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At TSG-RAN WG3 #109-e meeting, some agreement on support of MRO for DAPS mobility enhance has been achieved and there is still some FFS needs further discuss. In this contribution we will discuss FFS and provides some point of view on MRO for DAPS mobility enhance.
Discussion
2.1 Discuss on three failure cases in DAPS handover
At TSG-RAN WG3 #109-e meeting, many failure cases on MRO for DAPS have been raised. In this subsection, possible failure scenarios are collected and divided into 3 cases as below. It is proposed RAN3 to determine the failure scenarios first, and then discuss solution.
Proposal 1: It is proposed for RAN3 to determine the failure scenarios first, and then discuss solution.
There will be 3 failure cases in DAPS handover as below:
Case 1: failure@target. RLF is not detected in the source PCell and failure (including HOF and RLF) in the target PCell.
Case 2: RLF@source. RLF is only detected in the source PCell and no failure in target PCell.
Case 3: failure@source and target. RLF@source occurs first, and then failure@target(including HOF and RLF), or HOF@target occurs first, and then failure@source.
2.1.1 Case 1: failure@target
For failure in the target PCell, there are two types:
Case 1-1: UE fails to access target cell.
Case 1-2: RLF occurs shortly after a successful handover.
[bookmark: OLE_LINK1]Case 1-1:
If UE fails to access target cell and RLF is not detected in the source PCell, UE will revert back to source cell and send Failure information to report DAPS handover failure. This case may be too early DAPS handover.
Nowadays there is only a DAPS failure indicator without any further information for DAPS handover failure. In order to retrieve RLF information, there are two solutions:
Solution1:
Extending Failure information message to include RLF related information which is decided by RAN2.
Pros: NG-RAN can retrieve RLF related information directly and optimize handover configuration.
Cons: Increase Failure information message length.
Solution2:
NG-RAN trigger UE information procedure to retrieve RLF information after receiving Failure information which reports DAPS handover failure.
Pros: no modification for current specification.
Cons: To keep UE connected, NG-RAN may trigger another handover immediately after DAPS handover failure. There is no time to retrieve RLF information. If UE hands over to another NG-RAN, RLF information has to be sent in interface. Moreover, UE RLF may be covered by subsequent RLF if RLF happens again.
We prefer solution1.
Proposal 2: It is proposed to extent Failure information message to include RLF related information.
Case 1-2
At TSG-RAN WG3 #109-e meeting, there is a FFS as below:
	c.	the failure information of the source link in the case that DAPS handover is successful but RLF on the source link happens.


According to text in TS38.331 [1], When UE success RACH to target cell, T310 for source SpCell will be stopped.
	1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above:
2>	stop timer T304 for that cell group;
2>	stop timer T310 for source SpCell if running;


So, after a successful handover, T310 is stopped for source SpCell and RLF cannot occur on the source link.
Proposal 3: After a successful handover, RLF may occur only at target cell although source cell may still exist for DAPS.
Traditional MRO method can also be applied to this type of failure for DAPS handover. If the RRC re-establishment procedures are triggered and the re-establishment cell is source PCell, it may be too early handover. If the re-establishment cell is not source and target PCell, it may be handover to wrong cell.
Proposal 4: Traditional MRO method can also be applied to RLF occurs shortly after a successful DAPS handover.
2.1.2 Case 2: RLF@source
For case 2, RLF is only detected in the source PCell and no failure in target PCell. This case may be sort of too late DAPS handover.
There is a figure depicts the RLF@source in chronological order during DAPS handover.


Figure 1 Case 2
Receiving handover command, UE will not stop T310 for the corresponding SpCell if DAPS bearer is configured. So, T310 may expiry before UE success RACH to target cell. Although handover may be considered as success, further optimization is necessary for demand for DAPS handover is not satisfied. 
Successful handover report is recommended to record failure information for this case, and there are two reasons:
1. According to TR37.816 [2], Successful handover report is used to record failure information during successful handover. So, it is suitable for this case.
2. RLF Report is unsuitable for this case, for RLF Report may be covered if RACH failure occurs after RLF@source.
Proposal 5: It is proposed to use Successful handover report to record RLF@source.
2.1.3 Case 3: failure@source and target
For this case, according to order of failure in source and target, we define two types.
Case 3-1: RLF@source occurs first, and then failure@target
Case 3-2: failure@target occurs first, and then failure@source
Case 3-1：
For this case, RLF@source occurs first, and then failure@target. Failure@target may be RACH to target cell fails or RLF occurs shortly after a successful handover which is depicted in Figure 2 and figure 3 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]RLF@source occurs first, and then RACH to target cell fails.


Figure 2 Case 3-1 RACH to target cell fails

RLF@source occurs first, and then RLF occurs shortly after a successful handover.


