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1. Introduction

In last RAN2#112-e meeting, there were some agreements on handover related SON aspects.
In this paper, we will discuss the CHO and DAPS HO related MRO use cases and give our considerations on the potential solutions.
2. Background
In last RAN2-112 e-meeting, there were some agreements and FFSs on both CHO and DAPS HO. Some of the FFSs on CHO have been discussed in the email discussion [1] and preliminary conclusions were achieved. 

The agreements in last RAN2 meeting are listed as below:

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.

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.
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

Besides, there was also progress in RAN3 and the LS [2] was sent to RAN2 for consideration:
Regarding SON enhancements for CHO, RAN3 agreed:

-
UE reports the time elapsed since CHO execution initialization until connection failure to network;
-
if UE has experienced failure twice, UE reports information related to each failure to network.

Regarding SON enhancements for DAPS handover, RAN3 agreed:

-
UE reports DAPS HO Failure Indication (implicit or explicit indicator) to Network in the RLF Report.
Currently, there is lots of information included in the Rel-16 RLF Report, including the information of the previous cell, failed cell, reestablishment cell, the re-connected cell after failing to perform reestablishment and some important timer information. The details in RLF Report are provides as below:

    nr-RLF-Report-r16                    SEQUENCE {

        measResultLastServCell-r16           MeasResultRLFNR-r16,

        measResultNeighCells-r16             SEQUENCE {

            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,

            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,

        c-RNTI-r16                           RNTI-Value,

        previousPCellId-r16                  CHOICE {

            nrPreviousCell-r16                   CGI-Info-Logging-r16,

            eutraPreviousCell-r16                CGI-InfoEUTRALogging

        }                                                                    OPTIONAL,

        failedPCellId-r16                    CHOICE {

            nrFailedPCellId-r16                  CHOICE {

                cellGlobalId-r16                     CGI-Info-Logging-r16,

                pci-arfcn-r16                        SEQUENCE {

                    physCellId-r16                       PhysCellId,

                    carrierFreq-r16                      ARFCN-ValueNR

                }

            },

            eutraFailedPCellId-r16           CHOICE {

                cellGlobalId-r16                 CGI-InfoEUTRALogging,

                pci-arfcn-r16                    SEQUENCE {

                    physCellId-r16                   EUTRA-PhysCellId,

                    carrierFreq-r16                  ARFCN-ValueEUTRA

                }

            }

        },

        reconnectCellId-r16                  CHOICE {

            nrReconnectCellId-r16                CGI-Info-Logging-r16,

            eutraReconnectCellId-r16             CGI-InfoEUTRALogging

        }                                                                                        OPTIONAL,

        timeUntilReconnection-16             TimeUntilReconnection-16                            OPTIONAL,

        reestablishmentCellId-r16            CGI-Info-Logging-r16                                OPTIONAL,

        timeConnFailure-r16                  INTEGER (0..1023)                                   OPTIONAL,

        timeSinceFailure-r16                 TimeSinceFailure-r16,

        connectionFailureType-r16            ENUMERATED {rlf, hof},

        rlf-Cause-r16                        ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,

                                                         beamFailureRecoveryFailure, lbtFailure-r16,

                                                         bh-rlfRecoveryFailure, spare2, spare1},

        locationInfo-r16                     LocationInfo-r16                                    OPTIONAL,
        noSuitableCellFound-r16              ENUMERATED {true}                                   OPTIONAL,

        ra-InformationCommon-r16             RA-InformationCommon-r16                            OPTIONAL,

        ...
    },

3. Discussion

3.1 MRO for CHO 
3.1.1 Use Case
Conditional Handover (CHO) was introduced in R16 for mobility robustness. In CHO, the source gNB can configure a list of candidate target cells. The UE performs CHO execution when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (conditional handover execution or legacy handover). The UE may detect the connection failure at source cell or at the target cell configured by legacy HO or CHO. After the first connection failure, the UE would perform cell selection.
One aspect of valid CHO configuration is that the UE can have one CHO chance if the selected cell is a CHO candidate target cell as stated in the stage 2. 
-
in case of CHO, for RLF in the source cell:

-
selects a suitable cell and if the selected cell is a CHO candidate and if network configured the UE to try CHO after RLF then the UE attempts CHO execution once, otherwise re-establishment is performed;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.
When the UE attempts CHO execution after the first failure, there will either be successful or unsuccessful CHO. For the unsuccessful CHO, this brings the second failure. For the successive CHO related failures, it was agreed in last RAN2 to consider the scenarios a, b and c.  

Based on the above discussion, we can give a small summary of all potential CHO related failure cases.  

