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[bookmark: _Hlk85061506]1	Introduction
Some of the agreed outputs for AI/ML Mobility Enhancements in TR 37.817 are the following: 
· Estimated arrival probability in CHO and relevant confidence interval
· Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
· Priority, handover execution timing, predicted resource reservation time window for CHO.
In this contribution, we discuss our views on the standardization impacts related to those outputs.
[bookmark: _Hlk90546851]2	AI/ML Mobility Optimization for CHO
In case of a CHO Handover, according to TS 38.423 a source NG-RAN node can send in Handover Request message a Conditional Handover Information Request IE that contains an Estimated Arrival Probability IE which can be used by the target NG-RAN node to allocate necessary resources. The Estimated Arrival Probability IE indicates a likelihood that the UE will end up accessing the target cell for which a handover request is sent. The algorithm used to calculate this probability is up to node’s implementation and could be based on internal legacy algorithms that could estimate such probability or done through AI/ML procedures. How this estimated arrival probability is calculated does not need to be indicated to a candidate target node. 
Observation 1: A source node does not need to indicate to the candidate target the method with which (legacy algorithm, AI/ML, etc.) the Estimated Arrival Probability is calculated.
Proposal 1: The Estimated Arrival Probability IE in CHO can be calculated by legacy or by AI/ML methods.
When it comes to the confidence interval of the estimated arrival probability, once a probability is calculated for a given UE there is no more randomness and therefore the concept of confidence is not relevant. Therefore, indication of a confidence interval of an estimated arrival probability is not meaningful.
Observation 2: There is no need to indicate a confidence interval on the estimated arrival probability since it has no randomness.
A confidence interval would be meaningful to capture the randomness of the arrival process and the actual time when a UE arrives at a target node. If the arrival time at the target NG-RAN node can be predicted with a high confidence, this will allow further optimization of the resources at the target NG-RAN node. Currently there is no time indication as to when a UE is expected to arrive at the target node. It is possible that a UE has a very low confidence to arrive at a certain time interval (e.g., in the very near future), but a much higher confidence to arrive at another (e.g., a later time interval in the future).
Observation 3: If a target node knows information about the time interval during which different UEs are expected to arrive with high confidence, it can optimize its allocated resources. 
For example, if the confidence of arrival at a future time interval [T1, T2] is very high, the target node could at time t< T1 accept a CHO handover even if it runs low in resources as long as it can expect that by the time that the UE will actually arrive at the target node it will have better resource availability. 
Proposal 2: Introduce in Conditional Handover Request message a predicted time interval and corresponding confidence level during which a UE is expected to arrive.
Note that this proposal effectively provides a predicted resource reservation time window for CHO, which is one of the agreed outputs for AI/ML Mobility Enhancements in TR 37.817. 
Handover execution timing information is not very clear in the context of normal handover. This is because handover happens immediately after Handover Conditions are met in which case the Handover timing is already determined.  
Observation 4: There is no need to provide Handover Execution timing for normal Handover.
Also, for CHO Handover, indicating a handover priority is not necessary in the sense that it is unclear how different target nodes can be prioritized from the source perspective. Furthermore, it is also unclear how a target node can interpret different priority levels in its actions.
Observation 5: There is no need to provide a priority as part of an output of AI/ML Mobility Enhancements.  
CHO is more robust in the sense that the risk that a UE loses coverage of the source cell is very small. However, this comes at a cost of reserving a much higher number of network resources which have to be reserved for a longer period of time than in normal Handover. This is because the CHO configuration is typically very early to achieve robustness. In addition, different target cells may be prepared, but handover will take place only in one of those cells. Therefore, robustness comes at the cost of a higher number of cell preparations which are longer than normal handover. Introduction of AI/ML in a NG-RAN node enables better resource optimization both at the source and target nodes.
Observation 6: AI/ML in the RAN can help to avoid too many and too long CHO cell preparations.
Another AI/ML Model output for AI/ML Mobility Optimization is to predict a handover target node as well as a set of candidate cells in CHO together with the confidence of the prediction. In our view, this will be an internally consumed output by the source node of the Handover. Such AI/ML Model output can further help the source node limit the number of CHO Handover initiations only to the candidate target cells where the handover is expected to happen with high confidence.   

Proposal 3: Predicted handover target node and candidate cells in CHO are AI/ML Model Outputs consumed internally by the source node and have no standards impacts. 

