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1 Introduction
In the last RAN2 meeting, discussion on the enhancement of RLF report regarding the conditional handover and DAPS and definition of the successful handover report were extensively made, and agreements have been approved as follows:
· CHO:



· Successful handover report:

· DAPS HO:

As highlighted, there are several of FFS(s) left after the last RAN2 meeting. In this contribution, we would like to address our view on these points.
2 Discussion
2.1 CHO
2.1.1 should Scenario 1b and 1c be merged?
The details of the Scenarios 1b and 1c are illustrated as follows:
	1b
	RLF in source
	Unsuccessful  reestablishment in candidate CHO cell
	Successful in non-candidate CHO cell
	· The UE received a CHO configuration from a source cell. 

· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 

· The UE selects for reestablishment one of the candidate CHO target, but the reestablishment in such cell fails.

The UE then successfully performs a reestablishment in a non-candidate CHO target cell

	1c
	RLF in source
	Unsuccessful  reestablishment in candidate CHO cell
	Unsuccessful in non-candidate CHO cell or no suitable cell found


	· The UE received a CHO configuration from a source cell. 

· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 

· The UE selects for reestablishment one of the candidate CHO target, but the reestablishment in such cell fails.

The UE then performs a reestablishment in a non-candidate CHO target cell but it also fails, or it does not find a suitable cell


Table 1: illustration of the Scenario 1b and 1c
According to Table 1, it can be observed that the only difference between Scenario 1b/1c is that whether or not the UE has failed in the second re-establishment towards the non-candidate cell. In the legacy handover failure case, to help the network to identify whether or not the re-established cell or re-connected cell could be taken advantage for optimization of the similar handover in future, the re-established cell/re-connected cell is included in the RLF report. For example, if the re-establishment fails, the UE needs to include the reconnectionCellID IE in the RLF report to reflect the cell in which the UE comes back to connected after connection failure and after failing to perform reestablishment. Otherwise, the UE needs to include the reestablishmentCellId. In addition, timeUntilReconnection IE could be used for network to determine whether or not the re-established cell/ re-connected cell should be used for SON purpose. Bearing these in mind, in our opinion, the Scenario 1b and 1c should be regarded as two independent scenarios, which requires different cell ID included in the RLF report for SON purpose.
Observation 1: the only difference between Scenario 1b/1c is that whether or not the UE has failed in the second re-establishment towards the non-candidate cell.
Observation 2: in the legacy MRO, if the re-establishment fails, the UE needs to include the reconnectionCellID IE in the RLF report to reflect the cell in which the UE comes back to connected after connection failure and after failing to perform reestablishment. Otherwise, the UE needs to include the reestablishmentCellId.
Proposal 1: RAN2 to agree that the Scenario 1b and 1c should be regarded as two independent scenarios, considering different cell ID, i.e., reestablishementCellID or reconnectionCellID should be included in the RLF report for the two scenarios.
2.1.2 should Scenario 2a and 2b be merged?
The details of the Scenarios 2a and 2b are illustrated as follows:
	Too early HO
	2a
	HOF/early RLF in target
	(Un)successful reestablishment in source cell
	-
	CHO
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 

· The UE experiences an HOF or RLF shortly after HO completion, and selects the source cell as a reestablishment cell

	Too early HO
	2b
	HOF in target
	Unsuccessful reestablishment in candidate CHO target cell
	(Un)successful Reestablishment in source cell
	CHO
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell.

· The UE experiences an HOF, it then selects for reestablishment a candidate target cell but it also fails. 

· The UE selects for reestablishment the source cell.


