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Introduction
In RAN1 #98b meeting, the following agreements, working assumptions and conclusions on multi-beam operation have been agreed. [1].
	Agreement
Confirm the working assumption made in RAN1#97, with the following updates.
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP.
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups within RAN1#98bis, only up to two groups will be supported in Rel-16
· Note: the terminology of “group” may or may not be in specifications.

Agreement
At least for the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE, explicit higher layer signalling on PUCCH resource grouping is supported.
· Signalling details are up to RAN2

Agreement
For the agreed feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using MAC CE,
· Support up to 4 groups per BWP.

Conclusion
For the agreed feature of single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs,
· In the RRC perspective, the candidate (up to 128) TCI-states are still independently configurable by RRC for each CC/BWP.


Agreement
For SRS resource(s) configured in an SRS resource set with usage = ‘nonCodebook’ with configuration of associatedCSI-RS, the agreed feature of a default spatial relation is not applied.
· Note: Accordingly, the previous agreement made in RAN1#98 is updated as follows (RED):
· At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement' and except for SRS with usage = ‘nonCodebook’ with configuration of associatedCSI-RS, is not configured in FR2, a default spatial relation for the dedicated-PUCCH/SRS is applied.

Agreement
Regarding the LS from RAN2 on BFR for question 3:
Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
· RAN1’s response is YES. Additionally, it is agreed that there will be no further RAN1specification impact to address this issue. 
Send an LS to RAN2. The LS is endorsed in R1-1911587.

Agreement
For SCell BFR, reuse beam failure detection procedure specified in Rel-15, where the beam failure detection is performed per SCell.
· The “beam failure detection procedure specified in Rel-15” includes the procedure on beam failure detection for each beam failure instance, interval for beam failure instance and corresponding parameter, i.e. beamFailureInstanceMaxCount.
· The parameters related to BFD are configured per BWP per cell
· Note: BFRQ transmission timing and condition will be decided by RAN2 for simultaneous multiple SCells failure cases
· Include as part of LS to RAN2  to be draft by Yushu (Apple)


Agreement
· The new beam RS is mandatorily configured if SCell BFR is configured
· Include as part of LS to RAN2  to be draft by Yushu (Apple)

R1-1911598
The LS is endorsed in R1-1911619.

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.

Agreement
At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K

Agreement
· When PUCCH-BFR collides with SRS, the SRS should be dropped

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


Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.

Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

Agreement
For maximum number of SCell BFD RS, support up to 2 BFD RS for per BWP without introducing additional UE capability
· FFS: whether to specify UE behaviour if number of configured CORESETs is more than 2

Agreement
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


Agreement
· The bit length is fixed to be 4 bits for differential L1-SINR
· The step size is fixed to be 1 dB for differential L1-SINR

Agreement
The value of k for L1-SINR to determine the priority value of CSI report equals to 0.

Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)
Working assumption
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE
· The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
· Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.

Working assumption
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.
· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.
R1-1911605	[DRAFT] LS on applicable timing for pathloss RS activated/updated by MAC-CE	LG Electronics
The LS is endorsed in R1-1911616 with following revisions:
· the 5th measurement samples
· ACTION: 	RAN1 kindly asks RAN4 feedback whether there is any concern to provide opinion on the working assumptions applicable timing and whether it should be captured in RAN4 specs or RAN1 specs.

Agreement
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· Send LS to RAN2 to inform above

R1-1911615	[DRAFT] LS on simultaneous TCI state activation and spatial relation update across multiple CCs/BWPs by MAC-CE		LG Electronics
The LS is endorsed in R1-1911617 with removing followings.
The above three agreements state that, for the purpose of simultaneous TCI state activation across multiple CCs/BWPs by MAC CE, up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in either the MAC CE for PDSCH or the MAC CE for PDCCH.
The above two working assumptions state that, for the purpose of simultaneous spatial relation update across multiple CCs/BWPs by MAC CE, up to 2 independent lists of CCs from those for simultaneous TCI state activation can be configured by RRC per UE, and the applied list is determined by the indicated CC in the corresponding MAC CE.

Working assumption
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above

Working assumption
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)
Conclusion
How to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation.