	Scenario
	Main scenario
	Initiating Failure
	Second failure
	Re-establishment
	Trigger for first HO
	Comment

	Too late CHO
	1a
	RLF in source
	-
	Successful CHO
	-
	

	
	1b
	RLF in source
	Failed CHO to tgt*, (HOF/RLF in 1st target)
	Legacy re-est
	-
	Agreed scenario a

	
	1c
	RLF in source
	-
	Legacy re-est
	-
	

	Too early CHO
	-
	HOF/RLF in target
	-
	Successful CHO
	-
	No such case. Re-est is in source

	
	-
	HOF/RLF in target
	Failed CHO to tgt*, (HOF/RLF in 2nd target)
	Legacy re-est in source cell
	-
	No such case or this is a corner case. If the source cell is a suitable cell, it is possible for the UE to select the source cell after the first failure.

Re-est is in source

	
	2a
	HOF/RLF in target
	-
	Legacy re-est in source cell
	CHO
	

	
	2b
	HOF/RLF in target
	-
	Legacy re-est source cell 
	Legacy HO
	Like legacy

	CHO to wrong cell
	3a
	HOF/RLF in target
	-
	Successful CHO
	CHO
	

	
	3b
	HOF/RLF in 1st target
	Failed CHO to tgt*, (HOF/RLF in 2nd target)
	Legacy re-est
	CHO
	Agreed scenario b

	
	3c
	HOF/RLF in 1st target
	-
	Legacy re-est
	CHO
	

	
	3d
	HOF/RLF in target
	-
	Successful CHO
	HO
	

	
	3e
	HOF/RLF in 1st target
	Failed CHO to tgt*, ( HOF/RLF in 2nd target)
	Legacy re-est
	HO
	Agreed scenario c

	
	3f
	HOF/RLF in 1st target
	-
	Legacy re-est
	Legacy HO
	Like legacy


*) Failed CHO: similar to legacy: HOF or RLF shortly after successful HO
As shown in the above table, for sub-scenario 2b and 3f, the UE receives legacy HO, detects the first failure in target cell and performs reestablishment to source cell or a third cell other than the source cell and the target cell. This is the same as the legacy too early HO or legacy HO to wrong cell. It can directly reuse the legacy MRO schemes and doesn’t need any enhancements.
Observation 1: For CHO sub-scenarios 2b and 3f, they are the same as legacy too early HO and legacy HO to wrong cell. 
3.1.2 CHO MRO

We’ll also provide the initial analysis on the enhancements on the RLF report per CHO failure case.
Firstly, we’ll discuss the separate CHO scenarios without legacy HO.
Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO

For this case, the UE received CHO configuration, e.g., including both CHO candidate cells B and C, from the source cell, e.g., source cell A. The RLF occurred in the source cell A before CHO execution condition is met. In other words, the UE doesn’t execute the CHO before connection failure in the source cell A.
Upon detecting the RLF in the source cell A, the UE performs cell selection. 
There will be three possible scenarios depending on whether the selected cell is a candidate CHO target cell and whether the UE successfully perform the connection to the selected candidate CHO target cell.

Sub-scenario 1a: successful reestablishment to the candidate CHO target cell without CHO execution
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Sub-scenario 1a: successful reestablishment to the selected candidate CHO target cell without CHO execution
In this case, the UE selects one of the candidate CHO target cells, e.g., cell B, and performs successful reestablishment to the candidate CHO target cell B. This is similar to the legacy too late HO procedure and we can basically reuse the R16 RLF report. For example, the previousPCellID, failedPCell, reestablishmentCellId, connectionFailureType, rlf-Cause timeConnFailure, timeSinceFailure, measResultLastServCell and measResultNeighCells can reuse the existing definition and set to corresponding values when the RLF is detected.

It is noted that the failedPCellId will be set to the source cell A and this can be an implicit indicator to indicate the CHO type. The successful CHO cell can be reported in the IE reestablishmentCellId. Together with the CHO type indicator, the source cell can identify it as a successful CHO after RLF in the source cell. If the source node is a legacy R16 node, it can work well with the RLF report, e.g., knowing the reestablishment cell. 
Observation 2: To support CHO MRO for sub-scenario 1a, the following is needed:

· reestablishmentCellId can indicate the successful CHO cell.
Sub-scenario 1b: unsuccessful reestablishment to the candidate CHO target cell (the agreed scenario a) without CHO execution
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Sub-scenario 1b (agreed scenario a): unsuccessful reestablishment to the selected candidate CHO target cell without CHO execution
In this case, the UE selects one of the candidate CHO target cells, e.g., cell B, but performs unsuccessful reestablishment to cell B. The UE detects HOF or RLF shortly after the successful CHO completion with cell B. Upon the second connection failure, the UE selects another target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D. This has been agreed as the successive failure scenario a in last RAN2. 
The successive failure referred above, includes at least the following scenarios.


a.
A UE that has CHO configuration, declares RLF in the source cell and fails to perform successful reestablishment to one of the candidate CHO target as configured.