In the context of CHO, it would be also useful if the source NG-RAN node is able to cut down on the number of unnecessary CHO preparations (i.e., not even originate a Handover Request) to a potential target NG-RAN node if it knows in advance that the target NG-RAN node is not suitable to host the UE at this given point of time from the perspective of provided QoS for services established for the UE or a UE would end up with a potential failure when handing over to a target NG-RAN node. This information cannot be a static determination as the target NG-RAN nodes’ resource utilization/capacity is ever changing (including possible power saving actions etc.). One way to imagine this is to visualize the target NG-RAN nodes’ function as an estimator that can be invoked at the source NG-RAN node. The target NG-RAN nodes’ function can represent a list of values of achievable QoS indicators such as end user throughput, packet loss, rate, packet delay, etc., offered by target to source NG-RAN node or some indicators related to radio quality conditions that may point out on potential failure after handing over the UE to target NG-RAN node. By invoking this estimator and making a check with it, a source NG-RAN node would be able to potentially avert those preparations that are bound for failure. As such this requires transacting an estimator (as part of an AI/ML algorithm or otherwise) from the target NG-RAN node to the source NG-RAN node that can potentially allow the source NG-RAN node to perform this estimation. The estimator will of course go out of tune as the target NG-RAN node’s resource utilization/capacity changes over time, hence some kind of update is required back to the source NG-RAN node when that happens.

Proposal 4: To avoid unnecessary triggering of mobility procedures (e.g., CHO) towards a target NG-RAN node, it is desirable for the source NG-RAN node to be able to predict/foresee the performance (or failures) of a given UE at all possible candidate target NG-RAN nodes.
Using AI/ML, the source node can take into account into its cell preparations information about the impact of those in-vain preparations to different target NG-RAN nodes, which may not be the same across different nodes since different nodes may have different load situation, number of concurrent CHO preparations, proportion of in-vain preparations compared to successful, etc. Without any information measuring the impact of a CHO preparation for a specific target, a source NG-RAN node may only assume that the impact of in-vain preparations is the same across all candidate target NG-RAN nodes. To help source NG-RAN node predict the best candidate target gNBs for a CHO, feedback information is needed also from candidate target nodes that didn’t meet the execution condition.

Proposal 5: A configured candidate target NG-RAN node that didn’t meet the execution condition may send feedback to the source NG-RAN node to indicate the impact of the CHO preparation to the node’s performance e.g., with respect to a load related to CHO preparation, time duration of CHO configuration by this source compared to other sources, etc.

We also provide a TP with our proposals in the annex of this contribution.   

Proposal 6: Agree the TP for BL CR to TS 38.423.
 
