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At TSG-RAN WG3 #111-e meeting, some agreement on support of MRO for CHO mobility Enhancement 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 Enhancement.
Discussion
2.1 Use case for CHO failure
Too late CHO failure type
At TSG-RAN WG3 #111-e meeting, the following agreement has been achieved:
	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.




Figure1 too late handover failure type
For case 5, RLF occurs shortly after CHO recovery success. The cell in which UE perform CHO recovery is selected according to cell selection rule and should be the most suitable cell to camp on. It fits with the definition of too late handover. So, case 5 should be considered in MRO.
Proposal 1: It is proposed to consider case 5 for too late CHO scenario.
Too early CHO failure type
	For too early CHO, case 1 and 2 will be considered. FFS on case 3 and 4.




Figure2 too early handover failure type
For case 3 and 4, CHO is only configured and execution condition is not met while legacy handover is triggered and fails. It is the legacy handover to be optimized not CHO. So, case 3 and case 4 belong to legacy MRO scope and should not be defined in too early CHO failure type
Proposal 2: It is proposed not to include case 3 and case 4 in too early CHO failure type.
Handover to wrong cell failure type
	For CHO to wrong cell, case 1-5 will be considered.





Figure3 mixed scenarios of legacy HO and CHO
Considering the mixed scenarios of legacy HO and CHO, there will be another 5 cases in figure 4. In these cases both legacy HO and CHO configuration may need to be optimized. They are common cases in real applications and RAN2 have discussed these cases at last RAN2 meeting. So, we think it is reasonable that RAN3 shall also consider the failure cases and do not deprioritize them.
Proposal 3: It is proposed to be aligned with RAN2 and consider the mixed case 6 – case 10.
At last RAN2 meeting, there is an agreement on CHO scenarios as below:
	RAN2 to focus on the following CHO scenarios at least:
a.	Scenario 1 (too late HO): 1a, 1b, 1c, 1d
b.	Scenario 2 (too early HO): 2a, 2b
c.	Scenario 3 (HO to wrong cell): 3a, 3b, 3c, 3e, 3f


The discussion on use cases in RAN3 is also ongoing. The relationship between RAN2 scenarios and RAN3 cases are listed as table below:
	RAN2 Scenarios
	Description
	RAN3 related case

	Scenario 1 (too late HO): 1a
	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment one of the candidate CHO target and successfully performs a reestablishment to such candidate CHO target cell
	Too late handover case 2

	Scenario 1 (too late HO): 1b
	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment one of the candidate CHO target, but the reestablishment in such cell fails.
· The UE then successfully performs a reestablishment in a non-candidate CHO target cell
	Too late handover case 3

	Scenario 1 (too late HO): 1c
	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment one of the candidate CHO target, but the reestablishment in such cell fails.
· The UE then performs a reestablishment in a non-candidate CHO target cell but it also fails, or it does not find a suitable cell
	Too late handover case 3

	Scenario 1 (too late HO): 1d
	· The UE received a CHO configuration from a source cell. 
· The RLF occurs in the source cell before CHO execution conditions for any of the candidate cells are fulfilled. 
· The UE selects for reestablishment a non-candidate CHO cell
	Too late handover case 1

	Scenario 2 (too early HO): 2a
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after HO completion, and selects the source cell as a reestablishment cell
	Too early handover case 1/2

	Scenario 2 (too early HO): 2b
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF, it then selects for reestablishment a candidate target cell but it also fails 
· The UE selects for reestablishment the source cell
	None

	Scenario 3 (HO to wrong cell): 3a
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestablishes in another candidate target cell
	Handover to wrong cell Case 2

	Scenario 3 (HO to wrong cell): 3b
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF, and selects for reestablishment a non-candidate target cell
	Handover to wrong cell Case 1

	Scenario 3 (HO to wrong cell): 3c
	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF or RLF shortly after the HO completion, and successfully reestblishes in another candidate CHO target cell
	mixed scenarios Case 7/9

	Scenario 3 (HO to wrong cell): 3e
	· The UE receives the CHO configuration from a source cell and executes the HO in one of the candidate CHO target cell. 
· The UE experiences an HOF or RLF shortly after the HO completion
· The UE selects for reestablishment a candidate CHO target cell which fails
· The UE performs a reestablishment in a non-candidate CHO cell, or it does not find any suitable cell
	Handover to wrong cell Case 3

