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1. Introduction
In this contribution, we provide some corrections for beam management and beam failure recovery.
2. Beam Management
2.1 CSI-RS beam indication
For aperiodic CSI-RS, currently two ways are agreed for TRS and CSI-RS for CSI acquisition. For CSI acquisition, a default beam should be used when scheduling offset is before UE reported threshold. For TRS, the scheduling offset shall not be less than UE reported threshold. Then how to decide the QCL for CSI-RS for BM could be one remaining issue. Different from CSI acquisition, CSI-RS for BM can be used to discover new gNB and UE beams. So it is better that the UE can have enough QCL information to decide the Rx beam for CSI-RS for BM. Then the scheduling offset for CSI-RS for BM should be above the threshold UE reported. 
Further the CSI-RS threshold should only be applicable for FR2. For FR1, where QCL-typeD is not applicable, it is not necessary to define default beam for aperiodic CSI-RS.
Proposal 1: For aperiodic CSI-RS for beam management, UE shall expect its scheduling offset is above threshold UE reported, and previous agreements for aperiodic CSI-RS for CSI acquisition should be only applicable when QCL-typeD is configured. Adopt CR1 for BM.
2.2 PDSCH beam indication
It has been agreed that when the scheduling offset is below a threshold, the PDSCH beam should use the default beam which is the same as beam of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. However there may be some issues if the CORSET-BFR is considered as shown in Figure 1. In that case, the UE should follow the beam for CORESET-BFR. However the beam for CORESET-BFR is not clear if it is not in beam failure recovery procedure. So the CORSET-BFR should be excluded for default PDSCH beam assumption, and only the CORESET the UE is monitoring should be considered.
Further there may be two different understandings for the wording for current spec on default PDSCH QCL assumption as follows:
· Interpretation 1: default PDSCH beam always follows beam of CORESET with lowest ID
· Interpretation 2: default PDSCH beam follows beam of CORESET in latest slot, if there are multiple CORESETs in the slot, the one with lowest CORESET ID should be applied.

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE.

Interpretation 2 seems to be aligned with previous agreements. So some clarification should be necessary. Further the CORESET that the UE is not monitoring should be precluded, e.g. CORESET tied to SS-BFR when UE is not in BFR procedure.
Proposal 2: Clarify the default PDSCH beam should count slot first and then CORESET-ID when multiple CORESETs are configured, and the CORESET should be tied to a monitoring SS. Adopt CR2 for BM.
In addition, when scheduling offset is below threshold, the PDSCH beam should follow one CORESET beam, but if there is no CORESET configured with TCI state in that bandwidth part (BWP), it is not clear how to determine the PDSCH beam. Therefore such a case should be avoided.
Proposal 3: Clarify UE can identify a CORESET with TCI state or scheduling offset should be equal to or above threshold. Adopt CR3 for BM.
Further for cross-carrier scheduling, when TCI state is not present in scheduling DCI and scheduling offset is above threshold, how to determine the PDSCH QCL could be one issue. Based on current spec, the UE would apply the same beam to receive scheduling PDCCH and PDSCH in that case. But the cross-CC QCL may not always be guaranteed, if the scheduling PDCCH and scheduled PDSCH are in different band, e.g. PDCCH in FR1 and PDSCH in FR2 as shown in Figure 1. 


Figure 1: one issue for cross-carrier scheduling
Therefore one possible way is that for cross-carrier scheduling when TCI state is not present and scheduling offset is above threshold, the UE can also use the default PDSCH beam to receive the scheduled PDSCH.
Proposal 4: For cross-carrier scheduling, if TCI is not present in DCI, UE can use the default PDSCH QCL assumption to receive the scheduled PDSCH regardless of the scheduling offset, and the default PDSCH QCL assumption is based on the TCI state for CORESET in the latest slot with the lowest ID if multiple CORESETs are configured. Adopt CR4 for BM.
2.3 PUSCH beam indication
It has been specified that “The UE shall not expect PUSCH scheduled by DCI format 0_0 in a component carrier without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2”. But this restriction should only be applied to UE in RRC connected mode. For idle mode UE, PUSCH beam should follow Msg3 beam and gNB cannot configure a PUCCH resource. 
Proposal 5: Clarify the restriction that UE shall not expect PUSCH scheduled by DCI format 0_0 without configured PUCCH resource should only be applied to RRC connection mode. Adopt CR5 for BM.
Further for PUSCH beam indication, currently it is based on the beam indication for SRS for current transmission scheme, e.g. codebook or non-codebook. It is specified that the indicated SRI in DCI is associated with the most recent transmitted SRS before PDCCH. Then it is unclear whether the UE should apply new Tx beam for PUSCH after beam indication for SRS or after transmission of the SRS by new beam as shown in Figure 2.

