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1 Introduction 
In last Reno meeting, RAN3 discussed the RACH Optimization and Mobility Robustness Optimisation features for the NG RAN and agreed, as described in TR 37.816 [1], the information that should be signalled by a UE to the NG RAN as part of the RACH Report, RLF Report and Successful Handover Report. Since some information is subject to RAN2 checking, the related LS R3-193281 [2] has been sent to RAN2.
This contribution will address the part of RLF report that needs RAN2 checking, that is, radio measurements and measurements configurations . 
2 Discussion 
According to last RAN3 meeting, following information about RLM, BFD, BFR and RRM were propoased to be included in RLF report: 
· Information related to the Radio-link monitoring (RLM) 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 
· CSI-RS
Measurements to be logged may be RSRP, RSRQ, SINR, Qout, Qin, etc.
· Information related to the beam failure detection (BFD) on serving cell (where the RLF is detected) and on target cell (in case of handover failure)

· Beam measurements on BFD related resources i.e., measurement on reference signals (RS) such as:

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR, Qout, Qin, etc.
Note that BFD and RLM resources may be different from each other.
· Information related to the beam failure recovery (BFR) on the serving cell where the RLF happened and on target cell (in case of handover failure) including:
· Measurements performed on the list of the candidate beam-resources configured for BFR reason.
· Measurement on signals that were “not” listed in the candidate beam-resources list while the UE detects such signals with a quality above a certain beam suitability threshold. 
· There measured signals can include: 

· SSB

· CSI-RS

Measurements to be logged may be at least RSRP, RSRQ, SINR.
· Information on 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

· TRS, DMRS or any combination of these signals
· RACH related information
· beam identity where RACH access was attempted during handover
· Number of RACH attempts for each RACH access attempt
· 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.). 
· UE speed state (low, mid, high) detected by UE as part of speed-based scaling procedure.

It is observed that the new information about RLM, BFD, BFR and RRM, are especially related to beam measurements. 
Observation 1: The new information for RLF report about RLM, BFD, BFR and RRM, are especially related to beam measurements.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

As for RACH related information in RRM, RAN2 agreed in TR37.816 [1] that: 

· RACH failure information, if available, shall be included in both RLF report and CEF report. Attempted SSB index can be indicated as part of RACH failure information.
· Include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.  
It is obvious that RACH related information has already agreed to be included in RLF report in RAN2.

Observation 2: RACH related information has already agreed to be included in RLF report in RAN2.  
2.1 RLM / BFD / RRM beam measurements

As discussed in [3], the beam-based configurations will influence the conditions upon which an RLF occurs. It is therefore beneficial to know the beam level measurements from the UE as part of the RLF Report. The UE can possibly log different beam level information depending on the reason for RLF. 
For example, when the RLF is caused due to the BFD/BFR failure, the UE can log more serving cell related beam information whereas if the RLF is caused due to the sub-optimal CFRA allocation at the target cell, the UE can log more target cell related beam information in the RLF report. 
For RRM, averaging multiple beams has the potential to reduce handover ping-pong rate but may delay the triggering of measurement reports in case the UE detects multiple beams per cell. Hence, if the network receives an RLF report including information that RLF has happened and including additional beam measurements (with beams not necessarily used for CQD), network may figure out that RLF has occurred due to too late measurement reports and where CQD was based on averages. Hence, receiving these reports may lead the network to disable averaging and/or reduce the number of averaged beams and/or raising the consolidation thresholds so that fewer beams are used for averaging.

For RLM / BFD / RRM cases, the new introduced beam measurements for RLF report are quite similar, i.e.,

· beam measurements on serving cell (where the RLF is detected) 

· beam measurements on target cell (in case of handover failure),

· beam measurements on a cell the UE selects and performs reestablishment after RLF
· Beam level measurement of serving/neighbouring cells for cell quality derivation 
On the other hand, in RAN2, beam measurements were also discussed for RLF report, and finally achieved the agreements that “SS Block index, CSI-RS index for both of serving and neighbouring cells could be included in the NR RLF report”, and no beam measurements are included. The main reason for not including beam measurements is likely that reporting beam measurements will introduce much UE memory occupation and high signalling overhead.

