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Introduction
Substantial progress has been made for multi-beam operation during RAN1#98bis meeting. In this contribution, we discuss remaining issues. Specifically, issues on default spatial relation of PUSCH, PUCCH-BFR configuration, SR-BFR priority, SCell BFR procedure termination, and configuration of BFD-RS and NBI-RS are discussed. 
Enhancements on UL transmit beam selection
Spatial Relation Information for PUSCH 
The following working assumption was reached in RAN1#98bis meetings [1]
Working Assumption
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· Default TCI state or QCL assumption of PDSCH, i.e.,
· in case when CORESET(s) are configured on the CC, the CORESET with the lowest ID in the most recent monitored downlink slot, or 
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case
· FFS: Details on UE behavior in the absence of the activated TCI state
· FFS: Details on default spatial relation in multicarrier scenario
· FFS: Details on which RS to use for pathloss measurement
· FFS: Details on how to handle this issue in case pathloss RSs are configured

The motivation for the above WA is to simplify FR2 beam operation under the case that a UE receives or transmits with a single beam at a time. At least for beam-correspodnet UE, UL beam management can be saved by assuming a default spatial relation for UL transmission. Based on the working assumption, the default spatial relation for PUCCH and SRS is derived based on either default PDSCH TCI state or a lowest-indexed activated TCI state.
To complete the design, a default spatial relation for PUSCH transmission is required. Based on UL DCI format used for scheduling PUSCH, different cases are discussed:
· For DCI format 0_0 based UL scheduling, current specification reads “the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell”. Further, current specification mandates the configureation of PUCCH-SpatialRelationInfo for 0_0 scheduled PUSCH “The UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2 in RRC connected mode”. Apparently, when pucch-SpatialRelationInfo is not configured for PUCCH resources, which spatial relation information to be applied for 0_0 scheduled PUSCH needs to be clarified.
· For DCI format 0_1 based UL scheduling, the spatial relation information for PUSCH transmission is indicated via SRI field in the scheduling DCI. The SRS resource indicated by the SRI field corresponds to either “codeBook” or “nonCodeBook” SRS. When SRS-SpatialRelationInfo is not configured for “codeBook” or “nonCodeBook” SRS, as assumed in the WA, which spatial relation information to be applied for 0_1 scheduled PUSCH needs to be clarified.
For DCI format 0_0 based PUSCH, since its spatial relation is determined based on PUCCH resources, we think it is sensible to assume its spatial relation to follow default PUCCH spatial relation when PUCCH resources are not configured with PUCCH-SpatialRelationInfo. For backward compatibility, such behavior is applicable only for Rel-16 UE. Alternative, it is also possible to mandate the configuration of PUCCH-SpatialRelationInfo for 0_0 scheduled PUSCH as in Rel-15. When PUCCH-SpatialRelationInfo is not configured, DCI 0_0 cannot be used for PUSCH scheduling.
For DCI format 0_1 based PUSCH, its spatial relation may follow either default spatial relation of PUCCH or SRS. It is noted that, to our understanding, though both PUCCH and SRS may not be configured with spatial relation information as per WA, it does not imply that they need to happen at the same time. That is to say, it is possible that only PUCCH resources are not configured with corresponding spatial relation information while SRS resources are, or the other way around. In this sense, as long as SRS resources are configured with SRS-SpatialRelationInfo, 0_1 based PUSCH scheduling works, irrespective the configuration state of PUCCH resources.
[bookmark: _Ref23942534]Proposal 1: RAN1 to decide whether to support DCI format 0_0 based PUSCH scheduling when PUCCH-SpatialRelationInfo is not configured for dedicated PUCCH resources. If support, RAN1 to decide default spatial relation information for 0_0 scheduled PUSCH.
[bookmark: _Ref23942536]Proposal 2: For DCI format 0_1 based PUSCH scheduling, when SRS indicated by SRI field is not provided with SRS-SpatialRelationInfo, default spatial relation for the indicated SRS is applied for 0_1 scheduled PUSCH transmission.
For pathloss measurement, pathloss reference RS configuration framework is not the same for PUCCH and SRS resources. 
· For PUCCH pathloss measurement, PUCCH-PathlossReferenceRS is configured per PUCCH-SpatialRelationInfo. When there is no spatial relation information configuration for PUCCH resource, there is no pathloss reference RS indication. It is sensible to use RS associated with the default spatial relation of PUCCH resource as pathloss reference RS when PUCCH-SpatialRelationInfo is not provided.
