories. As can be seen in Figure 1, both UEs, UE1 and UE2, follow the same path over a set of cells in the same order. However, entering time to the next cell and effectively the duration of stay in the cell are different per UE so their trajectories are different, e.g. from the point of view of prediction of required resources. 
Observation 2: The same sequence of cells gives rise to different UE trajectories. 


[bookmark: _Ref131432870]Figure 1 UE Trajectory example for two UEs, UE1 and UE2. Figure also illustrates the different times spent in a cell for the two UEs and how this defines different trajectories.
Another possible information that can be extracted from Figure 1 is the UE’s short stay in a cell. For example, UE 1 spends very limited time in Cell 4, as the UE executes a handover to Cell 6 immediately after entering Cell 4. Handover to Cell 4 may be a handover to a wrong cell that may be prevented if the predicted time of stay is indicated together with the cell information.
For the reasons above we think that the expected time of stay in a cell needs to be a mandatory field in cell-based UE Trajectory prediction when this is provided as a list of cells into the future.
Proposal 1: When cell-based UE Trajectory prediction is provided as a list of cells together with a predicted time UE stays in a cell, the predicted time of stay in a cell is a mandatory IE.   
It is of course possible that in certain cases the source node may have some uncertainty in obtaining a predicted time of stay of a UE over a single cell, since UE movement may not provide sufficient information to predict a time spent in a “next” cell. If this happens, we think that sending only information about the next cell is not useful to the target node since it misses the important timing information aspect, which is essential for all considered purposes for which UE Trajectory prediction is sent to a neighbouring node. 
One option is that in case a source NG-RAN node is unable to provide predicted time of stay in a certain cell the source does not send this predicted UE Trajectory to the target node.  
One other option is that the source node may try to extend the cell list where a predicted time of stay of a UE can be calculated. For example, in the cell-based UE trajectory of Figure 1, if the time UE stays in Cell 3 and Cell 4 cannot be individually predicted, the source may predict the time UE stays over a larger area comprising of both Cell 3 and Cell 4 or of Cell 3, Cell 4 and Cell 6 (Figure 2). Inclusion of the timing information even over a larger number of cells can be useful since such can enable the target to, for example, configure CHO handover. Therefore, in cases when the time UE stays in a cell cannot be provided for each cell, we think that the following options should be considered:
· Option a): Source node does not include in Handover Request message the cell-based UE trajectory for which the predicted time UE stays in a cell cannot be calculated. 
· Option b): For the hop for which predicted time UE stays in a cell cannot be obtained, cell-based UE trajectory is provided as an extended list of cells for which a predicted time UE stays in the list can be calculated.



[bookmark: _Ref134748440]Figure 2 Figure illustrates predicted time UE stays over a larger cell area.
Proposal 2: When the time UE stays in a cell cannot be provided for each cell, the following options should be considered:
· Option a): Source node does not include in Handover Request message the cell-based UE trajectory for which the predicted time UE stays in a cell cannot be calculated. 
· Option b): For the hop for which predicted time UE stays in a cell cannot be obtained, cell-based UE trajectory is provided as an extended list of cells for which a predicted time UE stays in the list can be calculated.


3	Input Data for Training Cell-based UE Trajectory Prediction
To provide reliable predictions of a cell-based UE trajectory, suitable UE Trajectory Information (data) must be used in the input of the corresponding ML model. It is still an open point whether the actual trajectory consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated. 
A ML model for cell-based UE Trajectory prediction may utilize measurements reported through the network interfaces, such as UE History Information together with UE reported Mobility History Information when UE connects to the network after idle mode. However, UE History information reported at a network node provides a sequence of cells that the UE has visited in the past until it connected to the node but doesn’t give any information about the cells that the UE will visit in the future. A node may be able to determine the first target node using this information but cannot have any visibility regarding future cells. A node cannot predict a list of cells into the future without receiving any UE Trajectory Information over those cells.
Observation 3: A node cannot predict a UE Trajectory of future cells without receiving UE Trajectory Information over those cells. 
Given that the intention is to predict UE trajectories over future cells, data collection over future cells a UE may visit in the future is needed to be provided from target node to the source node so that this information becomes available at the node training an ML Model for UE Trajectory prediction. UE History Information and UE History Information from UE need to be sent backwards from a target NG-RAN node to a source NG-RAN node that trains a ML Model for cell-based UE Trajectory prediction.
Proposal 3: UE History Information and UE History Information from UE are sent from a target NG-RAN node to a source NG-RAN node that trains an ML Model for cell-based UE Trajectory prediction. 
A question that was discussed during last RAN3 meeting is how the source may receive UE Trajectory feedback. In the last meeting we agreed that “In Rel.18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs.”. Hence, predicted UE Trajectory is only sent from a source to a target node. It seems therefore now feasible to additionally collect UE Trajectory prediction feedback from a target node to a source node to enable the source to better determine the accuracy of the predicted trajectory. The mechanism can follow similar principles as the process of collecting UE Trajectory feedback from target to source node.
Proposal 4: UE Trajectory feedback can be collected from the target node using similar principles as for collection of UE Performance feedback from target to source node.
A source node can use this information together with the calculated prediction to determine whether it has accurately predicted the trajectory. Additionally sending feedback information to the source enables the source to determine how long a UE is expected to stay at the cell(s) of the target node.  
Finally, we propose to agree on the TP for BL CR for TS 38.423 in the Annex.
Proposal 5: Accept the TP for BL CR for TS 38.423 in the Annex.
4	Conclusion
In this paper, we make the following observations and proposals:
Observation 1: The current form of predicted UE Trajectory does not enable predicting multiple possible target cells, within a single hop, that could be used to configure CHO. 
Observation 2: The same sequence of cells gives rise to different UE trajectories. 
Proposal 1: When cell-based UE Trajectory prediction is provided as a list of cells together with a predicted time UE stays in a cell, the predicted time of stay in a cell is a mandatory IE.   
Proposal 2: When the time UE stays in a cell cannot be provided for each cell, the following options should be considered:
· Option a): Source node does not include in Handover Request message the cell-based UE trajectory for which the predicted time UE stays in a cell cannot be calculated. 
· Option b): For the hop for which predicted time UE stays in a cell cannot be obtained, cell-based UE trajectory is provided as an extended list of cells for which a predicted time UE stays in the list can be calculated.

