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1	Introduction
In RAN2#111e, the SON for Conditional Handover (CHO) was discussed, and the following agreement were made [1]:
· [bookmark: _Toc48718836]The following scenarios are considered:
· [bookmark: _Toc48718837]1) Successful CHO and HO (i.e. no failure happens). FFS consideration in RAN2/3
· [bookmark: _Toc48718838]2) Unsuccessful CHO due to late CHO execution.
· [bookmark: _Toc48718839][bookmark: _Hlk47954680]3) Unsuccessful CHO after CHO execution.
· 4) Successful or Unsuccessful CHO after unsuccessful CHO or handover failure.
· Note: other scenarios are not ruled out…
· RAN2 should study what CHO failure information can be stored in RLF report. 
In this paper, we discuss the details of support MRO for CHO.
2	Discussion
For CHO, the following CHO steps are included: 
· CHO Configuration: The network provides the CHO configuration to the UE. 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.
· [bookmark: _Hlk54007743]CHO Evaluation: After receiving the conditional configuration, the UE shall perform conditional configuration evaluation. An execution condition may consist of one or two trigger condition(s) (CHO events A3/A5). If all the trigger conditions are fulfilled, the UE shall consider the target candidate cell as a triggered cell and initiate CHO execution.
· CHO execution: If more than one triggered cell exists, the UE shall select one of the triggered cells as the target cell; and the UE shall apply the CHO configuration generated by the target cell and perform CHO. 


Figure 1. CHO Steps (UE side)
In Rel-16, recovery procedure for RLF/HO failure/CHO failure was introduced. When RLF occurs in the source gNB or initial CHO execution attempt fails or HO fails, the UE performs cell selection for re-establishment, and if the selected cell is a CHO candidate and if network configured the UE to try CHO Recovery after RLF/HO/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment procedure is performed.
Case A: CHO without CHO Recovery 
Case A includes successful CHO, unsuccessful CHO due to late CHO execution, and unsuccessful CHO after execution and etc. The failure types unsuccessful CHO due to late CHO execution and unsuccessful CHO after execution can be too early handover, too late handover or handover to wrong cell. 
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. 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.
UE reports the time elapsed since receiving the CHO configuration until the CHO execution to gNB regardless CHO success or failure.
In MRO for traditional handover, the handover reported timer (TimeConnFailure) is very important for failure types detection in MRO. The handover reported time (TimeConnFailure) to indicate the time elapsed since the last HO initialization until connection failure. For example, for too early handover, the time is smaller than the configured time (e.g. Tstore_UE_cntxt). For CHO, the time should be from CHO execution until connection failure. It is reasonable to introduce a new time information, to indicate the time elapsed since the CHO execution until connection failure.
UE reports the time elapsed since CHO execution until connection failure.
Case B: RLF/HO Failure/CHO Failure with CHO Recovery Success. 
Taking CHO failure as an example. After RLF/HO Failure/CHO Failure fails, the UE initiates re-establishment and perform cell selection. If the selected cell is CHO candidate cell, UE performs handover instead of re-establishment. After the CHO recovery is successful, the UE may send the RLF-Report IE of 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 and etc., and the UE indicates rlf-InfoAvailable in the RRCReconfigurationComplete message after CHO recovery.


Figure 2. CHO Failure with CHO Recovery Success followed by an RLF Report
In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, UE stores and reports RLF-Report of the RLF/HO Failure/first CHO Failure related information to the network.
for CHO recovery, 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 should be reported in the case that UE successfully performs CHO recovery. Therefore, the information of the successful CHO recovery should be reported to the network.
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.
Case C: RLF/HO Failure/CHO Failure with CHO Recovery Failure. 
Taking CHO failure as an example. After initial RLF/HO Failure/CHO failure, the UE performs cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment procedure. We assume the second CHO fails as well. After the second CHO failure, the UE performs the normal RRC Connection Re-establishment procedure. After RRC Connection Re-establishment, the UE may send the RLF-Report of the RLF/HO Failure/first CHO failure and the RLF-Report of the second CHO failure (CHO recovery failure) to the network. 


Figure 3. CHO Failure with CHO Recovery Failure
Case D: RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF. 
[bookmark: _Hlk54084847]Taking CHO failure as an example. After initial CHO execution attempt fails, the UE performs cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment procedure. After the successful CHO recovery, RLF may happen after a short time since the second cell is selected just based on the S criteria. After RRC Connection Re-establishment, the UE may send the RLF-Report IE of the first failure and the second failure to the network.


Figure 4. CHO Failure with CHO Recovery Success followed by an RLF
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. 
UE stores and reports multiple failures information entries to network: e.g. 
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Failure, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/first CHO failure) and RLF-Report of the second failure (CHO recovery failure) to the network.
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/the first CHO failure) and RLF-Report of the second failure (RLF failure) to the network.
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/the first CHO failure) and RLF-Report of the second successful CHO recovery to the network.
In case of multiple failure case, the first failure information at least includes nrPrevisousCell IE which is set to the ID of the cell where CHO configuration is received,  and the failedPCellId IE which indicates the ID of the target Cell of the failed legacy handover or CHO.
However, the previousPCellId IE and failedPCellId IE introduced in R16 SON are not suitable for the second failure information. After RLF/HO failure/CHO failure, the UE initiates re-establishment and performs cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment procedure. Therefore, the second CHO is performed just based on the S-criteria rather than CHO execution condition. Then the nrPreviousCell IE and the failedPCellID are not used in the second failure information, e.g. new IEs associated with the failed CHO recovery may be introduced in RLF-Report . 
Both previousPCellId IE and failedPCellId IE are not used to indicate the second failure information (failure information of CHO recovery).
In case of multiple failure case, the handover reported time (TimeConnFailure) for each failure is useful for network detecting the failure types for each failure. For example, for the first CHO, the time should be from the first CHO execution to the first CHO failure, while for the CHO recovery, the time should be from the CHO recovery execution to connection failure. Similar for TimeSinceFailure, which is the time elapsed since the last radio link or handover failure in NR.
In case of multiple failures case, UE may include the time elapsed since CHO execution until connection failure (TimeConnFailure) and time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report.
3	Conclusion
In this contribution, the issues on SON enhancements for CHO are discussed. The following proposals are proposed:
1. UE reports the time elapsed since receiving the CHO configuration until the CHO execution to gNB regardless CHO success or failure.
1. UE reports the time elapsed since CHO execution until connection failure.
1. In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, UE stores and reports RLF-Report of the RLF/HO Failure/first CHO Failure related information to the network.
1. 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.
UE stores and reports multiple failures information entries to network: e.g. 
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Failure, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/first CHO failure) and RLF-Report of the second failure (CHO recovery failure) to the network.
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/the first CHO failure) and RLF-Report of the second failure (RLF failure) to the network.
· In case of RLF/HO Failure/CHO Failure with CHO Recovery Success, UE stores and reports RLF-Report of the first Failure (Initial RLF/HOF/the first CHO failure) and RLF-Report of the second successful CHO recovery to the network.
Both previousPCellId IE and failedPCellId IE are not used to indicate the second failure information (failure information of CHO recovery).
In case of multiple failures case, UE may include the time elapsed since CHO execution until connection failure (TimeConnFailure) and time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report.
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