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1 Introduction
In this contribution, we would like to address our views on the left issues of the HO aspects for the SON, including whether or not to specify the timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell, and RLF reporting for consecutive CHO failure.
2 Discussion
2.1 Too late CHO configuration
In the RAN2 post 116-e email discussion, there raises a discussion regarding whether or not it is required to specify a timer C defining the time elapsed between the CHO configuration reception at a cell and subsequent RLF in the same cell. Such scenario could be easily categorized to a too late CHO. Generally, in such cases, the optimization of the network should be setting a lower CHO execution threshold for the UE to perform the handover easier, after reception of the RLF report. So the question becomes whether or not introduction of the timer C in the RLF report could help the network tune the CHO execution threshold. From our perspective, the answer is no. It cannot tell the network to what extent to tune the CHO execution threshold. For example, the network is configured with a specific CHO execution threshold, no matter how long time is elapsed until it experiences the RLF report, either 10 second or 1min, the network still does not know how much the CHO execution threshold should be relaxed, 1 dB, 3dB or something else. 

Observation 1: the timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell cannot tell the network to what extent to tune the CHO execution threshold.
On the other hand, since the failedPCellId and the previousPCellId in the RLF report have already been set as the same in such scenario, the network could find that it is a too late handover problem. In addition, since we have already agreed to include candidate cell related information, such as the candidate cell IDs and flags indicating whether the measured neighbour cells were CHO candidate cell or not, in the RLF report back in the RAN# 113bis-e, the network would have known that the UE was set with CHO configuration and know how much to tune the CHO execution condition. For example, suppose the CHO execution threshold is set as A3 20dB, and prior to the RLF occurrence, the maximum RSRP difference between the any of the candidate cells and the source cell is derived as 18dB from the measurement results included in the RLF report, then the network would know that the CHO execution threshold show be set lower to be 17 dB. 
Observation 2: By knowing the RLF is caused by the too late CHO via checking if failedPCellId and previousPCellId is the same and whether or not there is candidate cell related information in the RLF report, and the measurement results of the target candidate cells and source cell prior to the RLF, the network would know how much should the CHO execution threshold be relaxed.   
So due to the meaningless of including timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell, into the RLF report, we propose RAN2 to agree that timer C is not needed to be included in the RLF report.
Proposal 1: RAN2 to agree that timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell, should not be included in the RLF report.

2.2 RLF report recording for consecutive CHO failure 
According to the RAN2 previous agreements, there exists three categories of consecutive handover scenario for CHO, indicated as follows: 

a.    A UE that has CHO configuration detects RLF in the source cell. The UE selects a configured candidate CHO target cell for connection re-establishment. 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 a configured candidate CHO target cell for connection re-establishment. 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.
In the RAN2 #115e meeting, agreements regarding the signalling model for the RLF report of CHO are made that sperate IEs within the existing RLF-report should be used to represent the first and second failure. In this section, we would like to address our opinion on how to capture the IEs to represent the first and second failure and the related UE behaviour. 
Firstly, we would like to discuss on the Cell IDs included in the RLF report. The IE previousPCellId indicates the source PCell of the last handover (source PCell when the last RRCReconfiguration message including reconfigurationWithSync was received). Because in the all three above scenarios, the UE does not receive any handover command during the time between the first and the second failures, the previousPCellId remains the same for the first and second failure. Therefore, the previousPcellId should be only captured once in the RLF report. For the failedPCellId indicating the PCell in which RLF is detected or the target PCell of the failed handover, two failedPCellIds should be included, since the UE experiences two failures in/towards different cells. Furthermore, to differentiate the order of the failures in the two cells, the two failedPCellIds should be recorded in the time occurrence order. Regarding the reconnetCellId indicating the cell in which the UE comes back to connected after connect failure and after failing to perform reestablishment, the IE for the second and the first failure could be same or not, depending on the exact situations, e.g., UE RLF or HOF after/in the second CHO. If UE experiences RLF after finishing the latter re-establishment, the reconnectCellId for the first failure should be the ID of the cell wherein the UE performs the latter re-establishment. On the other hand, if the UE experiences the HOF during the latter re-establishment, since UE never returns to the connected state before this CHO try, the reconnectCellId for the two failures should be the same.  In all, there is no need to include two reconnectCellIds in the RLF report for the consecutive CHO failure case. In addition, since after the first failure, the UE selects another candidate cell for reestablishment (CHO recovery,) the reestablishmentCellId for the first failure is the same target cell ID of the subsequent CHO recovery, i.e., failedPCellId. As a result, the reestablishmentCellId for the first CHO failure is proposed to be not included in the RLF report.
Observation 3: Because the UE does not receive any handover command after the first failure, the previousPCellId remains the same for the first and second failure for consecutive CHO failure scenario.
Observation 4: If UE experiences RLF after finishing the latter CHO, the reconnectCellId for the first failure should be the ID of the cell wherein the UE performs the latter CHO. On the other hand, if the UE experiences the HOF in the latter CHO, since UE never returns to the connected state before the latter CHO try, the reconnectCellIds for the two failures should be the same.  In all, there is no need to include two reconnectCellIds in the RLF report for the consecutive CHO failure case.

