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1. Introduction
At the last RAN4 meeting, requirements for beam management and beam failure recovery procedure were discussed, but some parts of requirements are still under discussion including evaluation period for L1-RSRP measurement. Open issues and options proposed from companies are captured as following [1]. In this paper, we provide our views on remaining issues on beam management requirements.
	Open issues:
· Requirements on L1-RSRP measurements for candidate beam detection
· How to capture the L1-RSRP measurement requirements for candidate beam detection
· Option 1: Requirements for L1-RSRP reporting for beam management shall cover candidate beam selection. No separate requirements shall be introduced for candidate beam detection.
· Option 2: Separate requirements will be introduced for candidate beam detection.
· Conditions to define measurement accuracy
· Option 1: SNR = [-2dB to 0dB], same as for beam reporting
· Option 2: SNR = 0dB
· Measurement period of SSB based L1-RSRP
· Option 1: [3] samples are assumed 
· Option 2: [5] samples are assumed 
· Option 3: [1] samples are assumed
· Measurement period of CSI-RS based L1-RSRP
· Option 1: L1 averaging with X samples are assumed
X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
· Option 2: 5 samples are assumed.
· Option 3: 10 samples are assumed (with density of 3).
· Option 4: [1] samples are assumed
· How to extend the measurements period for Rx beam sweeping in FR2
· Option 1: Same as for L1-RSRP measurement for BM
· Option 2: Rx beam sweeping aspect in FR2 is not reflected in the L1-RSRP evaluation period requirements
· Requirements on L1-RSRP measurements for beam reporting
· Conditions to define measurement accuracy
· Option 1: SNR = [-2dB to 0dB], same as for beam reporting
· Option 2: SNR = 0dB
· Measurement periods of SSB based L1-RSRP
· Option 1: No time domain averaging of L1-RSRP measurements are performed on UE side
· Option 2: [3] samples are assumed
· Option 3: [1] sample is assumed
· Measurement periods of periodic CSI-RS based L1-RSRP
· Option 1: No time domain averaging of L1-RSRP measurements are performed on UE side
· Option 2: L1 averaging with X samples are assumed
· X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
· X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
· X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
· Option 3: 5 samples are assumed.
· Option 4: [1] sample is assumed
· Measurement periods of aperiodic CSI-RS based L1-RSRP
· Option 1: No requirements will be defined.
· Option 2: 1 sample is assumed.
· How to extend the measurements period for Rx beam sweeping in FR2
· Option 1: Same as for mobility measurements
· Option 2: Rx beam sweeping aspect in FR2 is not reflected in the L1-RSRP evaluation period requirements
· Requirements for beam failure detection
· The value of scaling factor N due to Rx beam sweeping in FR2
· Low boundary of L1 evaluation period
· [bookmark: _Ref517609168]Option 1: Evaluation period for BFD should be defined with lower boundary of 100ms.
· Option 2: Evaluation period for BFD should be defined with no lower boundary for SSB based BFD and with lower boundary of 20ms for CSI-RS based BFD.
· BLER threshold for Qout,LR
· FFS whether BLERout=10% can be applied when network configures the parameter rlmInSyncOutOfSyncThreshold as configuration 1.



2. Discussion
Requirements on L1-RSRP measurements for candidate beam detection
· Number of samples for evaluation period of candidate beam detection
For candidate beam detection, UE needs to identify RS resources with higher L1-RSRP than configured RSRP threshold as candidate beam, and accuracy requirements should be specified based on L1-RSRP measurement with several samples to guarantee for UE to perform accurate candidate beam detection. From our analysis based on evaluation results as proposed at RAN4 AH1807 [2], three samples would be reasonable value for L1-RSRP measurement from both accuracy and delay perspective for SSB based candidate beam detection since three samples provide enough accuracy, e.g. 2-3dB (SSS only) or 1-1.5 dB (SSS+PBCH DMRS), and gain from additional samples would be limited.
Proposal 1: For SSB based candidate beam detection, L1-RSRP evaluation period should be specified based on [3] samples for each Tx/Rx beam pair.
