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1. Introduction 
Mobility Enhancement Optimization has been discussed in the past meetings with the following agreements:
Scope:
SON Enhancements for CHO (i.e MRO for CHO) will be supported.
SON Enhancements for DAPS handover will be supported.
Postpone SON Enhancements for CPC with waiting for the progress of R17 CPC enhancements and SON enhancements for CHO. It is FFS whether SON enhancements for conditional PSCell change should be supported.
Study resource optimization for CHO, based on contributions
Resource optimization for CHO is deprioritized.
Decide if the problem of data forwarding in case of a HO to wrong cell is part of the SON WI (SON for Mobility Enhancements) or is to be treated as TEI-17. 
Data forwarding enhancements on HO to wrong cell is de-prioritized in this WI

MRO for CHO:
FFS whether CHO specific failure types are needed. The existing definitions of too late handover /too early handover/ handover to wrong cell are the starting point for further study. 
From RAN3 point of view, in order to support MRO for CHO, more information is needed from UE. (FFS on the details).
Study the contents of the RLF INDICATION or HANDOVER REPORT message to support MRO enhancements for CHO. In order to progress in this area it is necessary to converge on the CHO failure case definition.
Cover CHO failure scenarios; whether to define CHO specific failure types or reuse the existing failure types with some necessary update is FFS.
CHO recovery procedure is considered in the definition of failure types and/or failure types detection.
At least the following CHO failure scenarios need to be considered: Too Late CHO Execution, Too early CHO Execution, and CHO to Wrong Cell.  FFS on how CHO recovery applies to legacy HOs. FFS on other failure scenarios.
UE reports the time elapsed since CHO execution until connection failure to network (LS to RAN2).
If UE has experienced failure twice reports information related with the two failures (LS to RAN2 for confirmation).
The source node needs to know the candidate cell list and CHO execution condition(s). It is FFS on how the source node knows these information
For too late CHO, case 1, 2 and 3 will be considered, and case 4 and 6 will not be considered. FFS on case 5.
For too early CHO, case 1 and 2 will be considered. FFS on case 3 and 4.
For CHO to wrong cell, case 1-5 will be considered.
Data forwarding enhancements for CHO is deprioritized.
Use cases for MRO of CHO handover:
- It is FFS whether the cases for mixed HO/CHO to wrong cell should be deprioritized.

SON Enhancements for DAPS handover:
Reporting of failure information of the source link from UE may be needed for DAPS handover (FFS: Need further discussion).
From RAN3 point of view, in order to support SON enhancements for DAPS handover, more information is needed from UE. (FFS on the details).
Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in DAPS HO. In order to progress in this area it is necessary to converge on the DAPS failure case definition.
Consider DAPS handover failure cases 1, 2, 4, 5, 6, and 7 for further study. It is FFS on case 3 and case 8.
UE reports DAPS HO Failure Indication to Network (LS to RAN2).
Try to capture DAPS handover failure cases as part of current definitions of handover failure types first. If not feasible, define a set of specific DAPS handover failure types.
Use cases for MRO of DAPS handover:
- It is FFS whether case 3 and case 8 should be deprioritized
- It is FFS whether case 9 and case 10, case 11 (successful DAPS HO without RLF@source) should be considered

In this paper, we try to align the scenarios identified in RAN2 and RAN3 and provide proposals on the scenarios which are FFS
2. Discussion
2.1 MRO for CHO
FFS whether CHO specific failure types are needed. The existing definitions of too late handover /too early handover/ handover to wrong cell are the starting point for further study. 
FFS on how CHO recovery applies to legacy HOs. FFS on other failure scenarios.

Study the contents of the RLF INDICATION or HANDOVER REPORT message to support MRO enhancements for CHO. In order to progress in this area it is necessary to converge on the CHO failure case definition.

2.1.1 Too late CHO
For too late CHO, case 1, 2 and 3 will be considered, and case 4 and 6 will not be considered. FFS on case 5.

	Description
	RAN3/RAN2 Scenario and call flow

	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment a non-candidate CHO cell
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	Too Late HO:1d

	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment one of the candidate CHO target and successfully performs a reestablishment to such candidate CHO target cell
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Too Late HO:1a


	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment one of the candidate CHO target, but the reestablishment in such cell fails.
· The UE then successfully performs a reestablishment in a non-candidate CHO target cell
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Too Late HO:1c

	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE successfully does reestablishment in one of the candidate CHO target but RLF is encountered immediately after CHO recovery success
· The UE then successfully performs a reestablishment in a non-candidate CHO target cell
· 
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Case 5 is also case a CHO recovery failure (similar to case 4) scenario where RLF occurs shortly after the CHO recovery success. This should be viewed as a CHO recovery failure because the end result was a failure and most likely linked to the CHO. UE should include time-related information for SON purposes.
Proposal 1: Case 5 is considered for too late CHO
2.1.2 Too early CHO
For too early CHO, case 1 and 2 will be considered. FFS on case 3 and 4.