Figure 3 Case 3-1 RLF occurs shortly after a successful handover
Case 3-1 is similar to case 2 in the previous part of RLF@source. So, Successful handover report is still recommended to record RLF@source. But for Case 3-1 RACH to target cell fails, it may be not suitable to use Successful handover report for handover fails at last and any other type of Report may be available which needs RAN3 to determine.
For RACH to target cell failure or RLF occurs shortly after a successful handover, RLF Report shall be used according to traditional MRO procedures.
Proposal 6: It is proposed to Reuse Successful handover report for RLF@source and Reuse RLF Report for failure@target.
To analysis the failure reason, both the Successful handover report and the RLF Report should be sent to network. Network may make wrong failure type judgment if only by RLF Report.
For the failure reason leading to case 3-1, it may be a coverage related problem or handover to wrong cell. Weak signal often caused by the effect of shadow fading which may cause RLF@source, and when failure@targer is detected and RLF Report is recorded, UE may have moved out of the shadow for it may take some time between RLF@source and failure@targer, and measure result in RLF Report for source cell is good at that time. When network makes MRO judgment only with RLF, it may mistake coverage related problem for too early handover.
Proposal 7: It is proposed to use both the Successful handover Report for RLF@source and the RLF Report for failure@target to analysis failure reason.
Case 3-2:
For this case, HOF@target occurs first, and then failure@source.
If RACH to target cell fails and RLF is not detected in the source PCell, failure information procedure will be initiated to report DAPS handover failure. In figure 4 RLF occurs shortly after handover failure


Figure 4 Case 3-2 RLF occurs shortly after handover failure
Another type of case 3-2 may be handover failure, and then sending failure information message to network failure, finally connection re-establishment procedure is initiated. It is illustrated as below:


Figure 5 Case 3-2 Sending failure information message to network failure
For the above two failure type of Case 3-2, failure information message is recommended to record HOF@target. But if sending failure information to network failure, it needs further discussion by RAN3.
RLF Report shall be used to record failure@source according to traditional MRO procedures.
Proposal 8: It is proposed to use failure information procedures to report HOF@target and RLF Report for failure@source.
Similar to the analysis in case 3-1, MRO failure type decision shall be made according to both failure information and RLF Report.
Proposal 9: It is proposed to use both failure information for HOF@target and the RLF Report for failure@source to analysis failure reason.

2.2 About reusing traditional MRO IE for DAPS
At TSG-RAN WG3 #109-e meeting, many companies proposed to add new UE recorded information to support MRO for DAPS. We agree with that, but first of all we may need to determine the definition of some traditional MRO IE in the case of DAPS new scenario, because there are some differences between traditional HO and DAPS in handover execution and handover failure handle. On the basis of existing MRO IE, we may consider to introduce new IE information if necessary.
Proposal 10: It is proposed to reuse traditional MRO IEs in RLF and some of them may need redefinition.
There are some IEs related to MRO in TS38.331 [1] as below:
	connectionFailureType
This field is used to indicate whether the connection failure is due to radio link failure or handover failure.
failedPCellId
This field is used to indicate the PCell in which RLF is detected or the target PCell of the failed handover. For intra-NR handover nrFailedPCellId is included and for the handover from NR to EUTRA eutraFailedPCellId is included. The UE sets the ARFCN according to the frequency band used for transmission/ reception when the failure occurred.
timeConnFailure
This field is used to indicate the time elapsed since the last HO initialization until connection failure. Actual value = field value * 100ms. The maximum value 1023 means 102.3s or longer.
timeSinceFailure
This field is used to indicate the time that elapsed since the connection (radio link or handover) failure. Value in seconds. The maximum value 172800 means 172800s or longer.
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. Value in seconds. The maximum value 172800 means 172800s or longer.


