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1	Introduction
In RAN3#110e, the SON for Conditional Handover (CHO) was discussed, and the following agreement were made [1]:
· Cover CHO failure scenarios; whether to define CHO specific failure types or reuse the existing failure types with some necessary update is FFS.
· CHO recovery procedure is considered in the definition of failure types and/or failure types detection.
· At least the following CHO failure scenarios need to be considered: Too Late CHO Execution, Too early CHO Execution, and CHO to Wrong Cell.  FFS on how CHO recovery applies to legacy HOs. FFS on other failure scenarios.
· UE reports the time elapsed since CHO execution until connection failure to network (LS to RAN2).
· the source node needs to know the candidate cell list and CHO execution condition(s). It is FFS on how the source node knows these information
· if UE has experienced failure twice, UE reports information related with the two failures (LS to RAN2 for confirmation).
In RAN3#111e, further agreements were made [2]:
· For too late CHO, case 1, 2 and 3 will be considered, and case 4 and 6 will not be considered. FFS on case 5.
· For too early CHO, case 1 and 2 will be considered. FFS on case 3 and 4.
· For CHO to wrong cell, case 1-5 will be considered.
· Use cases for MRO of CHO handover:
· It is FFS whether the cases for mixed HO/CHO to wrong cell should be deprioritized.
· Resource optimization for CHO is deprioritized.
· Data forwarding enhancements for CHO is deprioritized.
In RAN3#112e, more agreements were achieved [3]:
· For too early CHO, case 3 and case 4 will not be considered.
· For mixed HO/CHO to wrong cell, case 6-10 are deprioritized
· WA: Reuse FAILURE INDICATION message and HANDOVER REPORT message to transfer failure related information for CHO.
In this paper, we further discuss the details of support MRO for CHO.
2	Discussion
2.1 Failure Scenario(s)
For too late CHO, case 1, 2 and 3 were agreed to be considered and case 4 and 6 were excluded. Case 5 is still FFS. In case 5, the UE receives CHO configuration and an RLF occurs in the source cell before CHO execution, then it attempts CHO recovery to a CHO candidate cell and successes but an RLF occurs shortly after the successful CHO recovery, finally it re-establishes the radio link connection in a cell other than the source cell. Compared case 3 with case 5, the difference is the failure type after source RLF, i.e. CHO recovery failure (case 3) or RLF at CHO candidate cell after successful CHO recovery (case 5), taking legacy failure types i.e. HOF or RLF as baseline, case 5 should also be considered. 
[bookmark: _Hlk78273005]Proposal 1:	For too late CHO, case 5 should be considered.

2.2 Failure Type Definition and Detection
For a regular HO, MRO aims to address different failure types such as too late HO, HO to wrong cell and Too Early HO. Until now the agreed failure cases in CHO are as below:
· For too late CHO, case 1, 2 and 3 will be considered (as well as case 5 if Proposal 1 is agreed).
· For too early CHO, case 1 and 2 will be considered. 
· For CHO to wrong cell, case 1-5 will be considered.
Basically, the legacy definition of handover failure types can be reused for CHO, and the main difference is that the UE may preform CHO recovery after handover failure or RLF, i.e. handover is executed if the selected cell is a CHO candidate cell, otherwise RRC re-establishment is performed. The detection mechanism captured in the latest agreed BLCR to TS38.300 [4] is as below, which is fine for failure type definition in CHO:
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	Intra-system Too Late Handover: there is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt), or if CHO is configured but the CHO execution is not initiated for the UE prior to the connection failure, or if DAPS HO is configured but an RLF is detected in the source cell with successful DAPS HO.
-	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 or fall back to the source cell configuration in case of DAPS HO.
-	Intra-system Handover to Wrong Cell: 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/the cell UE attempts CHO recovery is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure or the time elapsed since the CHO triggering until connection failure.
