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At TSG-RAN WG3 #109-e meeting, some agreement on support of MRO for CHO 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 CHO mobility enhance.
Discussion
2.1 Discuss on failure cases in CHO
At TSG-RAN WG3 #109-e meeting, many failure cases on MRO for CHO have been raised. In this subsection, possible CHO special failure scenarios are collected. 
Case 1: An RLF occurs after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure.
Case 2: A CHO failure occurs during the CHO procedure; the UE selects to CHO candidate cell and accomplish CHO procedure.
Case 3: A legacy handover occurs and fails to access target cell after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure.
Case 4: An RLF occurs shortly after a successful CHO from a source cell to a target cell (UE remove CHO candidate cells); the UE attempts to re-establish the radio link connection in a cell other than the source cell, target cell and CHO candidate cells.
For case 3, according to TS38.331 [1], when legacy handover fails, UE will not remove CHO candidate cells and may continue to accomplish CHO procedure after legacy handover fails.
For case 4, if RLF occurs shortly after a successful CHO, although UE has removed CHO candidate cells, the CHO failure type definition should consider them.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 1: It is proposed for RAN3 to discuss and agree the above CHO failure scenarios.
There are some differences between CHO and traditional handover. RRC connect re-establishment procedure may be triggered after traditional handover failure. While after CHO RLF or first random access failure and cell selection to CHO candidate cell, UE may accomplish CHO procedure without triggering RRC connect re-establishment procedure. Whether this new failure scenario should been considered in MRO needs further discuss. In my opinion, although CHO may be considered as success, further optimization is necessary for this scenario and should be included in MRO failure type definition.
CHO failure type may need to be modified as below:
[Too Late CHO] 
-	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 after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure. (Case 1)
[Too Early CHO]
-	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.
[CHO 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.
-	A CHO failure occurs during the CHO procedure; the UE selects to CHO candidate cell and accomplish CHO procedure. (Case 2)
-	A legacy handover occurs and fails to access target cell after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure. (Case 3)
-	An RLF occurs shortly after a successful CHO from a source cell to a target cell (UE remove CHO candidate cells); the UE attempts to re-establish the radio link connection in a cell other than the source cell, target cell and CHO candidate cells. (Case 4)
Proposal 2: It is proposed for RAN3 to consider new CHO failure scenario for MRO failure type definition in stage 2.
The new CHO failure scenario in MRO failure type may need to be defined in stage 2, but it is not necessary to define CHO specific failure type in stage3, otherwise for other handover enhancement such as DASP we may also need to do so. It is proposed to include an indicator for CHO and reuse the original MRO failure type.
Proposal 3: It is proposed to introduce an indicator for CHO and reuse the original MRO failure type in stage 3.
2.2 About reusing traditional MRO IE
At TSG-RAN WG3 #109-e meeting, many companies proposed to add new UE recorded information to support MRO for CHO. We agree with that, but first of all we may need to revise the definition of some traditional MRO IE in the case of CHO new scenario, because there are some differences between traditional HO and CHO 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 4: 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:
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]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.
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.


For CHO, it may take relatively long time between HO initialization and HO execution. So, for timeConnFailure field, it is propose to define as the time elapsed since the last HO execution until connection failure.
For failedPCellId field, it is used to indicate the target PCell of the failed handover in case of HO. After CHO failure for the first access and cell selection to CHO candidate cell, UE may continue CHO procedures and may lead to second access failure, and there will be two target PCells of the failed handover. To be aligned with the traditional HO, it is propose to define the target PCell of the failed handover only for the first access.
Proposal 5: It is proposed to request RAN2 to redefine the two fields above.
2.3 Introduce new MRO IE for CHO
After CHO failure and cell selection to CHO candidate cell, UE may accomplish CHO procedure successfully. According to current implementation is TS38.331, when CHO first access fails, handover failure information will be recorded in RLF. Although CHO may be considered as success, further optimization is necessary for this type of CHO. Network shall analysis the RLF information and optimize CHO configuration for CHO success at the first access. So, CHO access failure indicator shall be included in RLF Report to remind network continue CHO optimization in case of handover success.
Proposal 6: It is proposed to include CHO access failure indicator in RLF Report.
