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Introduction

In this contribution, we will discuss the potential enhancements needed for RLF report, which including the remaining issues from email discussion [Post112-e][853][NR R17 SONMDT] R17 Information needed in UE report for CHO cases.
Discussion
2.1. Conditional handover

Following are possible CHO scenarios to be considered in R17:
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Figure 1 CHO related scenarios
As illustrated above, in general CHO relevant scenarios can be categorized into following four categories:

Cat 1: Single failure event:
Cat 2: Two consecutive failure event
Cat 3: Successful CHO with no failure event
Cat 4: Successful CHO with one failure event
This contribution will focus on CHO relevant failure cases (cat 1 and cat 2) while successful cases (cat 3 and cat 4) will be addressed in another contribution regarding to successful HO report [2]. 
Cat 1: Single failure event
This case includes only one scenario, i.e., CHO with reestablishment on non-CHO candidate cell and fails. For this case, the reestablishment procedure is the same as normal HO failure cases, therefore UE includes the same amount of information as normal HO failure cases, i.e., reestablishment cell id, or non suitable cell found indication.

In R16 RLF report, in order to help assist inter-RAT MRO scenarios, reconnected cell id and timeUntilReconnection is introduced. But considering the CHO based MRO scenarios is still under-discussion on RAN3, it is preferred to wait for RAN3’s conclusion on CHO based MRO scenarios before agreeing on inclusion of reconnected cell id and timeUntilReconnection. 

Observation 1: For CHO failure with reestablishment based on non-CHO candidate cells the reestablishment procedure is the same as normal HO failure/RLF case.
Observation 2: reconnected cell id and timeUntilReconnection is introduced for inter-RAT MRO, which is now still under-discussion in RAN3, it is better to wait until RAN3’s decision on CHO MRO scenarios before agreeing on introduce reconnected information in CHO failure report. 
Proposal 1: For single CHO failure case, except for reconnected cell id and timeUntilReconnection, UE includes the same information as normal HO cases.
Cat 2: Two consecutive failure event
Considering most of the issues has been covered in [Post112-e][853][NR R17 SONMDT],  this section will analysis the existing RLF content for normal HOF to see if it can be reused for successive CHO failure cases, and which information can be omitted to avoid redundancy.
As commented in email discussion [853], it is preferred to include the consecutive failure event in one RLF report identifying by different IEs based on following reasons:

Second CHO execution is actually part of the first failure event since it is part of reestablishment following the first failure, it is beneficial to include both failure information together so that NW can obtain complete information for optimization
To reuse part of information included in RLF for both cases to avoid redundancy
In this section, we’ll review the current RLF content and see if it can be reused for CHO scenarios, and then further discuss which information can be omitted for second failure case.
Table 1 Re-usability of RLF content for consecutive failure cases
	Existing RLF content
	Detailed description
	First failure (RLF or HOF or CHOF)
	Second failure (CHO configuration applied during running of T311)

	connectionFailureType
	To indicate the failure type
	Needed with enhancement , the first failure can be RLF/HOF or CHOF, it is needed to differentiate those three failure type. In case of CHO failure, some additional information might be included, if failure type can be extended to indicate CHO failure type, NW can based on this indication to decide whether to skip decoding of some information, which is useful for NW’s process efficiency. 
	No needed if second failure is included in the same RLF report as the first failure since the second failure is always based on CHO configuration. The failure type can be implicitly indicated by the presence of such information. 

	failedPCellId


	 (CGI or PCI+ARFCN) of target PCell (HOF) or PCell (RLF).

NR or EUTRA target PCell ID is included depends on scenarios

	Can be reused to indicate the cell identity of CHOF.
Currently only intra-RAT HO based on CHO configuration is supported. But considering FailedPCellId is a choice structure selected between NR and EUTRA cell, this parameter can be reused for to indicate failed cell id.
	Needs to be included, which is set to the candidate target cell selected for CHO execution during reestablishment procedure

	previousPCellId
	To indicate the source PCell of the last handover
	Can be reused for CHOF
	No need to include again  since the source cell is the same.

	C-RNTI
	The C-RNTI used in source PCell (HOF) or PCell (RLF)
	Can be reused for CHOF

	No need to include again 

	reestablishmentCellId
	To indicate the cell in which the re-establishment attempt was made after connection failure.
	No needed since this information is the same as the failedPCellId in second failure.

	Can be reused since the reestablishment procedure is the same as the reestablishment procedure after normal HO procedure 

	rlf-cause
	To indicate the RLF cause when the failure type is RLF
	Can be reused.
	No needed since the second failure is always CHO execution.

	noSuitableCellFound
	Included when T311 expiry and no suitable cell is selected.
	No needed, since there is a second failure.
	Can be reused.