Table 2: illustration of the Scenario 2a and 2b
According to Table 2, it can be observed that the main difference between Scenario 2a and 2b is whether or not the UE experiences a CHO recovery towards the candidate target cell, before UE performs the reestablishment towards the source cell. In Scenario 2a, if UE succeeds in the re-establishment, the source cell ID will be included in the RLF report as the reestablishmentCellId. Otherwise, it is reluctant to include source cell ID in the RLF report. Instead, the UE will include the finally accessed cell ID in the  reconnectionCellID in the RLF report. For Scenario 2b, reconnectionCellID included in the RLF report will be the source cell ID or another cell ID, depending on whether or not the connection setup towards the source cell succeeds or not. It could be concluded that both two scenarios require the same ID: reestablishmentCellID or reconnectionCellID
Observation 3:  the main difference between Scenario 2a and 2b is whether or not the UE experiences a CHO recovery towards the candidate target cell, before UE performs the reestablishment towards the source cell.
Observation 4: both of two scenarios, 2a and 2b require the same ID: reestablishmentCellID or reconnectionCellID.
Proposal 2: RAN2 to agree that Scenario 1b and 1c should not be regarded as two independent scenarios, considering same set of IE should be included in the RLF report.
2.1.3 Reduction of RLF report overhead regarding storing the information about candidate cells
As stated in the introduction part, in the last RAN2 meeting, agreements regarding storing the information about candidate cells have been made. Specifically, an indication regarding whether a measured neighbour cell included in the existing measResultNighCells was a CHO candidate cell or not have been agreed to be included in the RLF report. In our opinion, the corresponding cell ID should not be included in the ‘List of candidate cells IDs’ which is another agreement has been approved in the last RAN2 meeting too. In such a way, the overhead of storing the information about candidate cells in the RLF report could be alleviated.

Observation 5: there could be overlapping room between the measured neighbour cells and the list of candidate cells ID.
Proposal 3: RAN2 to agree that the agreement made in the last RAN2 meeting that ‘List of candidate cells ID’ to be included in the RLF report for CHO case should exclude the ones already indicated in the existing measResultNighCells IE, for the sake of saving the overhead of RLF report.
2.2 Successful handover report
2.2.1 should Scenario 2c and 3b be categorized to RLF or successful handover report?
The details of the Scenarios 2c and 3b for successful handover report are illustrated as follows:

	2c

CHO
	Successful HO while initial failure

	UE is configured with CHO, the first attempt fails while UE recover using the CHO configuration in successive attempt

	3b
DAPS
	RLF during DAPS HO
	UE successfully performed a DAPS HO towards the target cell. RLF  is experienced in the source cell while performing DAPS


                   Table 3: illustration of the Scenario 2c and 3b for successful handover report
For the first scenario 2c, when the first attempt fails, T304 must be expired. According to the TS 38.331, the UE needs to store the handover failure information in VarRLF-Report. Suppose Scenario 2c is considered as as a successful handover report case, then there are two options on the table for processing the contents stored in the  variable VarRLF-Report:

·    Copying useful information, e.g., latest radio measurement results prior to CHO implementation, cell related information, etc, into the successful handover report and deleting the information stored in the VarRLF-Report. Note that the RLF report availability flag should be also set as negative in the related UL msg.

·    When the CHO attempt fails, the related handover report information is pended to be stored. Depending on the final result, if the CHO configuration is applied in the second attempt and the second attempt succeeds, the UE will store the related first handover failure information into the successful handover report. Otherwise, the information should be stored in the VarRLF-Report

In our opinion, both of these two options have significant RAN2 spec impact. Also, such two options will bring more complicity to the UE implementation for storing the first CHO failure information.  In addition, the first CHO attempt should be considered as full HO procedure. Even though the subsequent re-establishment using the CHO configuration succeeds finally, it should not be considered as a successful handover procedure.

Observation 6: If considering the Scenario 2c as a successful handover report, both of two options for processing the first HO failure related information require big RAN2 spec impact and bring more complicity to the UE implementation.
Proposal 4: RAN2 to agree the Scenario 2c should be considered as a handover failure case, rather than a successful handover case.
The second scenario 3b, in our opinion, should not be considered as a successful handover case as well, since the DAPS handover aims at providing a smooth 0ms user plane interruption handover experience to the UE. Given the fact that the RLF has occurred between UE and the source gNB, such 0ms user plane interruption experience is destroyed. Also, the scenario 3b share the similar concern with the Scenario 2c, if considered as successful handover, for storing the RLF related information towards the source cell.

Observation 7: If considering the Scenario 3b as a successful handover report, processing the RLF related information towards the source gNB require big RAN2 spec impact and bring more complicity to the UE implementation.
Proposal 5: RAN2 to agree the Scenario 3b should be considered as a handover failure case, rather than a successful handover case.
2.2.2 Including the candidate target cells in the successful handover report for the case of conditional HO

In our opinion, the purpose of the successful handover report is to further optimize the handover experience. For CHO, another purpose should be helping the network avoid configuring improper candidate cell related radio resource. In particular, if the radio measurement results of a set of candidate cells cannot satisfy the handover triggering threshold, the radio resource of these unqualified candidate cells are reserved for meaninglessly, which is considered as a waste. So from our perspective, the radio measurement results of the unqualified candidate cells should be included in the successful handover report.
Proposal 6: RAN2 to agree that the latest radio measurement results of the candidate target cells, in particular, the unqualified candidate cells should be included in the successful handover report in the case of conditional HO.
2.3 DAPS

