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1. Introduction
The CHO and DAPS HO was discussed during Mobility Enhancement Optimization. In R3-207035 the Summary of the offline was presented. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
Cover CHO failure scenarios; whether to define CHO specific failure types or reuse the existing failure types with some necessary update is FFS.
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).
Data forwarding enhancements on HO to wrong cell is de-prioritized in this WI
Resource optimization for Conditional Handover 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).
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
if UE has experienced failure twice, UE reports information related with the two failures (LS to RAN2 for confirmation).
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.
3. Discussion
3.1	Enhancements for CHO
3.1.1	Failure scenarios
Conditional Handover (CHO) was introduced in R16 for mobility robustness. In CHO, the source gNB can configure a list of candidate target cells. The UE performs CHO execution when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (conditional handover execution or legacy handover). The UE may detect the connection failure at source cell or at the target cell configured by legacy HO or CHO. After the first connection failure, the UE would perform cell selection.
The new thing with valid CHO configuration is that the UE can have one CHO chance if the selected cell is a CHO candidate target cell as stated in the stage 2. 
-	in case of CHO, for RLF in the source cell:
-	selects a suitable cell and if the selected cell is a CHO candidate and if network configured the UE to try CHO after RLF then the UE attempts CHO execution once, otherwise re-establishment is performed;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.
When the UE attempts CHO execution after the first failure, there will be successful or unsuccessful CHO. For the unsuccessful CHO, this brings the second failure. For the successive CHO related failures, it was agreed in last RAN2 to consider the scenarios a, b and c as the aforesaid background.  
Based on the above discussion, we can give a small summary of all potential CHO related failure cases.  
	Scenario
	Main scenario
	Initiating Failure
	Second failure
	Re-establishment
	Trigger for first HO
	Comment