Though there are two consecutive failures, it seems that the first failure related information will be more important and valuable for the source cell to identify the issue and optimize the corresponding CHO configuration. Consequently, the previousPCellID, failedPCell, reestablishmentCellId, connectionFailureType, rlf-Cause timeConnFailure, timeSinceFailure, measResultLastServCell and measResultNeighCells can reuse the existing definition and set to corresponding values when the first connection failure is detected.
Observation 3: The first failure related information is more valuable for the source cell to identify the issue and perform CHO optimization.
Based on the above observation, we prefer to reuse the R16 RLF report to record the first failure related information. The R16 timeConnFailure can indicate the time elapsed since the reception of CHO configuration until the first connection failure. The R16 timeSinceFailure can indicate the time elapsed since the first connection failure. To assist the source cell to determine the moment of sending the CHO configuration, it is an intuitive idea to introduce a time to indicate the time elapsed since the first connection failure until the second one, e.g., timeBetwFailures. Besides, the new cell information should be introduced to indicate that the UE performs successful reestablishment to the candidate CHO target cell B.
Observation 4: To support CHO MRO for sub-scenario 1b, the following is needed:

· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;

· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Sub-scenario 1c: reestablishment to a non-candidate CHO cell without CHO execution
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Sub-scenario 1c: reestablishment to a non-candidate CHO cell without CHO execution
In this case, after the first connection failure in source cell A, the UE selects a target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D. This is quite similar to legacy too late HO procedure except that the UE has received the CHO configuration. It can also reuse the R16 RLF report with the failedPCell set to the source cell A. And this can implicitly indicate the CHO type.
Observation 5: For sub-scenario 1c, it is possible to reuse the current R16 RLF report and the failedPCell set to the source cell to implicitly indicate the CHO type.
Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO

The UE receives the CHO configuration and executes the CHO to the first selected target CHO cell. However, the UE detects connection failure including both HOF and RLF with the first CHO and finally returns back to the source cell.
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Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell
As shown in the above figure, the UE receives the CHO configuration of CHO candidate cell B and C. The UE performs CHO execution with cell B. The UE detects HOF or RLF shortly after CHO completion with cell B and selects the source cell A as a reestablishment cell.

In last RAN2, there is an FFS on whether to introduce:

=>
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.
g.
 In case of multiple failures case, UE includes the time elapsed since CHO execution until connection failure (TimeConnFailure) and time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report

According to the LS from RAN3 [2], the UE needs to report the time elapsed since CHO execution initialization until connection failure to network, shown as timeCHOexeFalure. The function of this RAN3 timer is similar to the legacy timeConnFailure and used for the failed cell to determine the failure type as discussed in TS38.300 [3].
-
Intra-system Too Early Handover: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.

For the time g, we’d like to reuse the legacy time elapsed since CHO execution until connection failure (TimeConnFailure), legacy time elapsed since the last radio link or handover failure (TimeSinceFailure) and introduce a new time as defined in RAN3.
Observation 6: Regarding the CHO-related timers, Option g will be included in the RLF report with the rewording: 
g.
 In case of multiple failures case, UE includes the time elapsed since CHO configuration until connection failure (TimeConnFailure), time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report and new time elapsed since CHO execution until connection failure(timeCHOexeFailure).

Therefore, it is desirable for UE to report this time to indicate the time elapsed since the CHO execution until the (first) connection failure.

Observation 7: To support CHO MRO for scenario 2a:

· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as RAN3 required.
Scenario 3: Unsuccessful CHO due to wrong CHO execution/ wrong legacy HO and back to a third cell ->CHO to wrong cell
For this case, the UE receives CHO configuration, e.g., including both CHO candidate cells B and C, from the source cell, e.g., source cell A. The UE executes the CHO with the first target CHO cell, e.g., cell B and detects HOF or RLF shortly after CHO completion with cell B. 
Upon detecting the HOF/RLF in the CHO cell B, the UE performs cell selection. 

There will be three possible scenarios depending on whether the selected cell is another candidate CHO target cell and whether the UE successfully performs the connection to the selected candidate CHO target cell.

Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
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Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
In this case, the UE selects one of the candidate CHO target cell, e.g., cell C, and performs successful reestablishment to the cell C. Similar to sub-scenario 1a, the successful CHO cell can be reported in the IE reestablishmentCellId.

In the last RAN2 meeting, there is an FFS on whether to introduce:

=>
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.
h.
 The time between CHO execution and successful reestablishment to a third cell after CHO failure towards the candidate target cell selected at CHO execution

Currently, the motivation to include the above option h time is unclear. Technically speaking, the serving cell can know this time. It seems not necessary for the UE to report this time to network.