2.3.1 should Scenario 2b/2c be merged?
The details of Scenario 2b and 2c are indicated as follows:
	2b
	Early RLF after HO completion before daps-sourceRelease
	· The UE executes the DAPS HO to the target, and it succeeds

· The UE experiences an RLF in the target after the HO completion and before the daps configuration is released

· The UE re-establishes to the source cell

	2c
	Early RLF after HO completion after daps-sourceRelease
	· The UE executes the DAPS HO to the target, and it succeeds.

·   The UE experiences an RLF in the target after the HO completion and after the daps configuration is released


According to TS 38.331, if daps-SourceRelease is received in the RRCReconfiguration msg (originated from the target gNB), the UE will release source spCell configuration, reset and release the source MAC configuration, release the RLC entity, and reconfigure the PDCP entity to release DAPS.
Observation 8: the difference between Scenario 2b and 2c is whether or not the user data transmission from the source gNB is stopped, when the UE experiences RLF towards the target gNB. 
However, both of 2b and 2c are categorized into the ‘too early HO’ case, the network should improve the HO triggering RSRP/RSRQ threshold of the target gNB. From this perspective, there is no difference between Scenario 2b and 2c.
Proposal 7: RAN to agree that Scenario 2b and 2c for DAPS HO should be merged, since both scenarios result in the same RLF report IE and gNB behaviour.
2.3.2 should Scenario 3b/3c be merged?
The details of Scenario 2b and 2c are indicated as follows:
	3b
	Early RLF after HO completion before daps-SourceRelease
	· The UE executes the DAPS HO to the target, and it succeeds.
· The UE experiences an RLF in the target after the HO completion and before the daps configuration is released

· The UE re-establishes to a third cell, different from source and target or it does not find any suitable cell

	3c
	Early RLF after HO completion after daps-SourceRelease
	· The UE executes the DAPS HO to the target, and it succeeds.
· The UE experiences an RLF in the target after the HO completion and after the DAPS configuration is released

· The UE re-establishes to a third cell, different from source and target or it does not find any suitable cell


The difference between Scenario 3b and 3c is similar with the difference between Scenario 2b and 2c. Both of the Scenarios result in the same set of IEs included in the RLF report and gNB behaviour. No need to differentiate these two scenarios.

Proposal 8: RAN to agree that Scenario 3b and 3c for DAPS HO should be merged, since both scenarios result in the same RLF report IE and gNB behaviour.
2.3.3 Whether or not the current existing timer could be extended to be used for DAPS HO case?
In R15 SON/MDT WI, three types of timers have been introduced, indicated as follows:

	timeSinceFailure
	The field is used to indicate the time that elapsed since the connection (establishment or resume) failure. 

	timeConnFailure
	This field is used to indicate the time elapsed since the last HO initialization until connection failure.

	timeUntilReconnection
	This field is used to indicate 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.


Among the three timers, timeConnFailure is the most suitable one for indication of the time elapsed since the DAPS HO execution until RLF occurs in the source cell or the target cell, though necessary enhancement should be made. Since in the DAPS HO cases, it is possible that the UE experiences the RLF in the source cell firstly and then in the target cell, two variant IEs of  timeConnFailure might need to be introduced in the RLF report to indicate the time elapsed since the DAPS HO execution until RLF occurs in the source cell and the target cell, respectively.
Proposal 9: RAN2 to agree that two variant IEs of timeConnFailure, e.g., timeConnFailureSource and timeConnFailureTarget might need to be introduced in the RLF report to indicate the time elapsed since the DAPS HO execution until RLF occurs in the source cell and the target cell, respectively.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: the only difference between Scenario 1b/1c is that whether or not the UE has failed in the second re-establishment towards the non-candidate cell.
Observation 2: in the legacy MRO, if the re-establishment fails, the UE needs to include the reconnectionCellID IE in the RLF report to reflect the cell in which the UE comes back to connected after connection failure and after failing to perform reestablishment. Otherwise, the UE needs to include the reestablishmentCellId.
Observation 3:  the main difference between Scenario 2a and 2b is whether or not the UE experiences a CHO recovery towards the candidate target cell, before UE performs the reestablishment towards the source cell.
Observation 4: both of two scenarios, 2a and 2b require the same ID: reestablishmentCellID or reconnectionCellID.
Observation 5: there could be overlapping room between the measured neighbour cells and the list of candidate cells ID.