Agreement from email discussion [98b-NR-23]
For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, the value of O_CPU = 1. 
· Make the decision of Z and Z’ based on one of the following alternatives 
· Alt 1: 
· Z = Z3 + a fixed offset value, where the detail value is FFS
· Z’ = beamReportTimingforL1-SINR
· beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
· Alt 2:
· Z = Z1
· Z’ = Z1’
· Z1 and Z1’ are selected from Table 5.4-2 in 38.214
· Alt 3:
· Z = Z3
· Z’ = Z3’
· Alt 4
· Z = N * Z3
· Z’ = N * Z3’
· N>1, FFS detailed value, e.g. N=2
· FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.





In this contribution, we provide some discussion on remaining issues on multi-beam operation on overhead and latency reduction, L1-SINR based beam selection as well as SCell beam failure recovery.
Overhead and latency reduction
DL beam indication
In last meeting, it has been agreed that one MAC CE can be used to update the TCI states for CORESETs/PDSCH for a group of CCs within the same band. With regard to inter-band CA, the bands that are closed may be QCLed with regard to QCL-TypeD. Thus, to save the signaling overhead, it should be supported that a MAC CE can be used to update the TCI states for CORESETs/PDSCH for a group of CCs within a band(s) group. UE can report which bands belong to a band(s) group via UE capability reporting.
Proposal 2-1: It should be supported that MAC CE can be used to update TCI states for CORESET with the same ID or activate TCI states for PDSCH for a group of CCs within a band(s) group.
· UE can report the band(s) group information via UE capability reporting.
In addition, one open issue for DL beam indication is the QCL assumption for periodic CSI-RS when TCI state is not configured. If TCI state is not provided, one possible assumption is that such periodic CSI-RS is used for P1. However, one potential issue is that currently it has not been defined that gNB should always maintain the same beam for different instances of one periodic CSI-RS resource. So it is difficult for UE to perform Rx beam tracking without the assumption of consistent Tx beam for a CSI-RS resource. Then one possible way is to define the default beam for periodic CSI-RS, so that UE can have a clear assumption to receive such CSI-RS. It is not necessary to optimize such default beam behavior, but it would be helpful for UE to have a basic assumption to facilitate UE beam tracking so as to save the overhead of beam indication and latency for UE beam tracking. For CSI-RS for CSI acquisition, since the default PDSCH beam may be applied to PDSCH, it is better to use the default PDSCH beam as the default beam for such CSI-RS. For TRS, since UE needs to perform some filters, it is better the default beam could be fixed. 
Proposal 2-2: Support to define the default beam for periodic CSI-RS as follows:
· The default QCL for CSI-RS for CSI acquisition is based on the default PDSCH QCL assumption (PDSCH QCL assumption when scheduling offset is below a threshold)
· The default QCL for TRS is based on the QCL assumption for a CORESET with lowest ID in activate BWP in the same CC.
UL beam indication
In last meeting, there is one working assumption to specify UE’s spatial relation assumption when spatial relation info is not configured and pathloss reference signal is not configured. 
	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




This working assumption has several issues:
· Issue #1: The default PDSCH beam depends on the slot index, where the terminology “downlink slot” is unclear. If one slot includes both downlink and uplink, whether this slot should be considered as “downlink slot” or not, as shown in Figure 2-1.
· Issue #2: The default PDSCH beam could change from time to time, but current pathloss RS is defined to be based on an SSB UE identified to detect MIB, which cannot change fast. This would result in significant open-loop power control mismatch. However, for a PUCCH/SRS resource, only 1 closed-loop power control is maintained without higher layer signaling update, this issue cannot be easily handled by closed-loop power control, as shown in Figure 2-2.
· Issue #3: It is hard to implement the mandatory UE capability when UE reports 1 active spatial relation for SRS (mandatory) but UE supports 2 active TCI state for PDCCH (mandatory with capability). If the spatial relation is not configured, all the CORESETs beam could have a chance to be applied to the SRS, which forces UE to maintain 2 active spatial relation info for SRS/PUSCH. 
· Issue #4: The default SRS beam is still unclear if there is no CORESET and no active TCI state configured.
· Issue #5: For a CC with PUCCH, it is not necessary to define the case when no CORESETs are configured, since such case is not allowed in current spec.
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Figure 2-1: Issue #1 for the working assumption on default PUCCH/SRS beam
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Figure 2-2: Issue #2 for the working assumption on default PUCCH/SRS beam

