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1	Introduction
In RAN2#112e [1], the SON for Conditional Handover (CHO) was discussed, and the following agreements were achieved:

Agreements:
The following time information is as part of the UE RLF report: 
	Time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.


Agreements:
	The following cells’ related cell and beam measurements are included in the RLF report associated to CHO failure:
	a.	Source cell of the CHO. FFS the detail on cell ID. Try our best to reuse the existing information.
	b.	The target cell towards which the CHO was executed, if CHO related condition was satisfied. FFS the detail on cell ID. Try our best to reuse the existing information.
c.	The cell in which the re-establishment is performed after the CHO failure or source RLF. Try our best to reuse the existing information. FFS on the related measurements.


FFS:	Candidate target cells as configured in the CHO configuration.

Agreements:
	RLF-report shall contain information to differentiate an ordinary HO failure from the CHO failure and CHO recovery failure. FFS: implicit indication vs explicit indication. 


Focused scenarios:
In case of successive CHO related failures, the UE stores and reports both RLF related information in the RLF report. The successive failure referred above, includes at least the following scenarios.
	a.	A UE that has CHO configuration declares RLF in the source cell. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell.
	b.	A UE that has CHO configuration executes the CHO towards the target cell upon fulfilling the configured condition and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell.
	c.	A UE that has CHO configuration executes the normal HO towards the target cell and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell using CHO procedure.
Note: other scenarios still can be discussed.


	FFS: Further clarification on the successful reestablishment.

=>	Regarding the CHO-related timers, Option D, E, F will not be included in the RLF report and other options will continue discussion through email mail after this meeting.

