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Introduction
In this contribution, we focus on information to support AI/ML-based mobility optimization and how to support them over specification. 
Discussion
[bookmark: P5][bookmark: P1]UE history information, Handover in the past, UE Position
As captured in [1], a UE’s history information and handovers in the past are required from neighbouring NG-RAN nodes.
In the existing 5G system, the source NG-RAN node provides the UE history information (together with the UE history information provided from the UE) to the target NG-RAN node during the CONNCETED/INACTIVE mobility [2]. During HO, the target NG-RAN node is able to receive and store the related UE history information, which can further be used as an input for Model Training and Model Inference for AI/ML based mobility optimization.
Observation 1: The existing Handover Request/Retrieve UE Context Response message already supports UE history information data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
As for UE handovers in the past, we already have the existing SON/RLF reporting mechanism. The existing Handover Report message can be used to report a handover failure event, including too-early/too-late/handover to wrong (sub-optimal) cell, where a UE RLF report collected from the handover-failed UE can also be included as part of this Handover Report message. 
Observation 2: The existing Handover Report message already supports handover failure event data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
As for positioning information of the UE, firstly, it depends on whether the UE reports its location information to the network over the RRC signaling. Additionally, based on our understanding, the main reason of getting positioning information from the neighbouring NG-RAN node is to allow the source NG-RAN node to reselect another target NG-RAN node when handover failure happens. The Handover Report message can be used to carry such information. If locationInfo is available, the UE can include its location information inside its RLF-Report to the network. The neighbouring NG-RAN node can further send the UE’s RLF-report container together with the Handover Report message.
Observation 3: The purpose of collecting positioning information from the neighbouring NG-RAN node is to let the source NG-RAN node re-select another target NG-RAN node when handover failure happens. The existing Handover Report message already supports such UE location information exchange, if reported by the UE.
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 as output from the beginning, such delay or interruption of repopulating another suitable target cell won't happen from the beginning.
Observation 4: Predicting multiple handover target cells 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 5: 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 1: For normal handover, the AI/ML model for mobility optimization produces multiple handover target cells, 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 6: 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 2: For normal handover, the source NG-RAN node sends the predicted handover execution timing in the handover request to the potential target cell. 
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 3: 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 4: 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. 
Proposal 5: For CHO, the candidate target replies with the HANDOVER FAILURE message to the source NG-RAN node if the confidence level of the received CHO request is low.
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 6: 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 7: The confidence level and/or priority configured to the UE as part of CHO configuration should be used to break tie when several candidate cells are triggered simultaneously, rather than left up to UE implementation.  
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 8: Introduce “predicted handover execution timing” as a new execution condition for CHO.
And considering 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.
Proposal 9: The UE should not select a CHO candidate cell for handover if its handover execution timing expires.
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 directly use the predicted estimated arrival probability generated by Model Inference instead.
Proposal 10: Extend the existing IE “Conditional Handover Information Request” in the Handover Request 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 11: 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
· Confidence level
UE Traffic Prediction
As captured in [1], whether the UE traffic prediction is used internally or shared with the neighbouring NG-RAN nodes was left to normative work. 
	UE traffic prediction (will be used by the RAN node internally and the details are left to normative work phase)