	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF and selects the source cell as a reestablishment cell
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Too Early HO: 2a

	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an RLF shortly after HO completion, and selects the source cell as a reestablishment cell
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Too Early HO: 2a

	· The UE receives the CHO configuration from a source cell.
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF
· The UE performs a reestablishment in source cell
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Too Early HO: 2e


	· The UE receives the CHO configuration from a source cell.
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an RLF shortly after the HO completion
· The UE performs a reestablishment in a source cell
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Too Early HO: 2f




Proposal 2: Cases 3 and 4 for too early CHO should be deprioritized

2.1.3 CHO to Wrong Cell

	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF, and selects for reestablishment a non-candidate target cell
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CHO to Wrong Cell:3b


	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestablishes in another candidate target cell 
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CHO to wrong cell:3a

	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion
· The UE selects for reestablishment a candidate CHO target cell which fails
· The UE performs a reestablishment in a non-candidate CHO cell, or it does not find any suitable cell
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CHO to wrong cell: 3e – reestablishment toward non-CHO candidate cell

	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion
· The UE selects for reestablishment a candidate CHO target cell which fails
· The UE performs a reestablishment in a non-candidate CHO cell, or it does not find any suitable cell
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CHO to wrong cell: 3e – reestablishment toward non-CHO candidate cell

	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestablishes in another candidate target cell 
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CHO to wrong cell:3a



2.1.4 Mixed HO/CHO to Wrong Cell
FFS whether the cases for mixed HO/CHO to wrong cell should be deprioritized.
	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF
· The UE performs a reestablishment in a cell  different from the source cell.
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Scenario 3j

	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestablishes in another candidate CHO target cell
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Scenario 3c

	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF or RLF shortly after the HO completion
· The UE selects for reestablishment a candidate CHO target cell which fails
· The UE performs a reestablishment in a non-candidate CHO cell, or it does not find any suitable cell
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Scenario 3m

	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF
· The UE selects for reestablishment a candidate CHO target cell and RLF shortly after the HO completion
· The UE performs a reestablishment in a cell  different from the source cell or it does not find any suitable cell
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Scenario 3l

	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestablishes in another candidate CHO target cell
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Scenario 3c




Proposal 3: The cases for mixed HO/CHO to wrong cell (case 6-10) should be deprioritized
2.2 MRO for DAPS HO
Consider DAPS handover failure cases 1, 2, 4, 5, 6, and 7 for further study. 
- It is FFS whether case 3 and case 8 should be deprioritized
- It is FFS whether case 9 and case 10, case 11 (successful DAPS HO without RLF@source) should be considered
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timeConnFailure
timeUntilReconnection
New timer

	Description
	RAN3/RAN2 Scenario and call flow

	· The UE executes the DAPS HO to the target but it fails
· The UE falls-back to the source cell
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Too Early DAPS: 2a
Detection mechanism: HOF followed by fall back to source and timeConnFailure = absent or large value


	· The UE starts the execution of DAPS HO to the target 
· Before DAPS HO is successful, the UE experiences an RLF in the source cell 
· The UE continues DAPS HO without source link and is successful 
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Too late DAPS
Detection: RLF at source followed by successful DAPS HO
timeConnFailure = small value

	· The UE executes the DAPS HO to the target, and it succeeds
· The UE experiences an RLF in the source before releasing source link
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Successful HO

	 
· The UE executes the DAPS HO to the target, and it succeeds
· The UE experiences an RLF in the target after the HO completion (either before/after the daps configuration is released) à no fall back available
· The UE re-establishes to the source cell or to a third cell different from source and target or it does not find any suitable cell
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DAPS to Wrong cell: 3b - Early RLF after HO completion before daps-SourceRelease
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DAPS to Wrong cell: 3c - Early RLF after HO completion after daps-SourceRelease
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Too Early DAPS: 2b: Early RLF after HO completion before daps-sourceRelease
[image: ]
Too Early DAPS: 2c - Early RLF after HO completion after daps-sourceRelease