	Scenario 3 (HO to wrong cell): 3f
	· The UE receives the CHO configuration from a source cell
· Before executing such CHO, the UE receives an ordinary HO command
· The UE experiences an HOF
· The UE selects for reestablishment a candidate CHO target cell which fails
· The UE performs a reestablishment in a non-candidate CHO cell, or it does not find any suitable cell
	mixed scenarios Case 8


It seems that the use cases discussed in RAN2 and RAN3 are not aligned.Since RAN3 is the leading group of MRO topic, we propose to inform RAN2 on the agreed use cases in RAN3.
Proposal 4: It is proposed to inform RAN2 of the agreed use case in RAN3 on MRO for CHO. 
2.2 Discuss on UE report timer in CHO
It has been agreed that the scenarios (CHO to wrong cell case 4) that RLF occurs shortly after CHO recovery success shall be considered and how to recorded time between CHO recovery success and RLF occur shall be discussed.
UE report timer is used to identify whether UE can keep stable in target cell after legacy HO. For CHO, if CHO failure, UE may select to CHO candidate cell and continue CHO procedures. If CHO recovery success, we may also need to identify whether UE can keep stable. A timer like UE report timer is required for CHO recovery. We may also reuse UE report timer which will be decided by RAN2.
RAN2 has discussed lots of timers at last RAN2 meeting, but the timer for detecting RLF occurs shortly after CHO recovery success was not discussed. RAN3 may send LS to RAN2 to remind it.
Proposal 4: It is proposed to ask RAN2 on introducing a timer between CHO recovery success and RLF occur.
In R3-207228 [2], the detection mechanism for CHO too late is as below:
	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.


For legacy too late handover, the report timer is required. Similarly, CHO too late failure type may also need to judge the time UE have stayed in source cell. 
Proposal 5: It is proposed to clarify the time UE have stayed in source cell is required for detecting CHO too late failure type.
If the time is required, UE report timer shall be enhanced for CHO. For the case in figure 5, CHO is configured after a successful legacy HO. The UE report timer shall be defined from the legacy HO execute to RLF occur because RLF may occur after CHO configure. If RLF occurs shortly after previous handover success and CHO configure, it is the previous handover responsibility to make an optimization.
How to record the time is up to RAN2. It may be reuse legacy UE report timer or include a new timer.


Figure5 UE report timer for CHO
The legacy definition of UE report timer in TS38.331 is as below.
	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.


Proposal 6: It is proposed to enhance UE report timer to record the time elapsed since the last HO initialization until connection failure which may occur after CHO configuration.

2.3 Discuss on UE candidate cell list
At TSG-RAN WG3 #110-e meeting, the agreement is as below:
	There are two alternatives for the source node knows the candidate list:
Alternative 1: UE includes candidate cell list in RLF Report.
Alternative 2: Source nodes sends the info to the target node.
Proposal: the source node needs to know the candidate cell list to decide whether the failure is due to CHO execution conditions or due to candidate cell list. It is FFS on how the source node knows the candidate cell list.


At last RAN2 meeting, RAN2 has discuss this issue and an LS R2-2102149 has been sent to RAN3. The content is as below:
	RAN2 has discussed the need of including an indication in the RLF-report to indicate whether a neighbour cell, included as part of the existing neighbour cell measurement results, is associated to a CHO candidate target cell or not. However, RAN2 could not conclude on it, since the necessity of this indication depends on whether the source cell can keep the UE context, at least up to the point the RLF-report is received by the source cell.
In this regard, the following agreement was taken:
· Before agreeing on including an indication indicating whether a neighbor cell, included as part of neighbor cell measurement result, is associated to a CHO candidate target cell or not, RAN2 waits RAN3 to confirm whether the source cell can keep the UE context, at least up to the point the RLF-report is received by the source cell
Hence, RAN2 would like to ask RAN3 whether the source cell will keep the UE context, at least until the RLF-report is received by the source cell.


