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1 Introduction
One objective of “RAN-centric data collection and utilization for LTE and NR” SI is SON features including RLF failure.

RP-181752 [1]:
1. Study the use cases and benefits of RAN centric Data utilization
e.g. SON features including mobility optimization (cell and beam based), RACH optimization, load sharing/balancing related optimization, coverage and capacity optimisation, Minimization of Drive testing (MDT), URLLC optimisation, LTE-V2X (i.e., PC5 and uu), etc., applicable to different scenarios in NG-RAN, MR-DC connected to 5GC and EPC and LTE and take NR new features, e.g., beam, network slice, BWP, duplication etc. into account [RAN3, RAN2].
In the contribution, we discuss NR RLF reporting.
2 Discussion
2.1 LTE RLF reporting
LTE supports RLF reporting as one of SON feature to distinguish whether RLF is caused by coverage hole (i.e. RLF) or inappropriate setting of HO parameters (i.e. HOF). 
Observation 1: LTE supports RLF reporting as one of SON feature to distinguish whether RLF is caused by coverage hole or inappropriate setting of HO parameters

Specifically, UE can do RLF reporting for the following 2 cases:

· Case 1: Handover: after the UE completes HO, it can indicate the availability of RLF information in RRCConnectionReconfiguraitonComplete message. Then eNB requests UE to report in UEInformationRequest message. Finally, the UE reports available measurements prior to RLF included in  UEInformationResponse message.
· Case 2: RLF:
·  Case 2-1: after successful RRC re-establishment: the UE undergoes a successful RRC re-establishment, and then it can indicate the availability of RLF information in RRCReestablishmentComplete message.
·  Case 2-2: after unsuccessful RRC re-establishment: the UE can’t complete RRC re-establishment procedure. It will become IDLE state and indicate the availability of RLF information in RRCSetupComplete message if the state transition from IDLE to CONNECTED is due to RRC Connection setup procedure. If the state transition from IDLE to CONNECTED is due to RRC Connection resume, the availability information is indicated in RRCConnectionResumeComplete message.
Observation 2: In LTE RLF reporting, UE can indicate the availability of RLF information in RRCConnectionReconfiguraitonComplete, RRCReestablishmentComplete, RRCSetupComplete or RRCConnectionResumeComplete message. Then eNB requests UE to report in UEInformationRequest message. Finally, the UE reports available measurements prior to RLF included in UEInformationResponse message. 
According to TS 36.331 [2], the LTE RLF reporting contents include:
· Available cell RSRP/RSRQ of last serving cell and best neighbor cells

· UE location information

· Failed/Re-establshment PCell ID and C-RNTI
· Time duration since RLF
· Connection failure type: RLF or HOF

· RLF cause: t310-Expiry, randomAccessProblem, rlc-MaxNumRetx, t312-Expiry-r12
2.2 NR RLF reporting
In Rel-15, NR has reused most mobility and RLF procedure in LTE. Therefore, we think it is straight forward to introduce RLF reporting in NR. 
Proposal 1: As LTE, support NR RLF reporting in both RLF and HOF.
Note that UEInformationRequest/ UEInformationResponse messages have not been introduced in NR. Therefore, we propose:

Proposal 2: Similar to LTE, UE can indicate the availability of RLF information in RRCReconfiguraitonComplete, RRCReestablishmentComplete, RRCSetupComplete or RRCResumeComplete message. Then gNB requests UE to report in UEInformationRequest message. Finally, the UE reports available measurements prior to RLF included in UEInformationResponse message.
It can be regarded as baseline. However, we need to consider the impact of NR specific features. As we know, the key difference is the mmW deployment which needs to support multi-beam operation. In Rel-15, RAN2 has spent a lot of time for discussion on how to support multiple beams in RRM. Finally, besides cell measurement as LTE, L3 beam measurements (based on SSB or CSI-RS) can be configured to report, which can assist NW for handover decision and prepare CFRA resources in target cell. Following the same intention, we think that it is necessary to include available L3 beam measurements in RLF reporting if configured by NW. 
Observation 3: In NR, besides cell measurement as LTE, L3 beam measurements (based on SSB or CSI-RS) can be configured to report, which can assist NW for handover decision and prepare CFRA resources in target cell.
Proposal 3: Include L3 beam RSRP/RSRQ measurements based on SSB or CSI-RS (if configured and available) in RLF reporting. 
Furthermore, beam failure recovery (BFR) is introduced in NR as a new procedure to recover from beam coverage hole or inappropriate setting of beam parameters. Specifically, in BFR, UE will be configured with a list of candidate beams. If the serving beam failed and one configured candidate beam is available, the UE can initiate BFR procedure. Note that BFR procedure reused most part of CFRA procedure, and RLF will be triggered if BFR failed because of RACH access problem.