To handle the issues above, one general principle should be that it is not necessary to optimize the default PUCCH/SRS beam. To define the default PUCCH/SRS beam based on one DL signal #1, it could be possible that there is no such DL signal #1, and then one possible way is to define the default PUCCH/SRS beam based on DL signal #2, but it could be possible that there is no DL signal #2. One case could be there is no DL signal that can be identified in the CC or other CCs. But it should be noted that gNB can still configure the PUCCH/SRS beam by a MAC CE, where the targeting RS could be the one from the same CC or another CC. 
Current framework of spatial relation info indication for PUCCH/SRS could give gNB enough flexibility. Further it has been agreed that gNB can use a MAC CE to update spatial relation for SRS resources from multiple CCs, and gNB can use a MAC CE to update the spatial relation for a group of PUCCH resources. Thus, to indicate the beam for PUCCH/SRS does not rely on too much signaling overhead. So in general the default beam for PUCCH/SRS should be simplified. The working assumption should be updated that the default beam for PUCCH/SRS should be based on the beam for a CORESET with highest ID in active BWP on the same CC.
Observation 2-1: Current spatial relation indication framework for PUCCH/SRS could provide very good flexibility, which is with low latency and low overhead.
Observation 2-2: It is not necessary to optimize the default PUCCH/SRS beam.
Observation 2-3: The “downlink slot” in the working assumption for default PUCCH/SRS beam is unclear.
Observation 2-4: The working assumption for default PUCCH/SRS beam would result in fast PUCCH/SRS beam switching, which could be mis-aligned with the beam used to receive pathloss RS and could not be easily handled by closed-loop power control.
Observation 2-5: The working assumption for default PUCCH/SRS beam would force UE to mandatorily support 2 active spatial relation info, since supporting 2 TCI states for PDCCH is mandatory with capability signaling, although supporting 1 active spatial relation info is mandatory.
Proposal 2-3: The working assumption on default PUCCH/SRS beam should be updated to be based on a beam for a CORESET with highest ID in active BWP on the same CC.
Another possible issue is about the Tx beam assumption for PUSCH when scheduled by DCI format 0_0, where no dedicated PUCCH resource is configured. One possible way is to extend the working assumption for default beam of PUCCH/SRS. However, as discussed above, there are several issues for the working assumption. In Rel-15, it has been specified that gNB should at least configure one SRS resource for codebook/non-codebook transmission, which depends on the transmission scheme configured. Therefore, one simple way is to determine the PUSCH beam for DCI format 0_0 based on the one of the configured SRS resource. This would not increase the system overhead, since gNB does not need to trigger the SRS transmission. 
However, it should be noted that cross-carrier scheduling is still possible. Therefore, to optimize too much for this case is not necessary. It is not worth to optimize the case that when transmission scheme is not configured.
Observation 2-6: The PUSCH can be scheduled based on cross-carrier scheduling. Thus, it is not necessary to optimize too much for the spatial relation assumption when PUSCH scheduled by DCI format 0_0, e.g. PUSCH spatial relation assumption when transmission scheme is not configured.
Proposal 2-4: For PUSCH scheduled by DCI format 0_0, the PUSCH is associated with the first SRS resource configured for current transmission scheme, i.e. codebook/non-codebook. 
In last meeting, a working assumption to change pathloss reference signal based on MAC CE has been agreed. It has been defined that the new pathloss RS would be applied after 1 slot after UE measures 5 samples of the new pathloss reference signal as shown in Figure 2-3.
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Figure 2-3: Mechanism for MAC CE based pathloss RS update
After UE measures the 5th samples, UE has to deliver the L1 measured result to L3, and then after L3 filtering, L3 could send to L1 the higher layer filtered RSRP to derive the pathloss for power control. Such cross-layer processing would take more than 1 slot, especially for 120kHz SCS case. In some RAN4 test case, such cross-layer behavior would require at least 2ms. Given the RAN4 should specify the delay requirement for RRM related part, it is better to send and updated LS to RAN4 and ask RAN4 to specify it.
Observation 2-7: After measuring 5 samples, to derive the pathloss would rely on cross-layer processing, which would require more than 1 slot, especially for 120kHz SCS.
Proposal 2-5: For the working assumption of MAC CE based pathloss reference signal update, change the “1 slot” into “2ms”. 
· Send an LS to RAN4 with this update and ask RAN4 to specify it.
Another remaining issue is on how to support the beam indication for a group of PUCCH resources. It has been agreed to support up to 4 groups per BWP. Then a group ID could be configured by RRC layer, and MAC CE can indicate the group ID as well as the new spatial relation info, so that the beam for corresponding group of PUCCH resources could be updated. However one open issue is whether the group ID should be configured in a PUCCH resource or in a PUCCH spatial relation info. These two different ways would result in different functionalities. 
If the group ID is configured in a PUCCH resource, gNB cannot easily update it without RRC reconfiguration. If the group ID is configured in a spatial relation info, gNB can use MAC CE to update the group ID for a PUCCH resource. Thus the latter way could provide better flexibility to gNB.
Observation 2-8: To configure group ID in PUCCH-spatialRelationInfo could provide better flexibility to gNB, with regard to the update of the group ID.
Proposal 2-6: Support to configure the group ID in PUCCH-spatialRelationInfo for spatial relation update for a group of PUCCH resources. 
SCell beam failure recovery
Beam failure detection
There are 1 open issue left for SCell beam failure recovery:
· How to select the 2 BFD RS when number of CORESETs is configured to be more than 2
For single-TRP or single-DCI based multi-TRP operation, gNB can configure up to 3 CORESETs for a UE. For multi-DCI based multi-TRP operation, up to 5 CORESETs could be configured, where up to 3 CORESETs could be transmitted from one TRP. One possible way is that this could be up to UE implementation. However, if such information is not transparent to gNB, gNB cannot understand the which beam really fails. Instead it may either consider all the beams cannot work or trigger a separate beam report. Both ways would result in additional overhead and latency, as with regard to robustness gNB needs to identify some other potential candidate beams after beam failure recovery is completed. Further, UE may not report the RSRP for the beams in current CORESET. For example, UE can only report 4 beams in a report instance, it is unable to report the status for 5 CORESETs. Therefore, it is necessary to define the UE behavior on how to select the 2 BFD RS when number of CORESETs is configured to be more than 2.
For multi-TRP operation, the primary TRP should be prioritized since most of the control signaling would be carried from primary TRP. Thus UE should monitor the CORESET with higher layer index set to be 0. Within a single TRP, gNB may configure up to 3 CORESETs, then UE can reuse the way that is defined for RLM to select the corresponding CORESETs, where UE selects the CORESETs with smallest periodicity of associated search space, and if the periodicity is the same, UE can select the CORESET with lowest ID. In general, to select the 2 BFD RS, UE can count the higher layer index configured in a CORESET first, and then the periodicity of the associated search space for each CORESET, and then the CORESET ID.
Observation 3-1: Without the knowledge of monitoring CORESETs, it is not easy for gNB to understand the status for the beams for each CORESET based on beam reporting, as UE may report the RSRP/SINR for other beams.
Proposal 3-1: Support to define the rule for UE to select the CORESETs to be monitored for BFD when number of CORESETs is larger than 2.
· The UE should count the higher layer index first, then the smallest periodicity for the associated search space, and then the CORESET ID.
Beam failure recovery request procedure
For SCell BFR, the two-step based beam failure recovery request (BFRQ) procedure has been agreed as shown in Figure 3-1, where UE can send beam failure event via a SR like PUCCH resource for BFR (PUCCH-BFR) in PCell or PSCell in the first step, and after receiving an uplink grant for step 2, UE can transmit MAC CE for BFR to carry failed CC index as well as new beam index.
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Figure 3-1: Procedure for SCell BFRQ
There are several open issues for SCell BFRQ procedure:
· Condition to skip PUCCH-BFR
· Collision handling when PUCCH-BFR and UCIs from URLLC are transmitted in the same symbol 