	Too late CHO
	1a
	RLF in source
	-
	Successful CHO
	-
	

	
	1b
	RLF in source
	HOF/RLF in 1st target
	Legacy re-est
	-
	

	
	1c
	RLF in source
	-
	Legacy re-est
	-
	

	Too early CHO
	2a
	HOF/RLF in target
	-
	Legacy re-est in source cell
	CHO
	

	
	2b
	HOF/RLF in target
	-
	Legacy re-est source cell 
	Legacy HO
	Like legacy

	CHO to wrong cell
	3a
	HOF/RLF in target
	-
	Successful CHO
	CHO
	

	
	3b
	HOF/RLF in 1st target
	HOF/RLF in 2nd target
	Legacy re-est
	CHO
	

	
	3c
	HOF/RLF in 1st target
	-
	Legacy re-est
	CHO
	

	
	3d
	HOF/RLF in target
	-
	Successful CHO
	HO
	

	
	3e
	HOF/RLF in 1st target
	HOF/RLF in 2nd target
	Legacy re-est
	HO
	

	
	3f
	HOF/RLF in 1st target
	-
	Legacy re-est
	Legacy HO
	Like legacy



As showed in the above table, for sub-scenario 2b and 3f, the UE receives legacy HO, detects the first failure in target cell and performs reestablishment to source cell or a third cell other than the source cell and the target cell. This is the same as the legacy too early HO or legacy HO to wrong cell. It can directly reuse the legacy MRO schemes and doesn’t need any enhancements.
Observation 1: For CHO sub-scenarios 2b and 3f, they are the same as legacy too early HO and legacy HO to wrong cell. 
3.1.2	CHO MRO
We’ll also provide the initial analysis on the enhancements on the RLF report per CHO failure case.
Firstly, we’ll discuss the separate CHO scenarios without legacy HO.
Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO
For this case, the UE received CHO configuration, e.g., including both CHO candidate cells B and C, from the source cell, e.g., source cell A. The RLF occurred in the source cell A before CHO execution condition is met. In other words, the UE doesn’t execute the CHO before connection failure in the source cell A.
Upon detecting the RLF in the source cell A, the UE performs cell selection. 
There will be three possible scenarios depending on whether the selected cell is a candidate CHO target cell and whether the UE successfully perform the connection to the selected candidate CHO target cell.
Sub-scenario 1a: successful reestablishment to the candidate CHO target cell without CHO execution
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Sub-scenario 1a: successful reestablishment to the selected candidate CHO target cell without CHO execution
In this case, the UE selects one of the candidate CHO target cell, e.g., cell B, and performs successful reestablishment to the candidate CHO target cell B. This is a bit similar to legacy too late HO procedure. It can basically reuse the R16 RLF report. For example, the previousPCellID, failedPCell, reestablishmentCellId, connectionFailureType, rlf-Cause timeConnFailure, timeSinceFailure, measResultLastServCell and measResultNeighCells can reuse the existing definition and set to corresponding values when the RLF is detected.
It is noticed that the failedPCellId will be set to the source cell A and this can be an implicit indicator to indicate the CHO type. The successful CHO cell can be reported in the IE reestablishmentCellId. Together with the CHO type indicator, the source cell can identify it as a successful CHO after RLF in the source cell. If the source node is a legacy R16 node, it can work well with the RLF report, e.g., knowing the reestablishment cell. 
Observation 2: To support CHO MRO for sub-scenario 1a, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
During the CHO, the source node configures the candidate cell list can CHO execution condition(s) to the UE. It is beneficial for the source node to know these kind of information for the future optimization. One potential solution is that the source node can store the CHO configurations. This will not bring additional signalling overhead for both UE and network.
Proposal 1: The source node stores the candidate cell list and CHO execution condition(s) instead of reporting from UE.
Sub-scenario 1b: unsuccessful reestablishment to the candidate CHO target cell (the agreed scenario a) without CHO execution
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Sub-scenario 1b: unsuccessful reestablishment to the selected candidate CHO target cell without CHO execution
In this case, the UE selects one of the candidate CHO target cell, e.g., cell B, but performs unsuccessful reestablishment to the cell B. The UE detects HOF or RLF shortly after the successful CHO completion with cell B. Upon the second connection failure, the UE selects another target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D. 
Though there are two consecutive failures, it seems that the first failure related information will be more important and valuable for the source cell to identify the issue and optimize the corresponding CHO configuration. Consequently, the previousPCellID, failedPCell, reestablishmentCellId, connectionFailureType, rlf-Cause timeConnFailure, timeSinceFailure, measResultLastServCell and measResultNeighCells can reuse the existing definition and set to corresponding values when the first connection failure is detected.
Observation 3: The first failure related information is more valuable for the source cell to identify the issue and perform CHO optimization.
Based on the above observation, we prefer to reuse the R16 RLF report to record the first failure related information. The R16 timeConnFailure can indicate the time elapsed since the reception of CHO configuration until the first connection failure. The R16 timeSinceFailure can indicate the time elapsed since the second connection failure. To assist the source cell to determine the moment of sending the CHO configuration, it is an intuitive idea to introduce a time to indicate the time elapsed since the first connection failure until the second one, e.g., timeBetwFailures. Besides, the new cell information should be introduced to indicate that the UE performs successful reestablishment to the candidate CHO target cell B.
Observation 4: To support CHO MRO for sub-scenario 1b, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Sub-scenario 1c: reestablishment to a non-candidate CHO cell without CHO execution
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Sub-scenario 1c: reestablishment to a non-candidate CHO cell without CHO execution
In this case, after the first connection failure in source cell A, the UE selects a target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D. This is quite similar to legacy too late HO procedure except that the UE has received the CHO configuration. It can also reuse the R16 RLF report with the failedPCell set to the source cell A. And this can implicitly indicate the CHO type.
Observation 5: For sub-scenario 1c, it can reuse the current R16 RLF report and the failedPCell set to the source cell to implicitly indicate the CHO type.
Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO
The UE receives the CHO configuration and executes the CHO to the first selected target CHO cell. However, the UE detects connection failure including both HOF and RLF with the first CHO and finally returns back to the source cell.
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Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell
As showed in the above figure, the UE receives the CHO configuration of CHO candidate cell B and C. The UE performs CHO execution with cell B. The UE detects HOF or RLF shortly after CHO completion with cell B and selects the source cell A as a reestablishment cell.
In RAN3-110 e-meeting, it was agreed that UE reports the time elapsed since CHO execution until connection failure to network, as showed in the above fig as RAN3 timer timeCHOexeFailure.
Observation 6: To support CHO MRO for scenario 2a, it is needed to:
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
Scenario 3: Unsuccessful CHO due to wrong CHO execution/ wrong legacy HO and back to a third cell ->CHO to wrong cell
For this case, the UE received CHO configuration, e.g., including both CHO candidate cells B and C, from the source cell, e.g., source cell A. The UE executes the CHO with the first target CHO cell, e.g., cell B and detects HOF or RLF shortly after CHO completion with cell B. 
Upon detecting the HOF/RLF in the CHO cell B, the UE performs cell selection. 
There will be three possible scenarios depending on whether the selected cell is another candidate CHO target cell and whether the UE successfully perform the connection to the selected candidate CHO target cell.
Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
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Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
In this case, the UE selects one of the candidate CHO target cell, e.g., cell C, and performs successful reestablishment to the cell C. Similar as in sub-scenario 1a, the successful CHO cell can be reported in the IE reestablishmentCellId.