Observation 3: A node cannot predict a UE Trajectory of future cells without receiving UE Trajectory Information over those cells.
Proposal 3: UE History Information and UE History Information from UE are sent from a target NG-RAN node to a source NG-RAN node that trains an ML Model for cell-based UE Trajectory prediction.
Proposal 4: UE Trajectory feedback can be collected from the target node using similar principles as for collection of UE Performance feedback from target to source node.
Proposal 5: Accept the TP for BL CR for TS 38.423 in the Annex.
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Annex – TP for BL CR for TS 38.423 
This TP is based on [1].
<<<<<<<<<<<<<<<<<<<< Start of the Change >>>>>>>>>>>>>>>>>>>>
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This procedure is used to establish necessary resources in an NG-RAN node for an incoming handover. If the procedure concerns a conditional handover, parallel transactions are allowed. Possible parallel requests are identified by the target cell ID when the source UE AP IDs are the same.
The procedure uses UE-associated signalling.
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Figure 8.2.1.2-1: Handover Preparation, successful operation
The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
<< skip unchanged procedural text >>>
If the UE Slice-Maximum Bit Rate List IE is contained in HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store the received UE Slice Maximum Bit Rate List in the UE context, and use the received UE Slice Maximum Bit Rate value for each S-NSSAI for the concerned UE as specified in TS 23.501 [7].

If the Cell Based UE Trajectory Prediction IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, considers the content of this list as the predicted cells for UE trajectory by the source NG-RAN node, and may use it for e.g. mobility decisions.
Interaction with SN Status Transfer procedure:
If the UE Context Kept Indicator IE set to "True" and the DRBs transferred to MN IE are included in the HANDOVER REQUEST ACKNOWLEDGE message, the source NG-RAN node shall, if supported, include the uplink/downlink PDCP SN and HFN status received from the S-NG-RAN node in the SN Status Transfer procedure towards the target NG-RAN node, as specified in TS 37.340 [8].
Interaction with AI/ML Information Reporting procedure:
If the AI/ML Measurement ID is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, report to the source NG-RAN node after the completion of handover procedure, via the AI/ML Information Reporting procedure, the requested AI/ML information configured via the previous AI/ML Information Reporting Initiation procedure corresponding to the NG-RAN node1 Measurement and the NG-RAN node2 Measurement ID IEs.
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Figure 8.2.1.3-1: Handover Preparation, unsuccessful operation
If the target NG-RAN node does not admit at least one PDU session resource, or a failure occurs during the Handover Preparation, the target NG-RAN node shall send the HANDOVER PREPARATION FAILURE message to the source NG-RAN node. The message shall contain the Cause IE with an appropriate value.
If the Conditional Handover Information Request IE is contained in the HANDOVER REQUEST message and the target NG-RAN node rejects the handover or a failure occurs during the Handover Preparation, the target NG-RAN node shall include the Requested Target Cell ID IE in the HANDOVER PREPARATION FAILURE message.
Interactions with Handover Cancel procedure:
If there is no response from the target NG-RAN node to the HANDOVER REQUEST message before timer TXnRELOCprep expires in the source NG-RAN node, the source NG-RAN node should cancel the Handover Preparation procedure towards the target NG-RAN node by initiating the Handover Cancel procedure with the appropriate value for the Cause IE. The source NG-RAN node shall ignore any HANDOVER REQUEST ACKNOWLEDGE or HANDOVER PREPARATION FAILURE message received after the initiation of the Handover Cancel procedure and remove any reference and release any resources related to the concerned Xn UE-associated signalling.
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<< skip unchanged procedural text >>>
If the HANDOVER REQUEST message includes information for a PLMN not serving the UE in the target NG-RAN node in the Management Based MDT PLMN List IE, the target NG-RAN node shall ignore information for that PLMN within the Management Based MDT PLMN List. 

