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1. Introduction

In this contribution, we discuss several remaining issues on beam measurement, beam reporting and beam failure recovery, with two accompanying draft CRs (38.213 and 38.214), which are zipped together with this contribution. 
2. Discussion
2.1. Beam Management
2.1.1. Beam indication for AP-CSI-RS

There are following agreements regarding beam indication for AP-CSI-RS.
	Agreement 
For the aperiodic CSI-RS triggering, at least the three lowest values of threshold FG 2-28 is used, where there is support in the RRC specification for corresponding triggering slot offsets. The UE is expected to apply the QCL assumptions in the indicated TCI states if the scheduling delay exceeds the threshold advertised in FG 2-28.
Agreement
Send an LS to RAN2 to inform of the following:

· RAN1 observed that the two values 224 and 336 from UE capability (FG 2-28) are larger than the existing aperiodicTriggeringOffset 
· RAN2 to consider the RAN1 input and if possible, consider making the specification change
Agreement
The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 

· After successful decoding of DCI scheduling the PDSCH, if there is only PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS follows the QCL assumption of the PDSCH. 

· Note: Scheduling offset of the PDSCH is larger than or equal to the threshold in this case

· If there is no PDSCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP CSI-RS is derived from CORESET with lowest CORESET Id.

· FFS: When there is other downlink signal in the same symbols as the CSI-RS


Based on UE capability, AP-CSI-RS beam switching timing refers to the minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission, i.e. at least KBi symbols. If the scheduling delay exceeds the threshold FG 2-28, the UE is expected to apply the QCL assumption in the indicated TCI states. In case the scheduling delay is smaller than the threshold, the default QCL assumption can be used for AP-CSI-RS reception.

The candidate values of threshold FG 2-28 are {14, 28, 48, 224, 336}. It is observed that the two values 224 and 336 from UE capability (FG 2-28) are larger than the existing aperiodicTriggeringOffset. For AP-CSI-RS for beam management, the five candidate values of the threshold FG 2-28 can be applied. However, for AP-CSI-RS for CSI acquisition, in order to measure the channel quality on the given beam according to DCI indication, the higher layer parameter aperiodicTriggeringOffset needs to be larger than the threshold. So for AP-CSI-RS for CSI acquisition, when the reported value in FG 2-28 is not one of the three lowest values of threshold FG 2-28, the UE can apply the largest value of the three lowest values as threshold.
Proposal 1:

· For AP-CSI-RS for CSI acquisition, when the reported value in FG 2-28 is not one of the three lowest values of threshold FG 2-28, the UE should apply the largest value of the three lowest values as threshold.
· For AP-CSI-RS for BM, UE should apply the reported values in FG 2-28.
Similarly to AP-CSI-RS + PDSCH, the cases of other channel/RSs in the same symbols need to be discussed, which is also mentioned in the issue ‘simultaneous transmission and reception of different channels and reference signals’. For AP-CSI-RS + PDCCH, if there is PDCCH transmitted in the same symbols as the CSI-RS, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH. For AP-CSI-RS + CSI-RS with repetition OFF or without repetition, the same QCL assumption can be used, e.g. gNB configuration or indication ensures the same QCL assumption for these CSI-RSs. If multiple DL channels and RSs are transmitted in the same symbols as the AP-CSI-RS, the priority rule for QCL assumption in the issue ‘simultaneous transmission and reception of different channels and reference signals’ can be applied.
Proposal 2:

· The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 
· For AP-CSI-RS + PDCCH, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH.

· For AP-CSI-RS + CSI-RS with repetition OFF or without repetition, UE is expected to be configured or indicated with the same QCL assumption.
· UE is not expected to be configured or indicated to receive AP-CSI-RS on the symbols configured with repetition ON.
2.1.2. Cross-carrier beam indication
For the cross carrier scheduling, if tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0 after scheduling offset threshold, the UE expects a default beam for PDSCH reception. For example, if both carriers are at high band, the QCL assumption of PDSCH follows the QCL assumption of PDCCH in the scheduling cell; if PDCCH carrier is at low band and PDSCH carrier is at high band, the QCL assumption of the CORESET with lowest ID in the SCell with lowest cell ID in the same band can be used for the PDSCH reception.