RAN1 replied a LS R1-1909833 to RAN2 to confirm that step 1 PUCCH-BFR is not always necessary. If there is an uplink grant received, UE does not need to transmit PUCCH-BFR. Thus, in general, if there is a PUSCH opportunity, UE does not need to transmit PUCCH-BFR. Such PUSCH opportunity does not need to be in the same slot as the resource for PUCCH-BFR. As shown in Figure 3-2, if the PUSCH opportunity is near the resource for PUCCH-BFR, UE does not need to trigger PUCCH-BFR and wait until a response to report MAC CE for BFR. To proceed step 1 as well as its response, it should take at least N2 symbols, where N2 symbols are based on the PUSCH preparation time. So after UE declares beam failure, if there is a known PUSCH opportunity before slot n+K, , where slot n includes the resource for PUCCH-BFR, UE can skip the step 1 PUCCH. 
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Figure 3-2: Potential case to skip PUCCH-BFR
Proposal 3-2: After UE declares beam failure, if there is a known PUSCH opportunity before slot n+K, , where slot n includes the resource for PUCCH-BFR, UE can skip the step 1 PUCCH.
The PUCCH-BFR may collide with other URLLC UCI, e.g. SR, HARQ-ACK and CSI. From higher layer perspective, the URLLC should be prioritized compared to eMBB. But the PUCCH-BFR should be general to both URLLC and eMBB. Therefore PUCCH-BFR should also be prioritized when colliding with URLLC SR, and it can also be multiplexed with other UCIs in the same way as eMBB UCIs. 
Proposal 3-3: When colliding with URLLC SR, the PUCCH-BFR should be prioritized.
In addition, for transmission power deduction when the total power across CCs exceed the maximum transmission power, since the PUCCH-BFR is SR-like, it should be with the same priority as SR.
Proposal 3-4: For uplink transmission power deduction, the priority of PUCCH-BFR is the same as SR.
L1-SINR based beam selection
For L1-SINR based beam selection, there can be the following remaining issues:
· CMR/IMR configuration framework
· Value of Z and Z’
CMR/IMR configuration framework
For L1-RSRP report, the maximum number of SSBRI/CRI has been defined to be 64 in a report configuration. For L1-SINR, this is still one open issue. Since the NZP-IMR is based on CSI-RS for beam management, and one UE can be configured with up to 64 CSI-RS resources for BM, the maximum number of SSBRI/CRI for a report configuration for L1-SINR could be 32.
Proposal 4-1: For a L1-SINR report, up to 32 SSBRI/CSI-RS can be configured.
Value of Z and Z’
There are 4 alternatives defined based on the agreement in email discussion [98b-NR-23].
	· Make the decision of Z and Z’ based on one of the following alternatives 
· Alt 1: 
· Z = Z3 + a fixed offset value, where the detail value is FFS
· Z’ = beamReportTimingforL1-SINR
· beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
· Alt 2:
· Z = Z1
· Z’ = Z1’
· Z1 and Z1’ are selected from Table 5.4-2 in 38.214
· Alt 3:
· Z = Z3
· Z’ = Z3’
· Alt 4
· Z = N * Z3
· Z’ = N * Z3’
· N>1, FFS detailed value, e.g. N=2
· FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.




