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Introduction

In this contribution, we will discuss the successful handover report aspect in R17 SON/MDT WI, including the interested successful HO scenarios together with content and the signalling model design.
Discussion
Scenarios and content 
This subclause will further discuss the interested successful HO report scenarios for normal HO and CHO/DAPS related scenarios. For each interested scenarios, the needed successful HO content will also be discussed.  
In last meeting, RAN2 has agreed at least to introduce related functions to support normal successful HO reporting. And the following scenarios have been raised in different contributions[1-3]:

Successful HO under bad radio or bad RA configuration

Successful HO while previous T310/T312 is running/ while previous BFD is detected;

Successful HO with bad RA configuration: e.g., CFRA not used;

Successful CHO HO

Successful CHO with previous failure HO /RLF/CHO failure

Successful DAPS HO

Successful DAPS while source RLF is detected during HO

Successful HO under bad radio configuration
The intention of successful HO report is to identify the HO successful completed while UE is at risky condition which might leads to failure HO, therefore to optimize the HO configuration, e.g., optimize the HO command decision timing or RA resource configuration to improve the HO performance in the aspects of robustness and resource efficiency.
One situation is successful HO completed at a near RLF condition. The status of T310 is proposed to use as one of the triggering event for storing successful HO report, i.e., if the successful HO is initiated by reception of RRCReconfiguration message containing reconfigurationWithSync during the running T310, it implies UE has detected out of sync event in DL when it is performing HO procedure, and the channel condition is not stable, which has negative impact on the completion of HO procedure. Therefore it is useful to collect the successful HO information, e.g., the available cell and beam level measurement in this condition to help NW optimization the measurement threshold for HO decision. Also the running time of T310 can be included, which can be used for NW to know how close for UE to declare RLF.
Observation 1: Successful HO initiated by RRCReconfiguration message containing reconfigurationWithSync received during the running T310 implies the channel condition is not stable during HO procedure, which might in danger the successful completion of HO.

Observation 2: in case HO initiated during bad radio environment, the reason could be improper measurement configuration configured or inappropriate HO timing.

Observation 3: It is useful to store the latest available cell/beam level measurements of both serving and neighboring cell and the running time of T310 when the HO is initiated during running of T310.  
Proposal 1: UE stores successful HO report when the HO is initiated during running of T310, and the following measurements can be considered to store in the successful HO report:
The available cell and beam level measurements 

The running time of T310 
Currently NW can configure UE with T312 which is used for fast RLF detection, T312 has smaller length comparing to T310. When T312 is configured, UE will declare RLF upon expiry of T312. For similar reason as discussed above, UE shall also store the successful HO report when T312 is configured and the the successful HO is initiated during running of T312, and the same measurements can be included in the successful HO report. 

Observation 4: T312 can be configured by NW to allow fast RLF detection, when configured UE declares RLF upon expiry of T312.

Observation 5: Similar to HO initiated during running of T310, It is useful to store the latest available cell/beam level measurements of both serving and neighboring cell and the running time of T312 when the HO is initiated during running of T312.  
Proposal 2: UE stores successful HO report when the HO is initiated during running of T312, and the following measurements can be considered to store in the successful HO report:
The available cell and beam level measurements 

The running time of T312 
Successful HO with sub-optimal RA configuration
Sub-optimal RA resource may be used for HO. When HO is initiated NW will configure contention free resource for UE to initiate RA procedure to increase the successful rate of HO procedure. However, the CFRA resource configured might not always be available in such case UE will attempt RA based on contention based resource. Since current RA report allows UE to store the RA resource information as well as RA performance information of the successful completed RA procedure, UE shall be able based on the RA information stored to identify the suboptimal RA completed situation.

Observation 6: UE can based on the RA information stored in RA report to identity the RA procedure completed in suboptimal RA resource, which can be used as triggering event for storing the successful HO report.

As aforementioned, NW will configure the CFRA resource for UE to initiate the RA procedure, but if the CFRA resource is not used during the procedure or the successful RA attempt is not based on the CFRA resource configured, implies that the CFRA resource is in-appropriate, which is a waste of RA resource. It is useful to store the successful HO report together with the RA resource configuration used and CFRA resource configured for HO if not used during the HO so that NW can optimize the RA resource accordingly. 

