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Introduction

In this contribution, we will discuss the handover related SON aspects in R17 SON/MDT WI.
Discussion
2.1. Conditional handover

Scenarios:

The possible UE behaviors after having received the CHO configuration can be classified as below: 
CHO configuration received >> HO or CHO succeeds  

CHO configuration received >> RLF, HOF or CHO failed >> CHO succeeds 

CHO configuration received >> RLF, HOF or CHO failed >> CHO failed >> reestablishes or goes to idle   
CHO configuration received >> RLF, HOF or CHO failed >> reestablishes or goes to idle   
For case 1, there is no impact on the RLF report, since no failure happens.And as discussed in our contribution [1], it is preferred to not to consider CHO scenarios for successful HO report at the beginning for the consideration of RAN2 work load. 
For case 2 and 4, the CHO failure information can be recorded in the RLF report, maybe with some additional information, but without impact on the structure of RLF report.

According to CHO procedure as specified in TS 38.331, when CHO is configured, UE might consecutively attempt two HOs (above case 2 and case 3) and the second HO is a CHO execution during reestablishment procedure when the re-selected cell is a CHO candidate cell. In such case UE will directly go to reconfiguration procedure without transmitting RRCReestablishment procedure, while the reestablishment cell id is set to after UE sends the RRCRestablishmene procedure, therefore the CHO cell selected during reestablishment procedure, i.e., while T311 is running, is currently not set in RLF report. Considering this, it is proposed to include the RLF report the CHO cell selected during reestablishment procedure to avoid losing of the second CHO failure information at NW’s side.
Considering the CHO procedure is very different from conventional HO procedure and the required optimization is also different. additional information is needed include in RLF report to identify CHO failure, e.g., the connection failure type can be extend to indicate the CHO failure.
Observation 1: When CHO is configured UE might attempt consecutively two HO (at least one of them is a CHO attempt), and the CHO cell selected during reestablishment procedure is currently not set in RLF report, which might lead to missing of the second CHO attempt information at NW’s side.

Observation 2: It is useful to include information in RLF report to identify CHO failure from normal HO failure, therefore NW can perform optimization accordingly.
For case 3, there are two failures happened, and the first RLF will be replaced by the second RLF if the current RLF report is reused. From network point of view, it is preferred to record both failure event as clearly the second event is related to first one. To store the consecutive RLF/HOF event, following alternatives can be considered:

Alt1: Multiple RLF entries is introduced for storing RLF/HOF information

Alt2: Current RLF report is enhanced, e.g., one additional IE is introduced to include the second CHO failure information.

Alt 1 is raised in last meeting, it allows UE to store multiple RLF/HOF event in one RLF report, which is straightforward, and for each entry the current RLF report structure can be reused. Another pros is that it can be more further proofed if there could be more than two consecutive RLF reports. The downside of this structure is that it will consumes more storage at UE’s side since additional information is required to link the two RLF/HOF happened. 
For alt 2, since there is at most two failures are recognized so far (above case 3),additional IEs in the current RLF report to include the second CHO failure,might be sufficient. Alt2 has less impact on specs since current RLF report procedure can be mostly reused, also the connection between two events can be clearly indicated. But this alternatives is less future proofing, if more than two RLF/HOF information will be needed to store at UE’s side in the future.
We are open for the two alternatives. And it is kindly asked that RAN2 to discuss both alternatives and select one for storing multiple RLF/HOF information.
Observation 3: As the above classification, regarding the CHO failure issue, at most two failures are recognized so far, and following alternatives can be considered to store the two failure event:

Alt1: Multiple RLF entries is introduced for storing RLF/HOF information

Alt2: Current RLF report is enhanced, e.g., additional IEs is introduced to include the second CHO failure information.

Observation 4: Multiple RLF entries is more further proofing while consumes more storage and has large specs impact. And enhancing one RLF with additional IEs to include second CHO failure is less further proofing but has less specs impact.