Besides, as analysed in scenario 2a, it is desirable to introduce the new time e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure.
Observation 7: To support CHO MRO for sub-scenario 3a, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution (the agreed scenario b)
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Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
After the first connection failure with the candidate CHO target cell B, the UE selects one of the candidate CHO target cell, e.g., cell C, but performs unsuccessful reestablishment to the cell C. The UE detects HOF or RLF shortly after the successful CHO completion with cell C. Upon the second connection failure, the UE selects another target cell, e.g., cell D, which can be different from all the candidate CHO target cells (CHO cell B+C) or still be a candidate CHO target cell (CHO cell B+C+D). The UE performs reestablishment to the cell D. As showed in the figure and the aforesaid analysis, we have the following proposal for UE to support this scenario:
Observation 8: To support CHO MRO for sub-scenario 3b, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution
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Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution
After the first connection failure with the candidate CHO target cell B, the UE selects a target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D.
As showed in the figure and the aforesaid analysis, we have the following proposal for UE to support this scenario:
Observation 9: To support CHO MRO for sub-scenario 3c, it is needed to:
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.

The UE receives the CHO configuration. Before executing the CHO configuration, the UE receives legacy HO command to the target cell. The UE performs legacy HO to the target cell but detects connection failure, including both HOF and RLF shortly after the successful CHO completion with the target cell.
Upon the connection failure in the target cell, the UE performs cell selection.
If the UE selects a candidate CHO target cell, it may perform successful or unsuccessful reestablishment to the CHO cell. 
Sub-scenario 3d: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO
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Sub-scenario 3d: successful reestablishment to the selected candidate CHO target cell
As showed in the figure of sub-scenario 3d, the UE first receives CHO configuration of candidate CHO target cell C. Then, the UE receives legacy HO to target cell B. The UE performs legacy HO to cell B but detects HOF/RLF in cell B. The UE selects to candidate CHO cell C and performs successful reestablishment to the candidate CHO target cell C. Similar as in sub-scenario 1a, the successful CHO cell C can be reported in the IE reestablishmentCellId. In this case, the contents of RLF Report are similar as the legacy one. It is expected to introduce an explicit handover type to indicate that it is a CHO.
Compared with the sub-scenario 3a, the absence of the new time IE, e.g., timeCHOexeFailure can be implicitly indicate that this is a legacy HO mixed with valid CHO configuration case.
Observation 10: To support CHO MRO for sub-scenario 3d, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
· Introduce a new HO type IE, e.g., set to CHO;
Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO (the agreed scenario c)
[image: ]
Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO
The UE first receives CHO configuration of candidate CHO target cell C. Then, the UE receives legacy HO to target cell B. The UE performs legacy HO to cell B but detects HOF/RLF in cell B. The UE selects to candidate CHO cell C and performs reestablishment to the candidate CHO target cell C. 
The UE detects HOF or RLF shortly after the successful CHO completion with cell C. Upon the second connection failure, the UE selects another target cell, e.g., cell D, which can be different from all the candidate CHO target cells (CHO cell B+C) or still be a candidate CHO target cell (CHO cell B+C+D). The UE performs reestablishment to the cell D. 
Compared to the enhanced RLF report of sub-scenario 1b, the failedPCellId is different from the previousPCellId and this can be used to differ the two cases.
As showed in the figure and the aforesaid analysis, we have the following proposal for UE to support this scenario:
Observation 11: To support CHO MRO for sub-scenario 3e, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Compared with the sub-scenario 3b, the absence of the new time IE, e.g., timeCHOexeFailure can be implicitly indicate that this is a legacy HO mixed with valid CHO configuration case.