In this paper, we would further discuss the details of MRO for CHO.
2	Discussion
[bookmark: _Hlk61104040]In R16, CHO recovery procedure for RLF/HO failure/CHO failure was introduced, i.e. when RLF occurs in the source gNB or initial CHO execution fails or normal HO fails, the UE performs cell selection for re-establishment, and if the selected cell is a target candidate cell and if network configured the UE to try CHO recovery after RLF/HO failure/CHO failure, then the UE attempts a second CHO execution, if the selected cell is not a target candidate cell or the second CHO execution fails, re-establishment procedure is performed. Thus, last RAN2 meeting’s FFS “Further clarification on the successful reestablishment” means the second CHO execution is successful. 
2.1 Time related information reporting
[bookmark: _GoBack]Last RAN3 meeting [2] has agreed to report the time elapsed since CHO execution until connection failure to network. The left issue is whether to define a new IE for this time information or reuse current IE. Since the existing TimeConnFailure is used to indicate the time elapsed since the last HO initialization until connection failure, it can be reused to indicate the time elapsed since initial CHO execution until connection failure with some field description updates.
Observation1: It was agreed in RAN3 to report the time elapsed since CHO execution until connection failure to network.
Proposal 1: Reuse the existing IE i.e. TimeConnFailure to indicate the time elapsed since initial CHO execution until connection failure with updates for field description if necessary.
Last RAN2 meeting [1] has agreed to report “the time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case”. The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB according to the TS38.300.Since CHO execution condition(s) can be modified before the first CHO execution, whether CHO execution condition(s) is modified or not will impact the timing calculation. For example, the time of receiving the initial CHO configuration including candidate cell#1 configuration and the corresponding execution condition is noted as T0. Then, the UE may receive the second CHO configuration to only modify the execution condition associated with this candidate cell#1. we note this timing as T1. We should further discuss whether the UE reports the time between the first CHO execution and the corresponding initial CHO configuration (T0), or the time between the first CHO execution and the corresponding latest CHO configuration with the modified execution condition (T1), or both. Since it is the latest CHO execution condition determines the CHO execution, it is reasonable to report the time between the first CHO execution and the corresponding latest CHO configuration.
Furthermore, there is no existing IE can be reused for this time information, so a new IE can be introduced in the RLF report to indicate the time between the first CHO execution and the corresponding latest CHO configuration. 
Proposal 2: The UE reports the time between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell received at UE at least in the CHO failure case.
In CHO, the source gNB provides the conditional configuration to UE. When receiving the conditional configuration, the UE performs CHO evaluation and perform CHO execution. The source gNB has no idea when UE performs CHO execution. Even in CHO success case, the time elapsed since receiving the CHO configuration until the CHO execution is useful for the source gNB to decide whether CHO configuration is provided too early or too late to the UE. If the CHO configuration is provided too early to the UE, it makes unnecessary radio resource reservation in the target gNB.
Proposal 3: The UE reports the time between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell received at UE in the CHO success case.
There are other timers under email discussion in [5]:
· Timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure
· Time between the UE receiving the CHO command and RLF
· Time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED
· Time elapsed between CHO failure and reestablishment RLF/CEF report request
Since the necessary time information for each failure within the two consecutive failures are reported, timeline relationship between two consecutive RLF reports seems unnecessary.
Since network can perform mobility optimization based on the time between the UE receiving the CHO command and RLF, e.g. transmit a normal handover after CHO command and before source RLF, or relax the execution conditions (e.g. thresholds on CondEvent A3 or CondEvent A5) before source RLF, this time information is necessary. The existing timeConnFailure can be reused with necessary updates for field description.
For “Time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED”, the existing timeUntilReconnection can be reused with necessary updates for field description. Similarly, for “Time elapsed between CHO failure and reestablishment RLF/CEF report request”, the existing timeSinceFailure can be reused with necessary updates for field description. 
Proposal 4: The UE reports the time between the UE receiving the CHO command and RLF, or the time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED, or the time elapsed between CHO failure and reestablishment RLF/CEF report request to the network, by reusing the existing timeConnFailure or timeUntilReconnection or timeSinceFailure with updates for field description if necessary.
Since last RAN3 meeting [2] agreed that the UE reports information related with the two failures if UE has experienced failure twice. And last RAN2 meeting [1] also agreed the UE stores and reports both two RLF related information in the RLF report. The issue is how to report these two failures’ related information. The potential solutions are summarized in [5]:
· A: Two separate entries in the RLF report are used, i.e. one entry is used to represent measurements/parameters related to the first HOF, the second one is used to represent measurements/parameters related to the second HOF.
· B: Separate IEs within the existing RLF-report are used to represent the second HOF. The first HOF can be represented by reusing as much as possible existing IEs.
· C: Two separate RLF reports are introduced, one containing IEs related to the first HOF, the other one containing IEs related to the second HOF.
· D: Too early to decide.
Option B has less spec impact, and we can make the final decision when the state for CHO specific parameters to be reported are stable.
Proposal 5: Use separate IEs within the existing RLF-report to represent the second failure, and the first failure can be represented by reusing as much as possible existing IEs.
2.2 Candidate Cell List
In RAN3#110e meeting, it was agreed that the source node needs to know the candidate cell list, since it is beneficial for the source gNB decide whether the failure is due to improper CHO execution condition(s) or unsuitable target candidate cell(s). If the UE context in the source node is already released, e.g. an RLF occurs shortly after the successful handover, how the source gNB achieves the candidate cell list needs to be solved. There are two alternatives summarized in [4]:
Alternative 1: UE includes candidate cell list in RLF Report.
Alternative 2: Source nodes sends the info to the target node.
Since CHO candidate cell list can be modified during CHO preparation phase, alternative 2 would cause Xn signalling/resources waste if CHO candidate cell list is updated frequently, also it would impact Xn interface no matter the candidate cell list is transferred via the existing or new defined Xn message. So Alternative 1 is preferred.
Proposal 6: The UE can report the CHO candidate cell list to the network in the RLF-Report. 
2.3 CHO execution condition(s)
In RAN3#110e meeting, it was also agreed that the source node needs to know the CHO execution condition(s) especially when the UE context is released. The two alternatives are as below [4]:
Alternative 1: UE includes CHO execution condition(s) in RLF Report.
Alternative 2: Source nodes sends the info to the target node.
In CHO, it is the source gNB which decides the CHO execution condition(s), and obviously it is the source gNB to judge whether CHO execution condition(s) are set properly or not. Sending CHO execution condition(s) to the target gNB by the source gNB seems not needed, and if so Xn signalling would be impacted to transfer this information. Reporting the CHO execution condition(s) is the preferred solution, thus the source gNB can get the CHO execution condition(s) included in the RLF report. 
Observation 2: CHO execution condition includes A3 and/or A5 offset/thresholds and the corresponding TTT value.
Proposal 7: The UE can report the CHO execution condition(s) including A3 and/or A5 offset/thresholds and the corresponding TTT value to the network in the RLF-Report. 
2.4 CHO indication
The issue on whether CHO failure indication is implicit or explicit is FFS after last RAN2 meeting discussion. Even though candidate cell list, CHO execution condition(s) or CHO specific time information, e.g. time between the initial CHO execution and the corresponding CHO configuration or time between the UE receiving the CHO configuration and source RLF, can implicitly indicate CHO failure. To enable the network know it is CHO failure clearly and distinguish it from normal HO /DAPS HO failure, an explicit CHO failure indication is needed.  
[bookmark: _Hlk61340678]Proposal 8: The UE can report an explicit CHO failure indicator to the network in the RLF-Report .
2.5 other scenarios
Besides the scenarios agreed in RAN2#112e meeting [1], there are more cases which should also be considered:
RLF/HO Failure/CHO Failure with CHO Recovery Success
As shown in the Figure 1, a UE that has CHO configuration declares RLF in the source cell or executes the CHO towards the target cell upon fulfilling the configured condition and experiences a HO failure or executes the normal HO towards the target cell and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE re-establishes to the selected CHO candidate cell using CHO procedure successfully. In this case, the UE indicates rlf-InfoAvailable in the RRCReconfigurationComplete message. Then, the UE may send the RLF-Report IE corresponding to the RLF/HO Failure/CHO Failure to the network. The RLF-Report should include the RLF/HO Failure/CHO Failure related information e.g. failed cell information, time information. Also, the UE may send successful CHO recovery related information to the network.