Proposal 1: It is kindly asked that RAN2 to discuss both alternatives as following and select one for storing two consecutive RLF/HOF event when CHO is configured:
Alt1: Multiple RLF entries is introduced for storing RLF/HOF information

Alt2: Current RLF report is enhanced, e.g., additional IEs are introduced to include the second CHO failure information.
One of the reason CHO failure happens could be inappropriate CHO execution conditions configured or suboptimal candidate cell is selected, therefore the candidate cells that satisfying the CHO execution condition together with the CHO execution condition used for this CHO procedure can be included in RLF report, for NW to optimize the CHO execution condition and the candidate cell selection, to avoid waste of CHO resource reserved. In addition, the time Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF can also be include to help NW understand whether the failure of CHO is a result of too late or too early CHO execution for MRO usage.

Observation 5: It is useful to include the CHO execution condition used and candidate cells satisfying the execution condition in RLF report which can help optimize the CHO configuration to avoid waste of CHO resource reserved.

Observation 6: Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF can help NW understand whether the failure of CHO is a result of too late or too early CHO execution.
Potential enhancement to the content of RLF report:

Per the discussion above, the content considered as useful to be added in the RLF report for CHO optimization is summarized as follows: 
CHO candidate cell selected during reestablishment procedure
Information to identify CHO failure in RLF report, e.g., CHO failure as new connectionFailureType 
List of candidate cells

List of candidate cells satisfying the CHO execution trigger condition and the execution condition used
Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF
Proposal 2: The following content can be considered adding to the RLF report in case CHO failure:
CHO candidate cell selected during reestablishment procedure
Information to identify CHO failure in RLF report, e.g., CHO failure as new connectionFailureType 
List of candidate cells

List of candidate cells satisfying the CHO execution trigger condition and the execution condition used

Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF

2.2. DAPS handover

Scenarios:

DAPS HO success in target but failure in source

DAPS HO failure with fallback to source cell

DAPS HO failure with reestablishment to a third cell

RLF in DAPS target cell after DAPS HO successful completion and before daps-SourceRelease reception

For case 1, it is a successful DAPS HO, and as discussed In [1], it is preferred to study the failure case for DAPS Ho in early stage. 
For case 2, the FailureInformation message is sent to the source, but there is no RLF report recorded. The intention of failure information is let NW realize there is an DAPS HO failure instantly, and decides based on latest UE measurements whether to initiate a new HO. Normally when UE is commanded to performance DAPS HO, the radio link in source is not so stable, therefore to include too much information in the failure information would increase the risk the message cannot deliver successfully. Also for consideration of a unified design, it is preferred to store the DAPS HO failure information in RLF report with the connectionFailureType of DAPS HO failure, and indication of fallback to source cell.

Observation 7: Include additional information in failure information might risk the successful delivery of failure information to MN, which is not desired behavior. 

Proposal 3: It is slightly preferred to include the DAPS HO failure information in RLF report in case UE fallback to source after DAPS HO failure.

Proposal 4: To include DAPS HO failure as a new failure type in RLF report to help NW distinguish the DASP HO failure from other failure event.
For case 3, there could be two sub cases:

Subcase 3-1: Source fails during DAPS HO, and HO fails. In this case UE will initiate reestablishment procedure immediately, and UE established to a third cell.

Subcase 3-2: RLF occurs in source after UE fallback to source, and UE reestablish to a third cell. 
For subcase 3-1 an RLF report will be recorded with type set to hof. Since the DAPS HO consumes more radio resource, and it is in early implement stage,it would be helpful to differentiate the DAPS HO failure from other failure type, so NW can optimize the configuration for DAPS HO specifically. 

For subcase 3-2, there are two consecutive failure cases spotted, similar to two consecutive failure event when CHO is configured, it is required further discussion in RAN2 whether both failure events needs to be stored and which alternatives shall be considered for storing the consecutive RLF/HOF when DAPS is configured.

If RAN2 agrees to store both failure event, it is preferred to use the same solution in DAPS and CHO case for a more unified design and avoid duplicated design. 

Observation 8: It is useful to distinguish DAPS HO failure case at early implementation stage of DAPS so that NW can perform DAPS configuration optimization specifically.

Observation 9: There could be two consecutive failure event in DAPS, i.e., DAPS HO failure and source RLF after fallback, which requires further discussion in RAN2 whether both failure event is worth storing in RLF report.

