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1 Introduction

In RAN#84 meeting, the work item named as “RAN-centric Data Collection and Utilization” has been approved and following contents will be specified in WI phase this year. One of the objective is to specify Radio Link Failure (RLF) reporting in RAN2 based on the outcome of the study in SI phase. Meanwhile, in RAN3, some measurements were also discussed and captured in current TR 37.816 [1]. 
Some of those measurements would be benefit for the RLF report, but some others may need further clarifications. Therefore, in this contribution, we try to evaluated the new measurements added for RLF reporting on top of the legacy ones defined in LTE, and further give our proposals correspondingly.

2 Discussion

In legacy LTE specifications, some measurements are collected for RLF case, and reported when UE performs RRC re-establishment procedure or RRC Connection Setup procedure.

Based on the outcome of SI phase, the following measurements are agreed to be captured in TR 37.816 [1] by RAN2 for RLF report in addition to the legacy measurements, including:
· Differentiation of DL and UL availability after RLF
Our understanding about this measurement is to differentiate whether the RLF is happened because of the UL failure or DL failure. However, in current LTE RLF report, one IE named as rlf-Cause-r11 is defined, and in the IE, four ENUMERATED values are defined as t310-Expiry, randomAccessProblem, rlc-MaxNumRetx, t312-Expriy-r12. Within those values, if the t310-Expiry is shown, it means that the RLF caused by out-of-sync happens, thus there should be downlink problem; if the rlc-MaxNumRetx is shown, it means that in UL, UE has tried many times about the UL transmission but doesn’t work, thus there should be uplink problem. Therefore,
Proposal 1: The existing IE rlf-Cause defined in LTE R11 could be used to differentiate DL and UL availability after RLF.
· SS Block index, CSI-RS index for both of serving and neighbouring cells could be included in the NR RLF report; 
When RLF happens, UE may still perform the measurements for both serving and neighbouring cells based on the configuration from serving cell, therefore, reporting identified SSB index and/or CSI-RS is possible if available, and it may be helpful for the network to understand which SSB and/or CSI-RS could be seen from UE perspective. Therefore,
Proposal 2: The SSB index and/or CSI-RS index for both serving and neighboring cells could be included in the NR RLF Report if available.
· RACH failure related information, including: attempted SSB index and number of preambles sent for each tried SSB and/or attempted CSI-RS index and number of preambles sent for each tried CSI-RS
When the RACH failure happens, it would lead to RLF at UE. Therefore, it would be possible to report attempted SSB index and/or attempted CSI-RS index, in this case, the network could know UE performs Beam Failure Recovery (BFR) on which SSB and/or CSI-RS. In addition to this, we also consider reporting the number of preambles sent for each tried SSB and /or attempted CSI-RS would be helpful. Thus,
Proposal 3: RACH failure related information including attempted SSB index and number of preambles sent for each tried SSB and/or attempted CSI-RS index and number of preambles sent for each tried CSI-RS could be added in RLF report if available.
Besides the discussion happened in RAN2, when RAN3 discussed the Mobility Robustness Optimization (MRO) [1], some other measurements are also required to be added as follows:

· Handover type i.e. intra-system or inter-system handover
Our understanding regarding this measurement is that since NR has both NSA(EN-DC) and SA(NR) case, and the handover could be intra-system (between NR gNBs) or inter-system (between LTE eNB and NR gNB or other cases), therefore, reporting the handover type happened may be helpful. In current LTE specification, we also have the IEs which could solve the same problem. In current specification, we have failedPCellId and previousPCellId, which represents the Global Cell ID of failed cell and previous serving cell. We could borrow the same concept for the case. Since the Cell ID definitions for LTE and NR are different.
Therefore, we could use the similar way to show whether the handover is intra-system handover or inter-system handover when handover failure or RLF happens. Besides, from RLF report perspective, it would be better to know the failedPCellID and previousPCellId as legacy.
Proposal 4: It’s proposed to support indicating Handover type by failedPCellId and previousPCellId as legacy does.

· RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) 

· Beam level measurement for cell quality derivation 

· Beam level measurement on at least one neighbour cell for cell quality derivation

· Beam level measurement on a cell the UE selects and performs reestablishment after RLF

· Measurement can be done on different RS types such as SSB, CSI-RS and TRS, DMRS or any combination of these signals

Whether to report beam level measurement for serving cell, neighbor cells and reestablished cell has been discussed in RAN2 in study phase, and the final decision is only report the SSB and/or CSI-RS index for both of serving and neighboring cells. The reason is that cell level measurement as defined in LTE will be reported when RLF happens, and with this, network could know which cell is the best for re-establishment for RLF, and in the failure case, it would be more reasonable to show and select the appropriate cell rather than talking about the failed beams. Therefore,
Proposal 5: It’s proposed to follow RAN2 agreements regarding beam level reporting when RLF happens.
· Radio-link monitoring (RLM) measurements on serving cell (where the RLF is detected) and on target cell (in case of handover failure)

· Beam measurements on RLM related resources i.e., measurement on reference signals (RS) such as: SSB and CSI-RS (Measurements to be logged may be RSRP, RSRQ, SINR, Qout, Qin, etc.)

