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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.


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.


In RAN2#113e [2], further agreements were achieved:

Agreements:
1	Include in the RLF report the “Time elapsed since CHO execution until connection failure”. How to convey this information is FFS. 
2	Reuse the following legacy timers in the RLF report also for CHO: timeUntilReconnection, timeSinceFailure.
3	In the RLF report for CHO, the UE includes of the latest radio measurement results. FFS: to indicate whether or not it is candidate target cell.


Signalling model for RLF report:
FFS:	Separate IEs/fields within the existing RLF-report are used to represent the second HOF. Also consider the second HO is successful case together. What measurements also need to be considered.

Agreements:
	UE reports "Time elapsed since CHO execution until connection failure" implicitly or explicitly, i.e. UE either explicitly provides the aforementioned timing information or provides sufficient information for the network to compute it.


=>	Continue the discussion ”UE shall include the latest radio measurement results of the candidate target cells in the RLF-report.” through email. (Ericsson)

=>	Before agreeing on including an indication indicating whether a neighbor cell, included as part of neighbor cell measurement result, is associated to a CHO candidate target cell or not, RAN2 waits RAN3 to confirm whether the source cell can keep the UE context, at least up to the point the RLF-report is received by the source cell. Draft LS to RAN3 for this.
In RAN2#113 bis-e [3], more were achieved: 

Agreements:
1	Include in the RLF-report for CHO the following:
a.	Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
b.	Fulfilled CHO execution condition(s), i.e. whether A3 and/or A5 event was fullfilled, for the cell(s) in which CHO execution was triggered.
c.	Latest radio measurement results of the candidate target cells
Inclusion of a) and c) are subject to the RAN3 reply to the RAN2 LS R2-2102149.
Try to reuse existing mechanism as much as possible.

2	Include in the RLF report for CHO the following information:
a.	Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not.
b.	List of candidate cells IDs.
Inclusion of a) and b) are subject to the RAN3 reply to the RAN2 LS R2-2102149

3	The following information in the RLF report for CHO are needed:
[bookmark: _Hlk70689507]b.	CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment
c.	CellID to indicate the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF.
How to provide these information is FFS.

Agreements:
1	RAN2 to focus on the following scenarios for HO Success Report:
a.	Scenario 1 (ordinary HO): 1a, 1b
b.	Scenario 2 (CHO): 2a, 2b
c.	Scenario 3 (DAPS): 3a
2	RAN2 for further discuss whether the following scenarios should be considered under the RLF report or under the HO success report:
a.	Scenario 2c
b.	Scenario 3b

3	The following radio related measurements are as part of the successful HO report:
a.	Latest radio measurement results of the candidate target cells in the case of conditional HO. FFS best cell(s) should be included in.
b.	Flag to indicate RLF issues in source cell during DAPS HO

4	The following time-related measurements are as part of the successful HO report:
a.	Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration received for the selected target cell

5	Location information is included as part of the successful HO report.


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. 
2.1 Time related information reporting
RAN3#110e meeting [4] has agreed to report the time elapsed since CHO execution until connection failure to network. RAN2#113e meeting [2] has agreed that UE reports "Time elapsed since CHO execution until connection failure" implicitly or explicitly, i.e. UE either explicitly provides the aforementioned timing information or provides sufficient information for the network to compute it. 
For implicit solution, the network needs to derive "Time elapsed since CHO execution until connection failure" via “Time between connection failure and the corresponding CHO command received at UE” and “Time between the first CHO execution and the corresponding CHO command received at UE”, RAN2#112e meeting [1] has agreed that UE reports “Time between the first CHO execution and the corresponding CHO command received at UE”, but how to represent “Time between connection failure and the corresponding CHO command received at UE” is not clear. 
The key point is how to understand the TimeConnFailure IE if it is reused for CHO, e.g. for implicit way it can be reused to represent “Time between connection failure and the corresponding CHO command received at UE”, for explicit solution it can be reused to represent “Time elapsed since CHO execution until connection failure”. Currently, the existing TimeConnFailure IE in legacy is used to indicate the time elapsed since the last HO initialization until connection failure. In CHO, handover procedure is initialized/performed when CHO execution condition is fulfilled. So, the straightforward and simple way is to reuse the TimeConnFailure IE to indicate the time elapsed since initial CHO execution until connection failure with some field description updates.
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.
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.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. 
Besides CHO failure case, for CHO success case, the time elapsed since receiving the CHO configuration until the CHO execution is also useful for the source gNB to decide the suitable moment to provide the CHO configuration to the UE, because if the CHO configuration is provided too early to the UE, it makes unnecessary radio resource reservation in the target gNB.
Observation: The following time information was agreed to be included in the successful handover report:
· Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration received for the selected target cell