For DAPS HO, UE can keep connections with source cell and target cell simultaneously during the DAPS handover execution. UE may suffer from both RLF in source cell and access failure in handover target cell during one DAPS handover execution. So, for connectionFailureType field, connection failure may due to both radio link failure and handover failure. Likewise, for failedPCellId field, RLF may be detected both in handover source cell and target cell. 
This problem is mainly due to the connection with handover source cell is maintained during DAPS handover execution and connectionFailureType and failedPCellId field may need to record failure of both source cell and target cell for DAPS HO. To be aligned with traditional MRO, these fields may need to be redefined only to record failure of handover target cell, and for RLF in source cell we may introduce other new IE to handle it.
For timeConnFailure field, it indicates the time elapsed since the last HO initialization until connection failure which may also include RLF in source cell during DAPS execution. This timer is used to judge whether UE can keep stable in handover target cell. So, time related failure@source such as Case 3 Type 2 should be excluded from the definition of timeConnFailure field.
For timeSinceFailure and timeUntilReconnection field, the starting point of the timer is radio link failure or handover failure. For radio link failure case, it may also include RLF in source cell during DAPS execution which case should also be excluded from the definition.
For timer related fields above, we also propose not to consider the case that RLF occurs in source cell during DAPS handover.
In one word, the ambiguity is for the connection with handover source cell is kept during DAPS handover execution which may lead to radio link failure in source cell. So, the traditional MRO fields in RLF should keep original definition excluding the case that RLF occurs in source cell during DAPS handover.
Proposal 11: It is proposed to clarify traditional MRO fields as the five fields discussed above in RLF, in order to keep original MRO definition and exclude the case that RLF occurs in source cell during DAPS handover.
2.3 DAPS stage2 failure type definition
From the failure cases discussed above, there may be some changes in MRO definition for DAPS handover.
2.3.1 Too late DAPS handover
For Case 2: RLF@source (i.e. RLF is only detected in the source PCell and no failure in target PCell)may be defined as a type of too late DAPS handover.
Case 2 may also be defined as successful handover case.
Proposal 12: It is proposed RAN3 to discuss the failure type (too late DAPS handover or successful handover case) for Case 2: RLF@source.
2.3.2 Too early DAPS handover
For Case 1-1(RLF is not detected in the source PCell and UE fails to access target cell), it may also be defined as a type of too early DAPS handover. For DAPS keeping source connection during handover, we can use source connection to judge too early DAPS failure type.
For case1-2(RLF is not detected in the source PCell and RLF occurs shortly after a successful handover), it is the traditional MRO definition and may be too early DAPS handover.
Proposal 13: It is proposed that Case 1-1(RLF is not detected in the source PCell and UE fails to access target cell) should be defined as too early DAPS handover.
2.3.3 DAPS handover to wrong cell
Traditional MRO handover to wrong cell is suitable for DAPS failure cases such as Case 3-1 and Case 1-2 if the re-establishment cell ID is not source and target cell.
Besides traditional cases, Case 3-2 may also be considered as DAPS handover to wrong cell if the re-establishment cell ID is not source and target cell after failure@source.
Proposal 14: It is proposed that case 3 should be defined as DAPS handover to wrong cell.
Stage2 DAPS failure types are defined as follows:
[Too Late DAPS Handover] 
-	An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	An RLF occurs in source cell during DAPS HO procedure and no failure in target PCell (Case 2)
[Too Early DAPS Handover]
-	An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. (Case 1-2)
-	An RLF is not detected in the source PCell and UE fails to access target PCell during DAPS handover. (Case 1-1)
[DAPS Handover to Wrong Cell]
-	An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
  -	 An RLF occurs in source PCell shortly after handover failure, the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. (Case 3-2)
Proposal 15: It is proposed RAN3 to discuss above DAPS stage2 failure type definition.
Conclusions
Based on the discussion in section 2 the followings are proposed:
Proposal 1: It is proposed RAN3 to determine the failure scenarios first, and then discuss solution.
Proposal 2: It is proposed to extent Failure information message to include RLF related information which is decided by RAN2.
Proposal 3: After a successful handover, RLF may occur only at target cell although source cell may still exist for DAPS.
Proposal 4: Traditional MRO method can also be applied to RLF occurs shortly after a successful DAPS handover.
Proposal 5: It is proposed to use Successful handover report to record RLF@source.
Proposal 6: It is proposed to Reuse Successful handover report for RLF@source and Reuse RLF Report for failure@target.
Proposal 7: It is proposed to use both the Successful handover Report for RLF@source and the RLF Report for failure@target to analysis failure reason.
Proposal 8: It is proposed to use failure information procedures to report HOF@target and RLF Report for failure@source.
Proposal 9: It is proposed to use both failure information for HOF@target and the RLF Report for failure@source to analysis failure reason.
Proposal 10: It is proposed to reuse traditional MRO IEs in RLF and some of them may need redefinition.
Proposal 11: It is proposed to clarify traditional MRO fields as the five fields discussed above in RLF, in order to keep original MRO definition and exclude the case that RLF occurs in source cell during DAPS handover.
Proposal 12: It is proposed RAN3 to discuss the failure type (too late DAPS handover or successful handover case) for Case 2: RLF@source.
Proposal 13: It is proposed that Case 1-1(RLF is not detected in the source PCell and UE fails to access target cell) should be defined as too early DAPS handover.
Proposal 14: It is proposed that case 3 should be defined as DAPS handover to wrong cell.
Proposal 15: It is proposed RAN3 to discuss above DAPS stage2 failure type definition.
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[bookmark: _Toc46502095]15.5.z	Connection failure due to DAPS mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late DAPS Handovers, or DAPS Handover to Wrong Cell. These problems are defined as follows:
[Too Late DAPS Handover] 
-	An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]-	An RLF occurs in source cell during DAPS handover procedure and no failure in target PCell. 
[Too Early DAPS Handover]
-	An RLF occurs shortly after a successful DAPS handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in the source cell.
-	An RLF is not detected in the source PCell and UE fails to access target PCell during DAPS handover.
[DAPS Handover to Wrong Cell]
-	An RLF occurs shortly after a successful DAPS handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
  -	 An RLF occurs in source PCell shortly after DAPS handover failure, the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
End of the last change
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