Observation 8: Regarding the CHO-related timers, Option C and I are not needed to be included in the RLF report

Besides, as analysed in scenario 2a, it is desirable to introduce the new time e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure.

Observation 9: To support CHO MRO for sub-scenario 3a, the following is needed:

· reestablishmentCellId can indicate the successful CHO cell.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as RAN3 required.
Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution (the agreed scenario b)
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Sub-scenario 3b (agreed scenario b): unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution
After the first connection failure with the candidate CHO target cell B, the UE selects one of the candidate CHO target cells, e.g., cell C, but performs unsuccessful reestablishment to the cell C. The UE detects HOF or RLF shortly after the successful CHO completion with cell C. Upon the second connection failure, the UE selects another target cell, e.g., cell D, which can be different from all the candidate CHO target cells (CHO cell B+C) or still be a candidate CHO target cell (CHO cell B+C+D). The UE performs reestablishment to the cell D. This has been agreed as the successive failure scenario b in last RAN2. 

As shown in the figure and the aforesaid analysis, we have the following observation for UE to support this scenario:
Observation 10: To support CHO MRO for sub-scenario 3b, the following is needed:

· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as RAN3 required.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution
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Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution
After the first connection failure with the candidate CHO target cell B, the UE selects a target cell, e.g., cell D, different from all the candidate CHO target cells (cell B and C). The UE performs reestablishment to the cell D.
As shown in the figure and the aforesaid analysis, we have the following observation for UE to support this scenario:

Observation 11: To support CHO MRO for sub-scenario 3c, the following is needed:

· Introduce a new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure as RAN3 required.
Sub-scenario 3d: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO
The UE receives the CHO configuration. Before executing the CHO configuration, the UE receives legacy HO command to the target cell. The UE performs legacy HO to the target cell but detects connection failure, including both HOF and RLF shortly after the successful CHO completion with the target cell.
Upon the connection failure in the target cell, the UE performs cell selection.

If the UE selects a candidate CHO target cell, it may perform successful or unsuccessful reestablishment to the CHO cell. 
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Sub-scenario 3d: successful reestablishment to the selected candidate CHO target cell
As shown in the figure of sub-scenario 3d, the UE first receives CHO configuration of candidate CHO target cell C. Then, the UE receives legacy HO to target cell B. The UE performs legacy HO to cell B but detects HOF/RLF in cell B. The UE selects to candidate CHO cell C and performs successful reestablishment to the candidate CHO target cell C. Similar as in sub-scenario 1a, the successful CHO cell C can be reported in the IE reestablishmentCellId.
In last RAN2, there is an FFS on whether to introduce:

=>
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.
c.
 The time elapsed since receiving the CHO configuration until the immediate HO reception or execution.

i.
 The time elapsed since CHO configuration until the immediate HO reception or execution

Currently, the motivation to include the above option c and i t is unclear. Technically speaking, the serving cell can know these times. It seems not necessary for the UE to report this time to network.

Observation 12: Regarding the CHO-related timers, Option C and I are not needed to be included in the RLF report.
In this case, the contents of RLF Report are similar to the legacy one. It is expected to introduce an explicit handover type to indicate that it is a CHO. As shown in the figure and the aforesaid analysis, we have the following observation for UE to support this scenario:

Observation 13: To support CHO MRO for sub-scenario 3d the following is needed:

· reestablishmentCellId can indicate the successful CHO cell.

· Introduce a new HO type IE, e.g., set to CHO.
Compared with the sub-scenario 3a, the absence of the new time IE, e.g., timeCHOexeFailure can be implicitly indicate that this is a legacy HO mixed with valid CHO configuration case.
Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO (the agreed scenario c)
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Sub-scenario 3e (agreed scenario c): unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO
The UE first receives CHO configuration of candidate CHO target cell C. Then, the UE receives legacy HO to target cell B. The UE performs legacy HO to cell B but detects HOF/RLF in cell B. The UE selects candidate CHO cell C and performs reestablishment to the candidate CHO target cell C. 

The UE detects HOF or RLF shortly after the successful CHO completion with cell C. Upon the second connection failure, the UE selects another target cell, e.g., cell D, which can be different from all the candidate CHO target cells (CHO cell B+C) or still be a candidate CHO target cell (CHO cell B+C+D). The UE performs reestablishment to the cell D. This has been agreed as the successive failure scenario c in last RAN2. 