Figure 1 CHO Failure with CHO Recovery Success
Proposal 9: In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, besides RLF/HO Failure/ CHO Failure related information, UE also stores and reports successful CHO recovery related information to the network.
For CHO recovery, the UE is allowed to perform CHO for recovery if the cell meets the S-criteria rather than the CHO execution condition. That means CHO is performed even the execution condition is not met. It could be helpful for network to be aware whether the execution condition is met or not in the case that UE successfully performs CHO recovery. Therefore, the information of the successful CHO recovery should be reported to the network.
Proposal 10: Whether the execution condition associated with CHO recovery cell is met or not should be reported in the case that UE successfully performs CHO recovery.

RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF
As shown in the Figure 2, a UE that has CHO configuration declares RLF in the source cell or executes the CHO towards the target cell upon fulfilling the configured condition and experiences a HO failure or executes the normal HO towards the target cell and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE re-establishes to the selected CHO candidate cell using CHO procedure successfully. And then the UE declares RLF shortly and triggers normal RRC Re-establishment procedure.


Figure 2 CHO Failure with CHO Recovery Success followed by an RLF
[bookmark: _Hlk61099155]MRO aims at detecting and enabling correction of connection failure due to mobility. It makes sense to report the all failure cases during mobility e.g. to report the first CHO failure so that the network can adjust the CHO trigger conditions for the first failed cell and report the second RLF failure so that the network can adjust the CHO trigger conditions for the recovery cell.
Proposal 11: In case of RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF, the UE stores/reports both failure information of the first failure (initial RLF/HOF/initial CHO execution failure) and another failure (RLF failure) related information to the network.
3	Conclusion
In this contribution, the issues on SON enhancements for CHO are discussed. We have the following observations and proposals:
Observation1: It was agreed in RAN3 to report the time elapsed since CHO execution until connection failure to network.
Observation 2: Observation 2: CHO execution condition includes A3 and/or A5 offset/thresholds and the corresponding TTT value.
Proposal 1: Reuse the existing IE i.e. TimeConnFailure to indicate the time elapsed since initial CHO execution until connection failure with updates for field description if necessary.
Proposal 2: The UE reports the time between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell received at UE at least in the CHO failure case.
Proposal 3: The UE reports the time between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell received at UE in the CHO success case.
Proposal 4: The UE reports the time between the UE receiving the CHO command and RLF, or the time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED, or the time elapsed between CHO failure and reestablishment RLF/CEF report request to the network, by reusing the existing timeConnFailure or timeUntilReconnection or timeSinceFailure with updates for field description if necessary.
Proposal 5: Use separate IEs within the existing RLF-report to represent the second failure, and the first failure can be represented by reusing as much as possible existing IEs.
Proposal 6: The UE can report the CHO candidate cell list to the network in the RLF-Report. 
Proposal 7: The UE can report the CHO execution condition(s) including A3 and/or A5 offset/thresholds and the corresponding TTT value to the network in the RLF-Report. 
Proposal 8: The UE can report an explicit CHO failure indicator to the network in the RLF-Report.
Proposal 9: In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, besides RLF/HO Failure/ CHO Failure related information, UE also stores and reports successful CHO recovery related information to the network.
Proposal 10: Whether the execution condition associated with CHO recovery cell is met or not should be reported in the case that UE successfully performs CHO recovery.
Proposal 11: In case of RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF, the UE stores/reports both failure information of the first failure (initial RLF/HOF/initial CHO execution failure) and another failure (RLF failure) related information to the network.
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