In case of CSI-RS based candidate beam detection, required L1-RSRP accuracy target should be common to that for SSB based candidate beam detection. On the other hand, achievable accuracy and required number of samples for L1 averaging would be different between CSI-RS based and SSB based L1-RSRP measurements due to different number of available REs within a sample. In case of SSB (only SSS) based L1-RSRP, 127 REs are available for one-shot measurement. In case of CSI-RS based L1-RSRP, (1 or 3)*(24+n*4) REs are available for one-shot measurement. Assuming that baseline CSI-RS density is 3 REs per PRB, CSI-RS based L1-RSRP measurement within 40 or 44 PRBs would have similar accuracy performance with SSB based L1-RSRP measurement (based only on SSS). In addition, if CSI-RS with wider bandwidth is configured, number of samples for L1 averaging can be reduced. 
Proposal 2: For CSI-RS based candidate beam detection, L1-RSRP evaluation period should be specified as below.
· L1 averaging with X samples are assumed for each Tx/Rx beam pair.
· X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
· X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
· X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
· Rx beam sweeping in FR2
At the last RAN4 meeting, necessity of scaling factor related to Rx beam sweeping for evaluation period of candidate beam detection was discussed. As we mentioned in [2], UE would not always need to perform Rx beam sweeping since candidate beam detection could be completed once UE could identify a candidate beam which has larger L1-RSRP than configured RSRP threshold. On the other hand, as argued from some companies at the last meeting, UE might have to try to measure all Rx beams in the worst case. In this case, evaluation period is Nsample × N × configured RS periodicity, where Nsample is number of samples for candidate beam detection (for L1 averaging), and N is number of Rx beams. However, N would highly depend on the situation and UE implementation, and hence, requirements on evaluation period should not be always relaxed assuming the worst case. Therefore, evaluation period should be separately specified for the case where UE does not need to perform Rx beam sweeping. 
Proposal 3: For both SSB and CSI-RS based candidate beam detection, requirements on L1-RSRP evaluation periods should be multiplied by scaling factor N related to Rx beam sweeping, and number of N would be as below.
· N = 1, when UE could complete candidate beam detection with current Rx beam.
· N = maxNumberRxBeam, otherwise.
Requirements on L1-RSRP measurements for beam reporting
As well as L1-RSRP measurement for candidate beam detection, averaging of L1-RSRP should be applied to that for beam reporting in order to ensure accurate measurement. 
In case of beam reporting based on aperiodic CSI-RS, accuracy requirement should be specified based on 1 shot measurement since UE could acquire only one measurement sample for L1-RSRP measurement for each Tx/Rx beam pair. Therefore, averaging of L1-RSRP could not be applied for aperiodic CSI-RS based beam reporting. However, in case of beam reporting based on SSB, periodic CSI-RS and semi-persistent CSI-RS, several samples can be utilized for averaging L1-RSPR measurement, so the requirements of evaluation periods for candidate beam detection could be reused.
Proposal 4: For SSB based beam reporting, L1-RSRP evaluation period should be specified based on [3] samples for each Tx/Rx beam pair.
Proposal 5: For periodic and semi-persistent CSI-RS based beam reporting, L1-RSRP evaluation period should be specified as below.
· L1 averaging with X samples are assumed for each Tx/Rx beam pair.
· X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
· X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
· X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
Although the same number of samples for beam reporting as that for candidate beam detection could be used to derive evaluation period, requirements on Rx beam sweeping aspects for beam reporting should be differentiated from candidate beam detection. For beam reporting, if TCI state would be indicated or QCL association would be known to UE for each configured resources with previous RRM and/or RLM resources, UE would not need to conduct Rx beam sweeping. Therefore, evaluation periods for beam reporting should not be multiplied by any scaling factor when UE would have some knowledge about appropriate Rx beams.
[bookmark: _GoBack]Proposal 6: For SSB, periodic CSI-RS, and semi-persistent CSI-RS based beam reporting, requirements on L1-RSRP evaluation periods should not be multiplied by any scaling factor related to Rx beam sweeping when UE has some knowledge about appropriate Rx beam.
