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Introduction
In the last RAN2#111e meeting, discussion on the R17 SON topic was triggered and corresponding agreements regarding SON have been made, as follows:
 (
RAN2 to consider the SON aspects of CHO and SON aspects of 2-step RA
 as part of the WI.
RAN2 to consider the SON aspects of DAPS HO as part of the WI.
The following scenarios are considered:
Successful CHO and HO (
i.e
 no failure happens). FFS consideration in RAN2/
3
Unsuccessful CHO due to late CHO execution
Unsuccessful C
HO after CHO execution
Successful or Unsuccessful CHO after unsuccessful CHO or handover failure
Note
：
other scenarios are not ruled 
out
RAN2 should study what CHO failure information can be stored in RLF report.
RAN2 to discuss 
the method for distinguishing between different handover types in RLF report. FFS the details, e.g., explicitly way or not.
RAN2 to agree studying the RLF report and/or 
FailureInformation
 message contents in the DAPS failure scenarios.
N
ew logged content for 2-step RA is introduced 
in
 
RA report
RLF report
CEF report
Study the necessity of introducing new method for more precise identification of the DL coverage quality during the UL coverage outage.
)






















In this paper, we would like to further present our views on the SON features, including CHO, DAPS handover, 2-step RA, etc.
Discussion
Enhancements related to conditional HO
Scenario 1: Successful CHO and HO (i.e., no failure happens)
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 with the usage of InformationRequest msg.
3) UE, in response, include the report in the InformationResponse msg. 
Proposal 1: RAN2 to study the signalling procedure of reporting the CHO related successful handover report towards the target gNB after successful handover. 
Subsequently, such report should be transmitted towards source gNB over NG or Xn interface. With the report in hand, source gNB cold 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.

[bookmark: _Hlk51602685]Regarding the contents of the CHO related successful handover report reflecting the CHO status, firstly, measurement results of the candidate cells up to the moment of performing CHO/ legacy HO, or measurement results of neighbouring cells up to the moment of performing CHO/ legacy HO with information of candidate cell entries position in the list should be included in the report. In such way, network could know when performing HO, which set of candidate cells measurement signal level are low and shall be avoided to be arranged to the UE in need of CHO in future, and also, which set of neighbouring cells were proper and would be nominated as candidate cells.

Proposal 2: RAN2 to agree that measurement results of the candidate cells collected up to the moment of performing CHO/HO, or measurement results of the neighbouring cells collected up to the moment of performing CHO/HO with information of candidate cells entries position in the list should be included in the CHO related successful handover report.
Secondly, 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 included 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 included in the HO command as well as the proper CHO execution condition.
Since the source network might not be aware of the execution condition set for each candidate cell in the RRCReconfiguration msg, especially considering that source gNB will release the UE context after reception of HO confirm message from the target gNB after HO completion. As a result, we propose that execution condition including the event(s) configured and corresponding CHO execution threshold-related information shall be included in the successful CHO/HO report for network to judge if the CHO execution condition has been set properly or not, according to the measurement results.
Proposal 4: RAN2 to agree that execution condition including the event(s) configured and corresponding CHO execution threshold-related information shall be included in the successful CHO/HO report.
In addition, 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 2: experiencing RLF in source cell before execution of CHO could cause unexpected interruption to user data transmission.
Proposal 5: 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.