In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
[bookmark: _Hlk78277196][bookmark: _Hlk79071349][bookmark: _Hlk79062624][bookmark: _Hlk79069856]Proposal 2:	The failure type definition and failure type detection for CHO as captured in the agreed BLCR [4] is sufficient already. Separate failure type definition and failure type detection for CHO are not needed.
2.3 Candidate Cell List and CHO execution condition(s) 
In RAN2#113 bis-e, RAN2 agreed that whether to include configured CHO execution condition(s) and list of candidate cells IDs in the RLF-report for CHO are subject to the RAN3 reply to the RAN2 LS [5] that RAN2 asks RAN3 whether the source cell would keep the UE context at least until the RLF-report is received by the source cell. In RAN3#112e meeting, RAN3 replied that [6] it is not mandated that the source node stores the UE context. 
Based on RAN3 reply, obviously RAN2 would confirm the UE-based solution that Candidate Cell List and CHO execution condition(s) can be reported in the RLF-report. If so, the source node can achieve Candidate Cell List and CHO execution condition(s) from the FAILURE INDICATION message or HANDOVER REPORT message. 
[bookmark: _Hlk78274866]Observation 1: RAN2 would confirm to include list of candidate cells IDs and CHO execution condition(s) in the RLF report for CHO, based on RAN3 reply that it is not mandated for the source node to store the UE context.
Besides UE-based solution for network to derive Candidate Cell List and CHO execution condition(s), the on- table network-based solutions are listed as below:   
Option 1: Source node sends candidate cell list and CHO execution condition(s) to the target node in SN status Transfer or a new message, and then the target transmits the info back to the source in Handover Report message;
Option 2: Source node always keeps candidate cell list and CHO execution condition(s);
Option 3: Derive candidate cell list and CHO execution condition(s) based on Mobility Information.
For Option 1, an extended SN status Transfer or new message is required to transfer candidate cell list and CHO execution condition(s) from the source node to the target node, it has spec impacts on Xn interface, and seems not necessary when RAN2 confirms UE-based solution.
For Option 2, since the time duration for the network to store the UE context is up to implementation, it is not reasonable to demand the source gNB to always keep the UE context until receiving RLF report. This mandatory implementation should be avoided. 
For Option 3, similar as legacy MRO, considering the source node does not always have the UE context, Mobility Information included in the HANDOVER REPORT message can be used by the source node to derive CHO configurations e.g. candidate cell list and CHO execution condition(s). 
[bookmark: _Hlk79071892]Proposal 3:	RAN3 discusses whether and which network based solution is adopted for getting CHO Candidate Cell List and CHO execution condition(s).
2.4 Other information
As summarized in [7], whether to include some other information in the RLF report is pending, e.g. an explicit CHO failure indicator, timer related information including the time elapsed since the first connection failure until the second one, the time UE have stayed in source cell, reusing timeConnFailure or introducing a new timer to indicate time elapsed between CHO execution until the first HOF/RLF and etc. Since RAN2 has an ongoing email discussion [8] for CHO parameters which cover the above information, we can wait for RAN2 progress.  
[bookmark: _Hlk79071789]Proposal 4:	Whether to report other CHO parameters e.g. an explicit CHO failure indicator and timer related information in the RLF report depends on RAN2 agreements.

[bookmark: _Hlk79056047]2.5 Xn signalling
In legacy MRO for normal handover, the initiating condition to transfer the XnAP FAILURE INDICATION message may be RRC Re-establishment, since RRC re-establishment procedure may be triggered after legacy handover failure. In CHO, when CHO execution fails, the UE may also perform re-establishment procedure, and the only difference is that handover may be executed if the selected cell is a CHO candidate cell, if we reuse XnAP FAILURE INDICATION message for CHO, “RRC Re-establishment” may also be the initiating condition, since a new IE CHOCellID is introduced in the RLF-Report to represent the CHO candidate cell selected after CHO execution failure, based on the CHOCellID which is also included in the XnAP FAILURE INDICATION, the node receiving the FAILURE INDICATION message can distinguish this case from another re-establishment case that the selected cell after CHO execution failure is a non CHO candidate cell. 
