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1 Introduction
In the last RAN2#112e meeting, discussion on the R17 SON topic was made and corresponding agreements regarding SON have been made, as follows:
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.

FFS: Candidate target cells as configured in the CHO configuration.

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.

Agreements:


In case of successive failures associated to DAPS, the UE stores and reports both failure related information (FFS the details of the information). The successive failure referred above, includes the following scenarios:


UE declares RLF on the source cell while performing the DAPS towards the target cell and declares HOF towards the target cell.

               FFS: For the case of failed DAPS handover to the target cell but successful fallback to source, no further   information is needed in the legacy FailureInformation message.
Agreements:


At least the following cells’ related cell and beam measurements are included in the UE report associated to DAPS failure (try to reuse existing information):


      a.
Source cell of the DAPS


      b.
Target cell of the DAPS

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.


FFS: Further clarification on the successful reestablishment.
=>
Regarding the CHO-related timers, Option D, E, F will not be included in the RLF report and other options will continue discussion through email mail after this meeting.
In this paper, we would like to further present our views on the SON features, including CHO, DAPS handover.

2 Discussion
2.1 Enhancements related to conditional HO

2.1.1 Successful handover report
When the CHO towards one candidate target cell is completed, CHO resources & RRC configurations of other candidate cells configured to UE by the source cell are considered to be unnecessary. If UE could report the unused candidate cell to the network, the network could avoid configuring the RRC related resources of such unused candidate cells towards UE with similar moving trajectory in future. Similarly, if UE has been configured with CHO resources, but at last UE successfully performs one other type of HO towards the target cell, it might imply that the CHO execution condition might be set improperly, i.e., the threshold is set too high or the value of  time-to-trigger timer is set too long.
Observation 1: the successful CHO/HO report could help network identify the unnecessarily configured candidate CHO resources and/or improper CHO execution condition.
However, in the current specification, there is no way of reporting the successful CHO related handover report towards the network. New signalling procedure might need to be introduced. One possibility is indicated as follows:
1) UE includes one flag indicating the possession of the CHO related successful handover report in the RRCReconfigurationComplete msg towards the target gNB after successful handover. 

2) Network decides to retrieve the CHO related successful handover report via the usage of InformationRequest msg.

3) UE, in response, includes the report in the InformationResponse msg. 
Subsequently, such report should be transmitted towards source gNB over NG or Xn interface. With the report in hand, source gNB could optimize the RRC configuration for UEs with similar moving trajectory in future. The corresponding specification details are in the scope of RAN3. No need to discuss in this paper.
Regarding the contents of the CHO related successful handover report reflecting the CHO status, in the post RAN2#112e email discussion, a list of possible CHO-related parameters potentially included in the successful CHO/HO report are indicated. In our opinion, the main purpose of the successful handover report should be helping network delete unnecessarily configured list of candidate cell IDs or optimise the execution condition for the unqualified candidate cell for future UEs with similar moving trajectory. Bearing this in mind, we agree that the measurement results of the candidate cells collected up to the moment of performing CHO/HO and the list of candidate cell IDs, or at least, the list of candidate cell IDs not satisfying the CHO execution condition and corresponding measurement results should be included in the successful handover report primarily. Subsequently, it is doubtful whether or not the configured execution condition (A3 and/or A5) should be included in the report as well. If every or majority of companies agree that, in practical implementation, the execution condition is set equally for each target candidate cell for each UE, we agree that it is reluctant to include the configured executions for all the candidate cell IDs or at least for the unqualified candidate cells. Otherwise, we are keen to include the configured execution condition for each target candidate cell or at least for the unqualified candidate cells in the RLF report, as mentioned before, optimization of the execution condition set is one of the main purposes of the CHO related successful handover report.