Observation 7: Successful HO not based on contention free resource configured is a result of sub-optimal RA resource configuration, which increases the unsuccessful rate of HO also wastes the RA resource reserved.

Observation 8: it is useful to store the RA configuration of the RA resource actually used for RA and the CFRA resource reserved for NW to optimize the RA configuration.
Proposal 3: UE stores the successful HO report when the successful HO procedure is not based on the CFRA resource configured, and the following information can be considered:

RA resource configuration used in the HO procedure

CFRA resource configuration configured for HO if not used

Successful CHO HO

For both scenarios as discussed above, the same situation could happen when CHO is configured, therefore the same triggering condition (e.g. HO initiated under bad radio or sub-optimal RA resource) can be considered for CHO . 
Observation 9: HO initiated near RLF or based on sub-optimal RA resource can also happened for HO based on CHO configuration.

Specially for CHO, comparing to CHO execution at near RLF condition (e.g., when T312/T310 is running), CHO configuration received at near RLF situation is more risky since after reception of CHO configuration UE might not immediately initiate CHO execution, and it is possible for UE to experience RLF before CHO execution. In this case CHO configuration is too-late configuration from MRO point of view. 

Observation 10: For CHO case, the CHO configuration received at near RLF (e.g., when T312/T310 is running) are more risky than CHO execution at near RLF, since UE might not immediately execute CHO. 

Proposal 4: It is proposed to stores the successful CHO HO report when the successful HO procedure is not based on the CFRA resource configured or when CHO configuration is received when T312/T310 is running.
Since it is at early implementation stage of CHO and DAPS, it is desirable for NW to know specifically the HO performance of CHO/DAPS/Normal HO separately, to see if any specific optimization is needed. Therefore it is proposed to include the HO type information in successful HO report for NW to differentiate.
Observation 11: It is useful to include HO type in successful HO report so that NW can observe the performance of HO type interested and perform specific optimization if needed.
Proposal 5: Include the HO type in successful HO report to distinguish the HO based on CHO configuration from other HO case. 
Other than above mentioned triggering, following are some specific scenarios to be considered on CHO based HO procedure, .e.g., UE might experience previous RLF/HO/CHO failure and then successfully reestablished based on CHO configuration. Following are some detailed examples:
After NW has configured CHO configuration to UE, and NW sends a HO command to the UE subsequently, the HO is failed, the selected cell to reestablish by UE is a CHO candidate cell, and the CHO is successful, in such a case, the subsequent HO command after CHO configuration is inappropriate. It is beneficial to store the successful CHO together with the previous failure HO.
After NW has configured CHO configuration to UE, and the UE occurs RLF subsequently, the selected cell to reestablish by UE is a CHO candidate cell, and the CHO is successful, in such a case, the CHO configuration may be inappropriate. It is beneficial to store the successful CHO together with the previous RLF.
After NW has configured CHO configuration to UE, the UE performs the first CHO but failed, the selected cell to reestablish by UE is a CHO candidate cell, and the second CHO is successful, in such a case, the CHO configuration and/or the target CHO execution cell selection strategy in UE may be inappropriate. It is beneficial to store the successful CHO together with the previous CHO failure.

As can be concluded from above scenarios, for successful reestablishment based CHO configuration in case there is a previous failure occurred, the previous failure could be a result of inappropriate HO command or CHO configuration (e.g., CHO configuration timing or CHO execution conditions), therefore it is useful to store the successful HO report under such conditions regardless if the HO is initiated under-bad radio or under-suboptimal RA resource.

Observation 12: For successful reestablishment based CHO configuration after connection failure, the failure might by result by inappropriate HO command or CHO configuration (e.g., CHO configuration timing or CHO execution conditions).

Observation 13: It is useful for UE to store the successful HO report in case successful reestablishment based CHO configuration after connection failure so that NW can optimize the HO decision and CHO configuration.

Proposal 6: UE store the successful HO report in case successful reestablishment based CHO configuration after previous connection failure (RLF/HOF/CHOF).
Considering that the subsequent successful CHO execution is actually part of reestablishment procedure of previous failure event, it is beneficial include together the failure information and subsequent successful information together in one successful HO report so that NW can get complete information for optimization.
Observation 14: It is beneficial to store the successful CHO together with the previous HO/RLF/CHO failure information so that NW can get complete information for optimization.