Proposal 2: RAN2 to agree that for the consecutive CHO failure, at most one previousPCellIds, two failedPCellIds, and one reconnectCellId should be included in the RLF report.
Observation 6: after the first failure, UE selects another candidate cell for performing reestablishment (CHO recovery,) the reestablishmentCellId for the first failure is the same target cell of the second CHO recovery, i.e., failedPCellId for the second failure.
Proposal 3: RAN2 to agree that reestablishmentCellId for the first failure is not needed to be included in the RLF report.
Also, the connection failure type for the first/second failure should be recorded independently, which enables the network to find if reconnectCellID for the first failure should be the target cell of the second CHO failure or the same cell of the second failure, as mentioned before. 
Proposal 4: RAN2 to agree that for consecutive failure scenario, the connection failure type of both of the second and the first failure should be recorded.
Next, we would like to discuss the measurement results included in the RLF report for the consecutive CHO failure cases. For the RLF report, the cell measurement results are taken when the radio link failure or handover failure happened. Since the RLF/HOF occurs twice for the consecutive CHO failure cases, in the RLF report, the UE might need to record two set of measurement results, which consumes huge of memory space. In our opinion, since the two CHOs are executed close to each other in time domain, it is sufficient to record one set of cell measurement results corresponding to either first or second CHO failure.
Observation 8: since two failures are occurred close to each other in time domain, it is sufficient to record one set of cell measurement results corresponding to either first or second failure.
Proposal 5: RAN2 to agree that for consecutive failure scenarios, one set of cell measurement results, either corresponding to the time moment of first failure or the second failure, are recorded, to save the memory space for the RLF report.
Finally, we would like to discuss the timer related information included in the RLF report for the consecutive CHO failure cases. The timeConnFailure IE is used to indicate the time elapsed since the last HO initialization until connection failure. The purpose of including such IE in the RLF report is to help the network judge if the occurred CHO failure should be a too early, too late or a handover to a wrong cell problem, and therefore should be recorded for the two CHO failure cases independently. But logically, if the UE executes the normal HO or the CHO before the first failure, it must be a too early handover/handover to wrong cell problem. Otherwise, the UE CHO related context would be erased and therefore the latter CHO cannot be executed, according to the current 38.331 spec 5.3.5.3. On the other hand, if the UE experience the RLF at the source cell, it should be categorized to too late handover scenario. By comparing the failedPCellId corresponding to the first failure and previousPcellId included in the RLF report, the network could know whether UE executes the handover before the first failure or experience the RLF at the source cell. As a result, the timeConnFailure for the first CHO failure does not need to be recorded. On the other hand, for the latter UE CHO execution, UE might either experience RLF at the target gNB or HOF towards the target gNB, which leads to the question whether it is a too early handover problem. To answer that question, the network should investigate the corresponding timeConnFailure. Therefore, the timeConnFailure IE corresponding to the latter CHO failure is proposed to be recorded in the RLF report. Also, there is a timer timeUntilReconnection indicating the time that elapsed between the connection (radio link or handover) failure and the next time the UE comes to RRC CONNECTED. It is used to judge if the RLF report is still valid for network optimization.  If the UE comes back to the RRC_connected state successfully after the latter CHO recovery, the value of the timeUntilReconnection IE for the first failure is meaninglessly small. On the other hand, if the UE experiences HOF during the latter CHO recovery, the timeUntilReconnection IE for the first and latter failure is almost the same. Overall, timeUntilReconnection IE for the first failure is not needed to be included in the RLF report.
Observation 9: if the UE executes the normal HO or the CHO before the first failure, it must be a too early handover/handover to wrong cell problem. Otherwise, the UE CHO related context would be erased and therefore the latter CHO cannot be executed.
Observation 10: if the UE experience the RLF at the source cell, it should be categorized to too late handover scenario.
Observation 11: by comparing the failedPCellId corresponding to the first failure and the previousPcellId included in the RLF report, the network could know whether UE have executed the handover before the first failure or experienced the RLF at the source cell, and therefore could know if the fist failure should be a too early handover/handover to wrong cell or a too late handover problem.

Proposal 6: RAN2 to agree that the timeConnFailure for the first CHO failure is not needed to be recorded.
Proposal 7: the timeConnFailure IE corresponding to the second CHO failure is proposed to be recorded in the RLF report.
Obervation 12: if the UE comes back to the RRC_connected state successfully after the latter CHO recovery, the value of the timeUntilReconnection IE for the first failure is meaninglessly small. On the other hand, if the UE experiences HOF during the latter CHO recovery, the timeUntilReconnection IE for the first and latter failure is almost the same.