Proposal 5: It is kindly asked RAN2 to discuss whether to store both failure event in RLF when RLF detects shortly after UE fallback to source in case DAPS HO failure.

Proposal 6: If RAN2 confirms to store consecutive failure events when DAPS is configured, the same solution as to store two consecutive failure event when CHO is configured can be reused.
For case 4, the DAPS HO is successful when RACH succeeds from UE’s perspective, therefore UE will not continuous to detect RLF at source. For this circumstance, RLF happens in target before before daps-SourceRelease reception may be a too early HO or a wrong cell HO (since the time from successful HO to RLF is very short). This procedure is similar to legacy MRO process, it seems no more new information except a DAPS HO type is needed from MRO point of view.
Observation 10: RLF at target after successful DAPS HO and before reception of daps-SourceRelease is similar to too early and too late HO as in legacy MRO scenarios, current RLF information might be sufficient to detect the MRO scenarios.

Conclusion and proposals

Based on above analysis, we have the following proposals: 

Conditional handover:

Observation 1: When CHO is configured UE might attempt consecutively two HO (at least one of them is a CHO attempt), and the CHO cell selected during reestablishment procedure is currently not set in RLF report, which might lead to missing of the second CHO attempt information at NW’s side.

Observation 2: It is useful to include information in RLF report to identify CHO failure from normal HO failure, therefore NW can perform optimization accordingly.
Observation 3: As the above classification, regarding the CHO failure issue, at most two failures are recognized so far, and following alternatives can be considered to store the two failure event:

Alt1: Multiple RLF entries is introduced for storing RLF/HOF information

Alt2: Current RLF report is enhanced, e.g., additional IEs is introduced to include the second CHO failure information.

Observation 4: Multiple RLF entries is more further proofing while consumes more storage and has large specs impact. And enhancing one RLF with additional IEs to include second CHO failure is less further proofing but has less specs impact.

Observation 5: It is useful to include the CHO execution condition used and candidate cells satisfying the execution condition in RLF report which can help optimize the CHO configuration to avoid waste of CHO resource reserved.

Observation 6: Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF can help NW understand whether the failure of CHO is a result of too late or too early CHO execution.
Proposal 1: It is kindly asked that RAN2 to discuss both alternatives as following and select one for storing two consecutive RLF/HOF event when CHO is configured
Alt1: Multiple RLF entries is introduced for storing RLF/HOF information

Alt2: Current RLF report is enhanced, e.g., additional IEs are introduced to include the second CHO failure information.
Proposal 2: The following content can be considered adding to the RLF report in case CHO failure:
CHO candidate cell selected during reestablishment procedure
Information to identify CHO failure in RLF report, e.g., CHO failure as new connectionFailureType 
List of candidate cells

List of candidate cells satisfying the CHO execution trigger condition and the execution condition used

Time elapsed from reception of CHO configuration to execution of CHO, HO, or RLF

DAPS handover:
Observation 7: Include additional information in failure information might risk the successful delivery of failure information to MN, which is not desired behavior. 

Observation 8: It is useful to distinguish DAPS HO failure case at early implementation stage of DAPS so that NW can perform DAPS configuration optimization specifically.

Observation 9: There could be two consecutive failure event in DAPS, i.e., DAPS HO failure and source RLF after fallback, which requires further discussion in RAN2 whether both failure event is worth storing in RLF report.

Observation 10: RLF at target after successful DAPS HO and before reception of daps-SourceRelease is similar to too early and too late HO as in legacy MRO scenarios, current RLF information might be sufficient to detect the MRO scenarios.

Proposal 3: It is slightly preferred to include the DAPS HO failure information in RLF report in case UE fallback to source after DAPS HO failure.
Proposal 4: To include DAPS HO failure as a new failure type in RLF report to help NW distinguish the DASP HO failure from other failure event.

Proposal 5: It is kindly asked RAN2 to discuss whether to store both failure event in RLF report when RLF detects shortly after UE fallback to source in case DAPS HO failure.

Proposal 6: If RAN2 confirms to store two consecutive failure events when DAPS is configured, the same solution as to store two consecutive failure event when CHO is configured can be reused.
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