Compared to the enhanced RLF report of sub-scenario 1b, the failedPCellId is different from the previousPCellId and this can be used to differ the two cases.
As shown in the figure and the aforesaid analysis, we have the following observation for UE to support this scenario:

Observation 14: To support CHO MRO for sub-scenario 3e, the following is needed:

· Introduce a new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment.
· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Compared with the sub-scenario 3b, the absence of the new time IE, e.g., timeCHOexeFailure can be implicitly indicate that this is a legacy HO mixed with valid CHO configuration case.

Accounting for the above discussions, we have the following proposal:

Proposal 1: For CHO MRO, RAN2 should consider the following scenarios：
· Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO

· Sub-scenario 1a: successful reestablishment to the candidate CHO target cell without CHO execution;
· Sub-scenario 1b: unsuccessful reestablishment to the candidate CHO target cell (the agreed scenario a) without CHO execution;

· Sub-scenario 1c:reestablishment to a non-candidate CHO cell without CHO execution;
· Scenario 2a: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO
· Scenario 3: Unsuccessful CHO due to wrong CHO execution /wrong legacy HO and back to a third cell ->CHO to wrong cell

· Sub-scenario 3a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution;
· Sub-scenario 3b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution (the agreed scenario b);
· Sub-scenario 3c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution;
· Sub-scenario 3d: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;
· Sub-scenario 3e: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO (the agreed scenario c);
3.2 MRO for DAPS HO

3.2.1 Use Case
In Rel-16, DAPS HO was introduced to reach the 0ms interruption of data transmission during handover. 
Compared with traditional handover, in DAPS Handover, the UE maintains the source gNB connection after reception of DAPS until receiving the source release indication from the target gNB. The UE detects RLF in source cell before initiating RACH with target cell. After successful RACH with target cell, the UE stops the RLF detection in the source cell and starts RLF detection in the target cell. 

First of all, the UE has received the DAPS HO configuration. Therefore, there is no too late DAPS HO case. 
Observation 15: There is no too late DAPS HO case and no update is needed for the definition of too late HO.
There are some failure scenarios in DAPS handover procedure as indicated in [4]:


[image: image10]
Scenarios of possible failure events during the DAPS handover procedure
3.2.2 DAPS HO MRO

We will give more considerations on the detailed procedures and potential enhancements for the above each case.

Scenario 1: normal HOF case with successful fallback (too early DAPS HO)
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Scenario 1: normal HOF case with successful fallback

The UE receives DAPS HO configuration and there is no RLF detected in the source cell before initiating the RACH with the target cell. A handover failure occurs during the handover procedure. The UE can successfully revert to the source cell without triggering RRC reestablishment and send the FailureInformation message to the source cell.

In last RAN2 meeting, there is an FFS on this case:

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.

The UE can include the failure type set to “DAPS failure” in the FailureInformation message and it is enough for the source cell to identify the DAPS HO issue. Therefore, no enhancements on the FailureInformation message is needed.

Proposal 2: For DAPS HO scenario 1, no enhancements are introduced for the legacy FailureInformation message.

Scenario 2: failure causes interruption with successful DAPS HO
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Scenario 2: failure causes interruption with successful DAPS HO
There is no connection failure detected in the target cell, but the UE detects failure in the source cell before successful RACH with the target cell. There is an interruption period during the DAPS HO. Generally, the DAPS HO aims at 0ms during handover procedure. Thus, it is desirable to report the related information for this kind of DAPS HO.
The UE can record the failure information when detecting the RLF in source cell A. Besides, the UE can provide the interruption time duration to the network, e.g., introducing a new timer named timeFailureDAPSHO to indicate the time since the connection failure until the successful RACH. 
Though there is RLF in source cell A, the UE continues DAPS HO to the target cell B. The UE can also report the DAPS HO cell information to the network. The successful CHO cell can be reported in the IE reestablishmentCellId.
Observation 16: To support DAPS HO MRO for scenario 2, the following is needed:

· reestablishmentCellId can indicate the successful DAPS HO cell.
· Introduce a new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell.
Scenario 3: no problem to the UE
As stated in the introduction of DAPS HO, the UE will not detect the RLF in the source cell upon successful RACH with the target cell. Therefore, this is not a valid scenario for DAPS HO.
Observation 17: Scenario 3 does not exist during the DAPS HO procedure.

Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell)
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Scenario 4: failure causes interruption with successful DAPS HO
The UE receives the DAPS HO to target cell B at the source cell A. The UE doesn’t detect RLF in the source cell A and successfully perform DAPS HO with cell B. However, there is an RLF in the cell B shortly after the successful DAPS HO. The UE performs cell selection. If the UE determines the source cell A as the suitable cell, this is kind of too early DAPS HO. If the UE determines a third cell C as the suitable cell, this is kind of DAPS HO to wrong cell.