Scenario 2: Unsuccessful CHO due to late CHO execution
In this scenario, it is more likely that the CHO execution thresholds towards the candidate target cells are set too high, which results in the UE detection of RLF in the source cell before any configured CHO execution trigger condition is satisfied and T304 expires finally. Subsequently, UE will perform re-establishment/re-connection with a cell other than the source cell. Such scenario is similar with the case of too late HO for legacy HO, where the RLF report could be sent to the re-established/re-connected cell over the air interface in the first place, and then, failure indication message on Xn-AP could be used by the re-established/re-connected gNB to transmit the RLF report to the source gNB for problem shooting.  
Observation 3: the scenario of unsuccessful CHO due to late CHO execution is similar to the case of too late HO for legacy HO.
To judge the reason why the CHO execution condition is not satisfied and the value difference between triggering threshold and the measurement results of the candidate cells collected up to the moment of detection of RLF, both of the execution condition consisting of the triggering event (s) and the triggering threshold related information, and the measurement results of the candidate cells should be included in the RLF report. It should be noted that, as mentioned in the previous section, UE context including the execution condition might have already been deleted by the source gNB after the RLF occurs in the source cell.
[bookmark: _Hlk51765524]Proposal 6: RAN2 to agree that at least the execution condition consisting of the triggering event(s) and the corresponding triggering threshold (s) related information, and the measurement results of all the candidate cells (with at least indications of the entries positions of the candidate cells in the neighbouring cell measurement result list) should be included in the RLF report, for the network to find the reason why the CHO execution condition(s) of the candidate target cell(s) is (are) not satisfied in the scenario of unsuccessful CHO due to late CHO execution.  
In addition, to judge whether or not the re-established/re-connected cell could be considered as a proper candidate cell for CHO in future, the re-established/re-connected cell ID and timeUntilReconnction IE indicating the time that elapsed between the connection failure and the next time the UE comes to RRC Connected should be kept in the RLF report as R-16 spec.
Proposal 7: RAN2 to agree that the re-established/re-connected cell ID and timeUntilReconnction IE indicating the time that elapsed between the connection failure and the next time the UE comes to RRC Connected should be kept in the RLF report as R-16 spec for CHO, for network to judge whether or not the re-established/re-connected cell could be considered as a proper candidate cell for CHO in future in the scenario of unsuccessful CHO due to late CHO execution.

2.1.3 Scenario 3: Unsuccessful CHO after CHO execution
In this scenario, UE could declare HOF during the HO or declare RLF in the target cell soon after UE completes the HO. Subsequently, UE will perform re-establishment/re-connection with the source cell or another cell, which could be regarded as ‘too early HO’ problem or ‘HO to wrong cell’ problem.

If the re-established/re-connected cell is the source cell, it falls in the scope of ‘too early HO’ problem. The execution threshold of HO towards the target cell might be set too low, while the execution threshold(s) of HO towards other candidate cells are OK (not satisfied by UE measurement results), therefore UE could only choose to report the measurement results of the target cell and the source cell, and the execution condition(s) of the target cell consisting of the triggering event(s) and the corresponding triggering threshold(s) related information.
Proposal 8: RAN2 to agree UE to report at least the measurement results of the failed CHO target cell and the source cell, and the execution condition(s) of the failed CHO target cell consisting of the triggering event(s) and the corresponding triggering threshold(s) related information in the RLF report, if the re-established/re-connected cell is the source cell after CHO execution.
If the re-established/re-connected cell is another cell (‘HO to wrong cell’ case), network might need to optimize the corresponding HO execution condition or start to configure the CHO resource of this cell for other UEs with similar moving trajectory in future. Secondly, the network needs to optimize the HO execution condition of the wrong cell towards which UE performed HO. As a result, at least measurement results of the re-established/re-connected cell, the cell where CHO/RLF failed, and the source cell prior to the conditional handover execution and the corresponding execution condition(s) are proposed to be reported to the network. In addition, for the network to determine if the re-established/re-connected cell (for HO to wrong cell case) could be a proper candidate cell, timeUntilReconnction IE should be also kept in the RLF report for CHO.
Proposal 9: RAN2 to agree UE to report at least the measurement results of the re-established/re-connected cell, the cell where CHO/RLF failed and the source cell, and the execution condition(s) of the cell where CHO/RLF failed consisting of the triggering event(s) and the corresponding triggering threshold(s) related information in the RLF report for the case of the re-established/re-connected cell being the one other than the source or the target cell.

2.1.4 Scenario 4: Successful or Unsuccessful CHO after unsuccessful CHO or handover failure
Agreements regarding CHO in RAN2#107bis are indicated as follows:
Agreements
1.	Confirm the working assumption as an optional feature:
At RLF/HO failure/CHO failure, the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
If the CHO performed during failure handling procedure fails, the UE will perform re-establishment, i.e., we do not allow multiple attempts of CHO during failure case.
FFS on how to capture it in specification.
If UE doesn’t support this capability, it does re-establishment (just as now). Network can configure what UE does.

Obviously, from the agreements, we could know that UE performs at most two consecutive CHO or one CHO following a HO failure before performing re-establishment. Overall, there are four possible concatenation cases as indicated as follows:
· Successful CHO after HOF
· Unsuccessful CHO after HOF
· Successful CHO after CHO failure
· Unsuccessful CHO after CHO failure
Generally, all these four cases could result in two consecutive HO related reports (either successful HO or RLF report) in sequence. If we follow the R16 spec that at most one RLF report is stored in UE, then the RLF report size might need to be enlarged and therefore serious signaling overhead over air-interface might be resulted in. For instance, the RLF report might need to include measurement results up to two moments (when UE detected failure in the previous HOF case/started to perform HO in the successful HO procedure).