	TimeSinceFailure
	The time since last HO initiation to the connection failure 
	Can be reused with modification on the starting point to CHO execution time instead of CHO configuration time.
It is needed to know the CHO execution time to failure and CHO configuration time to corresponding failure. Considering the we already agreed on including the time between CHO configuration to CHO execution, include the CHO execution time to failure saves signalling overhead and allows NW to deduce the needed  time info.
	Can be reused with modification on the starting point to CHO execution time instead of CHO configuration time.


	TimeConnFailue
	Time elapse since connection failure (time from last RLF/HOF to the time UE set UEInformationResponse content)
	Can be reused as it is.
	Can be reused as it is.

	csi-rsRLMConfigBitmap/ssbRLMConfigBitmap

	Bitmap of beams of serving cell to indicate if it is also used for radio link monitoring.
	Can be reused as it is.
	It is unlikely that the beam configuration of source PCell will change between those two failure cases, therefore no need to include this information again.

	Neighboring cell measurements
	To include the latest inter/intra-frequency, inter/intra-RAT neighboring cell measurements. 
	Can be reused.

 
	Can be reused. The radio environment of second CHO execution might be changed, it is useful to include the latest neighboring cell again for the second failure. 


Based on above analysis in Table 1, following proposals are made for RLF content needed for first failure and second failure case in case of successive CHO failure as agreed in last meeting:
Proposal 2-1: For successive CHO failure event, it is proposed to include the following information for the first failure case:  

connectionFailureType, with extension to include CHO failure type

failedPCellId

previousPCellId

C-RNTI

rlf-cause

TimeSinceFailure, and modify the starting point to CHO execution time for CHO failure. 

TimeConnFailue

csi-rsRLMConfigBitmap/ssbRLMConfigBitmap

Latest Neighboring cell measurements

Proposal 2-2: For successive CHO failure event, it is proposed to include the following information for the second failure case:  

failedPCellId

TimeSinceFailure, and modify the starting point to CHO execution time for CHO failure. 

TimeConnFailue

Latest Neighboring cell measurements

reestablishmentCellId

noSuitableCellFound
2.2. DAPS handover

Scenarios:

DAPS HO success in target but failure in source

DAPS HO failure with fallback to source cell

DAPS HO failure with reestablishment to a third cell

(3-1) Source failure during DAPS HO, and HO fails. UE reestablish to third cell.
(3-1) DAPS HO fail with fallback to source cell, and shortly source experience RLF. UE reestablished to third cell.
RLF in DAPS target cell after DAPS HO successful completion and before daps-SourceRelease reception

For case 1, it is a successful DAPS HO, which will be further addressed in [2].
For case 2, currently only the FailureInformation message is sent to the source, but there is no RLF report recorded. 
The intention of failure information is let NW realize there is an DAPS HO failure instantly, and decides based on latest UE measurements whether to initiate a new HO. Normally when UE is commanded to performance DAPS HO, the radio link in source is not so stable, therefore to include too much information in the failure information would increase the risk the message cannot deliver successfully. Also for consideration of a unified design, it is preferred to store the DAPS HO failure information in RLF report with the connectionFailureType of DAPS HO failure, and indication of fallback to source cell.

Observation 3: In case DAPS H fails and UE successfully fallback to soruce, there is no RLF report stored and UE will only initiate transmission of FailureInformation to MN.
Observation 4: Include additional information in failure information might risk the successful delivery of failure information to MN, which is not desired behavior. 

Proposal 3: UE includes the DAPS HO failure information in RLF report (i.e. no change to FailureInformation) in case UE fallback to source after DAPS HO failure.

Considering it is at early implementation stage of DAPS HO and the DAPS HO consumes more radio resource, NW might need to distinguish the DAPS HO failure case from normal HO to analysis the DAPS HO performance characteristics and to see if any optimization might be needed.

Observation 5: At early implementation stage, NW might need to know the DAPS HO from normal HO to analysis the DAPS HO performance and perform necessary optimization if needed.
Proposal 4: To include DAPS HO failure as a new failure type in RLF report to help NW distinguish the DASP HO failure from other failure event.
For case 3, there could be two sub cases:

Subcase 3-1: Source fails during DAPS HO, and HO fails. In this case UE will initiate reestablishment procedure immediately, and UE established to a third cell.