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 in handover failure case.
2.2 CHO indication
The issue on whether CHO failure indication is implicit or explicit is FFS. 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, 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 3: The UE can report an explicit CHO failure indicator to the network in the RLF-Report.
After CHO failure or normal HO failure or RLF, UE will perform CHO recovery. If CHO recovery fails, UE will reselect the second cell for re-establishment purpose. UE is expected to indicate whether the cell for re-establishment is a CHO candidate target cell or not, which can helpful to network.
Proposal 4: The UE can report an indication of whether the cell for re-establishment is a CHO candidate target cell or not. 
2.3 Cell ID
In legacy RLF-Report, the previousPCellId IE indicates the source PCell of the last handover i.e. source PCell, the failedPCellId IE is used to indicate the PCell in which RLF is detected or the target PCell of the failed handover, the reconnectCellId IE is used to indicate the cell in which the UE comes back to connected after connection failure and after failing to perform reestablishment, and the reestablishmentCellId IE is used to indicate the cell in which the re-establishment attempt was made after connection failure. 
[bookmark: _Hlk70691390]Last RAN2 meeting agreed to report the selected CHO cell after the first connection failure and before the reestablishment, and the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF. The preferred way is that reuse the failedPCellId IE to indicate the cell where the first connection failure occurs, and defines a new IE to represent the selected CHO cell after the first connection failure, and reuse the existing IE i.e. reestablishmentCellId to indicate the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF. For the case that the first reestablishment following the first connection failure is successful, the new IE can be used to indicate the cell for the first reestablishment. 
Proposal 5: Introduce a new IE to represent the selected CHO cell after the first connection failure no matter handover/the first reestablishment towards this selected CHO cell is successful or not. 
[bookmark: _Hlk70691288]Proposal 6: Reuse the existing IE i.e. reestablishmentCellId to indicate the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF.
2.4 Signalling model for RLF-Report
RAN3 #110e meeting [4] agreed that the UE reports information related with the two failures if UE has experienced failure twice. Also RAN2#112e meeting [1] 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 7: 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.
2.5 Handover success report for CHO
In last RAN2 meeting [3], the scenarios were agreed for HO Success Report for CHO procedure:
Case A: UE successfully performs a CHO towards a candidate target cell;
Case B: UE is configured with CHO, but before executing it, it receives an ordinary HO command and successfully performs it;
Last RAN2 meeting agreed the triggering conditions for HO Success Report in DAPS handover procedure: 
4	At least the following triggering conditions are applied for generating an HO Success Report in the case that the HO succeeds:
a.	The UE logs the HO success report if, while doing HO, T310 value exceeds a threshold
b.	The UE logs the HO success report if, while doing HO, T312 value exceeds a threshold
c.	The UE logs the HO success report if, while doing HO, T304 exceeds a threshold
d.	In case of DAPS, if the UE gets an RLF in the source while doing DAPS.
[bookmark: _Hlk71292944]Since normal handover, DAPS handover and CHO are handover types in R16, obviously the above agreements can also apply for Case A and Case B. Besides T310 or T312 for radio link of the source cell, the UE may also monitor target link after the UE successfully handovers to the target cell but finally no RLF occurs in the target cell, e.g. the UE starts T310 or T312 for the target cell, or the UE detects the consecutive "out-of-sync" indications from target cell. Therefore, the conditions e.g. RLF does not happen in target cell but T310 in target cell is started within a period after successful handover, RLF does not happen in target cell but T312 in target cell is started within a period after successful handover,  or RLF does not happen in target cell but the number of consecutive "out-of-sync" indications from target cell is greater than one threshold should also be considered. 
Proposal 8: The following triggering conditions can be also applied for generating an HO Success Report for the case that CHO succeeds or normal HO with CHO configuration(s) succeeds besides DAPS HO success.
- The UE logs the HO success report if, while doing HO, T310 value for the source cell exceeds a threshold;
- The UE logs the HO success report if, while doing HO, T312 value for the source cell exceeds a threshold;
- The UE logs the HO success report if, while doing HO, T304 exceeds a threshold;
- In case of CHO, if the UE gets an RLF in the source while doing CHO/normal HO;