We can see that RAN2 can record candidate cell list in RLF Report, but RAN2 is not sure about the necessity, i.e. if network cannot record candidate cell list, RAN2 will included it in the RLF-report.
We prefer ALT1 for the two reasons below:
1. For ALT2, Source node shall send candidate Cell list to every target nodes because there may be many target nodes for CHO and source cell do not know which the finally target cell will be. Each time candidate Cell list information needs update, source node shall send updated information to every target nodes. It is too complex for network to keep candidate cell list. 
2. When CHO executes, network cannot receive notification and maybe still modifies the CHO candidate cell list to each target node which is not aligned with candidate cell list kept in UE. It will lead to wrong CHO candidate cell list kept in network.
So, it is proposed for UE to record candidate Cell and report it.
Proposal 7: It is proposed ask RAN2 to record candidate Cell list in UE side.
2.4 Discuss on XnAP message
RRC connect re-establishment procedure may be triggered after traditional handover failure and the first re-establishment attempt cell is used to detect MRO failure type. While after CHO failure and cell selection to CHO candidate cell, UE may accomplish CHO procedure without triggering RRC connect re-establishment procedure. Failure Indication message is triggered in Xn interface when RRC re-establishment attempt is received by NG-RAN for legacy MRO method. When CHO recovery is triggered in CHO failure, Failure Indication message shall also be triggered because it provides the same MRO failure related information as RRC connect re-establishment procedure.
To transfer CHO recovery related information in Failure Indication message, a new initiating condition for CHO needs to be included. CHO recovery cell ID and RLF Report may be also included.
Proposal 8: It is proposed to enhance Failure Indication to include CHO failure related information such as CHO recovery cell ID and RLF Report.
Conclusions
Based on the discussion in section 2 the followings are proposed:
Proposal 1: It is proposed to consider case 5 for too late CHO scenario.
Proposal 2: It is proposed not to include case 3 and case 4 in too early CHO failure type.
Proposal 3: It is proposed to be aligned with RAN2 and consider the mixed case 6 – case 10.
Proposal 4: It is proposed to inform RAN2 of the agreed use case in RAN3 on MRO for CHO. 
Proposal 5: It is proposed to ask RAN2 on introducing a timer between CHO recovery success and RLF occur.
Proposal 6: It is proposed to clarify the time UE have stayed in source cell is required for detecting CHO too late failure type.
Proposal 7: It is proposed to enhance UE report timer to record the time elapsed since the last HO initialization until connection failure which may occur after CHO configuration.
Proposal 8: It is proposed ask RAN2 to record candidate Cell list in UE side 
Proposal 9: It is proposed to enhance Failure Indication to include CHO failure related information such as CHO recovery cell ID and RLF Report.
References
[1] R3-211227 "Way forward on Scenarios for SON enhancements for CHO and DAPS HO" RAN3#111-e
[2] R3-207228 "(TP for SON BLCR for 38.300) Mobility Enhancement Optimization" RAN3#110-e
[bookmark: _GoBack][3] R3-211849"[Draft] LS on MRO for CHO mobility Enhancement " 
5. Annex –TP on 38.423
[bookmark: _Toc14165662]Start of the first change
[bookmark: _Hlk44419083][bookmark: _Toc14207739][bookmark: _Toc44497540][bookmark: _Toc45107928][bookmark: _Toc45901548][bookmark: _Toc51850627]9.1.3.16	FAILURE INDICATION
This message is sent by NG-RAN node2 to indicate an RRC re-establishment attempt or a reception of an RLF Report from a UE that suffered a connection failure at NG-RAN node1.
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	CHOICE Initiating condition
	M
	
	
	
	YES
	reject

	>RRC Reestab
	
	
	
	
	
	

	>>CHOICE RRC Reestab Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Reestab Reporting without RLF Report
	
	
	
	
	
	

	>>>>Failure cell PCI
	M
	
	9.2.2.10
	Physical Cell Identifier

	–
	

	>>>>Re-establishment cell CGI
	M
	
	Global NG-RAN Cell Identity
9.2.2.27 
	
	–
	

	>>>>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRCRe-establishment 
Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>>ShortMAC-I
	M
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRCRe-establishment Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>RRC Reestab Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	

	>RRC Setup 
	
	
	
	
	
	

	>>CHOICE RRC Setup Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Setup Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	[bookmark: _Hlk44419112]9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	

	>CHO 
	
	
	
	
	
	

	>>Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	ignore

	>>Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	YES
	ignore

	>>CHOICE CHO Initiated Reporting
	M
	
	
	
	
	

	>>>CHO Reporting without RLF Report
	
	
	
	
	
	

	>>>>CHO Recovery cell CGI
	M
	
	Global NG-RAN Cell Identity
9.2.2.27 
	
	–
	

	>>>CHO Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
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