Proposal 7: UE stores the successful CHO report with previous HO/RLF/CHO failure, and the following information can be considered:

Time between CHO configuration and previous failure 
Time between previous failure and successful CHO
Successful DAPS HO

The difference between DAPS and normal HO is that UE will maintain data connection and both target cell and source cell before successful completion of RA, so that there is no interruption on data transmission. Similar to normal HO cases, it is useful to store the successful DAPS HO if the HO is initiated when T312/T310 is running or when it is based on non-CFRA resource. Considering DAPS needs reserved resource at both target and source side, it is useful to distinguish DAPS from other HO type, so that NW can perform specific optimization towards DAPS configuration. 
Observation 15: Similar to normal HO, it is useful to store successful DAPS HO if the HO is initiated when T312/T310 is running or when it is based on non-CFRA resource. Also type indication is needed for NW to perform specific optimization.
Proposal 8: It is proposed to stores the successful DAPS HO report when the successful HO procedure is not based on the CFRA resource configured or when DAPS HO is initiated when T312/T310 is running.
Proposal 9: Include the HO type in successful DAPS HO report to distinguish the HO type. 
Other than the above mentioned triggering conditions, there are also some specific scenarios can be considered for DAPS regardless the radio environment or RA resource configuration. 

As aforementioned, one of the purpose of DAPS HO is to reduce the HO interruption time to zero. If there is a successful DAPS HO while source RLF is detected during HO, that means the zero interruption time can not be guaranteed since the data link in source is broken. The NW should find out the reason why source RLF is occurred during DAPS HO. So, it is beneficial to store the successful DAPS HO while source RLF is detected during HO.

Observation 16: The zero interruption time which DAPS is targeting for might not be guaranteed when source detects RLF during DAPS HO since the radio link in source is broken. 
Observation 17: It is beneficial to store the successful DAPS HO while source RLF is detected during HO.

Proposal 10: UE stores the successful DAPS HO report when source RLF is detected during HO, and the following information can be considered:

Time between DAPS HO command and RLF in source  
Time between RLF in source and successful DAPS HO
Since it is possible that the bad radio environment and sub-optimal RA resource configuration could happen simultaneously together or with other scenarios discussed above, e.g., successful DAPS while RLF detected in source during HO, therefore for it is also useful to include the content as proposed in P1-P3 for successful CHO HO report and for successful DAPS HO report. 
Observation 18: Bad radio environment and sub-optimal RA resource configuration could happen simultaneously together or with other scenarios discussed, e.g., successful DAPS while RLF detected in source during HO.

Proposal 11: To include the content as proposed in P1-P3 for successful CHO HO report and for successful DAPS HO report.
Signalling model
There are two alternatives to store successful HO report, one is similar to RLF report, UE always store the latest successful HO information in successful HO report, another is to introduce multiple entries to store successful HO information. Considering one of the work assumptions from RAN3#110e is that Successful HO Report is defined as a list, i.e. the Successful HO Report can include multiple entries. Also successful HO report is used for optimization, which means more information to be stored can help improve the optimization strategies.

Observation 19: Multiple entries allow storing sufficient successful HO information to improve NW’s decision on optimization, which is also the work assumption agreed in RAN3#110-e meeting.

Proposal 12: It is proposed to have multiple entries for successful HO report where each entry includes information of one successful HO event triggered.

As discussed in subclause 2.1, different triggering are considered for storing the successful HO report,while the successful HO report space is limited. Sometimes NW might only interested in optimization of specific scenarios or triggering event. Therefore some sort of mechanism is required for NW to filter the interested HO scenarios.

Observation 20: It is beneficial to introduce filter mechanism so that NW can selects the successful HO report it interested for specific optimization. 

The filter of successful HO report can be done by following alternatives:

Alt1: Filter successful HO report via prior configuration
Alt2:Filter successful HO report via request procedure
Observation 21: Following alternatives are considered for filtering the successful HO report interested by NW:
Alt1: Filter successful HO report via prior configuration
Alt2:Filter successful HO report via request procedure
For alt1:

Prior configuration is needed so that NW can configure the UE to record successful HO report triggered by one or more of the above mentioned trigger conditions. 
With alt1, since the filtering have been done in advance, only one availability bit is needed for all the HO report stored. Similar to request procedure of RLF report, when UE has successful HO records available, UE can send a availability indicator to the NW. And then the NW can fetch the whole Successful HO Report from the UE based on one request bit via UEInformationRequest message.
Observation 22: With Alt1, Prior configuration is needed to at least include the interested triggering condition NW wants UE to store.