If the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, the default QCL can be used for PDSCH reception. For example, if both carriers are at high band, the QCL assumption of PDSCH follows the QCL assumption of the CORESET with lowest ID in the scheduling cell; if PDCCH carrier is at low band and PDSCH carrier is at high band, the QCL assumption of the CORESET with lowest ID in the SCell with lowest cell ID in the same band can be used for the PDSCH reception.
Proposal 3:

· For intra-band cross carrier scheduling,

· If the time offset between DCI and corresponding PDSCH is less than a threshold, the QCL assumption of PDSCH follows the QCL assumption of the CORESET with lowest ID in the scheduling cell.

· If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0 after threshold, the QCL assumption of PDSCH follows the QCL assumption of PDCCH in the scheduling cell.
· For inter-band cross carrier scheduling

·  If the time offset between DCI and corresponding PDSCH is less than a threshold, or if tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0 after threshold, the QCL assumption of the CORESET with lowest ID in the SCell with lowest cell ID in the same band is used for the PDSCH reception.
2.2. Beam failure recovery

2.2.1. Default PUCCH beam after successful BFR

There are following agreements regarding default PUCCH spatial relation after successful BFR.
	Agreement

Downselect among the following two alternatives in RAN1#94bis

· Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· FFS: value of K

· Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

· FFS: value of K

· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission
Working Assumption

K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

· The above applies for all BWP(s) corresponding PCell or PSCell

· FFS: value of K

· FFS: whether to apply this for CBRA 




Based on the agreement and working assumption, the spatial filter for PUCCH transmission after successful BFR should be clarified. If CFRA is used for beam failure recovery request transmission, K=0 is OK because it is not necessary to further optimize the timing. 
But if CBRA is used, the PUCCH spatial filter after BFR can follow the PRACH until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource. 

For PUSCH transmission after successfully receiving BFR gNB response, the spatial filter of PUSCH scheduled by DCI format 0_0 could follow PUCCH QCL assumption. For SRS, it is no necessary for SRS transmission until the UE receives an activation or reconfiguration of spatial relation of SRS resource.
Proposal 4:

· If CFRA is used for BFRQ transmission, K=0.

· If CBRA is used for BFRQ transmission, PUCCH transmission shall use  the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource  
Proposal 5:
· No further optimization of PUSCH and SRS transmission after BFR.
3. Conclusion

In this contribution the issues on beam measurement, beam reporting and beam failure recovery are discussed. Based on the discussion and the given proposals, we draft two related CRs zipped together.
Proposal 1:

· For AP-CSI-RS for CSI acquisition, when the reported value in FG 2-28 is not one of the three lowest values of threshold FG 2-28, the UE should apply the largest value of the three lowest values as threshold.
· For AP-CSI-RS for BM, UE should apply the reported values in FG 2-28.
Proposal 2:

· The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold: 
· For AP-CSI-RS + PDCCH, the default QCL assumption of AP-CSI-RS follows the QCL assumption of PDCCH.

· For AP-CSI-RS + CSI-RS with repetition OFF or without repetition, UE is expected to be configured or indicated with the same QCL assumption.
· UE is not expected to be configured or indicated to receive AP-CSI-RS on the symbols configured with repetition ON.
Proposal 3:

· For intra-band cross carrier scheduling,

· If the time offset between DCI and corresponding PDSCH is less than a threshold, the QCL assumption of PDSCH follows the QCL assumption of the CORESET with lowest ID in the scheduling cell.

· If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0 after threshold, the QCL assumption of PDSCH follows the QCL assumption of PDCCH in the scheduling cell.

· For inter-band cross carrier scheduling

·  If the time offset between DCI and corresponding PDSCH is less than a threshold, or if tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0 after threshold, the QCL assumption of the CORESET with lowest ID in the SCell with lowest cell ID in the same band is used for the PDSCH reception.
Proposal 4:

· If CFRA is used for BFRQ transmission, K=0.

· If CBRA is used for BFRQ transmission, PUCCH transmission shall use  the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource  
Proposal 5:
· No further optimization of PUSCH and SRS transmission after BFR.
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