Remember that we had similar discussion for logging beam measurements, and it was concerned that log beam measurements would introduce too much memory occupation. Finally it was agreed to log following beam related information:

· The best beam index (SSB index) of the camped cell is supported as part of the logged MDT report.
· Beam RSRP/RSRQ of the best beam of camped cell could be included in logged MDT report.
· Include the ‘number of good beams’ associated to the cells within the range (which is configured by network for cell reselection) of the R value of the highest ranked cell as part of the beam level measurements in the logged MDT report.
Similarly, if it is concerned to include beam measurements in RLF report, some optimization could be considered, e.g. by including following information in RLF report:
· ‘number of good beams’ for the serving cell (where RLF is detected) 
· ‘number of good beams’ for the target cell (in case of handover failure)
· ‘number of good beams’ for the cell the UE selects and performs reestablishment after RLF
· ‘number of good beams’ for neighbouring cell(s)
Proposal 1: ‘Number of good beams’ for serving cell / target cell / re-established cell / neighbouring cell could be included in the RLF report.
2.2 BFR beam measurements
As discussed in [3], BFR mechanism is a UE initiated mechanism to avoid RLF by leveraging Random Access procedure when necessary. RRC configures a list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters. Upon BFD, the UE needs to select one of the configured beams. If upon BFD the UE is under the coverage of beams that are not in the list of these resources, the UE is not able to perform BFR, which may lead to RLF. Hence, it would be beneficial if the RLF report included beam measurements to indicate to the network that these resources are possibly misconfigured. Hence, based on these reports, the network may add and/or replace resources in that configuration.
Furthermore, a L1-RSRP threshold is also configured by RRC to determine whether a candidate beam may be used by the UE to attempt contention free Random Access to recover from beam failure. By receiving an RLF report including beam measurements at the moment the failure has occurred, the network knows which beams are above or below a threshold. Notice that in this sense, the UE may report beams in RLF report regardless of their quality i.e. possibly including beams below that threshold. That would allow the network to possibly lower that threshold in case it is set too high.
Since the maximum number of PRACH-ResourceDedicatedBFR that in BFR configuration is 16, if measurements of all configured beams are reported, heavy signalling overhead will be introduced. Actually, the more valuable information for the network side is which configured beams’ measurements are below the RSRP threshold, or which beams’ measurements are higher than the threshold but not in the configured list, or the number of configured beams that below the threshold, or the number or beams that higher than the threshold but not on the configured candidate list.
Therefore, it is proposed to include above BFR related information into the RLF report.

Proposal 2:  It is proposed to include following BFR related information in the RLF report if reporting beam measurements are deemed too much:

· SSB/ CSI-RS index of configured candidate beams which measurements are higher  or lower than the L1-RSRP threshold 
· The number of configured candidate beams which measurements are higher  or lower than the L1-RSRP threshold
· SSB/ CSI-RS index of beams that are “not” listed in the candidate beam-resources list while the measurements above the L1-RSRP threshold
· The number of beams that are “not” listed in the candidate beam-resources list while the measurements above the L1-RSRP threshold
3 Conclusions
In this contribution, we discuss the “radio measurements and measurements configurations” part of the RLF report, and made following observations:
Observation 1: The new information for RLF report about RLM, BFD, BFR and RRM, are especially related to beam measurements.  
Observation 2: RACH related information has already agreed to be included in RLF report in RAN2.
Based on above observations, we made following proposals:
Proposal 1: ‘Number of good beams’ for serving cell / target cell / re-established cell / neighbouring cell could be included in the RLF report.
Proposal 2:  It is proposed to include following BFR related information in the RLF report if reporting beam measurements are deemed too much:

· SSB/ CSI-RS index of configured candidate beams which measurements are higher  or lower than the L1-RSRP threshold 
· The number of configured candidate beams which measurements are higher  or lower than the L1-RSRP threshold
· SSB/ CSI-RS index of beams that are “not” listed in the candidate beam-resources list while the measurements above the L1-RSRP threshold
· The number of beams that are “not” listed in the candidate beam-resources list while the measurements above the L1-RSRP threshold
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