Observation 4: In BFR, UE is configured with a list of candidate beams. If the serving beam failed and one configured candidate beam is available, the UE can initiate BFR procedure. Note that BFR procedure reused most part of CFRA procedure, and thereby RLF will be triggered if BFR failed because of RACH access problem.

Therefore, when RLF is triggered due to BFR, NW can only know it is a type of randomAccessProblem. In our understanding, it is not enough because:
· Only dedicated RACH resource can be configured for BFR. So, it is not a normal randomAccessProblem
· NW can’t distinguish whether UE undergoes a beam coverage hole or inappropriate setting of BFR parameters (e.g. bad candidate beam list)
Observation 5: when RLF is triggered due to BFR, NW can only know it is a type of randomAccessProblem. It is not enough because:

· Only dedicated RACH resource can be configured for BFR. So, it can’t be regarded a normal randomAccessProblem

· NW can’t distinguish whether UE undergoes a beam coverage hole or inappropriate setting of BFR parameters (e.g. bad candidate beam list)
Therefore, we propose:

Proposal 4: Add BFR as one rlf-Cause value. 

For example:

rlf-Cause-r11




ENUMERATED {

t310-Expiry, randomAccessProblem,













rlc-MaxNumRetx, t312-Expiry-r12, BFR},

3 Summary
In the contribution, we discuss NR RLF reporting. We propose:
Observation 1: LTE supports RLF reporting as one of SON feature to distinguish whether RLF is caused by coverage hole or inappropriate setting of HO parameters

 Observation 2: In LTE RLF reporting, UE can indicate the availability of RLF information in RRCConnectionReconfiguraitonComplete, RRCReestablishmentComplete, RRCSetupComplete or RRCConnectionResumeComplete message. Then eNB requests UE to report in UEInformationRequest message. Finally, the UE reports available measurements prior to RLF included in UEInformationResponse message. 
Observation 3: In NR, besides cell measurement as LTE, L3 beam measurements (based on SSB or CSI-RS) can be configured to report, which can assist NW for handover decision and prepare CFRA resources in target cell.
Observation 4: In BFR, UE is configured with a list of candidate beams. If the serving beam failed and one configured candidate beam is available, the UE can initiate BFR procedure. Note that BFR procedure reused most part of CFRA procedure, and thereby RLF will be triggered if BFR failed because of RACH access problem.

Observation 5: when RLF is triggered due to BFR, NW can only know it is a type of randomAccessProblem. It is not enough because:

· Only dedicated RACH resource can be configured for BFR. So, it can’t be regarded a normal randomAccessProblem

· NW can’t distinguish whether UE undergoes a beam coverage hole or inappropriate setting of BFR parameters (e.g. bad candidate beam list)
Proposal 1: As LTE, support NR RLF reporting in both RLF and HOF.

Proposal 2: Similar to LTE, UE can indicate the availability of RLF information in RRCReconfiguraitonComplete, RRCReestablishmentComplete, RRCSetupComplete or RRCResumeComplete message. Then gNB requests UE to report in UEInformationRequest message. Finally, the UE reports available measurements prior to RLF included in UEInformationResponse message.
Proposal 3: Include L3 beam RSRP/RSRQ measurements based on SSB or CSI-RS (if configured and available) in RLF reporting. 
Proposal 4: Add BFR as one rlf-Cause value. 
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