Observation 4: allowing at most one RLF report to be stored in UE might enlarge the size of the RLF report, which therefore result in serious signaling overhead over air-interface.

However, network might be not interested in measurement results collected at both moments or, let’s say, all information collected during the whole procedure. For example, for the case of successful CHO after HOF, it is obvious that what is really interested by the network is UE failed at first HO, which could be caused by a low HO execution threshold being set, but not the information related to the subsequent successful one. For reduction of signalling overhead over air-interface, we propose RAN2 to agree that UE should be allowed to store more than one HO related report and, correspondingly, network should be allowed to only retrieve either of the reports that is interested by the network. FFS the details of enhancement of the retrieving mechanism.
Proposal 10: RAN2 to agree that UE should be allowed to store more than one HO related report and, correspondingly, network should be allowed to only retrieve either of the reports that is interested by the network. FFS the details of enhancement of the retrieving mechanism.

Another concern is how to reflect the timeline relationship between two RLF reports for the case of unsuccessful CHO after CHO failure. This could be achieved by not including reconnectedCellID-r16 IE or re-establishmentCellId-r16 IE in the RLF report corresponding to the first CHO failure, which implies that UE does not go back to RRC_Connected state directly after this CHO failure. While the first choice seems having no impact on the specification, the second one requires modification. Nevertheless, we propose RAN2 to discuss how to reflect the timeline relationship between two consecutive RLF reports.
Proposal 11: RAN2 to discuss how to reflect the timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure.

Enhancements related to DAPS HO
For DAPS HO, UE might be encountered with RLF towards target NG-RAN node after HO complete or HOF during HO procedure.  It could be categorized into 3 subsets:
· HOF when performing DAPS HO towards target PCell during HO procedure, UE still maintains connection with source cell
· RLF after HO complete of DAPS HO, UE has released connection towards source cell
· HOF during DAPS HO procedure, UE has released connection towards source cell

For the first scenario, the current specification allows UE to report the DAPS handover failure to source cell by initiating the failure information procedure. However, it should be noted that 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 5: 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 scenario falls into the scope of ‘too early HO’. More information to be reported to the network in case of DAPS HO could enable it to optimize the measurement reporting threshold configuration to reduce the DAPS failure probability in future. Bearing this in mind, following information should be considered to be included in the failure information for DAPS handover in future:
· Measurement results of the serving cell, target cell and neighbouring cells collected up to the moment UE detected DAPS HO failure
· failedPCellID : the ID of the target PCell of the failed handover
· connectionFailureType: hof
· rlf-Cause-r16
· locationInfo-r16
· ra-InfomrationCommon-r16

Proposal 12: RAN2 to agree that at least following information should be included in R17 failure information for SON related to reducing the DAPS HOF probability:
·  Measurement results of the serving cell, target cell and neighbour cells collected up to the moment UE detected DAPS HO failure
· failedPCellID: the ID of the target PCell of the failed handover
· connectionFailureType: hof
· rlf-Cause-r16
· locationInfo-r16
· ra-InfomrationCommon-r16

For the second scenario (RLF after HO complete, UE has released connection towards source cell), depending on whether or not UE has experienced RLF in source cell before completion of DAPS HO, either one or two RLF report will be resulted in. If UE has experienced RLF in source cell, the network might would like to optimize the HO threshold configuration not only for HO robustness but also for maintaining ‘0ms’ UP data transmission during the HO procedure. For the third scenario (HOF during HO procedure, UE has released connection towards source cell), two RLF reports will be resulted in (for source cell and target cell, respectively). In our opinion, majority of contents of current RLF report could be reused to tackle the problems of these two scenarios. Only one thing we think is necessary is to include the indication of HO type in the RLF report for network to know which set of measurement reporting configuration to be tuned.

Observation 6: for the case of RLF after DAPS complete and the case of HOF during DAPS HO procedure & UE has released connection towards source cell, up to two RLF reports could be resulted in (one for source cell and one related to target cell).