If we reuse the legacy RLF report. It seems difficult to identify it as a DAPS HO from legacy one. Therefore, it’s better to introduce an explicit indicator to indicate the HO type.
Observation 18: To support DAPS HO MRO for scenario 4, the following is needed:

· Introduce a new HO type IE, e.g., DAPS HO.
Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell)
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Scenario 5/7: failure causes interruption before unsuccessful DAPS HO
In this case, there are two connection failures during the DAPS HO. It seems that the related information from the second failure will be more beneficial and meaningful for the source cell to analyse the issue and perform optimization on the DAPS HO related parameters. Therefore, we prefer to reuse the legacy RLF report to record the failure information of the second connection failure in target cell B.
Observation 19: The second failure related information is more valuable for the source cell to identify the issue and perform DAPS HO optimization.
Observation 20: To support DAPS HO MRO for scenario 5 and 7, the following is needed:

· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
Compared to the enhanced RLF report of CHO sub-scenario 4-b, there is no kind of CHOCellId IE and this can be implicitly indicate it as a DAPS HO related RLF report.
Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell)
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Scenario 6: normal HOF case with unsuccessful fallback
The UE cannot complete the DAPS HO with the target cell B and tries fall-back to the source cell. Then, the UE detects the failure in the source cell and performs cell selection to another cell C.
The content of the enhanced RLF report is almost the same as the one of DAPS HO scenario 5. Therefore, we need an additional indicator, e.g., to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.

Observation 21: To support DAPS HO MRO for 6, the following is needed:

· Introduce a new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one.
· Introduce a failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.
Scenario 8: normal RLF case

As stated in the introduction of DAPS HO, the UE will not detect the RLF in the source cell upon successful RACH with the target cell. Therefore, this is not a valid scenario for DAPS HO.

Observation 22: Scenario 8 does not exist during the DAPS HO procedure.
Accounting for the above discussions, we have the following proposal:

Proposal 3: For DAPS HO MRO, RAN2 should consider the following scenarios：
· Scenario 1: normal HOF case with successful fallback (too early DAPS HO);
· Scenario 2: failure causes interruption before successful DAPS HO;

· Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell);

· Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell);

· Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell).
3.3 Summary

3.3.1 The enhancements to support CHO and DAPS HO MRO
Based on the above analysis and observations, we provide a small summary on the enhancements to the legacy RLF report.
nr-RLF-Report-r16                    SEQUENCE {

        measResultLastServCell-r16           MeasResultRLFNR-r16,

        measResultNeighCells-r16             SEQUENCE {

            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,

            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,

        c-RNTI-r16                           RNTI-Value,

        previousPCellId-r16                  CHOICE {

            nrPreviousCell-r16                   CGI-Info-Logging-r16,

            eutraPreviousCell-r16                CGI-InfoEUTRALogging

        }                                                                    OPTIONAL,

        failedPCellId-r16                    CHOICE {

            nrFailedPCellId-r16                  CHOICE {

                cellGlobalId-r16                     CGI-Info-Logging-r16,

                pci-arfcn-r16                        SEQUENCE {

                    physCellId-r16                       PhysCellId,

                    carrierFreq-r16                      ARFCN-ValueNR

                }

            },

            eutraFailedPCellId-r16           CHOICE {

                cellGlobalId-r16                 CGI-InfoEUTRALogging,

                pci-arfcn-r16                    SEQUENCE {

                    physCellId-r16                   EUTRA-PhysCellId,

                    carrierFreq-r16                  ARFCN-ValueEUTRA

                }

            }

        },

        reconnectCellId-r16                  CHOICE {

            nrReconnectCellId-r16                CGI-Info-Logging-r16,

            eutraReconnectCellId-r16             CGI-InfoEUTRALogging

        }                                                                                        OPTIONAL,

        timeUntilReconnection-16             TimeUntilReconnection-16                            OPTIONAL,

        reestablishmentCellId-r16            CGI-Info-Logging-r16                                OPTIONAL,

        timeConnFailure-r16                  INTEGER (0..1023)                                   OPTIONAL,

        timeSinceFailure-r16                 TimeSinceFailure-r16,

        connectionFailureType-r16            ENUMERATED {rlf, hof},

        rlf-Cause-r16                        ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,

                                                         beamFailureRecoveryFailure, lbtFailure-r16,

                                                         bh-rlfRecoveryFailure, spare2, spare1},

        locationInfo-r16                     LocationInfo-r16                                    OPTIONAL,
        noSuitableCellFound-r16              ENUMERATED {true}                                   OPTIONAL,

        ra-InformationCommon-r16             RA-InformationCommon-r16                            OPTIONAL,

        ...
[[

        choCellId-r17                        CGI-Info-Logging-r16        OPTIONAL,

        timeBetwFailures-r17                 INTEGER (0..xxx)            OPTIONAL, 
        timeCHOexeFailure-r17                INTEGER (0..xxx)            OPTIONAL, 
        hotype-r17                 


 ENUMERATED {daps ho,cho}    OPTIONAL, 
        timeFailureDAPSHO-r17                INTEGER (0..xxx)            OPTIONAL, 
        failureoder-r17                      ENUMERATED {before, after}      OPTIONAL, 
    ]]
    },

Note. The reestablishmentCellId-r16 can indicate the successful CHO cell or successful DAPS HO cell.