Proposal 8: RAN2 to agree including the timeUntilReconnection for the latter failure in the RLF report for the consecutive CHO failure cases. 
As known by us, the IEs of the RLF report is recorded in the VarRLF-Report before sending the RLF report towards the serving cell. When the RLF report corresponding to the first failure is generated, the UE have no idea whether or not there will be a latter CHO execution and the corresponding failure, and therefore the UE will record every IE as legacy. Some of them become meaningless when the UE experience the latter failure. So, when the latter CHO failure (CHO recovery failure) occurs, the UE should be allowed to delete or modify the already stored IEs (corresponding to the first CHO failure) in the VarRLF-Report, rather than appending a new IE with the old one for saving meaningless air-interface resource consumption.
Observation 13: when the RLF report corresponding to the first failure is generated, the UE have no idea whether or not there will be a latter CHO execution and the corresponding failure.
Proposal 9: RAN2 to agree that the UE should be allowed to delete or modify the already stored IEs (corresponding to the first failure) in the VarRLF-Report due to the occurrence of the latter failure, rather than appending  new IEs with the old ones.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: the timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell cannot tell the network to what extent to tune the CHO execution threshold.

Observation 2: By knowing the RLF is caused by the too late CHO via checking if failedPCellId and previousPCellId is the same and whether or not there is candidate cell related information in the RLF report, and the measurement results of the target candidate cells and source cell prior to the RLF, the network would know how much should the CHO execution threshold be relaxed.   

Proposal 1: RAN2 to agree that timer C, the time elapsed between the reception of the CHO configuration until the RLF occurrence at the same cell, should  not be included in the RLF report.

Observation 3: Because the UE does not receive any handover command after the first failure, the previousPCellId remains the same for the first and second failure for consecutive CHO failure scenario.
Observation 4: If UE experiences RLF after finishing the latter CHO, the reconnectCellId for the first failure should be the ID of the cell wherein the UE performs the latter CHO. On the other hand, if the UE experiences the HOF in the latter CHO, since UE never returns to the connected state before the latter CHO try, the reconnectCellIds for the two failures should be the same.  In all, there is no need to include two reconnectCellIds in the RLF report for the consecutive CHO failure case.

Proposal 2: RAN2 to agree that for the consecutive CHO related failure, at most one previousPCellIds, two failedPCellIds, and one reconnectCellId should be included in the RLF report.
Observation 6: after the first failure, UE selects another candidate cell for performing reestablishment (CHO recovery,) the reestablishmentCellId for the first failure is the same target cell of the second CHO failure, i.e., failedPCellId for the second failure.
Proposal 3: RAN2 to agree that reestablishmentCellId for the first failure is not needed to be included in the RLF report.
Proposal 4: RAN2 to agree that for consecutive CHO related failure scenario, the connection failure type of both of the second and the first failure should be recorded.
Observation 8: since two failures are occurred close to each other in time domain, it is sufficient to record one set of cell measurement results corresponding to either first or second failure.
Proposal 5: RAN2 to agree that for consecutive CHO related failure scenarios, one set of cell measurement results, either corresponding to the time moment of first failure or the second failure, are recorded, to save the memory space for the RLF report.
Observation 9: if the UE executes the normal HO or the CHO before the first failure, it must be a too early handover/handover to wrong cell problem. Otherwise, the UE CHO related context would be erased and therefore the latter CHO cannot be executed.
Observation 10: if the UE experience the RLF at the source cell, it should be categorized to too late handover scenario.
Observation 11: by comparing the failedPCellId corresponding to the first failure and the previousPcellId included in the RLF report, the network could know whether UE have executed the handover before the first failure or experienced the RLF at the source cell, and therefore could know if the fist failure should be a too early handover/handover to wrong cell or a too late handover problem.

Proposal 6: RAN2 to agree that the timeConnFailure for the first CHO failure is not needed to be recorded.
Proposal 7: the timeConnFailure IE corresponding to the second CHO failure is proposed to be recorded in the RLF report.
Obervation 12: if the UE comes back to the RRC_connected state successfully after the latter CHO recovery, the value of the timeUntilReconnection IE for the first failure is meaninglessly small. On the other hand, if the UE experiences HOF during the latter CHO recovery, the timeUntilReconnection IE for the first and latter failure is almost the same.
Proposal 8: RAN2 to agree including the timeUntilReconnection for the latter failure in the RLF report for the consecutive CHO failure cases. 
Observation 13: when the RLF report corresponding to the first failure is generated, the UE have no idea whether or not there will be a latter CHO execution and the corresponding failure.
Proposal 9: RAN2 to agree that the UE should be allowed to delete or modify the already stored IEs (corresponding to the first failure) in the VarRLF-Report due to the occurrence of the latter failure, rather than appending  new IEs with the old ones.
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