Proposal 1: RAN2 to agree that the measurement results of the candidate cells collected up to the moment of performing CHO/HO and the list of candidate cell IDs, or at least, the list of candidate cell IDs not satisfying the CHO execution condition and corresponding measurement results, should be included in the successful handover report.
Observation 2: in practical implementation, the CHO execution condition set for each target candidate cell for each UE might be equal.
Proposal 2: RAN2 to discuss whether or not the configured execution condition for each candidate cell or at least for the unqualified candidate cells should be included in the CHO related successful handover report.
Furthermore, information of the cell towards which UE performs CHO/HO successfully should be included in the CHO related successful handover report, to let the network ensure that for UEs with similar moving trajectory/measurement results, CHO resources of such cells should be configured in the HO command and corresponding proper CHO execution condition should be set.
Proposal 3: RAN2 to agree that information (e.g., cell ID) of the cell wherein UE performs CHO/HO successfully should be included in the successful CHO/HO report, to let the network ensure that for the following similar HOs, CHO resources of such cells should be configured in the HO command as well as the proper CHO execution condition.
Last but not least, experiencing RLF in source cell before execution of CHO could cause unexpected interruption to user data transmission, which should be avoided as much as possible. The reason could be CHO execution thresholds of target candidate cells are not perfectly set. For optimization, optionally, a flag indicating whether or not the RLF has occurred in source cell might be better to be reported to the source cell as well.
Observation 3: experiencing RLF in source cell before execution of CHO could cause unexpected interruption to user data transmission.
Proposal 4: RAN2 to agree that a flag indicating whether or not the RLF has occurred in source cell before completion of CHO should be included in the CHO related successful HO report.
2.1.2 CHO-related RLF report
According to R16 TS 38.331, there are three time related information captured in the RLF report for legacy HO optimization already, which is shown below:

·    timeUntilReconnection-16: indicating the time that elapsed between the connection (radio link or handover) failure and the next time the UE comes to RRC CONNECTED in an NR or EUTRA cell
·    timeConnFailure-r16: indicating the time elapsed since the last HO initialization until connection failure
·    timeSinceFailure-r16: indicating the time that elapsed since the connection (radio link or handover) failure
The timeUntilReconnection-r16 IE is used to help the network determine if the cell in which the UE comes to RRC CONNECTED could be allocated as the target cell for the future UE with similar moving trajectory. Suppose that the value of timeUntilReconnection-16 is relatively small, it could be considered as a proper target cell. For CHO case, similar concept could be applied also: time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED should be defined in the CHO related RLF report. One choice is to extend the definition of the timeUntilReconnection to include the CHO case as well.
Proposal 5: RAN2 to agree that time elapsed between CHO failure (first HOF) and the next time the UE comes to RRC CONNECTED should be defined in the CHO related RLF report. One choice is to extend the definition of the timeUntilReconnection to include the CHO case as well.
In addition, in R16, the timeConnFailure-r16 IE is used for network to classify which of HO problems UE is encountered with by comparing it with a certain threshold (e.g., Tstore_UE_cntxt): too early, too late or HO to wrong cell. Since the UE performing CHO might experience the same kind of HO problems, so a similar time value should be included in the CHO related RLF report also. We prefer to further extending the definition of the timeUntilReconnection IE to include the CHO case also. 

Proposal 6: RAN2 to agree that the definition of timeUntilReconnection IE should be further extended to include the CHO cases also. A proper way is to define CHO execution moment as the HO initialization for CHO case.
Regarding the measurement results to be included in the CHO related RLF report, although in R16, it was agreed that measResultNeighCells-r16 IE consisting of measurement results of neighbour cells are included in the CHO related RLF report, for CHO cases, the network might be more interested in the measurement results of the previously allocated candidate cells, since it put faith in these cells from which the UE must choose one for handover. If the measurement result is not qualified for triggering CHO execution, further optimization is needed. As a result, we think it is better to highlight the candidate cells entries in the measResultNeighCells-r16 IE or indicate the candidate cells IDs explicitly in the RLF report.

Proposal 7: RAN2 to agree that the candidate cells entries in the measResultNeighCells-r16 IE should be highlighted, or explicit indications of the candidate cells IDs should be included in the CHO related RLF report for the network to judge whether or not the previously allocated candidate cells are proper.
Similar with the successful handover report, it is doubtful whether or not the configured execution condition (A3 and/or A5) should be included in the RLF report as well. If every or majority of companies agree that, in practical implementation, the execution condition is set equally for each target candidate cell for each UE, we agree that it is reluctant to include the configured executions for the candidate cell IDs in the RLF report. Otherwise, we are keen to include the configured execution condition for each target candidate cell in the RLF report, as optimization of the execution condition set is one of the main purposes of the CHO related RLF report.

Proposal 8: RAN2 to discuss whether or not the configured execution condition for candidate cells should be included in the CHO related RLF report.