In addition, RAN3#110e meeting agreed that if UE has experienced failure twice, UE reports information related with the two failures.  For the two successive failures, i.e. case 3/5 for too late CHO, case3/4 for CHO to wrong cell, 
- if RAN2 uses one entry in one RLF report to include failure information related with two failures, e.g. use separate IEs within the existing RLF report to represent the second failure and the first failure can be represented by reusing as much as possible existing IEs, in this way, one UE RLF Report Container is transferred in XnAP FAILURE INDICATION message, which has no spec impact; 
- if RAN2 uses two entries in one RLF report to include failure information related with two failures, e.g. each entry is stored/generated for one failure, one more UE RLF Report Container would be introduced in the XnAP FAILURE INDICATION message. 
[bookmark: _Hlk78892479]In general, the XnAP FAILURE INDICATOIN message may be reused to transfer failure related information in CHO, and some details should wait for RAN2 progress. 
[bookmark: _Hlk79069202]Proposal 5: The XnAP FAILURE INDICATION message may be reused to transfer failure related information in CHO, 
-	“RRC Re-establishment” can be reused as the initiating condition for CHO failure;
-	for the two successive failures, reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message if one entry is in one RLF report from the UE, or introduce a new one UE RLF Report Container if two entries are in one RLF report from the UE;
In legacy, the HANDVER REPORT message is used to report a handover failure event. Similar as FAILURE INDIACTION message, XnAP HANDOVER REPORT message may be reused to transfer failure related information, e.g. with one UE RLF Report Container or extended to include one more UE RLF Report Container.
[bookmark: _Hlk79070087]Additionally, as we discussed in section 2.1, since legacy MRO detection mechanism with some updates as captured in the agreed BLCR [4] is sufficient, when XnAP HANDOVER REPORT message is reused for CHO, the existing Handover Report Type e.g. “HO too early” or “HO to wrong cell” can be reused. 
[bookmark: _Hlk79072375]Proposal 6: The XnAP HANDOVER REPORT message may be reused to transfer failure related information in CHO, 
-	for the two successive failures, reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message if one entry is in one RLF report from the UE, or introduce a new one UE RLF Report Container if two entries are in one RLF report from the UE;
-	the existing Handover Report Type e.g. “HO too early” or “HO to wrong cell” can be reused.
3	Conclusion
In this contribution, the issues on SON enhancements for CHO are discussed. We have the following observations and proposals:
Observation 1: RAN2 would confirm to include list of candidate cells IDs and CHO execution condition(s) in the RLF report for CHO, based on RAN3 reply that it is not mandated for the source node to store the UE context.
Proposal 1:	For too late CHO, case 5 should be considered.
Proposal 2:	The failure type definition and failure type detection for CHO as captured in the agreed BLCR [4] is sufficient already. Separate failure type definition and failure type detection for CHO are not needed.
Proposal 3:	RAN3 discusses whether and which network based solution is adopted for getting CHO Candidate Cell List and CHO execution condition(s).
Proposal 4:	Whether to report other CHO parameters e.g. an explicit CHO failure indicator and timer related information in the RLF report depends on RAN2 agreements.
Proposal 5: The XnAP FAILURE INDICATION message may be reused to transfer failure related information in CHO, 
-	“RRC Re-establishment” can be reused as the initiating condition for CHO failure;
-	for the two successive failures, reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message if one entry is in one RLF report from the UE, or introduce a new one UE RLF Report Container if two entries are in one RLF report from the UE;
Proposal 6: The XnAP HANDOVER REPORT message may be reused to transfer failure related information in CHO, 
-	for the two successive failures, reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message if one entry is in one RLF report from the UE, or introduce a new one UE RLF Report Container if two entries are in one RLF report from the UE;
-	the existing Handover Report Type e.g. “HO too early” or “HO to wrong cell” can be reused.
A update of way forward on scenarios for SON enhancements for CHO and DAPS HO is provided in [9].
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