Subcase 3-2: RLF occurs shortly in source after UE fallback to source, and UE reestablish to a third cell. 
subcase 3-1 has been agreed to in last meeting to study and both failure information will be stored in this case. While it is uncertain whether to store the successive failure event in subcase 3-2. 
If RAN2 agrees to store both failure event, it is preferred to use the same solution in DAPS and CHO case for a more unified design and avoid duplicated design. 

Observation 6: There could be two consecutive failure event in DAPS, i.e., DAPS HO failure and source RLF after fallback, which requires further discussion in RAN2 whether both failure event is worth storing in RLF report.

Proposal 5: It is kindly asked RAN2 to discuss whether to store both failure event in RLF when RLF detects shortly in source after UE fallback to source in case DAPS HO failure.

To simplified the design on RFL report and have a common design between CHO failure case and DAPS failure case, for successive DAPS failure event, it is preferred to reuse the RLF report design for successive CHO case.

Observation 7:Using the same RLF report design for both successive CHO failure and DAPS failure case can reduce the redundancy and simplified the RLF report design.
Proposal 6: The same RLF report format used to store two consecutive failure event when CHO is configured is reused for DAPS failure case.
For case 4, the DAPS HO is successful when RACH succeeds from UE’s perspective, therefore UE will not continuous to detect RLF at source. For this circumstance, RLF happens in target before before daps-SourceRelease reception may be a too early HO or a wrong cell HO (since the time from successful HO to RLF is very short). This procedure is similar to legacy MRO process, it seems no more new information except a DAPS HO type is needed from MRO point of view.
Observation 8: RLF at target after successful DAPS HO and before reception of daps-SourceRelease is similar to too early and too late HO as in legacy MRO scenarios, current RLF information might be sufficient to detect the MRO scenarios.

Conclusion and proposals

Based on above analysis, we have the following proposals: 

Conditional handover:

Observation 1: For CHO failure with reestablishment based on non-CHO candidate cells the reestablishment procedure is the same as normal HO failure/RLF case.
Observation 2: reconnected cell id and timeUntilReconnection is introduced for inter-RAT MRO, which is now still under-discussion in RAN3, it is better to wait until RAN3’s decision on CHO MRO scenarios before agreeing on introduce reconnected information in CHO failure report. 
Proposal 1: For single CHO failure case, except for reconnected cell id and timeUntilReconnection, UE includes the same information as normal HO cases.
Proposal 2-1: For successive CHO failure event, it is proposed to include the following information for the first failure case:  

connectionFailureType, with extension to include CHO failure type

failedPCellId

previousPCellId

C-RNTI

rlf-cause

TimeSinceFailure, and modify the starting point to CHO execution time for CHO failure. 

TimeConnFailue

csi-rsRLMConfigBitmap/ssbRLMConfigBitmap

Latest Neighboring cell measurements

Proposal 2-2: For successive CHO failure event, it is proposed to include the following information for the second failure case:  

failedPCellId

TimeSinceFailure, and modify the starting point to CHO execution time for CHO failure. 

TimeConnFailue

Latest Neighboring cell measurements

reestablishmentCellId

noSuitableCellFound
DAPS handover:
Observation 3: In case DAPS H fails and UE successfully fallback to source, there is no RLF report stored and UE will only initiate transmission of FailureInformation to MN.
Observation 4: Include additional information in failure information might risk the successful delivery of failure information to MN, which is not desired behavior. 

Observation 5: At early implementation stage, NW might need to know the DAPS HO from normal HO to analysis the DAPS HO performance and perform necessary optimization if needed.

Observation 6: There could be two consecutive failure event in DAPS, i.e., DAPS HO failure and source RLF after fallback, which requires further discussion in RAN2 whether both failure event is worth storing in RLF report.

Observation 7:Using the same RLF report design for both successive CHO failure and DAPS failure case can reduce the redundancy and simplified the RLF report design.
Observation 8: RLF at target after successful DAPS HO and before reception of daps-SourceRelease is similar to too early and too late HO as in legacy MRO scenarios, current RLF information might be sufficient to detect the MRO scenarios.

Proposal 3: UE includes the DAPS HO failure information in RLF report (i.e. no change to FailureInformation) in case UE fallback to source after DAPS HO failure.

Proposal 4: To include DAPS HO failure as a new failure type in RLF report to help NW distinguish the DASP HO failure from other failure event.

Proposal 5: It is kindly asked RAN2 to discuss whether to store both failure event in RLF when RLF detects shortly in source after UE fallback to source in case DAPS HO failure.

Proposal 6: The same RLF report format used to store two consecutive failure event when CHO is configured is reused for DAPS failure case.
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