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
9.1.3.CC	AI/ML INFORMATION REQUEST (FFS on the name)
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested AI/ML related information reporting according to the parameters given in the message.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, …) (FFS on others)
	Type of request for which the AI/ML related information is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates the object the NG-RAN node2 is requested to report.
First Bit = Predicted Radio Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC connections 

Fourth Bit = Average UE Throughput DL,
Fifth Bit = Average UE Throughput UL,
Sixth  Bit = Average Packet Delay,
Seventh Bit = Average Packet Loss
Eight Bit = Energy Cost
Ninth Bit = UE History Information



FFS on the coding
	YES
	reject

	Cell To Report List
	
	0..1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting of requested objects. Also used as the averaging window length for all objects if supported.
	YES
	ignore



	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value "stop". 

	ifRegistrationRequestStart
	This IE shall be present if the Registration Request IE is set to the value "start".



	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.



9.1.3.DD	AI/ML INFORMATION RESPONSE (FFS on the name)
This message is sent by NG-RAN node2 to NG-RAN node1 to indicate that the requested AI/ML related information, for all or part of (exact details of if and how to support partial reporting are FFS)  the objects included in the reporting is successfully initiated.
Direction: NG-RAN node2  NG-RAN node1
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Failed Reporting Characteristics (FFS)
	O
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates the object the NG-RAN node2 is able to report.
First Bit = Predicted Radio Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC connections,
Fourth Bit = Average UE Throughput DL,
Fifth Bit = Average UE Throughput UL,
Sixth  Bit = Average Packet Delay,
Seventh Bit = Average Packet Loss
Eighth Bit = Energy Cost
Ninth Bit = UE History Information


FFS on the coding
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



9.1.3.EE	AI/ML INFORMATION FAILURE (FFS on the name)
This message is sent by the NG-RAN node2 to NG-RAN node1 to indicate that for all of (exact details of if and how to support partial reporting are FFS) the requested objects the reporting cannot be initiated.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



9.1.3.FF	AI/ML INFORMATION UPDATE (FFS on the name)
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested AI/ML related information.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Cell AI/ML Info Result (FFS on the name)
	
	0..1
	
	
	YES
	ignore

	>Cell AI/ML Info Result Item  (FFS on the name)
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	>>Predicted Radio Resource Status
	O
	
	9.2.2.50
	
	–
	

	>>Predicted Number of Active UEs 
	O
	
	9.2.2.62
	
	–-
	

	>>Predicted RRC Connections
	O
	
	9.2.2.56
	
	–
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	UE Associated Info Result
	
	0..1
	
	
	
	

	> UE Associated Info Result Item
	
	1 .. < maxnoofUEReports >
	
	
	
	

	>> UE Assistant Identifier (FFS)
	M
	
	FFS
	
	
	

	>> UE Performance
	O
	
	9.2.3.Y
	
	
	

	Energy Cost
	O
	
	FFS
	It represents the actual measurement of the Energy Cost (FFS)
	
	

	UE History
	O
	
	
	
	
	

	>UE History Information
	M
	
	9.2.3.64
	
	
	

	>UE History Information from UE
	O
	
	9.2.3.110
	
	
	



	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofUEReports
	Maximum no. UE that can be served by a NG-RAN node. Value is FFS.




<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
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Editors Note: Actual name of this IE is FFS.
The Cell Based UE Trajectory Prediction IE contains the list of NG-RAN cells where the UE is predicted to connect.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Predicted Trajectory Cell List
	
	1..<maxnoofCellsTrajectoryPredict>
	
	List of cells where the UE is predicted to connect, in chronological order. The first predicted cell added to the top of this list, is the cell where the UE will move to after the serving cell.

	>Predicted Trajectory Cell Information
	M
	
	9.2.3.Z
	



	Range bound
	Explanation

	maxnoofCellsTrajectoryPredict
	Maximum number of cells that can be predicted for UE trajectory. Value is FFS.
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The Predicted Trajectory Cell Information contains the cell ID of the predicted NG-RAN cell for cell based UE trajectory prediction.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Predicted Trajectory Cell Information
	
	
	
	

	>NG-RAN Cell
	
	
	
	

	>>Global NG-RAN Cell Identity
	M
	
	9.2.2.27
	

	>>Predicted Time UE Stays in Cell
	M
	
	INTEGER (0..4095)
	The duration of time the UE is expected to stay in the cell, or set of NG-RAN cells, in seconds. If the duration is more than 4095s, this IE is set to 4095.



<<<<<<<<<<<<<<<<<<<< End of the Change >>>>>>>>>>>>>>>>>>>>
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