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RLF report was introduced in LTE Rel-9. It is reported from UE and used for both coverage optimization and mobility robustness optimization. In NR, it is FFS whether RLF related reports e.g. VarRLF-Report is supported or not. In this contribution, we explain the design principle of RLF report in LTE. Then we discuss the necessity of RLF report in NR and propose to include BFR as one triggering criteria for RLF detection. 
Discussion
Use cases
In LTE, MRO is able to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell by the appropriate reporting over X2 procedures: RLF Indication and Handover Report. Therefore, the HO related parameters can be further optimized.  However, the problem of coverage hole may be interpreted as too late HO if the network detects the failure purely based on its own information. Because the exactly the same sequence of events (RLF in source cell and reconnection to target cell) can occur for both coverage hole and too late HO if there is coverage discontinuity between the two cells.
Therefore, the eNB will make erroneous decision for MRO if it doesn’t consider the UE’s knowledge, since it can’t distinguish whether RLF event is caused by a coverage hole or inappropriate setting of HO parameters. The information that is available at the UE prior to the RLF, including the measurement results, the cell ID where RLF occurred etc. is helpful for the network to figure out the actual reason of RLF.  Therefore, RLF report from UE to network and RLF Indication procedure over X2 interface were specified in LTE. 
Observation 1: RLF report is used for both coverage optimization and mobility robustness optimization. 
In SA NR, the support of mobility is even more challenging, especially for HF due to the fast channel variation and vulnerability to the environment.  The coverage optimization and mobility performance optimization are general problems, which exist in both HF and LF deployment and need to be addressed in NR.  Considering the RLF report can provide benefit for the operator to optimize the network planning and configuration, RAN2 can consider to support it for SA NR. 
Actually, RLF report has already supported in EN-DC, with the similar purpose to help MN to make proper configuration for SN due to UE mobility. So different SCG failure cases are supported. When SCG failure occurs, the UE needs to report the SCGFailureInformation to the MeNB instead of triggering the re-establishment upon SgNB failure. Furthermore, UE includes two measurement results i.e. measurement results according to the MN configuration and measurement results according to the SN configuration in the SCGFailureInformation message. For RLF report in SA NR, only the measurement configuration of MN needs to be reported, which is much simpler than SCG failure report. So we don’t see the obstacles to support RLF report for SA NR. 
Observation 2: SCG failure report is already supported in EN-DC, and RLF report for SA NR is simpler than SCG failure report. 
Proposal 1: RLF report is supported for SA NR. 
RLF Report Transmission
The RLF report should include the measurement results that are available prior to the RLF. In LTE, the RLF report is used to deal with three cases, successful RRC connection re-establishment, unsuccessful RRC connection re-establishment and HO. 
In the case of successful RRC connection re-establishment, the availability of RLF report is indicated by the UE in RRCReestablishmentComplete message. Then UE report a set of available radio measurements within UEInformationResponse message to the target cell after the re-establishment procedure. 
The RLF report in LTE also survives a state transition to idle mode if RRC Connection Reestablishment does not succeed. In this case, UE leaves the connected state, performs cell selection procedure and consequently releases previous cell results before establishes a new RRC connection. In order to make the UE RLF reporting available, UE would have to perform additional action, i.e. keep the latest radio measurements up to the next connection setup.  The availability of RLF report is indicated by the UE in RRCConnectionSetupComplete message following RLF.  If the state transition from IDLE to CONNECTED is due to RRC Connection resume, the availability information is indicated in RRCConnectionResumeComplete message. 
Furthermore, in order to enable RLF information retrieval even after handover, the UE can indicate the availability of RLF information in RRCConnectionReconfiguraitonComplete message. 
Then the network can request the RLF report by UEInformationRequest and UE provides the RLF report within UEInformationResponse message. 
Observation 3: In LTE, RLF report survives the state transition to idle mode. 
Observation 4: In LTE, the UE informs the eNB the availability of RLF report for post processing by means of “rlf-infoavailable” IE at each subsequent RRCReestablishmentComplete, RCConnectionSetupComplete, RRCConnectionResumeComplete or RRCConnectionReconfiguraitonComplete message.  Then eNB can retrieve the RLF report from the UE by using the “UEInformationRequest” procedure.
For SA NR, the RRC message and procedure harmonization for resume/re-establishment is still under discussion. The possible outcomes of the discussion is that two separate procedures are specified or one single procedure are specified for both of normal resume and connection failure. No matter whether resume or re-establishment are harmonize or not, UE can be required to send the RLF report after RRC connection is established or resumed. The same principle in LTE for RLF report can be reused in SA NR. 
Proposal 2: UE indicates RLF report availability at each subsequent RRC connection setup, resume (and re-establishment) and handover to an NR cell. 
Proposal 3: The RLF report from the UE can be retrieved by “UEInformationRequest” procedure. 
RLF Report Content 
In LTE, the HO failure/RLF related information is stored in the VarRLF-Report when HO failure/RLF occurs until the RLF report is fetched by the network or for 48 hours after the RLF or HO failure is detected. The VarRLF-Report contains RLF report and PLMN identity.  The purpose of the PLMN identity in the variable is for PLMN checking due to the possibility that the UE might connect to a cell which the PLMN is different from the PLMN of the cell where the RLF occurs. So the PLMN checking is performed base don RPLMN and RLF reporting is performed after confirmation of RPLMN change.  The same principle can be applied in NR if RLF report is supported. 