As defined in specification, Radio Link Monitoring (RLM) is the key to declare Radio Link Failure (RLF). However, in NR, SSB and/or CSI-RS could be defined different from RRM measurements. Therefore, it would be possible that RLF is declared but RRM measurement results still remain good; or handover could be triggered by RRM measurement, but RLM for serving still remain good. Therefore, reporting RLM related measurements on serving cell when RLF is detected or on target cell when handover is failed would be helpful. However, since the inconsistency is only possible to happen when different SSB and/or CSI-RS is configured for RLM and RRM respectively, therefore, the detailed reporting mechanism could be further discussed for the inconsistency case happens.
Proposal 6: It’s proposed to support RLM reporting when different SSB and/or CSI-RS is configured for RLM and RRM respectively and the inconsistency of RLM and RRM results happens.

· Beam Failure Detection (BFD) and Beam Failure Recovery (BFR) measurements on serving cell (where the RLF is detected) and on target cell (in case of handover failure)

Regarding reporting BFD measurements when RLF happens, we don’t understand the intention of this reporting at all. Firstly, no matter how to report, the RLF still happens maybe even not related to beam detection and recovery at all, why this would be helpful; secondly, since the RLF happens, which means all the BFR has failed. Network could know whether the cell is appropriate from cell level measurements already, we are not sure how would the BFD measurements help; thirdly, BFD would be very frequent when RLF happens, and many beams would be tried by the UE, and the overhead of RLF report would be large. 
For BFR, since the procedure is related to RACH procedure, therefore, we could rely on RACH procedure to handle the BFR case.
Proposal 7: It’s proposed to not supporting BFD measurements unless more clear understanding about the use cases and benefits.
Proposal 8: It’s proposed to rely on RACH optimization to support BFR case.
· Logging sensor data, including UE orientation/altitude to log in addition to location, speed and heading (e.g., digital compass, gyroscope as well as barometer etc.)
Logging sensor data in logged MDT has been discussed in RAN2 extensively, and based on previous discussion, in long time period, the network would have no exact information from the UE, especially when UE is indoor. However, when RLF happens, the during would be quite short and based on the RLF report information, network could know the RSRP/RSRQ measurements when RLF happens, the location information available, failed Cell, re-established Cell, last serving Cell, etc. All in all, network seems have already got everything necessary to do the analyses for RLF, we are not sure what the benefit with reporting sensor data in RLF case. Thus,
Proposal 9: It’s proposed to further study whether reporting sensor data is beneficial for RLF case.

· UE speed state (low, mid, high) detected by UE as part of speed-based scaling procedure.

Regarding the UE speed state including low, mid, high, we don’t have strong preference for this measurement, and in our understanding, this may be helpful when the use case and benefit could be clarified. However, UE speed may not be available all the time, thus, 
Proposal 10: It’s proposed to clarify the use case and benefit for reporting UE speed, and it should be only reported if necessary when it is available.

3 Conclusions:

In this contribution, we discussed the measurements proposed by current TR for for Radio Link Failure report, and based on the discussion, the following proposals are provided:
Proposal 1: The existing IE rlf-Cause defined in LTE R11 could be used to differentiate DL and UL availability after RLF.
Proposal 2: The SSB index and/or CSI-RS index for both serving and neighboring cells could be included in the NR RLF Report if available.
Proposal 3: RACH failure related information including attempted SSB index and number of preambles sent for each tried SSB and/or attempted CSI-RS index and number of preambles sent for each tried CSI-RS could be added in RLF report if available.
Proposal 4: It’s proposed to support indicating Handover type by failedPCellId and previousPCellId as legacy does.

Proposal 5: It’s proposed to follow RAN2 agreements regarding beam level reporting when RLF happens.
Proposal 6: It’s proposed to support RLM reporting when different SSB and/or CSI-RS is configured for RLM and RRM respectively and the inconsistency of RLM and RRM results happens.

Proposal 7: It’s proposed to not supporting BFD measurements unless more clear understanding about the use cases and benefits.
Proposal 8: It’s proposed to rely on RACH optimization to support BFR case.
Proposal 9: It’s proposed to further study whether reporting sensor data is beneficial for RLF case.

Proposal 10: It’s proposed to clarify the use case and benefit for reporting UE speed, and it should be only reported if necessary when it is available.
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