· Precise condition is FFS.
Requirements for beam failure detection
· Rx beam sweeping in FR2
For beam failure detection, the value of scaling factor N related to Rx beam sweeping in FR2 has been also discussed in the previous RAN4 meetings, but N is still FFS except for the case where UE does not need to perform Rx beam sweeping, i.e. except for the case of N = 1. If a fixed value of N, e.g. N = 4 or 8, would be specified, it would cause too long evaluation period in some cases since actual number of Rx beam is up to UE implementation. Therefore, N should be same as maxNumberRxBeam signalled from higher layer.
Proposal 7: Scaling factor N related to Rx beam sweeping for beam failure detection should be same as maxNumberRxBeam if UE needs to perform Rx beam sweeping.
· BLER threshold for Qout,LR
As pointed out from some companies at the last RAN4 meeting, when NW configures the parameter rlmInSyncOutOfSyncThreshold as configuration 1, target BLER value for OOS of RLM would be different from BLER = 10%. Therefore, UE might declare radio link failure faster than beam failure if UE would always assume default value of higher layer parameter rlmInSyncOutOfSyncThreshold, i.e. BLER = 10%, as threshold Qout,LR according to the current RAN1 specification as captured below [3].
	[bookmark: _Ref500595654][bookmark: _Toc517265031]6	Link recovery procedures




A UE can be provided, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects the set [image: ] to include up to two RS indexes and, if there are two RS indexes, the set [image: ] includes only RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set . 
The threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and to the value provided by higher layer parameter rsrp-ThresholdSSB, respectively.


Thus, description in RAN1 specification should be modified to allow UE to utilize BLER threshold which is currently used for evaluation for RLM.
Proposal 8: RAN4 should ask RAN1 to modify to allow UE to utilize BLER threshold which is currently used for evaluation for RLM.

3. Conclusion
In this contribution, we provided our views on requirements of beam management including candidate beam detection, beam reporting, and beam failure recovery, and we made following proposals.
Proposal 1: For SSB based candidate beam detection, L1-RSRP evaluation period should be specified based on [3] samples for each Tx/Rx beam pair.
Proposal 2: For CSI-RS based candidate beam detection, L1-RSRP evaluation period should be specified as below.
· L1 averaging with X samples are assumed for each Tx/Rx beam pair.
· X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
· X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
· X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
Proposal 3: For both SSB and CSI-RS based candidate beam detection, requirements on L1-RSRP evaluation periods should be multiplied by scaling factor N related to Rx beam sweeping, and number of N would be as below.
· N = 1, when UE could complete candidate beam detection with current Rx beam
· N = maxNumberRxBeam, otherwise
Proposal 4: For SSB based beam reporting, L1-RSRP evaluation period should be specified based on [3] samples for each Tx/Rx beam pair.
Proposal 5: For periodic and semi-persistent CSI-RS based beam reporting, L1-RSRP evaluation period should be specified as below.
· L1 averaging with X samples are assumed for each Tx/Rx beam pair.
· X = [3] when nrofRBs in CSI-FrequencyOccupation is smaller than [60].
· X = [2] when nrofRBs in CSI-FrequencyOccupation is between [60] and [120].
· X = [1] when nrofRBs in CSI-FrequencyOccupation is larger than [120].
Proposal 6: For SSB, periodic CSI-RS, and semi-persistent CSI-RS based beam reporting, requirements on L1-RSRP evaluation periods should not be multiplied by any scaling factor related to Rx beam sweeping when UE has some knowledge about appropriate Rx beam.
· Precise condition is FFS.
Proposal 7: Scaling factor N related to Rx beam sweeping for beam failure detection should be same as maxNumberRxBeam if UE needs to perform Rx beam sweeping.
Proposal 8: RAN4 should ask RAN1 to modify to allow UE to utilize BLER threshold which is currently used for evaluation for RLM.
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