Observation 5: In LTE, HO failure/RLF related information is stored in the VarRLF-Report, which contains RLF report and PLMN identity of the cell when RLF/HO failure occurs. 
Proposal 4: The UE stores the latest RLF or handover failure related information in the VarRLF-Report, which contains RLF report and PLMN identity of the cell when RLF/HO failure occurs. 
In LTE, the RLF reports contains set of available RSRP / RSRQ measurements for both the last serving cell and the best neighboring cells before HO failure/RLF. Furthermore, it contains other detailed information, e.g. location information, failedPCellId, previousPCellId, etc. The detailed information required in NR can be discussed in stage-3.  Same as SCG failure report, the both cell-level and beam-level measurement results for both the last serving cell and the neighboring cells should be included in the RLF report. 
Proposal 5: The cell-level and beam-level measurement results for both the last serving cell and the best neighboring cells are included in the RLF report. 
In LTE, in order to differentiate the radio link problem in DL and UL, the failure cause is differentiated by t310-Expiry, randomAccessProblem, or 	rlc-MaxNumRetx. So the network knows the RLF occurs over DL or UL. 
Observation 6: In LTE, RLF over DL and UL are differentiated by different failure causes in the RLF report. 
In NR, beam failure recovery procedure is introduced, which is intended to detect the DL beam failure and initiates random access when beam failure occurs.  Current RAN1 spec only supports beam failure recovery request transmission over dedicated PRACH resource, which is different from the dedicated PRACH resource for normal PRACH. From RAN2 aspect, contention based RA is considered as a fallback mechanism complementary to CFRA over dedicated PRACH resources reserved for beam failure recovery. 
The total number of random access for beam failure recovery is limited by the maximum number of PRACH transmission. Assuming that the interleaving of CFRA and CBRA are not supported, there are following three possibilities of reaching the maximum number of PRACH transmission based on the combination of CFRA and CBRA
· Case 1: Only CFRA is performed;
· Case 2: Only CBRA is performed;
· Case 3: CFRA is performed first and then CBRA is performed. 
In current MAC spec, random access failure is indicated to RRC no matter which cases occurs. So beam recovery failure is considered as random access failure. However, considering dedicated PRACH resource for beam failure recovery request is orthogonal to the normal dedicated PRACH resource, maximum transmission number of beam failure recovery request transmission doesn’t represent the normal RA condition for case 1 and case 3.  The main reason of the beam recovery failure is that the candidate beams and the dedicated resources are not proper configured, or UE endures severe blockage at the moment when performing beam failure recovery.  UE is in a ‘coverage hole’ temporarily. 
The main motivation to reserve dedicated PRACH resource for beam failure recovery request transmission is to recovery the physical link as fast as possible to avoid the long interruption due to contention resolution and RA retrials in CBRA. So candidate beam lists and the associated dedicated PRACH resources are configured for this purpose.  If RLF report indicates that the failure cause is RA failure, the network can’t differentiate whether the RLF is due to UL coverage problem or improper configuration for beam failure recovery. 
Observation 7: If dedicated PRACH resource is configured for BFR, beam failure recovery doesn’t represent the normal RA condition.  
Proposal 6: Consider beam recovery failure & RA failure as one cause for RLF.



Conclusion
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Observation 1: RLF report is used for both coverage optimization and mobility robustness optimization. 
Observation 2: SCG failure report is already supported in EN-DC, and RLF report for SA NR is simpler than SCG failure report. 
Observation 3: In LTE, RLF report survives the state transition to idle mode. 
Observation 4: In LTE, the UE informs the eNB the availability of RLF report for post processing by means of “rlf-infoavailable” IE at each subsequent RRCReestablishmentComplete, RCConnectionSetupComplete, RRCConnectionResumeComplete or RRCConnectionReconfiguraitonComplete message.  Then eNB can retrieve the RLF report from the UE by using the “UEInformationRequest” procedure.
Observation 5: In LTE, HO failure/RLF related information is stored in the VarRLF-Report, which contains RLF report and PLMN identity of the cell when RLF/HO failure occurs. 
Observation 6: In LTE, RLF over DL and UL are differentiated by different failure causes in the RLF report. 
Observation 7: If dedicated PRACH resource is configured for BFR, beam failure recovery doesn’t represent the normal RA condition.  
Proposals:
Proposal 1: RLF report is supported for SA NR. 
Proposal 2: UE indicates RLF report availability at each subsequent RRC connection setup, resume (and re-establishment) and handover to an NR cell. 
Proposal 3: The RLF report from the UE can be retrieved by “UEInformationRequest” procedure. 
Proposal 4: The UE stores the latest RLF or handover failure related information in the VarRLF-Report, which contains RLF report and PLMN identity of the cell when RLF/HO failure occurs. 
Proposal 5: The cell-level and beam-level measurement results for both the last serving cell and the best neighboring cells are included in the RLF report. 
Proposal 6: Consider beam recovery failure & RA failure as one cause for RLF.