If source gNB configures unsuitable candidate cells or the execution condition is unreasonable, it may lead to handover to wrong cell, too early handover or too late handover. So, MRO should consider these failure types in CHO and candidate cells or execution condition may need to be optimized.
There is a too late handover failure in CHO illustrated as below in figure1. NR1 configures UE with 2 candidate cells(cell0 and cell1), and then RLF occurs without initiating handover execution. UE re-connects to cellx in NR2. After retrieving UE RLF Report, NR2 send RLF IND message to NR1.


Figure1: too late handover failure in CHO
When receiving the RLF IND message, NR1 should optimize CHO parameter configuration. If the re-connected cellx in NR2 is the CHO candidate cell0 or cell1, it means CHO candidate cell is correct and execution condition may need to be optimized. Otherwise, if the re-connected cellx in NR2 is not the CHO candidate cell0 or cell1, cellx may need to be configured as CHO candidate cell. So, the CHO candidate cells should be recorded by UE in RLF Report and sent to source cell for MRO analysis.
Proposal 7: It is proposed that CHO candidate cell list should be included in RLF Report.
Proposal 8: It is proposed that CHO candidate cell list should be sent in XN and NG interface.
If CHO candidate cell list have be included in RLF Report as proposal 2, it implies that RLF records CHO failure information and CHO access failure indicator as Proposal 1 is not needed any more.
Proposal 9: It is proposed that the presence of CHO candidate cell list in RLF Report may take the function of CHO access failure indicator implicitly.
When CHO first access fails, handover failure information will be recorded in RLF. And then UE initiates cell selection and may choose to access another CHO candidate cell. If this access still fails, RLF may be covered by the second failure information. These two RLFs are useful to optimize CHO configuration for different candidate cells, and it is proposed to record both of them.
Proposal 10: It is proposed to record two RLF Reports in case CHO fails twice and send LS to RAN2 to consider UE impact.
Conclusions
Based on the discussion in section 2 the followings are proposed:
Proposal 1: It is proposed for RAN3 to discuss and agree the above CHO failure scenarios.
Proposal 2: It is proposed for RAN3 to consider new CHO failure scenario for MRO failure type definition in stage 2.
Proposal 3: It is proposed to include an indicator for CHO and reuse the original MRO failure type in stage 3.
Proposal 4: It is proposed to reuse traditional MRO IEs in RLF and some of them may need redefinition.
Proposal 5: It is proposed to ask RAN2 to redefine the two fields, i.e. failedPCellId and timeConnFailure.
Proposal 6: It is proposed to include CHO access failure indicator in RLF Report.
Proposal 7: It is proposed that CHO candidate cell list should be included in RLF Report.
Proposal 8: It is proposed that CHO candidate cell list should be sent in XN and NG interface.
Proposal 9: It is proposed that the presence of CHO candidate cell list in RLF Report may take the function of CHO access failure indicator implicitly.
Proposal 10: It is proposed to record two RLF Reports in case CHO fails twice and send LS to RAN2 to consider UE impact.
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[bookmark: _Toc46502095]15.5.z	Connection failure due to CHO mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late CHO, or CHO to Wrong Cell. These problems are defined as follows:
[Too Late CHO] 
-	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 after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure.
[Too Early CHO]
-	An RLF occurs shortly after a successful CHO from a source cell to a target cell or a handover failure occurs during the CHO procedure; the UE attempts to re-establish the radio link connection in the source cell.
[CHO to Wrong Cell]
-	An RLF occurs shortly after a successful CHO from a source cell to a target cell or a handover failure occurs during the CHO procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
-	A CHO failure occurs during the CHO procedure; the UE selects to CHO candidate cell and accomplish CHO procedure.
-	A legacy handover occurs and fails to access target cell after the UE has stayed for a long period of time in the source cell and has received Conditional Reconfiguration without triggering Conditional reconfiguration execution; the UE selects to CHO candidate cell and accomplish CHO procedure.
-	An RLF occurs shortly after a successful CHO from a source cell to a target cell (UE remove CHO candidate cells); the UE attempts to re-establish the radio link connection in a cell other than the source cell, target cell and CHO candidate cells.
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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