· For SRS pathloss measurement, pathlossReferenceRS is configured per SRS resource set. It may happen that SRS-SpatialRelationInfo for an SRS resource is not configured while pathlossReferenceRS is configured for SRS resource set associated with the SRS resource. Thus, we further divide the discussion into different cases
· When pathlossReferenceRS is not configured, following the WA, the RS associated with the default spatial relation of SRS resource can be used as pathloss reference RS
· When pathlossReferenceRS is configured, at least 3 possibilities exist for determining default spatial relation of SRS and pathloss reference RS:
1. Applying configured pathlossReferenceRs as both default spatial relation information and pathloss measurement RS. While this option provides consistent spatial relation for SRS transmission and for SRS power control, it lacks scheduling flexibility in the way that the default spatial relation can only be changed based on RRC signaling. Thus, it is not preferred.
2. Applying WA above for both default spatial relation information and pathloss measurement RS determination. This option requires UE to ignore RRC configured pathlossReferenceRS for SRS power control whenever SRS-SpatialRelationInfo is not configured, which should be avoided.
3. Applying WA above for default spatial relation information determination and applying pathlossReferenceRS for pathloss measurement. To us, this option provides most sensible tradeoff. 
[bookmark: _Ref23942538]Proposal 3: When PUCCH-SpatialRelationInfo is not configured for dedicated PUCCH resources, the RS associated with the default spatial relation of PUCCH is used for pathloss reference RS.
[bookmark: _Ref23942539]Proposal 4: When SRS-SpatialRelationInfo is not configured for SRS resource and when pathlossReferenceRS for the SRS resource set associated with the SRS resource is not configured, the RS associated with the default spatial relation of SRS is used for pathloss reference RS.
[bookmark: _Ref23942541]Proposal 5: When SRS-SpatialRelationInfo is not configured for SRS resource and when pathlossReferenceRS for the SRS resource set associated with the SRS resource is configured, the default spatial relation of the SRS is determined based on the WA above and the configured pathlossReferenceRS is applied for pathloss measurement for the power control of the SRS.
PUCCH-BFR Configuration
Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.

When there is no PUCCH-SCell in non-DC case, UL control information feedback relies on the PUCCH resources on PCell/PSCell. Efficient utilization of the PUCCH resources are of importance. On the other hand, when configured with PUCCH-SCell, capacity of PUCCH resources is less of a concern. SCell PUCCH-BFR indication capability should take advantage of such configuration. In this sense, we think Alt1a provides better opportunities. Specifically, when PUCCH resource capacity is not an issue, providing individual PUCCH resources for individual SCells configured with SCell BFR is a more efficient way for gNB to learn BFR status at UE side.
[bookmark: _Ref23942542]Proposal 6: Adopt Alt1a with additional clarification for associating individual PUCCH-BFR resources to different SCells with SCell BFR configuration within a PUCCH group.
SCell beam failure recovery
Multiplexing priority between SR-BFR and other UCI
Agreement (RAN1#98)
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).
Agreement (RAN1#98)
Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR
Agreement (RAN1#98bis)
For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1
· FFS: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1
One of the main motiviation for introducing a dedicated SR-like PUCCH tranmission for step-1 SCell BFR is to allow the NW identifying the occurance of beam failure at UE side. Prompt reaction can be taken by the NW for recovering the link accordingly. For PUCCH format 0/1, only limited UCI bits can be delivered to the NW and therefore, it is required to discuss the prioritization between SR-BFR, legacy SR and HARQ-ACK bits.
Per RAN1#98 agreement above, prioritization of SR-BFR over legacy SR is suggested by RAN1 and the detail is under RAN2 discussion. On the other hand, SR may be dropped when colliding with HARQ-ACK feedback. During RAN1#98bis meeting, this has been discussed without a comprehensive conclusion. Specifically, when SR-BFR over PUCCH format 0 colliding with HARQ-ACK feedback over PUCCH format 1, the prioritization is FFS.
Based on current spec, when SR over PUCCH format 0 resource is triggered, colliding with HARQ-ACK feedback on PUCCH format 1 resource, SR is dropped and only HARQ-ACK information is fed back. With new consideration on SR for BFR, we think SR-BFR should be prioritized for prompt and efficient link recovery. While legacy design principle is to prioritze HARQ-ACK feedback, it should be noted that BFR is crucial for FR2 operation. From our point of view, this SR-BFR should be prioritized at least for FR2. 
[bookmark: _Ref16328877][bookmark: _Ref21104397]Proposal 7: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, PUCCH-BFR is transmitted at least for FR2.