	· The UE executes the DAPS HO to the target but it fails
· While doing HO, the UE also experiences an RLF in the source
· The UE reestablishes in a third cell different from source and target
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                               DAPS to Wrong cell: 3a - RLF during HO

	· The UE executes the DAPS HO to the target but it fails
· The UE falls-back to the source cell
· The UE experiences an RLF after the fallback
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Too Late DAPS: 1b – RLF after DAPS

	· The UE executes the DAPS HO to the target, and it succeeds
· While doing HO, the UE also experiences an RLF in the source
· The UE experiences an RLF in the target after the HO completion and after the daps configuration is released
· The UE re-establishes to a third cell, different from source and target or it does not find any suitable cell
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Wrong cell DAPS

	Case 8:
· The UE executes the DAPS HO to the target, and it succeeds
· The UE experiences an RLF in the source before releasing source link
· The UE then also encounters an RLF at target

	[image: ]

This is same as Case 3 followed by a RLF at target à same as legacy RLF report


	Case 9: Mixed scenario of case 1 and case 6, i.e. HOF@Target->report DAPS HO failure@src->RLF@src;
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	Case 10: RLF@src before/after successful RACH in a DAPS HO procedure after a successful normal HO.
	

	Case 11: Successful DAPS handover without source RLF. 
	



Mapping of relevant timers and cases:
· Time elapsed since DAPS HO execution until RLF occurs in source cell before fallback (case 2,5,7)
· Time elapsed since DAPS HO execution until RLF occurs in source cell after fallback (case 6)
· The elapsed time between the execution of DAPS and RLF in the target cell (case 4,7,8)
Case 1 uses FailureIndication Report and case 3 should be covered as part of Successful HO Report
Proposal 4: Case 3 and case 8 for DAPS HO can be supported. FFS whether case 3 should be a part of successful HO report or RLF report 
Case 9: HOF@Target->report DAPS HO failure@src->RLF@src 
RLF@src may occur shortly after reverting to source cell or a period of time after reverting. The time between HOF@Target and RLF@src may need to be evaluated to see whether UE can be kept stable after reverting to source cell. If UE is kept stable for a longer time, this can be another too late HO.
Proposal 5: Time elapsed between two consecutive failures e.g. time between RLF@src and HOF@target in which ever order it happens should be defined to root cause the failure type and optimize DAPS HO config. Send LS to RAN2 to check if this can be supported
Proposal 6: Case 9 for DAPS HO can be supported and can be evaluated by timer defined in Proposal 5.

Case 10: RLF@src before/after successful RACH in a DAPS HO procedure after a successful normal HO.
We prefer to deprioritize this scenario of mixed DAPS HO and normal HO.
Proposal 7: Case 10 i.e. mixed DAPS HO and ordinary HO should be deprioritized
Case 11: Successful DAPS handover without source RLF
This should be considered in successful handover report.
Proposal 8: Case 11 should be considered as part of successful HO Report
Proposal 9: Time elapsed since reception of DAPS HO config until connection failure i.e., UE doesn’t have an active link to both source and target cell during DAPS HO should be reported by UE to root cause the DAPS HO failure type. Send LS to RAN2 to check if this can be supported.
Proposal 10: UE should indicate via a flag whether RLF at source happened before or after the HOF. Send LS to RAN2 to check if this can be supported.

3. Conclusion
Proposal 1: Case 5 is considered for too late CHO
Proposal 2: Cases 3 and 4 for too early CHO should be deprioritized
Proposal 3: The cases for mixed HO/CHO to wrong cell (case 6-10) should be deprioritized
Proposal 4: Case 3 and case 8 for DAPS HO can be supported. FFS whether case 3 should be a part of successful HO report or RLF report 
Proposal 5: Time elapsed between two consecutive failures e.g. time between RLF@src and HOF@target in which ever order it happens should be defined to root cause the failure type and optimize DAPS HO config. Send LS to RAN2 to check if this can be supported
Proposal 6: Case 9 for DAPS HO can be supported and can be evaluated by timer defined in Proposal 5. 
Proposal 7: Case 10 i.e. mixed DAPS HO and ordinary HO should be deprioritized
Proposal 8: Case 11 should be considered as part of successful HO Report
Proposal 9: Time elapsed since reception of DAPS HO config until connection failure i.e., UE doesn’t have an active link to both source and target cell during DAPS HO should be reported by UE to root cause the DAPS HO failure type. Send LS to RAN2 to check if this can be supported.
Proposal 10: UE should indicate via a flag whether RLF at source happened before or after the HOF. Send LS to RAN2 to check if this can be supported.
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