Observation 23: With Alt1, only one availability bit for whole HO report is needed since the interested triggering conditions have already been configured in advance, and NW always request the whole successful HO report. 
For alt2:
The trigger condition for successful HO recording is explicitly specified in specs therefore there is no configuration needed, UE will record when the above mentioned trigger condition matched.

With alternative 2, the filtering mechanism is done via NW’s request procedure. Therefor separate availability bit is needed for NW to know which type of successful HO report is available for fetch and separate request bit is also needed for NW to ask UE to fetch the interested successful HO report.

Observation 24: With Alt2, separate availability bit and separate request bit is needed for NW to request the interested successful HO report to be fetched.

One of the drawback for alternative 2 is that UE will store in vain for some HO report that NW has no interests which seems to be a waste of UE memory. Also how to deal with the un-requested entries of successful HO report may also needs further discussion which cause extra complexity in UE behavior.

Observation 25: Alt2 might waste successful HO report space since UE might store in vain with some uninterested successful HO entries

Observation 26: Allow partially request successful HO report leads extra complexity in UE behavior since how to deal with remaining successful HO entries requires further discussed. 
It can be concluded that alt1 can achieve the same purpose as alt 2 without wasting successful HO report space and has less implementation complexity, it is preferred to adopt alt1 for filtering successful HO report.

Observation 27: Alt1 can achieve the same purpose as alt 2 without wasting successful HO report space and has less implementation complexity.

According to above observations, following proposals are made:
Proposal 13: Prior configuration is sent from NW to UE to indicate one or more triggering conditions NW wants UE to store successful HO report for.
Proposal 14: UE sends the availability indicator of Successful HO Report to the NW via e.g., RRCReconfigurationComplete, RRCReestablishmentComplete, RRCSetupComplete, RRCResumeComplete if it has available successful HO report to be reported.
Proposal 15: NW fetches the whole Successful HO Report via UEInformationRequest / UEInformationResponse.

Conclusion and proposals

Based on above analysis, we have the following proposals: 

Successful HO scenarios
Successful HO with bad radio environment
Observation 1: Successful HO initiated by RRCReconfiguration message containing reconfigurationWithSync received during the running T310 implies the channel condition is not stable during HO procedure, which might in danger the successful completion of HO.

Observation 2: in case HO initiated during bad radio environment, the reason could be improper measurement configuration configured or inappropriate HO timing.

Observation 3: It is useful to store the latest available cell/beam level measurements of both serving and neighboring cell and the running time of T310 when the HO is initiated during running of T310.  

Observation 4: T312 can be configured by NW to allow fast RLF detection, when configured UE declares RLF upon expiry of T312.

Observation 5: Similar to HO initiated during running of T310, It is useful to store the latest available cell/beam level measurements of both serving and neighboring cell and the running time of T312 when the HO is initiated during running of T312.  
Proposal 1: UE stores successful HO report when the HO is initiated during running of T310, and the following measurements can be considered to store in the successful HO report:
The available cell and beam level measurements 

The running time of T310 
Proposal 2: UE stores successful HO report when the HO is initiated during running of T312, and the following measurements can be considered to store in the successful HO report:
The available cell and beam level measurements 

The running time of T312 
Successful HO with sub-optimal RA configuration
Observation 6: UE can based on the RA information stored in RA report to identity the RA procedure completed in suboptimal RA resource, which can be used as triggering event for storing the successful HO report.

Observation 7: Successful HO not based on contention free resource configured is a result of sub-optimal RA resource configuration, which increases the unsuccessful rate of HO also wastes the RA resource reserved.

Observation 8: it is useful to store the RA configuration of the RA resource actually used for RA and the CFRA resource reserved for NW to optimize the RA configuration.
Proposal 3: UE stores the successful HO report when the successful HO procedure is not based on the CFRA resource configured, and the following information can be considered:

RA resource configuration used in the HO procedure

CFRA resource configuration configured for HO if not used

Successful CHO HO

Observation 9: HO initiated near RLF or based on sub-optimal RA resource can also happened for HO based on CHO configuration.

Observation 10: For CHO case, the CHO configuration received at near RLF (e.g., when T312/T310 is running) are more risky than CHO execution at near RLF, since UE might not immediately execute CHO. 