Method for distinguishing between different handover types 
As agreed in the last RAN2#111e meeting, RAN2 needs to discuss how to indicate different handover types in the RLF report. In our opinion, whether explicit indication method is used or not depends on if there has already existed implicit information in the RLF report to help the network find out which type of HO UE just performed.
For example, for the case of RLF report or successful HO report including CHO related information, if UE needs to indicate the measurement results of the candidate cells specifically (either a separate measurement result list of candidate cells or using flag bits/bitmap to indicate entries positions of candidate cells in the measurement result list of neighbouring cells ), then the network could know that it is the CHO triggering condition needed to be tuned by using the retrieved RLF/ successful HO report. However, for the case of DAPS HO, from our analysis, there might be no such information, so the explicit way, i.e., indication of the HO type, should be applied. 

Proposal 13: RAN2 to agree that implicit way, e.g., including the measurement results of the candidate cells, is applied to indicate the handover type of CHO, while explicit way, i.e., indication of the HO type (e.g., daps-failure), is applied to indicate the handover type of 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: experiencing RLF in source cell before execution of CHO could cause unexpected interruption to user data transmission
Observation 3: the scenario of unsuccessful CHO due to late CHO execution is similar to the case of too late HO for legacy HO.

Observation 4: allowing at most one RLF report to be stored in UE might enlarge the size of the RLF report, which therefore result in serious signalling overhead over air-interface.

Observation 5: 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 6: for the case of RLF after DAPS complete and the case of HOF during DAPS HO procedure & UE has released connection towards source cell, up to two RLF reports could be resulted in (one for source cell and one related to target cell).

Proposal 1: RAN2 to study the signalling procedure of reporting the CHO related successful handover report towards the target gNB after successful handover. 

Proposal 2: RAN2 to agree that measurement results of the candidate cells collected up to the moment of performing CHO/HO, or measurement results of the neighbouring cells collected up to the moment of performing CHO/HO with information of candidate cells entries position in the list 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 included in the HO command as well as the proper CHO execution condition.

Proposal 4: RAN2 to agree that execution condition including the event(s) configured and corresponding CHO execution threshold-related information shall be included in the successful CHO/HO report.

Proposal 5: 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 6: RAN2 to agree that at least the execution condition consisting of the triggering event(s) and the corresponding triggering threshold (s) related information, and the measurement results of all the candidate cells (with at least indications of the entries positions of the candidate cells in the neighbouring cell measurement result list) should be included in the RLF report, for the network to find the reason why the CHO execution condition(s) of the candidate target cell(s) is (are) not satisfied in the scenario of unsuccessful CHO due to late CHO execution.

Proposal 7: RAN2 to agree that the re-established/re-connected cell ID and timeUntilReconnction IE indicating the time that elapsed between the connection failure and the next time the UE comes to RRC Connected should be kept in the RLF report as R-16 spec for CHO, for network to judge whether or not the re-established/re-connected cell could be considered as a proper candidate cell for CHO in future in the scenario of unsuccessful CHO due to late CHO execution.

Proposal 8: RAN2 to agree UE to report at least the measurement results of the failed CHO target cell and the source cell, and the execution condition(s) of the failed CHO target cell consisting of the triggering event(s) and the corresponding triggering threshold(s) related information in the RLF report for the case of the re-established/re-connected cell being the source cell for unsuccessful CHO after CHO execution.

Proposal 9: RAN2 to agree UE to report at least the measurement results of the re-established/re-connected cell, the cell where CHO/RLF failed and the source cell, and the execution condition(s) of the cell where CHO/RLF failed consisting of the triggering event(s) and the corresponding triggering threshold(s) related information in the RLF report for the case of the re-established/re-connected cell being the one other than the source or the target cell.

Proposal 10: RAN2 to agree that UE should be allowed to store more than one HO related report and, correspondingly, network should be allowed to only retrieve either of the reports that is interested by the network. FFS the details of enhancement of the retrieving mechanism.

Proposal 11: RAN2 to discuss how to reflect the timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure.

Proposal 12: RAN2 to agree that at least following information should be included in R17 failure information for SON related to reducing the DAPS HOF probability:
·  Measurement results of the serving cell, target cell and neighbour cells collected up to the moment UE detected DAPS HO failure
· failedPCellID: the ID of the target PCell of the failed handover
· connectionFailureType: hof
· rlf-Cause-r16
· locationInfo-r16
· ra-InfomrationCommon-r16

Proposal 13: RAN2 to agree that implicit way, e.g., including the measurement results of the candidate cells, is applied to indicate the handover type of CHO, while explicit way, i.e., indication of the HO type (e.g., daps-failure), is applied to indicate the handover type of DAPS HO.