Observation 6: If considering the Scenario 2c as a successful handover report, both of two options for processing the first HO failure related information require big RAN2 spec impact and bring more complicity to the UE implementation.
Observation 7: If considering the Scenario 3b as a successful handover report, processing the RLF related information towards the source gNB require big RAN2 spec impact and bring more complicity to the UE implementation.
Observation 8: the difference between Scenario 2b and 2c is whether or not the user data transmission from the source gNB is stopped, when the UE experiences RLF towards the target gNB. 
Proposal 1: RAN2 to agree that the Scenario 1b and 1c should be regarded as two independent scenarios, considering different cell ID, i.e., reestablishementCellID or reconnectionCellID should be included in the RLF report for the two scenarios.

Proposal 2: RAN2 to agree that Scenario 1b and 1c should not be regarded as two independent scenarios, considering same set of IE should be included in the RLF report.
Proposal 3: RAN2 to agree that the agreement made in the last RAN2 meeting that ‘List of candidate cells ID’ to be included in the RLF report for CHO case should exclude the ones already indicated in the existing measResultNighCells IE, for the sake of saving the overhead of RLF report.
Proposal 4: RAN2 to agree the Scenario 2c should be considered as a handover failure case, rather than a successful handover case.
Proposal 5: RAN2 to agree the Scenario 3b should be considered as a handover failure case, rather than a successful handover case.
Proposal 6: RAN2 to agree that the latest radio measurement results of the candidate target cells, in particular, the unqualified candidate cells should be included in the successful handover report in the case of conditional HO.
Proposal 7: RAN to agree that Scenario 2b and 2c for DAPS HO should be merged, since both scenarios result in the same RLF report IE and gNB behaviour.
Proposal 8: RAN to agree that Scenario 3b and 3c for DAPS HO should be merged, since both scenarios result in the same RLF report IE and gNB behaviour.
Proposal 9: RAN2 to agree that two variant IEs of timeConnFailure, e.g., timeConnFailureSource and timeConnFailureTarget  might need to be introduced in the RLF report to indicate the time elapsed since the DAPS HO execution until RLF occurs in the source cell and the target cell, respectively.
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Agreements:


RAN2 to focus on the following CHO scenarios at least:


Scenario 1 (too late HO): 1a, 1b, 1c, 1d


Scenario 2 (too early HO): 2a, 2b


Scenario 3 (HO to wrong cell): 3a, 3b, 3c, 3e, 3f


FFS the need to merge certain scenarios, e.g., 1b/1c, 2a/2b 


Include in the RLF report for CHO the following information:


Indication of whether a measured neighbour cell included in the existing measResultNighCells was a CHO candidate cell or not


List of candidate cells IDs








Agreements:


RAN2 to focus on the following scenarios for HO Success Report:


Scenario 1 (ordinary HO): 1a, 1b.


Scenarios 2 (CHO):2a, 2b


Scenario 3 (DAPS):3a


RAN2 for further discuss whether the following scenarios should be considered under the RLF report or under the HO success report:


Scenario 2c


Scenario 3b


The following radio related measurements are as part of the successful HO report:


Latest radio measurement results of the candidate target cells in the case of coditional HO. FFS best cell(s) should be included in


Flag to indicate RLF issues in source cell during DAPS HO


The following time-related measurements are as part of the successful HO report:


Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration received for the selected target cell


Location information is included as part of the successful HO report





RAN2 to focus on the following DAPS scenarios:


Scenario 1 (too late DAPS): 1a, 1b


Scenario 2 (too early DPAS): 2a, 2b/2c


Scenario 3 (DAPS to wrong cell): 3a, 3b/3c.


FFS whether to merge scenarios 2b/2c and 3b/3c.


Include in the RLF report for DAPS HO, the following measurements (reuse the legacy mechanism and IEs):


RAN2 to agree the intention of the following timers：


Time elapsed since DPAS HO execution until RLF occurs in the source cell before fallback


Time elapsed since DAPS HO execution until RLF occurs in source cell after fallback


The elapsed time between the execution of DAPS and RLF in target cell


FFS if for the above timers the existing timers can be reused.


Include in the RLF report for DAPS HO the following information.