In last RAN2 meeting, it was agreed to introduce the timer to indicate the time between the first CHO execution and the CHO command, e.g., the timeCHOcfgExe in the figure for scenario 2a in section 2.1.2.
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.

As shown in the figure for Scenario 2a in section 2.1.2, there have been the timeConnFailure and the RAN3 timer timeCHOexeFailure. The network can directly derive the RAN2 timer timeCHOcfgExe. That is, the timeConnFailure minus timeCHOexeFailure is the timeCHOcfgExe. Besides, it is unclear on the benefits to introduce the RAN2 timer.

Proposal 4: Delete the RAN2 agreement on the time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.
To support all scenarios for CHO and DAPS HO, it is desirable for RAN2 to consider the following enhancements.

Proposal 5a: To support CHO MRO, the following failure information should be included in the RLF report:

· reestablishmentCellId can indicate the successful CHO cell; 

· new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;
· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;

· new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure;

· new HO type IE, e.g., CHO;

Proposal 6a: To support two consecutive failures in CHO, the UE reuses the existing contents of the legacy RLF report to record the first failure related information for CHO. 
Proposal 5b: To support DAPS HO MRO, the following failure information should be included in the RLF report:

· reestablishmentCellId can indicate the successful DAPS HO cell; 

· new HO type IE, e.g., DAPS HO;

· new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell;

· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;

· failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.

Proposal 6b: To support two consecutive failures in DAPS HO, the UE reuses the existing contents of the legacy RLF report to record the failure in the target cell related information for DAPS HO. 

3.3.2 Consideration on the FFSs
Based on the discussion in section 2.1, we present our considerations on the FFSs for CHO MRO.

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.

As discussed in the above section, it is desirable to reuse previous cell information in the RLF report. And new CHO cell ID can be introduced to indicate the one where detecting the second failure.
Proposal 7: Reuse the previousPCellId-r16 for the source cell in which the UE received the CHO, the failedPCellId-r16 for the target cell towards which the CHO was executed or the failure is detected, the reestablishmentCellId-r16 is used to indicate the legacy reestablishment cell or the successful CHO cell, and introduce the choCellId-r17 for the cell in which the second failure is detected after the first CHO failure or source RLF.
The network can configure at most 8 candidate CHO target cells. This will bring massive signalling overhead if all are reported from the UE. Generally speaking, these CHO target cells are configured by the source cell. It is possible for the source cell to store this information.

Proposal 8: The candidate target cells as configured in the CHO configuration are not reported by the UE but stored by the network implementation.

=>
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.
c.
 The time elapsed since receiving the CHO configuration until the immediate HO reception or execution.

d.
 Timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure

e.
 Time between the UE receiving the CHO command and RLF 

f.
 UE reports the time elapsed since CHO execution until connection failure
g.
 In case of multiple failures case, UE includes the time elapsed since CHO execution until connection failure (TimeConnFailure) and time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report

h.
 The time between CHO execution and successful reestablishment to a third cell after CHO failure towards the candidate target cell selected at CHO execution

i.
 The time elapsed since CHO configuration until the immediate HO reception or execution

Proposal 9: Regarding the CHO-related timers, Option C, H and I will not be included in the RLF report while option G is included with the rewording:
g.
 In case of multiple failures case, UE includes the time elapsed since CHO configuration until connection failure (TimeConnFailure), time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report and new time elapsed since CHO execution until connection failure (timeCHOexeFailure).

Regarding to the remaining FFS on DAPS HO,
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

Proposal 10: Reuse the previousPCellId-r16 for the source cell of DAPS HO, the failedPCellId-r16 or dapsHOCellId-r17 for the target cell of the DAPS HO.
3.3.3 Reply LS to RAN3
Finally, for the requirements in the RAN3 LS [2], we can conclude that
Proposal 11: Send a reply LS to RAN3, that RAN2 has agreed for UE to report:
· the time elapsed since CHO execution initialization until connection failure to network;

· the above new enhanced failure information related to successive failures scenario;

· explicit indicator to indicator the handover type, e.g., DAPS HO, CHO.