In Rel-15, the value of Z and Z’ are defined as follows, where Z1 is used for CQI report for 4 ports CSI-RS, Z3 is used for L1-RSRP report and Z2 is used for other cases. 
Table 5.1: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	0
	22
	16
	40
	37
	22
	X1

	1
	33
	30
	72
	69
	33
	X2

	2
	44
	42
	141
	140
	min(44, X3+ KB1)
	X3

	3
	97
	85
	152
	140
	min(97, X4+ KB2)
	X4



Since UE needs to spend additional effort to measure interference compared to L1-RSRP measurement, it is better that the processing delay could be larger than L1-RSRP report. It can be observed that the value of Z1 is always larger than Z3, therefore the value Z and Z’ for L1-SINR should be at least Z1 and Z1’.
Proposal 4-2: The value of Z and Z’ for L1-SINR should be at least Z1 and Z1’.
Clarification of measurement restriction
Based on current CSI framework, the measurement restriction for both CMR and IMR can be configured based on parameters timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements. For L1-SINR based beam report, it should be clarified whether measurement restriction can be configured. Since L1-SINR and other CSI report share the same framework, it should be straight-forward to allow the measurement restriction configuration for L1-SINR.
Proposal 4-3: For L1-SINR based beam measurement and report, the RRC parameters timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements can be configured.

