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1	Introduction
In RAN3#114e meeting, SON enhancements for CHO were discussed as summarized in [1], the agreements were achieved:
-	There is no ambiguous CHO failure across two CHO configurations.
-	Reuse the legacy MRO detection mechanism with extensions for CHO in stage 2 (i.e. separate failure type detection is not supported unless there is any failure case that can’t be covered).
And the FFSs are listed as below: 
-	clarify whether RAN2 agreed RLF-report for CHO is sufficient for MRO purpose before discussing network-based solution.
-	whether CHO Cell CGI is needed in HANDOVER REPORT message.
-	whether explicit Handover Report Type is needed in HANDOVER REPORT message for CHO.
-	whether new initiating condition is needed in FAILURE INDICATION message for CHO.
-	whether CHO recovery cell ID is needed in FAILURE INDICATION message.
-	whether to reuse the existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.
In this paper, we further discuss the left issues to support MRO for CHO.
2	Discussion
2.1 Candidate Cell List and CHO execution condition(s) 
RAN2#113bis and RAN2#115 meetings have achieved agreements as following and captured them in the running 38.331 for introducing R17 SON [2]: 
Include in the RLF-report for CHO the following:
· Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
· Latest radio measurement results of the candidate target cells
· Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not
· List of candidate cells IDs
For the case that a RLF occurs shortly after a successful handover, to distinguish whether it is happened during the normal handover procedure or the CHO procedure, RAN2 agreed to include an explicit indicator in the RLF report indicating whether or not the last executed handover before the RLF in the target cell was a CHO HO, since it is RAN2’s common understanding that the UE forgets the CHO configuration after completing the HO to the target cell and if the UE declares RLF in the target cell, then the UE does not include the CHO configuration specific information from the source cell (e.g. timeSinceCHOReconfig and/or whether a neighbor cell was a CHO candidate or not).
Observation 1: The UE forgets the CHO configuration after completing the HO and if the UE declares RLF in the target cell, then the UE does not include the CHO configuration specific information from the source cell in the RLF report.
Based on RAN2 progress, especially for the case that a RLF occurs shortly after a successful CHO execution, the UE does not include the Candidate Cell List and CHO execution condition(s) in the RLF report, thus the source node can’t achieve Candidate Cell List and CHO execution condition(s) from the RLF report.
Obviously, the source node keeps UE context when CHO execution happens, thus the source node can derive Candidate Cell List and CHO execution condition(s) according to the UE context. 
For the case that a RLF occurs shortly after a successful CHO execution, to derive Candidate Cell List and CHO execution condition(s) by the source node the potential network-based solutions are listed as below:   
· Option 1: Source node sends candidate cell list and CHO execution condition(s) to the target node after receiving Handover Success message, e.g. 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 stores UE context;
· Option 3: Derive candidate cell list and CHO execution condition(s) based on Mobility Information.
· Option 3-1: Source nod transmits the mobility information to the target node when CHO is completed (i.e. in the SN STATUS TRANSFER message), and the target node sends the mobility information back to the source node via HANDOVER REPORT message. 
· Option 3-2: Source nod transmits the mobility information to each candidate target node in the HO request message, and the target node sends the mobility information back to the source node via HANDOVER REPORT message.
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 requires resources when the signalling overhead of candidate cell list and CHO execution condition(s) is large.
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, the latest 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). Compared with Option 3-1 that adding Mobility Information in the SN STATUS TRANSFER message, Option 3-2 has less spec impact since HO request message is used to transfer Mobility Information as legacy.
Based on above analysis, we can support network-based solution, and Option 3-2 is better to derive Candidate Cell List and CHO execution condition(s).
[bookmark: _Hlk79071892]Proposal 1:	 Mobility Information can be used by the source node to derive CHO configurations e.g. candidate cell list and CHO execution condition(s), i.e. source nod transmits the mobility information to each candidate target node in the HO request message, and the target node sends the mobility information back to the source node via HANDOVER REPORT message.
[bookmark: _Hlk79056047]2.2 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. One choice is that RRC Reestab Reporting with RLF Report should be used since RRC re-establishment request message is not triggered, i.e. UE RLF Report Container would be transferred in the FAILURE INDICATION message. Another choice is that RRC Reestab Reporting without RLF Report should be used when RRC re-establishment request message is triggered, i.e. the mandatory IEs e.g. C-RNTI, ShortMAC-I, Failure cell PCI and Re-establishment cell CGI IE would be transferred in the FAILURE INDICATION message.
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 within the UE RLF Report Container 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.  
Proposal 2:	“RRC Re-establishment” in the XnAP FAILURE INDICATION message can be reused as the initiating condition for CHO failure.
[bookmark: _Hlk85290444]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 as summarized in [3], case3/4 for CHO to wrong cell as summarized in [3], when the UE generates the RLF report, RAN2 has agreed that separate IEs within the existing rlf-report can be reused to represent the second failure, and the first failure can be represented by reusing as much as possible existing IEs. Therefore, when reusing the XnAP FAILURE INDICATION message to transfer information related with the two successive failures during CHO procedure, the existing one UE RLF Report Container in XnAP FAILURE INDICATION message can be reused to transfer the information related with the two successive failures.
[bookmark: _Hlk85473585]Observation 2: RAN2 agreed that the UE use one entry in one RLF report to contain the information related with the two successive failures.
Proposal 3:	Reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message to transfer the information related with the two successive failures.
In legacy, the HANDVER REPORT message is used to report a handover failure event. Similar as FAILURE INDIACTION message, when reusing the HANDOVER REPORT message to transfer information related with the two successive failures during CHO procedure, the existing one UE RLF Report Container in XnAP HANDOVER REPORT message can be reused.
Proposal 4:	Reuse the existing one UE RLF Report Container in XnAP HANDOVER REPORT message to transfer the information related with the two successive failures.
In legacy, Source cell CGI, Target cell CGI and Re-establishment cell CGI can be included in the HANDVER REPORT message. 
[bookmark: _Hlk92187605]In CHO, Target cell CGI can be reused in the HANDVER REPORT message to represent the cell in which CHO execution is performed for the case that a RLF occurs shortly after a successful CHO execution. Additionally, when CHO recovery is supported and a CHO candidate cell is selected after CHO execution failure, for the case that a RLF occurs shortly after a successful CHO recovery to the selected CHO candidate cell, besides the Source cell CGI, Target cell CGI (i.e. in which CHO execution is failed) and Re-establishment cell CGI, CHO Cell CGI can be included in the HANDVER REPORT message to represent the CHO candidate cell which is selected for CHO recovery. 
Proposal 5:	CHO Cell CGI can be included in the HANDVER REPORT message to represent the CHO candidate cell which is selected after CHO execution failure for CHO recovery.
[bookmark: _Hlk79070087]Additionally,  since legacy MRO failure type definition and detection mechanism can be reused with extensions  for CHO, 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. 
Proposal 6:	The existing Handover Report Type e.g. “HO too early” or “HO to wrong cell” can be reused in the XnAP HANDOVER REPORT message for CHO.