4 Conclusion

In this paper, we mainly discuss SON for mobility enhancement optimization, and we have the proposals:

Scenarios
Proposal 1: For CHO MRO, RAN2 should consider the following scenarios：

· Scenario 1: Unsuccessful CHO due to late CHO execution ->too late CHO

· Sub-scenario 1-a: successful reestablishment to the candidate CHO target cell without CHO execution;

· Sub-scenario 1-b: unsuccessful reestablishment to the candidate CHO target cell (the agreed scenario a) without CHO execution;

· Sub-scenario 1-c:reestablishment to a non-candidate CHO cell without CHO execution;
· Scenario 2: Unsuccessful CHO due to early CHO execution and back to the source cell-> too early CHO

· Scenario 3: Unsuccessful CHO due to wrong CHO execution and back to a third cell ->CHO to wrong cell

· Sub-scenario 3-a: successful reestablishment to another candidate CHO target cell after unsuccessful CHO execution; 

· Sub-scenario 3-b: unsuccessful reestablishment to another candidate CHO target cell after unsuccessful CHO execution (the agreed scenario b);
· Sub-scenario 3-c: reestablishment to a non-candidate CHO cell after unsuccessful CHO execution;
· Scenario 4: unsuccessful legacy HO and back to a CHO cell ->HO to wrong cell

· Sub-scenario 4-a: successful reestablishment to the candidate CHO target cell after unsuccessful legacy HO;

· Sub-scenario 4-b: unsuccessful reestablishment to the candidate CHO target cell after unsuccessful legacy HO (the agreed scenario c);

Proposal 2: For DAPS HO scenario 1, no enhancements are introduced for the legacy FailureInformation message.

Proposal 3: For DAPS HO MRO, RAN2 should consider the following scenarios：
· Scenario 1: normal HOF case with successful fallback (too early DAPS HO);

· Scenario 2: failure causes interruption before successful DAPS HO;

· Scenario 4: normal RLF shortly after successful DAPS HO (too early DAPS HO or DAPS HO to wrong cell);

· Scenario 5/7: failure causes interruption before unsuccessful DAPS HO (DAPS HO to wrong cell);

· Scenario 6: normal HOF case with unsuccessful fallback (DAPS HO to wrong cell).
Parameters:
Proposal 4: Delete the RAN2 agreement on the time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.

Proposal 5a: To support CHO MRO, the following failure information should be included in the RLF report:

· reestablishmentCellId can indicate the successful CHO cell; 

· new cell information IE, e.g., CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment;

· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;

· new time IE, e.g., timeCHOexeFailure, to indicate the time elapsed since the CHO execution until the (first) connection failure;

· new HO type IE, e.g., CHO;

Proposal 5b: To support DAPS HO MRO, the following failure information should be included in the RLF report:

· reestablishmentCellId can indicate the successful DAPS HO cell; 

· new HO type IE, e.g., DAPS HO;

· new time IE, e.g., timeFailureDAPSHO, to indicate the time elapsed since the first connection failure until the successful RACH with the target DAPS HO cell;

· new time IE, e.g., timeBetwFailures, to indicate the time elapsed since the first connection failure until the second one;

· failure order indicator, e.g., failureoder, to indicate whether the failure between the UE and the source cell occurs before the one between the UE and the target cell.

Proposal 6a: To support two consecutive failures in CHO, the UE reuses the existing contents of the legacy RLF report to record the first failure related information for CHO. 
Proposal 6b: To support two consecutive failures in DAPS HO, the UE reuses the existing contents of the legacy RLF report to record the failure in the target cell related information for DAPS HO. 

Proposal 7: Reuse the previousPCellId-r16 for the source cell in which the UE received the CHO, the failedPCellId-r16 for the target cell towards which the CHO was executed or the failure is detected, the reestablishmentCellId-r16 is used to indicate the legacy reestablishment cell or the successful CHO cell, and introduce the choCellId-r17 for the cell in which the second failure is detected after the first CHO failure or source RLF.

Proposal 8: The candidate target cells as configured in the CHO configuration are not reported by the UE but stored by the network implementation.

Proposal 9: Regarding the CHO-related timers, Option C, H and I will not be included in the RLF report while option G is included with the rewording:

g.
 In case of multiple failures case, UE includes the time elapsed since CHO configuration until connection failure (TimeConnFailure), time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report and new time elapsed since CHO execution until connection failure (timeCHOexeFailure).

Proposal 10: Reuse the previousPCellId-r16 for the source cell of DAPS HO, the failedPCellId-r16 or dapsHOCellId-r17 for the target cell of the DAPS HO.
RAN3 LS:

Proposal 11: Send a reply LS to RAN3, that RAN2 has agreed for UE to report:
· the time elapsed since CHO execution initialization until connection failure to network;

· the above new enhanced failure information related to successive failures scenario;

· explicit indicator to indicator the handover type, e.g., DAPS HO, CHO.
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