Accounting for the above discussions, we have the following proposal:
Proposal 2: For CHO MRO, RAN3 should consider the following scenarios：
· Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO
· Sub-scenario 1a: successful reestablishment to the candidate CHO target cell without CHO execution;
· Sub-scenario 1b: unsuccessful reestablishment to the candidate CHO target cell  without CHO execution;
· Sub-scenario 1c:reestablishment to a non-candidate CHO cell without CHO execution;
· Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO
· Scenario 3: Unsuccessful CHO due to wrong CHO execution /wrong legacy HO and back to a third cell ->CHO to wrong cell
· Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution;
· Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution;
· Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution;
· Sub-scenario 3d: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;
· Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;

Proposal 3: To support CHO MRO, the following failure information should be included in the RLF report:
· reestablishmentCellId can indicate the successful CHO cell.
· new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;
· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;
· new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure;
Proposal 4: To support two consecutive failures in CHO, the UE reuses the existing contents of the legacy RLF report to record the first failure related information for CHO. 
3.2	Enhancements for DAPS HO
3.2.1	Scenarios and Failure types
In Rel-16, DAPS HO was introduced to reach the 0ms interruption of data transmission during handover. 
Compared with traditional handover, in DAPS Handover, the UE maintains the source gNB connection after reception of DAPS until receiving the source release indication from the target gNB. The UE detects RLF in source cell before initiating RACH with target cell. After successful RACH with target cell, the UE stops the RLF detection in the source cell and starts RLF detection in the target cell. 
First of all, the UE has received the DAPS HO configuration. Therefore, there is no too late DAPS HO case. 
Observation 12: There is no too late DAPS HO case and no update is needed for the definition of too late HO.
There are some failure scenarios in DAPS handover procedure as indicated in [1]. 
[image: ]
Scenarios of possible failure events during the DAPS handover procedure

3.2.2	DAPS HO failure indication
In last RAN3-110 e-meeting, it was agreed to consider DAPS handover failure cases 1, 2, 4, 5, 6, and 7 for further study. It is FFS on case 3 and case 8. We will give more considerations on the detailed procedures and potential enhancements for the above each case.
Scenario 1: normal HOF case with successful fallback (too early DAPS HO)
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Scenario 1: normal HOF case with successful fallback
The UE receives DAPS HO configuration and there is no RLF detected in the source cell before initiating the RACH with the target cell. A handover failure occurs during the handover procedure and RLF is not detected in the source cell. The UE can successfully revert to the source cell without triggering RRC reestablishment and send the FailureInformation message to the source cell.
The UE can include the failure type set to “DAPS failure” in the FailureInformation message and it is enough for the source cell to identify the DAPS HO issue. Therefore, no enhancements on the FailureInformation message is needed.
Proposal 5: For scenario 1, no enhancements is introduced for the legacy FailureInformation message.
Scenario 2: failure causes interruption with successful DAPS HO (successful DAPS HO with interruption, kind of too late HO)
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Scenario 2: failure causes interruption with successful DAPS HO
There is no connection failure detected in the target cell. But the UE detects failure in the source cell before successful RACH with the target cell. There is interruption period during the DAPS HO. Basically, this is a successful DAPS HO with transmission interruption.
Generally, the DAPS HO aims at 0ms during handover procedure. Thus, the DAPS HO related MRO may be not quite proper to cause interruption time. It is desirable to report the related information for this kind of DAPS HO.
The UE can record the failure information when detecting the RLF in source cell A. Besides, the UE can provide the interruption time duration to the network, e.g., introducing a new timer named timeFailureDAPSHO to indicate the time since the connection failure until the successful RACH. 
Besides, for the definition of MRO case, we can classify the scenario 2 as one kind of too late DAPS HO, in which the UE detects RLF after staying for a long period of time in the cell. 
Though there is RLF in source cell A, the UE continues DAPS HO to the target cell B. The UE can also report the DAPS HO cell information to the network. The successful CHO cell can be reported in the IE reestablishmentCellId.
Observation 13: To support DAPS HO MRO for scenario 2, it is needed to:
· reestablishmentCellId can indicate the successful DAPS HO cell.
· Introduce a new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell.
Scenario 3: no problem to the UE
As stated in the introduction of DAPS HO, the UE will not detect the RLF in the source cell upon successful RACH with the target cell. Therefore, this is not a valid scenario for DAPS HO.
Observation 14: Scenario 3 is not existing during the DAPS HO procedure.

Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell)
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Scenario 4: failure causes interruption with successful DAPS HO
The UE receives the DAPS HO to target cell B at the source cell A. The UE doesn’t detect RLF in the source cell A and successfully perform DAPS HO with cell B. However, there is an RLF in the cell B shortly after the successful DAPS HO. The UE performs cell selection. If the UE determines the source cell A as the suitable cell, this is kind of too early DAPS HO. If the UE determines a third cell C as the suitable cell, this is kind of DAPS HO to wrong cell.
If we reuse the legacy RLF report. It seems difficult to identify it as a DAPS HO from legacy one. Therefore, it’s better to introduce an explicit indicator to indicate the HO type.
Observation 15: To support DAPS HO MRO for scenario 4, it is needed to:
· Introduce a new HO type IE, e.g., DAPS HO.
Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell)
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Scenario 5/7: failure causes interruption before unsuccessful DAPS HO
In this case, there are two connection failures during the DAPS HO. It seems that the second one related information will be more beneficial and meaningful for the source cell to analyse the issue and perform optimization on the DAPS HO related parameters. Therefore, we prefer to reuse the legacy RLF report to record the failure information of the second connection failure in target cell B.
Observation 16: The second failure related information is more valuable for the source cell to identify the issue and perform DAPS HO optimization.
Observation 17: To support DAPS HO MRO for scenario 5 and 7, it is needed to:
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Compared to the enhanced RLF report of CHO sub-scenario 4-b, there is no kind of CHOCellId IE and this can be implicitly indicate it as a DAPS HO related RLF report.
Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell)
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Scenario 6: normal HOF case with unsuccessful fallback
The UE cannot complete the DAPS HO with the target cell B and tries fall-back to the source cell. Then, the UE detects the failure in the source cell and performs cell selection to another cell C. 
The content of the enhanced RLF report is almost the same as the one of DAPS HO scenario 5. Therefore, it need additional indicator, e.g., to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Observation 18: To support DAPS HO MRO for 6, it is needed to:
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
· Introduce a failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Scenario 8: normal RLF case
As stated in the introduction of DAPS HO, the UE will not detect the RLF in the source cell upon successful RACH with the target cell. Therefore, this is not a valid scenario for DAPS HO.
Observation 19: Scenario 8 is not existing during the DAPS HO procedure.
Accounting for the above discussions, we have the following proposal:
Proposal 6: For DAPS HO MRO, RAN3 should consider the following scenarios：
· Scenario 2: failure causes interruption before successful DAPS HO(successful DAPS HO with interruption);
· Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell);
· Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell);
· Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell).
Proposal 7: To support DAPS HO MRO, the following failure information should be included in the RLF report:
· reestablishmentCellId can indicate the successful DAPS HO cell; 
· new HO type IE, e.g., DAPS HO;
· new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell;
· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
· failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Proposal 8: To support two consecutive failures in DAPS HO, the UE reuses the existing contents of the legacy RLF report to record the failure in the target cell related information for DAPS HO. 
3.3	Xn aspects
Currently, there is the indication in the FAILURE INDICATION message to indicate the initiated reporting type for the sending node to receive the RLF Report from the UE. In R16, there are two solutions for UE to send the RLF Report. One is after the successful reestablishment, and the other is after successful setup procedure. 
As stated in the above sections, in case of CHO or DAPS HO, the UE can successfully perform CHO or DAPS HO with the target CHO or DAPS HO cell. After then, the UE can report the RLF Report after successful CHO/DAPS HO procedures. Correspondingly, there will be additional two new reporting methods for the sending node to receive the RLF Report from the UE.
Proposal 9: Introduce new initiated reporting methods including CHO Initiated Reporting and DAPS HO Initiated Reporting. 