Figure 2: one issue for PUSCH beam indication
To reduce overhead and latency, it is better that the UE can apply beam after the beam indication for corresponding SRS. 
Proposal 6: PUSCH should use the same spatial domain filter as configured for indicated SRS in DCI instead of the spatial domain filter applied in latest transmission of the indicated SRS. Adopt CR6 for BM.
3. Beam Failure Recovery
3.1 BFD RS
Currently SSB cannot be configured for BFD explicitly or implicitly. Therefore some wording for SSB for BFD should be removed.
Proposal 7: Clarify q0 is only based on CSI-RS. Adopt CR1 for BFR.
3.2 PDCCH and PDSCH QCL during BFR 

In current spec, it is specified that “For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as the ones associated with index  until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.”. However UE shall monitor previous CORESET after transmitting BFRQ. So the PDCCH monitoring should indicate the PDCCH in SS-BFR, and corresponding PDSCH means the PDSCH scheduled by PDCCH. It has been specified that when scheduling offset is below a threshold, UE shall use default beam. So only when scheduling offset is above threshold, UE can use new beam to monitor PDSCH. Therefore one TP is proposed as follows.
Proposal 8: Adopt CR2 for BFR to clarify that qnew should be applied to all PDSCH when scheduling offset is below threshold.
3.3 PUCCH spatial relation info after BFR
When to start to reset the Tx beam is an open issue. Currently BFR response is carried by PDCCH in SS-BFR. The PDCCH can schedule either a PDSCH or a PUSCH. Then it could be possible that PDCCH is not received by UE. Then if spatial relation info reset starts right after the PDCCH slot, there could be mismatch between gNB and UE. If PDCCH is used to schedule a PDSCH, K1 slots should be needed to report ACK for the PDSCH. Then gNB can know whether PDCCH is received or not by UE after detecting ACK. If PDCCH is used to schedule PUSCH, K2 slots should be needed to transmit PUSCH. After receiving PUSCH, gNB can identify whether PDCCH is received or not. Therefore the PUCCH spatial relation info should be reset K1 slot after PDCCH slot if PDCCH is used to schedule PDSCH, or K2 slots after PDCCH slot if PDCCH is used to schedule PUSCH.
Proposal 9: K is 14K1 if PDCCH is downlink assignment or K is 14K2 if PDCCH is uplink grant. Adopt CR3 for BFR.
4. Conclusion
In this contribution we have provided some discussion on beam management and beam failure recovery. From the discussion, we have achieved the following proposals for beam management.
Proposal 1: For aperiodic CSI-RS for beam management, UE shall expect its scheduling offset is above threshold UE reported, and previous agreements for aperiodic CSI-RS for CSI acquisition should be only applicable when QCL-typeD is configured. Adopt CR1 for BM.
Proposal 2: Clarify the default PDSCH beam should count slot first and then CORESET-ID when multiple CORESETs are configured, and the CORESET should be tied to a monitoring SS. Adopt CR2 for BM.
Proposal 3: Clarify UE can identify a CORESET with TCI state or scheduling offset should be equal to or above threshold. Adopt CR3 for BM.
Proposal 4: For cross-carrier scheduling, if TCI is not present in DCI, UE can use the default PDSCH QCL assumption to receive the scheduled PDSCH regardless of the scheduling offset, and the default PDSCH QCL assumption is based on the TCI state for CORESET in the latest slot with the lowest ID if multiple CORESETs are configured. Adopt CR4 for BM.
Proposal 5: Clarify the restriction that UE shall not expect PUSCH scheduled by DCI format 0_0 without configured PUCCH resource should only be applied to RRC connection mode. Adopt CR5 for BM.
Proposal 6: PUSCH should use the same spatial domain filter as configured for indicated SRS in DCI instead of the spatial domain filter applied in latest transmission of the indicated SRS. Adopt CR6 for BM.
From the discussion, we have achieved the following proposals for beam failure recovery.
Proposal 7: Clarify q0 is only based on CSI-RS. Adopt CR1 for BFR.
[bookmark: _GoBack]Proposal 8: Adopt CR2 for BFR to clarify that qnew should be applied to all PDSCH when scheduling offset is below threshold.
Proposal 9: K is 14K1 if PDCCH is downlink assignment or K is 14K2 if PDCCH is uplink grant. Adopt CR3 for BFR.
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