3 Conclusion
In this contribution, the issues on SON enhancements for CHO are discussed. We have the following observations and proposals:
Observation 1: The UE forgets the CHO configuration after completing the HO and if the UE declares RLF in the target cell, then the UE does not include the CHO configuration specific information from the source cell in the RLF report.
Observation 2: RAN2 agreed that the UE use one entry in one RLF report to contain the information related with the two successive failures.
Proposal 1:	Mobility Information can be used by the source node to derive CHO configurations e.g. candidate cell list and CHO execution condition(s), i.e. source nod transmits the mobility information to each candidate target node in the HO request message, and the target node sends the mobility information back to the source node via HANDOVER REPORT message.
Proposal 2:	“RRC Re-establishment” in the XnAP FAILURE INDICATION message can be reused as the initiating condition for CHO failure.
Proposal 3:	Reuse the existing one UE RLF Report Container in XnAP FAILURE INDICATION message to transfer the information related with the two successive failures.
Proposal 4:	Reuse the existing one UE RLF Report Container in XnAP HANDOVER REPORT message to transfer the information related with the two successive failures.
Proposal 5:	CHO Cell CGI can be included in the HANDVER REPORT message to represent the CHO candidate cell which is selected after CHO execution failure for CHO recovery.
Proposal 6:	The existing Handover Report Type e.g. “HO too early” or “HO to wrong cell” can be reused in the XnAP HANDOVER REPORT message for CHO.
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[bookmark: _Hlk44419125][bookmark: _Toc14207740][bookmark: _Toc44497541][bookmark: _Toc45107929][bookmark: _Toc45901549][bookmark: _Toc51850628]9.1.3.17	HANDOVER REPORT
This message is sent by NG-RAN node1 to NG-RAN node2 to report a handover failure event, or other critical mobility problem.
Direction: NG-RAN node 1  NG-RAN node 2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Handover Report Type
	M
	
	ENUMERATED (HO too early, HO to wrong cell, Inter-system ping-pong. …)
	
	YES
	ignore

	Handover Cause
	M
	
	Cause
9.2.3.2
	Indicates handover cause employed for handover from NG-RAN node 2
	YES
	ignore

	Source cell CGI
	M
	
	Global NG-RAN Cell Identity
9.2.2.27 

	NG-RAN CGI of source cell for handover procedure (in NG-RAN node 2)
	YES
	ignore

	Target cell CGI
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN CGI of target cell for handover procedure (in NG-RAN node 1).
If the Handover Report Type is set to "Inter-system ping-pong", it contains the target cell of the inter system handover from the other system to NG-RAN node 1 cell
	YES
	ignore

	Re-establishment cell CGI
	C-
ifHandoverReportType HoToWrongCell
	
	Global Cell Identity
9.2.2.73
	CGI of cell where UE attempted re-establishment or where UE successfully re- connected after the failure
	YES
	ignore

	Target cell in E-UTRAN
	C-
ifHandoverReportType Intersystempingpong
	
	OCTET STRING
	Encoded according to Global Cell ID in the Last Visited E-UTRAN Cell Information IE, as defined in in TS 36.413 [31]
	YES
	ignore

	Source cell C-RNTI
	O
	
	BIT STRING (SIZE (16))
	C-RNTI allocated at the source NG-RAN node (in NG-RAN node 2)
	YES
	ignore

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information provided in the HANDOVER REQUEST message from NG-RAN node 2.
	YES
	ignore

	UE RLF Report Container
	O
	
	9.2.2.59
	The UE RLF Report Container IE received in the FAILURE INDICATION message.
	YES
	ignore

	CHO Cell CGI
	O
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN CGI of CHO candidate cell which is selected after CHO execution failure for CHO recovery
	YES
	ignore



	Condition
	Explanation

	ifHandoverReportType HoToWrongCell
	This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"

	ifHandoverReportType Intersystempingpong
	This IE shall be present if the Handover Report Type IE is set to the value "Inter-system ping-pong"