Termination of SCell BFR procedure
Agreement (RAN1#98)
The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE
· The procedure is the same as normal “ACK” for PUSCH
· When UE receives BFRR to step 2, UE can consider BFR procedure is finished
· No RAN1 spec impact
· Included as part of LS to RAN2

In RAN1#98, RAN1 has agreed that BFRR to step-2 BFRQ MAC-CE is a normal UL grant for scheduling a new transmission for the same HARQ process as PUSCH carrying the steop-2 BFRQ MAC-CE. When UE receives BFRR to step-2, UE considers the BFR procedure is successfully completed. However, how to decide a failed BFRR reception is not addressed yet.
In Rel-15, a BFR response window is used to control the delay of BFRR and to ensure the UE continuously monitoring PDCCH for BFRR. If the UE could not receive the BFRR during the response window, the UE will consider the BFRR reception is not successful, then the UE could retransmit the BFRQ.  Following the same behavior, a similar time window should be introduced to improve the latency and reliability of BFRR reception. For example, the UE starts a time window from the transmission of step-2 BFRQ MAC-CE, and monitors PDCCH for BFRR during the time window. If the UE could not receive the BFRR within the time window, the UE could have opportunity to retransmit the step 2 BFRQ MAC-CE via a new UL resource. Without the time window, the termination of SCell BFR procedure may be prolonged. 
It is noted that the details of such time window may be designed by RAN2 since it would be captured in MAC spec.  However, RAN2 has a very limited time unit for eMIMO WI. Sending an LS to notify RAN2 on the need for such a timer would largely facilitate RAN2 discussion and thus, benefit overall progress. More detailed description on the issue can be found in our RAN2 companion contribution [5].
[bookmark: _Ref24116743]Proposal 8: Enabling a timer-based step-2 BFRQ MAC-CE retransmission mechanism by introducing a time window for receiving BFRR to step-2 BFRQ MAC CE. Send a LS to notify RAN2 the need.
SCell BFR with neither BFD-RS nor NBI-RS on the CC
Agreement (RAN1#97)
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability
Agreement (RAN1#97)
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.
Agreement (RAN1#96bis)
Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band
Agreement (RAN1#96bis)
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

[bookmark: _GoBack]For flexibility, it is supported to configure BFD RS and New Beam Identification (NBI) RS on either current CC or another CC, individually. However, it may lead to a combination where SCell BFR is configured for a CC with all its BFD RS and NBI RS residing on another CC. From modeling perspective, this is not a sensible configuration since all the monitoring efforts reside on the “another CC” while it is modeled in the current CC. In this case, we think SCell BFR should simply be configured in the “another CC”.
[bookmark: _Ref16328881]Proposal 9: either BFD RS or NBI RS, but not both of them, can be configured in another CC.
Conclusion
Based on the discussion and analysis in this contribution, we have the following proposals.
Proposal 1: RAN1 to decide whether to support DCI format 0_0 based PUSCH scheduling when PUCCH-SpatialRelationInfo is not configured for dedicated PUCCH resources. If support, RAN1 to decide default spatial relation information for 0_0 scheduled PUSCH.
Proposal 2: For DCI format 0_1 based PUSCH scheduling, when SRS indicated by SRI field is not provided with SRS-SpatialRelationInfo, default spatial relation for the indicated SRS is applied for 0_1 scheduled PUSCH transmission.
Proposal 3: When PUCCH-SpatialRelationInfo is not configured for dedicated PUCCH resources, the RS associated with the default spatial relation of PUCCH is used for pathloss reference RS.
Proposal 4: When SRS-SpatialRelationInfo is not configured for SRS resource and when pathlossReferenceRS for the SRS resource set associated with the SRS resource is not configured, the RS associated with the default spatial relation of SRS is used for pathloss reference RS.
Proposal 5: When SRS-SpatialRelationInfo is not configured for SRS resource and when pathlossReferenceRS for the SRS resource set associated with the SRS resource is configured, the default spatial relation of the SRS is determined based on the WA above and the configured pathlossReferenceRS is applied for pathloss measurement for the power control of the SRS.
Proposal 6: Adopt Alt1a with additional clarification for associating individual PUCCH-BFR resources to different SCells with SCell BFR configuration within a PUCCH group.
Proposal 7: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, PUCCH-BFR is transmitted at least for FR2.
Proposal 8: Enabling a timer-based step-2 BFRQ MAC-CE retransmission mechanism by introducing a time window for receiving BFRR to step-2 BFRQ MAC CE. Send a LS to notify RAN2 the need.
Proposal 9: either BFD RS or NBI RS, but not both of them, can be configured in another CC.
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