3.4 Impact on TS38.300
As stated in the above sections, all the scenarios for both CHO and DAPS HO can be classified as too late CHO, too early CHO, CHO to wrong cell, too early DAPS HO and DAPS HO to wrong cell. The basic definition can be covered by the current legacy MRO scenarios. To capture the difference of CHO and DAPS HO, it is desirable to further introduce some new alternatives into the legacy definition of MRO scenario.
Proposal 10: Capture CHO and DAPS HO failure cases as part of current definitions of HO failure types.
For CHO, after the connection failure, the UE can attempt CHO execution or alternatively reestablishment attempt for both too late CHO and CHO to wrong cell. The UE action is the same as legacy to re-establish the radio link connection in the source cell in case of too early CHO case. 
Proposal 11: Capture CHO execution attempt into too late HO and HO to wrong cell to support CHO MRO.
For DAPS HO, there is no too late DAPS HO and it has no impact on the definition of the too late HO. 
As summarized in the previous discussion, RAN3 can study the scenario 2, 4, 5/7 and 6. For scenario 4, if the UE attempts to re-establish the radio link connection in the source cell, this can be too early DAPS HO and be completely covered by the previous HO failure definition.
For scenario 2, though the UE receives the DAPS HO, the UE detects RLF in the source cell before successful RACH with the target cell. Finally, the UE successfully completes DAPS HO with the target. This can be considered as one kind of too late DAPS HO.
For scenarios 4, 5/7 and 6, the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. These can be DAPS HO to wrong cell and be completely covered by the previous HO failure definition.
[bookmark: _GoBack]Proposal 12: Reuse the current definition of HO failure type for too late DAPS HO, too early DAPS HO and DAPS HO to wrong cell.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1: The source node stores the candidate cell list and CHO execution condition(s) instead of reporting from UE.
Proposal 2: For CHO MRO, RAN3 should consider the following scenarios：
· Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO
· Sub-scenario 1a: successful reestablishment to the candidate CHO target cell without CHO execution;
· Sub-scenario 1b: unsuccessful reestablishment to the candidate CHO target cell  without CHO execution;
· Sub-scenario 1c:reestablishment to a non-candidate CHO cell without CHO execution;
· Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO
· Scenario 3: Unsuccessful CHO due to wrong CHO execution /wrong legacy HO and back to a third cell ->CHO to wrong cell
· Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution;
· Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution;
· Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution;
· Sub-scenario 3d: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;
· Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;
Proposal 3: To support CHO MRO, the following failure information should be included in the RLF report:
· reestablishmentCellId can indicate the successful CHO cell.
· new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;
· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;
· new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure;
Proposal 4: To support two consecutive failures in CHO, the UE reuses the existing contents of the legacy RLF report to record the first failure related information for CHO.
Proposal 5: For scenario 1, no enhancements is introduced for the legacy FailureInformation message.
Proposal 6: For DAPS HO MRO, RAN3 should consider the following scenarios：
· Scenario 2: failure causes interruption before successful DAPS HO(successful DAPS HO with interruption);
· Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell);
· Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell);
· Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell).
Proposal 7: To support DAPS HO MRO, the following failure information should be included in the RLF report:
· reestablishmentCellId can indicate the successful DAPS HO cell; 
· new HO type IE, e.g., DAPS HO;
· new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell;
· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
· failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Proposal 8: To support two consecutive failures in DAPS HO, the UE reuses the existing contents of the legacy RLF report to record the failure in the target cell related information for DAPS HO.
Proposal 9: Introduce new initiated reporting methods including CHO Initiated Reporting and DAPS HO Initiated Reporting. 
Proposal 10: Capture CHO and DAPS HO failure cases as part of current definitions of HO failure types.
Proposal 11: Capture CHO execution attempt into too late HO and HO to wrong cell to support CHO MRO.
Proposal 12: Reuse the current definition of HO failure type for too late DAPS HO, too early DAPS HO and DAPS HO to wrong cell. 