For this, we believe there are some benefits of sharing the predicted UE traffic to the potential target:
1) The target can decide whether to reject or accept the UE’s predicted handover based on the predicted UE traffic and also considering its own current/future resource status (if available).
2) The target can prepare suitable resource reservations and configurations for the predicted UE handover, which can reduce waste of resources in the target node.
[bookmark: _Hlk115217791]Proposal 12: The source NG-RAN node sends the UE traffic prediction to the potential target when requesting handover for the UE.
Conclusion
In this contribution, we discussed the stage-3 details for AI/ML-based mobility optimization use case.
We propose the following observations and proposals:
Observation 1: The existing Handover Request/Retrieve UE Context Response message already supports UE history information data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
Observation 2: The existing Handover Report message already supports handover failure event data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
Observation 3: The purpose of collecting positioning information from the neighbouring NG-RAN node is to let the source NG-RAN node re-select another target NG-RAN node when handover failure happens. The existing Handover Report message already supports such UE location information exchange, if reported by the UE.
Observation 4: Predicting multiple handover target cells as the output of AI/ML based mobility optimization can help reduce delay in case handover failure happens.
Observation 5: 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. 
Observation 6: 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 1: For normal handover, the AI/ML model for mobility optimization produces multiple handover target cells, together with their (1) estimated arrival probability; (2) priority; (3) handover execution timing and time window.
Proposal 2: For normal handover, the source NG-RAN node sends the predicted handover execution timing in the handover request to the potential target cell. 
Proposal 3: 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 4: 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 5: For CHO, the candidate target replies with the HANDOVER FAILURE message to the source NG-RAN node if the confidence level of the received CHO request is low.
Proposal 6: The source NG-RAN node includes (1) confidence level; (2) priority; (3) handover execution timing in the CHO configuration to the UE.
Proposal 7: The confidence level and/or priority configured to the UE as part of CHO configuration should be used to break tie when several candidate cells are triggered simultaneously, rather than left up to UE implementation.  
Proposal 8: Introduce “predicted handover execution timing” as a new execution condition for CHO.
Proposal 9: The UE should not select a CHO candidate cell for handover if its handover execution timing expires.
Proposal 10: Extend the existing IE “Conditional Handover Information Request” in the Handover Request 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 11: 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
· Confidence level
Proposal 12: The source NG-RAN node sends the UE traffic prediction to the potential target when requesting handover for the UE.
The corresponding text proposal for TS 38.423 is provided in Annex. 
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9.1.1.1	HANDOVER REQUEST
This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.
Direction: source NG-RAN node  target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	GUAMI
	M
	
	9.2.3.24
	
	YES
	reject

	irrelevant operations skipped

	Conditional Handover Information Request
	O
	
	
	
	YES
	reject

	>CHO Trigger
	M
	
	ENUMERATED (CHO-initiation, CHO-replace, …)
	
	–
	

	>Target NG-RAN node UE XnAP ID
	C-ifCHOmod
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	>Predicted Priority
	O
	
	INTEGER (1..100)
	The priority predicted for the candidate target cell. Values between 1 and 100 are ordered in decreasing order of priority, i.e., 1 is the highest and 100 is the lowest.
	YES
	Ignore

	>Predicted CHO Execution Timing
	O
	
	OCTET STRING (SIZE(4))
	UTC time encoded in the same format as the first four octets of the 64-bit timestamp format as defined in section 6 of IETF RFC 5905 [37]. It indicates the CHO execution timing predicted for the candidate target cell.
	YES
	ignore

	>Confidence Level
	O
	
	INTEGER (1..100)
	The confidence level of prediction in percentage.
	YES
	ignore

	irrelevant operations skipped

	Predicted Information
	O
	
	
	
	YES
	ignore

	>Predicted Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	>Predicted Priority
	O
	
	INTEGER (1..100)
	The priority predicted for the HO target cell. Values between 1 and 100 are ordered in decreasing order of priority, i.e., 1 is the highest and 100 is the lowest.
	–
	

	>Predicted HO Execution Timing
	O
	
	OCTET STRING (SIZE(4))
	UTC time encoded in the same format as the first four octets of the 64-bit timestamp format as defined in section 6 of IETF RFC 5905 [37]. It indicates the HO execution timing predicted for the target cell.
	–
	

	>Predicted UE Traffic
	O
	
	ENUMERATED (high, medium, low)
	The UE traffic level predicted for the target cell after HO.
	–
	

	>Confidence Level
	O
	
	INTEGER (1..100)
	The confidence level of prediction in percentage.
	–
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