Conclusion
In this contribution, we discussed the remaining issues for beam management. Based on the discussion, the following proposals have been made:
Overhead and latency reduction
Observation 2-1: Current spatial relation indication framework for PUCCH/SRS could provide very good flexibility, which is with low latency and low overhead.
Observation 2-2: It is not necessary to optimize the default PUCCH/SRS beam.
Observation 2-3: The “downlink slot” in the working assumption for default PUCCH/SRS beam is unclear.
Observation 2-4: The working assumption for default PUCCH/SRS beam would result in fast PUCCH/SRS beam switching, which could be mis-aligned with the beam used to receive pathloss RS and could not be easily handled by closed-loop power control.
Observation 2-5: The working assumption for default PUCCH/SRS beam would force UE to mandatorily support 2 active spatial relation info, since supporting 2 TCI states for PDCCH is mandatory with capability signaling, although supporting 1 active spatial relation info is mandatory.
Observation 2-6: The PUSCH can be scheduled based on cross-carrier scheduling. Thus, it is not necessary to optimize too much for the spatial relation assumption when PUSCH scheduled by DCI format 0_0, e.g. PUSCH spatial relation assumption when transmission scheme is not configured.
Observation 2-7: After measuring 5 samples, to derive the pathloss would rely on cross-layer processing, which would require more than 1 slot, especially for 120kHz SCS.
Observation 2-8: To configure group ID in PUCCH-spatialRelationInfo could provide better flexibility to gNB, with regard to the update of the group ID.

Proposal 2-1: It should be supported that MAC CE can be used to update TCI states for CORESET with the same ID or activate TCI states for PDSCH for a group of CCs within a band(s) group.
· UE can report the band(s) group information via UE capability reporting.
Proposal 2-2: Support to define the default beam for periodic CSI-RS as follows:
· The default QCL for CSI-RS for CSI acquisition is based on the default PDSCH QCL assumption (PDSCH QCL assumption when scheduling offset is below a threshold)
· The default QCL for TRS is based on the QCL assumption for a CORESET with lowest ID in activate BWP in the same CC.
Proposal 2-3: The working assumption on default PUCCH/SRS beam should be updated to be based on a beam for a CORESET with highest ID in active BWP on the same CC.
Proposal 2-3: For PUSCH scheduled by DCI format 0_0, the PUSCH is associated with the first SRS resource configured for current transmission scheme, i.e. codebook/non-codebook. 
Proposal 2-4: For the working assumption of MAC CE based pathloss reference signal update, change the “1 slot” into “2ms”. 
· Send an LS to RAN4 with this update and ask RAN4 to specify it.
Proposal 2-5: Support to configure the group ID in PUCCH-spatialRelationInfo for spatial relation update for a group of PUCCH resources. 

SCell beam failure recovery
Observation 3-1: Without the knowledge of monitoring CORESETs, it is not easy for gNB to understand the status for the beams for each CORESET based on beam reporting, as UE may report the RSRP/SINR for other beams.

Proposal 3-1: Support to define the rule for UE to select the CORESETs to be monitored for BFD when number of CORESETs is larger than 2.
· The UE should count the higher layer index first, then the smallest periodicity for the associated search space, and then the CORESET ID.
Proposal 3-2: After UE declares beam failure, if there is a known PUSCH opportunity before slot n+K, , where slot n includes the resource for PUCCH-BFR, UE can skip the step 1 PUCCH.
Proposal 3-3: When colliding with URLLC SR, the PUCCH-BFR should be prioritized.
Proposal 3-4: For uplink transmission power deduction, the priority of PUCCH-BFR is the same as SR.

L1-SINR based beam selection
Proposal 4-1: For a L1-SINR report, up to 32 SSBRI/CSI-RS can be configured.
Proposal 4-2: The value of Z and Z’ for L1-SINR should be at least Z1 and Z1’.
Proposal 4-3: For L1-SINR based beam measurement and report, the RRC parameters timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements can be configured.

Reference
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