Observation 1: For CHO sub-scenarios 2b and 3f, they are the same as legacy too early HO and legacy HO to wrong cell. 
Observation 2: To support CHO MRO for sub-scenario 1a, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
Observation 3: The first failure related information is more valuable for the source cell to identify the issue and perform CHO optimization.
Observation 4: To support CHO MRO for sub-scenario 1b, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Observation 5: For sub-scenario 1c, it can reuse the current R16 RLF report and the failedPCell set to the source cell to implicitly indicate the CHO type.
Observation 6: To support CHO MRO for scenario 2a, it is needed to:
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
Observation 7: To support CHO MRO for sub-scenario 3a, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
Observation 8: To support CHO MRO for sub-scenario 3b, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Observation 9: To support CHO MRO for sub-scenario 3c, it is needed to:
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as previous RAN3 agreement.
Observation 10: To support CHO MRO for sub-scenario 3d, it is needed to:
· reestablishmentCellId can indicate the successful CHO cell.
· Introduce a new HO type IE, e.g., set to CHO;
Observation 11: To support CHO MRO for sub-scenario 3e, it is needed to:
· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Observation 12: There is no too late DAPS HO case and no update is needed for the definition of too late HO.
Observation 13: To support DAPS HO MRO for scenario 2, it is needed to:
· reestablishmentCellId can indicate the successful DAPS HO cell.
· Introduce a new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell.
Observation 14: Scenario 3 is not existing during the DAPS HO procedure.
Observation 15: To support DAPS HO MRO for scenario 4, it is needed to:
· Introduce a new HO type IE, e.g., DAPS HO.
Observation 16: The second failure related information is more valuable for the source cell to identify the issue and perform DAPS HO optimization.
Observation 17: To support DAPS HO MRO for scenario 5 and 7, it is needed to:
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Observation 18: To support DAPS HO MRO for 6, it is needed to:
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
· Introduce a failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Observation 19: Scenario 8 is not existing during the DAPS HO procedure.
5. Reference
[1] R3-205998, Discussion on SON enhancements for DAPS handover, Samsung
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[bookmark: _Toc46502093][bookmark: _Toc51971441][bookmark: _Toc52551424]15.5.2.2	Connection failure
[bookmark: _Toc46502094][bookmark: _Toc51971442][bookmark: _Toc52551425]15.5.2.2.1	General
For analysis of connection failures, the UE makes the RLF Report available to the network.
The UE stores the latest RLF Report, including both LTE and NR RLF report until the RLF report is fetched by the network or for 48 hours after the connection failure is detected.
The UE only indicates RLF report availability and only provides the RLF report to the network if the current RPLMN is a PLMN that was present in the UE's EPLMN List or was the RPLMN at the time the connection failure was detected. In case RLF happens in an E-UTRA cell, the UE makes the LTE RLF Report available to NG-RAN nodes and eNB(s), and in case RLF happens in an NR cell the UE makes the NR RLF Report available to gNB(s).
If the LTE RLF Report is reported to a NG-RAN node, and the last serving node is an E-UTRAN node, the NG-RAN node may transfer it to the E-UTRAN node by triggering the Uplink RAN configuration transfer procedure over NG and the E-UTRAN node can take this into account as defined in TS 36.300 [2].
[bookmark: _Toc46502095][bookmark: _Toc51971443][bookmark: _Toc52551426]15.5.2.2.2	Connection failure due to intra-system mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
-	Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell, or if CHO is configured but the CHO execution is not initiated for the UE prior to the connection failure; the UE attempts CHO execution or attempts to re-establish the radio link connection in a different cell, or if DAPS HO is configured but an RLF occurs prior to the successful RACH with the target cell; the UE performs successful DAPS HO.
-	Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO execution in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
Detection mechanism
A failure indication may be initiated after a UE attempts to re-establish the radio link connection or attempts CHO execution at NG-RAN node B after a failure at NG-RAN node A. NG-RAN node B may initiate the Failure Indication procedure towards multiple NG-RAN nodes if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The NG-RAN node receiving this selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.
A failure indication may also be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering:
-	The Failure Indication procedure over Xn;
-	The Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG.
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	Intra-system Too Late Handover: there is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt), or if CHO is configured but the CHO execution is not initiated for the UE prior to the connection failure, or if DAPS HO is configured but an RLF is detected in the source cell with successful DAPS HO.
-	Intra-system Too Early Handover: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.
-	Intra-system Handover to Wrong Cell: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect/the cell UE attempts CHO recovery is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure or the time elapsed since the CHO triggering until connection failure.
In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
Retrieval of information needed for problem analysis
In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the NG-RAN node controlling the last serving cell shall, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the NG RAN node controlling that source cell provided the Mobility Information, it is also included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source NG RAN node of a handover and may refer to or identify any handover-related data at this NG RAN node.
Handling multiple reports from a single failure event
In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-RAT mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.
End of the last change
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