Observation 11: It is useful to include HO type in successful HO report so that NW can observe the performance of HO type interested and perform specific optimization if needed.

Observation 12: For successful reestablishment based CHO configuration after connection failure, the failure might by result by inappropriate HO command or CHO configuration (e.g., CHO configuration timing or CHO execution conditions).

Observation 13: It is useful for UE to store the successful HO report in case successful reestablishment based CHO configuration after connection failure so that NW can optimize the HO decision and CHO configuration.

Observation 14: It is beneficial to store the successful CHO together with the previous HO/RLF/CHO failure information so that NW can get complete information for optimization.
Proposal 4: It is proposed to stores the successful CHO HO report when the successful HO procedure is not based on the CFRA resource configured or when CHO configuration is received when T312/T310 is running.
Proposal 5: Include the HO type in successful HO report to distinguish the HO based on CHO configuration from other HO case. 
Proposal 6: UE store the successful HO report in case successful reestablishment based CHO configuration after previous connection failure (RLF/HOF/CHOF).
Proposal 7: UE stores the successful CHO report with previous HO/RLF/CHO failure, and the following information can be considered:

Time between CHO configuration and previous failure 
Time between previous failure and successful CHO
Successful DAPS HO

Observation 15: Similar to normal HO, it is useful to store successful DAPS HO if the HO is initiated when T312/T310 is running or when it is based on non-CFRA resource. Also type indication is needed for NW to perform specific optimization.
Observation 16: The zero interruption time which DAPS is targeting for might not be guaranteed when source detects RLF during DAPS HO since the radio link in source is broken. 
Observation 17: It is beneficial to store the successful DAPS HO while source RLF is detected during HO.

Proposal 8: It is proposed to stores the successful DAPS HO report when the successful HO procedure is not based on the CFRA resource configured or when DAPS HO is initiated when T312/T310 is running.
Proposal 9: Include the HO type in successful DAPS HO report to distinguish the HO type. 
Proposal 10: UE stores the successful DAPS HO report when source RLF is detected during HO, and the following information can be considered:

Time between DAPS HO command and RLF in source  
Time between RLF in source and successful DAPS HO

Observation 18: Bad radio environment and sub-optimal RA resource configuration could happen simultaneously together or with other scenarios discussed, e.g, for successful DAPS while RLF detected in source during HO.

Proposal 11: To include the content as proposed in P1-P3 if needed for successful CHO HO report and for successful DAPS HO report.
Signalling design for successful HO
Observation 19: Multiple entries allow storing sufficient successful HO information to improve NW’s decision on optimization, which is also the work assumption agreed in RAN3#110-e meeting.

Proposal 12: It is proposed to have multiple entries for successful HO report where each entry includes information of one successful HO event triggered.

Observation 20: It is beneficial to introduce filter mechanism so that NW can selects the successful HO report it interested for specific optimization. 

Observation 21: Following alternatives are considered for filtering the successful HO report interested by NW:
Alt1: Filter successful HO report via prior configuration
Alt2:Filter successful HO report via request procedure
For alt1:
Observation 22: With Alt1, Prior configuration is needed to at least include the interested triggering condition NW wants UE to store.

Observation 23: With Alt1, only one availability bit for whole HO report is needed since the interested triggering conditions have already been configured in advance, and NW always request the whole successful HO report. 

For alt 2:
Observation 24: With Alt2, separate availability bit and separate request bit is needed for NW to request the interested successful HO report to be fetched.

Observation 25: Alt2 might waste successful HO report space since UE might store in vain with some uninterested successful HO entries

Observation 26: Allow partially request successful HO report leads extra complexity in UE behavior since how to deal with remaining successful HO entries requires further discussed. 
Observation 27: Alt1 can achieve the same purpose as alt 2 without wasting successful HO report space and has less implementation complexity.

Proposal 13: Prior configuration is sent from NW to UE to indicate one or more triggering conditions NW wants UE to store successful HO report for.
Proposal 14: UE sends the availability indicator of Successful HO Report to the NW via e.g., RRCReconfigurationComplete, RRCReestablishmentComplete, RRCSetupComplete, RRCResumeComplete if it has available successful HO report to be reported.
Proposal 15: NW fetches the whole Successful HO Report via UEInformationRequest / UEInformationResponse.
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