3 	Conclusion
In this paper we make the following observations and proposals:
Observation 1: A source node does not need to indicate to the candidate target the method with which (legacy algorithm, AI/ML, etc.) the Estimated Arrival Probability is calculated.
Proposal 1: The Estimated Arrival Probability IE in CHO can be calculated by legacy or by AI/ML methods.
Observation 2: There is no need to indicate a confidence interval on the estimated arrival probability since it has no randomness.
Observation 3: If a target node knows information about the time interval during which different UEs are expected to arrive with high confidence, it can optimize its allocated resources. 
Proposal 2: Introduce in Conditional Handover Request message a predicted time interval and corresponding confidence level during which a UE is expected to arrive.
Observation 4: There is no need to provide Handover Execution timing for normal Handover.
Observation 5: There is no need to provide a priority as part of an output of AI/ML Mobility Enhancements.  
Observation 6: AI/ML in the RAN can help to avoid too many and too long CHO cell preparations.
Proposal 3: Predicted handover target node and candidate cells in CHO are AI/ML Model Outputs consumed internally by the source node and have no standards impacts. 
Proposal 4: To avoid unnecessary triggering of mobility procedures (e.g., CHO) towards a target NG-RAN node, it is desirable for the source NG-RAN node to be able to predict/foresee the performance (or failures) of a given UE at all possible candidate target NG-RAN nodes.
Proposal 5: A configured candidate target NG-RAN node that didn’t meet the execution condition may send feedback to the source NG-RAN node to indicate the impact of the CHO preparation to the node’s performance e.g., with respect to a load related to CHO preparation, time duration of CHO configuration by this source compared to other sources, etc.
Proposal 6: Agree the TP for BL CR to TS 38.423.
References
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Annex - TP for BL CR to TS 38.423
This TP is based on [1].
<<< start of changes >>>
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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 >>>
Accordingly, the target NG-RAN node shall include the DAPS Response Information IE in the HANDOVER REQUEST ACKNOWLEDGE message.
If the Maximum Number of CHO Preparations IE is included in the Conditional Handover Information Acknowledge IE contained in the HANDOVER REQUEST ACKNOWLEDGE message, then the source NG-RAN node should not prepare more candidate target cells for a CHO for the same UE towards the target NG-RAN node than the number indicated in the IE.
[bookmark: _Hlk36823579]If the Estimated Arrival Probability IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use the information to allocate necessary resources for the incoming CHO.
If the Estimated Arrival Time-Interval IE is contained in the Conditional Handover Information Request IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use the information to allocate necessary resources for the incoming CHO.
If the IAB Node Indication IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, consider that the handover is for an IAB node. In addition:
[bookmark: _Hlk98791575]-	If the No PDU Session Indication IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, consider the UE as an IAB-node which does not have any PDU sessions activated, and ignore the PDU Session Resources To Be Setup List IE, and shall not take any action with respect to PDU session setup. Subsequently, the source NG-RAN node shall, if supported, ignore the PDU Session Resources Admitted To Be Added List IE in the HANDOVER REQUEST ACKNOWLEDGE message.
[bookmark: OLE_LINK5]If the UE Radio Capability ID IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context and use it as defined in TS 23.501 [7] and TS 23.502 [13].
[bookmark: _Hlk85621190]If for a given QoS Flow the Source DL Forwarding IP Address IE is included within the Data Forwarding and Offloading Info from source NG-RAN node IE in the PDU Session Resources To Be Setup List IE contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information and use it as part of its ACL functionality configuration actions, if such ACL functionality is deployed.
If the MBS Session Information List IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, establish an NG-RAN MBS session resources context as specified in TS 23.247 [46] and TS 38.300 [9], if applicable.
If the HANDOVER REQUEST message includes the MBS Area Session ID IE, the target NG-RAN, if supported, shall use this information as an indication from which MBS Area Session ID the UE is handed over. For each MBS session for which the Active MBS Session Information IE is included in the MBS Session Information Item List IE, the target NG-RAN shall, if supported, use this information to setup respective MBS session resources. The target NG-RAN node shall, if supported, consider that the MBS sessions for which the Active MBS Session Information IE is not included are inactive.
If the HANDOVER REQUEST ACKNOWLEDGE message contains in the MBS Session Information Response List IE the MBS Data Forwarding Response Info IE that the source NG-RAN node shall use the information for forwarding MBS traffic to the target NG-RAN node.
If the MBS Session Associated Information List IE is included in the PDU Session Resources To Be Setup List IE in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, use the information contained in the Associated QoS Flows Information List IE as specified in TS 23.247 [46].
For each MRB indicated in the MBS Mapping and Data Forwarding Request Info from source NG-RAN node IE, the target NG-RAN node shall use the MRB ID IE and, if included, the MRB Progress Information IE which includes the highest PDCP SN of the packet which has already been delivered to the UE for the MRB, to decide whether to apply data forwarding for that MRB and to establish respective resources.
The source NG-RAN shall, for each MRB in the MBS Data Forwarding Response Info from target NG-RAN node IE in the HANDOVER REQUEST ACKNOWLEDGE message, start data forwarding to the indicated DL Forwarding UP TNL Information. If the MRB Progress Information IE is included the source NG-RAN node may use the information to determine when to stop data forwarding.
If the Time Synchronisation Assistance Information IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context and use it as defined in TS 23.501 [7].
If the QMC Configuration Information IE is contained in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, take it into account for QoE measurements handling, as described in TS 38.300 [9].
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 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].
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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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If the supported algorithms for encryption defined in the UE Security Capabilities IE in the UE Context Information IE, plus the mandated support of the EEA0 and NEA0 algorithms in all UEs (TS 33.501 [28]), do not match any allowed algorithms defined in the configured list of allowed encryption algorithms in the NG-RAN node (TS 33.501 [28]), the NG-RAN node shall reject the procedure using the HANDOVER PREPARATION FAILURE message.
If the supported algorithms for integrity defined in the UE Security Capabilities IE in the UE Context Information IE, plus the mandated support of the EIA0 and NIA0 algorithms in all UEs (TS 33.501 [28]), do not match any allowed algorithms defined in the configured list of allowed integrity protection algorithms in the NG-RAN node (TS 33.501 [28]), the NG-RAN node shall reject the procedure using the HANDOVER PREPARATION FAILURE message.
If the CHO trigger IE is set to "CHO-replace" in the HANDOVER REQUEST message, but there is no CHO prepared for the included Target NG-RAN node UE XnAP ID, or the candidate cell in the Target Cell ID IE was not prepared using the same UE-associated signaling connection, the NG-RAN node shall reject the procedure using the HANDOVER PREPARATION FAILURE message.
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 >>>
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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

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	AMF UE NGAP ID
9.2.3.26
	Allocated at the AMF on the source NG-C connection.
	–
	

	>Signalling TNL association address at source NG-C side
	M
	
	CP Transport Layer Information
9.2.3.31
	This IE indicates the AMF’s IP address of the SCTP association used at the source NG-C interface instance.
Note: If no UE TNLA binding exists at the source NG-RAN node, the source NG-RAN node indicates the TNL association address it would have selected if it would have had to create a UE TNLA binding.
	–
	