2.2 Enhancements related to DAPS HO
In the last RAN2#1112e meeting, there is one FFS left, as indicated as follows:

It should be noted that the current specification allows UE to report the DAPS handover failure to source cell if the connection towards the source cell is still maintained when DAPS handover failure is occurred. However, currently, the failure information for DAPS handover only includes the HO failure type information, as indicated as follows, which could be barely used by network for SON purposes.
FailureInfoDAPS-r16 ::=          SEQUENCE {

 failureType-r16                  ENUMERATED {daps-failure, spare3, spare2, spare1}

}

Observation 4: Although the current specification allows UE to report the DAPS handover failure by initiating the failure information procedure. the failure information for DAPS handover only includes the HO failure type IE, which could be barely used by network for SON purposes.

In our opinion, the failure information procedure is the most proper opportunity to report the HOF related information to the network. Otherwise, there exists a risk that the DAPS HOF related information stored in the UE will be potentially replaced by other new RLF/HOF information, such as RLF at the source cell, HOF towards another cell, etc. In such cases, we doubt how network could still retrieve the DAPS HOF related information from the UE.
Observation 5: DAPS HOF related information stored in the RLF related variable in the UE could be easily replaced by the subsequent RLF/HOF (e.g., RLF at the source cell, HOF towards another cell) related information, which makes the DAPS HOF relation information not retrievable by the network.
As a result, we strongly suggest RAN2 to agree to include DAPS HOF related information in the failure information for DAPS HO.
Proposal 9: RAN2 to agree to include DAPS HOF related information in the failure information for DAPS HO.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: the successful CHO/HO report could help network identify the unnecessarily configured candidate CHO resources and/or improper CHO execution condition.
Observation 2: in practical implementation, the CHO execution condition set for each target candidate cell for each UE might be equal.

Observation 3: experiencing RLF in source cell before execution of CHO could cause unexpected interruption to user data transmission.
Observation 3: Although the current specification allows UE to report the DAPS handover failure by initiating the failure information procedure. the failure information for DAPS handover only includes the HO failure type IE, which could be barely used by network for SON purposes.

Observation 4: Although the current specification allows UE to report the DAPS handover failure by initiating the failure information procedure. the failure information for DAPS handover only includes the HO failure type IE, which could be barely used by network for SON purposes.
Observation 5: DAPS HOF related information stored in the RLF related variable in the UE could be easily replaced by the subsequent RLF/HOF (e.g., RLF at the source cell, HOF towards another cell) related information, which makes the DAPS HOF relation information not retrievable by the network.
Proposal 1: RAN2 to agree that the measurement results of the candidate cells collected up to the moment of performing CHO/HO and the list of candidate cell IDs, or at least, the list of candidate cell IDs not satisfying the CHO execution condition and corresponding measurement results, should be included in the successful handover report.
Proposal 2: RAN2 to discuss whether or not the configured execution condition for each candidate cell or at least for the unqualified candidate cells should be included in the CHO related successful handover report.

Proposal 3: RAN2 to agree that information (e.g., cell ID) of the cell wherein UE performs CHO/HO successfully should be included in the successful CHO/HO report, to let the network ensure that for the following similar HOs, CHO resources of such cells should be configured in the HO command as well as the proper CHO execution condition.

Proposal 4: RAN2 to agree that a flag indicating whether or not the RLF has occurred in source cell before completion of CHO should be included in the CHO related successful HO report.
Proposal 5: RAN2 to agree that time elapsed between CHO failure (first HOF) and the next time the UE comes to RRC CONNECTED should be defined in the CHO related RLF report. One choice is to extend the definition of the timeUntilReconnection to include the CHO case as well.
Proposal 6: RAN2 to agree that the definition of timeUntilReconnection IE should be further extended to include the CHO cases also. A proper way is to define CHO execution moment as the HO initialization for CHO case.
Proposal 7: RAN2 to agree that the candidate cells entries in the measResultNeighCells-r16 IE should be highlighted, or explicit indications of the candidate cells IDs should be included in the CHO related RLF report for the network to judge whether or not the previously allocated candidate cells are proper.
Proposal 8: RAN2 to discuss whether or not the configured execution condition for candidate cells should be included in the CHO related RLF report.

Proposal 9: RAN2 to agree to include DAPS HOF related information in the failure information for DAPS HO.
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FFS: For the case of failed DAPS handover to the target cell but successful fallback to source, no further information is needed in the legacy FailureInformation message.