[bookmark: _Hlk71294014]Proposal 9: The following triggering conditions are applied for generating an HO Success Report for the case that CHO succeeds or normal HO with CHO configuration(s) succeeds:
- RLF does not happen in target cell but T310 in target cell is started within a period after successful handover;
- RLF does not happen in target cell but T312 in target cell is started within a period after successful handover;
- RLF does not happen in target cell but the number of consecutive "out-of-sync" indications from target cell is greater than one threshold.
Based on the triggering conditions, additional information should be reported in the HO successful report:
- T310 value in target cell;
- T312 value in target cell;
- The number of consecutive "out-of-sync" indications from target cell;
Proposal 10: At least the following information can be reported in the HO Success Report for the case that CHO succeeds or normal HO following CHO configuration(s) succeeds:
- T310 value in target cell;
- T312 value in target cell;
- The number of consecutive "out-of-sync" indications from target cell.
3	Conclusion
In this contribution, the issues on SON enhancements for CHO are discussed. We have the following proposals:
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.
Proposal 3: The UE can report an explicit CHO failure indicator to the network in the RLF-Report.
Proposal 4: The UE can report an indication of whether the cell after CHO failure or normal HO failure or RLF is a CHO candidate target cell or not. 
Proposal 5: Introduce a new IE to represent the selected CHO cell after the first connection failure no matter handover/the first reestablishment towards this selected CHO cell is successful or not. 
Proposal 6: Reuse the existing IE i.e. reestablishmentCellId to indicate the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF.
Proposal 7: 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 8: The following triggering conditions can be also applied for generating an HO Success Report for the case that CHO succeeds or normal HO with CHO configuration(s) succeeds besides DAPS HO success.
- The UE logs the HO success report if, while doing HO, T310 value for the source cell exceeds a threshold;
- The UE logs the HO success report if, while doing HO, T312 value for the source cell exceeds a threshold;
- The UE logs the HO success report if, while doing HO, T304 exceeds a threshold;
- In case of CHO, if the UE gets an RLF in the source while doing CHO/normal HO;
Proposal 9: The following triggering conditions are applied for generating an HO Success Report for the case that CHO succeeds or normal HO with CHO configuration(s) succeeds:
- RLF does not happen in target cell but T310 in target cell is started within a period after successful handover;
- RLF does not happen in target cell but T312 in target cell is started within a period after successful handover;
- RLF does not happen in target cell but the number of consecutive "out-of-sync" indications from target cell is greater than one threshold.
Proposal 10: At least the following information can be reported in the HO Success Report for the case that CHO succeeds or normal HO following CHO configuration(s) succeeds:
- T310 value in target cell;
- T312 value in target cell;
- The number of consecutive "out-of-sync" indications from target cell.
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