	>UE Security Capabilities
	M
	
	9.2.3.49
	
	–
	

	>AS Security Information
	M
	
	9.2.3.50
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.3.23
	
	–
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]>UE Aggregate Maximum Bit Rate
	M
	
	9.2.3.17
	
	–
	

	>PDU Session Resources To Be Setup List
	
	1
	9.2.1.1
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition, the source side QoS flow  DRB mapping
	–
	

	>RRC Context
	M
	
	OCTET STRING
	Either includes the HandoverPreparationInformation message as defined in subclause 10.2.2. of TS 36.331 [14], or the HandoverPreparationInformation-NB message as defined in subclause 10.6.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverPreparationInformation message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>Location Reporting Information
	O
	
	9.2.3.47
	Includes the necessary parameters for location reporting.
	–
	

	>Mobility Restriction List
	O
	
	9.2.3.53
	
	–
	

	>5GC Mobility Restriction List Container
	O
	
	9.2.3.100
	
	YES
	ignore

	[bookmark: _Hlk44414173]>NR UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.107
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	>LTE UE Sidelink Aggregate Maximum Bit Rate
	O
	
	9.2.3.108
	This IE applies only if the UE is authorized for LTE V2X services.
	YES
	ignore

	>Management Based MDT PLMN List 
	O
	
	MDT PLMN List
9.2.3.133
	
	YES
	ignore

	>UE Radio Capability ID
	O
	
	9.2.3.138
	
	YES
	reject

	>MBS Session Information List
	O
	
	9.2.1.36
	
	YES
	ignore

	>5G ProSe UE PC5 Aggregate Maximum Bit Rate
	O
	
	NR UE Sidelink Aggregate Maximum Bit Rate
9.2.3.107
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore

	>UE Slice Maximum Bit Rate List
	O
	
	9.2.3.167
	
	YES
	ignore

	Trace Activation
	O
	
	9.2.3.55
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.3.32
	
	YES
	ignore

	UE History Information
	M
	
	9.2.3.64
	
	YES
	ignore

	UE Context Reference at the S-NG-RAN node
	O
	
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	–
	

	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)
	
	–
	

	>Estimated Arrival Time-Interval
	O 
	 
	9.2.3.y 
	 
	– 
	 

	NR V2X Services Authorized
	O
	
	[bookmark: _Hlk44414243]9.2.3.105
	
	YES
	ignore

	LTE V2X Services Authorized
	O
	
	9.2.3.106
	
	YES
	ignore

	PC5 QoS Parameters
	O
	
	9.2.3.109
	This IE applies only if the UE is authorized for NR V2X services.
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information related to the handover; the source NG-RAN node provides it in order to enable later analysis of the conditions that led to a wrong HO.
	YES
	ignore

	UE History Information from the UE
	O
	
	[bookmark: _Hlk44418955]9.2.3.110
	
	YES
	ignore

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	No PDU Session Indication
	O
	
	ENUMERATED (true, ...)
	This IE applies only if the UE is an IAB-MT.
	YES
	ignore

	Time Synchronisation Assistance Information 
	O
	
	9.2.3.153
	
	YES
	ignore

	QMC Configuration Information
	O
	
	9.2.3.156
	
	YES
	ignore

	5G ProSe Authorized
	O
	
	9.2.3.159
	
	YES
	ignore

	5G ProSe PC5 QoS Parameters
	O
	
	9.2.3.160
	This IE applies only if the UE is authorized for 5G ProSe services.
	YES
	ignore

	Cell Based UE Trajectory Prediction
	O
	
	9.2.3.x
	
	YES
	ignore



	Condition
	Explanation

	ifCHOmod
	This IE shall be present if the CHO Trigger IE is present and set to "CHO-replace".




	Range bound
	Explanation

	maxnoofMDTPLMNs
	PLMNs in the Management Based MDT PLMN list. Value is 16.



<<< next change >>>
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This IE indicates a time interval when a UE is expected to arrive at the target node and a related confidence level.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Estimated Arrival Time-Interval
	
	
	
	

	> Estimated Earliest Arrival Time
	M
	
	INTEGER (0..4095)
	Corresponds to the earliest estimated time of UE arrival 
Unit: [second].

	> Estimated Latest Arrival Time
	M
	
	INTEGER (0..4095)
	Corresponds to the latest estimated time of UE arrival
Unit: [second].

	>Confidence Level
	M
	
	INTEGER (1..100)
	This IE indicates the confidence level of the estimated arrival time-interval in terms of a probability that the arrival time is between the estimated earliest arrival time and the estimated latest arrival time.
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