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Introduction
NR MIMO enhancement WI [1] includes the objectives to enhance the multi-beam operations on L1-SINR reporting, SCell BFR, multi-panel UE and overhead/latency reduction. Pertinent agreements related with multi-beam operation enhancement made so far are summarized here:
	
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
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
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 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

Agreement
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities 
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
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)

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.
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

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.

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 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
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.

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)



In this contribution, we present our views on various aspects of multi-beam operation enhancement, including overhead/latency reduction, SCell BFR and L1-SINR based beam reporting. Relevant scenarios will be discussed as well as the potential approaches and feasible alternative solutions. 
Multi-Beam Operation Overhead/Latency Reduction
For PUCCH group-based spatial relation updating, the PUCCH resources in one given BWP can be grouped into up to 4 groups. One remaining issue is how to configure or indicate the grouping of PUCCH resources. One straightforward method is to configure the PUCCH grouping explicitly in RRC.  Each PUCCH resource can be associated with a higher layer group index and the value of the higher layer group index takes 0/1/2/3 to indicate the group of PUCCH for spatial relation info updating. Then the MAC CE can indicate one higher layer group index and a corresponding spatial relation info ID to update the spatial relation info for all the PUCCH resources associated with that higher layer index.
One important use case for updating spatial relation info for each PUCCH group is multi-TRP.  In this scenario, the PUCCH resource can be partitioned into two groups: the PUCCH transmission to the first TRP and the PUCCH transmission to the second TRP and the PUCCH transmission to different TRP shall use different spatial relation info. For the PUCCH carrying HARQ-ACK, the UE can determine the target TRP dynamically based on the PDCCH and CORESET where the scheduling DCI is detected. For a PUCCH carrying HARQ-ACK for PDSCH scheduled by DCI detected in CORESET associated with the first TRP, the UE can apply the spatial relation info corresponding to the first TRP, while for a PUCCH carrying HARQ-ACK for PDSCH scheduled by DCI detected in CORESET associated with the second TRP, the UE can apply the spatial relation info corresponding to the second TRP. In this method, the grouping of PUCCH resources for updating spatial relation info is based on the higher layer index associated with the scheduling CORESET. 
Proposal 1: Support the following method for grouping PUCCH resource for updating spatial relation info:
· Method 1: One PUCCH resource is configured with a higher layer group index that takes value of 0/1/2/3.
· Method 2: The spatial relation for one particular PUCCH transmission is determined based on the CORESET where the scheduling DCI is detected.
In the CC where no CORESET is configured and no TCI-states are activated for PDSCH transmission, the UE can expect that spatial relation info is always configured to dedicated PUCCH and SRS resources. 
For a PUCCH resource, both of the RS for spatial relation info and path loss RS are provided in higher layer parameter PUCCH-SpatialRelationInfo. Thus, if spatial relation info in not configured, path loss RS is not configured to the same PUCCH resource too. In that case, the PUCCH can use the RS corresponding to the spatial relation info as path loss RS, i.e., the RS configured for QCL-typeD in the TCI-state configured for the lowest ID CORSET or the TCI-state with lowest ID among the TCI-states activated for PDSCH. However, we shall note that the RS configured for QCL-typeD in the TCI-state for PDCCH or PDSCH can be periodic, semi-persistent or aperiodic CSI-RS. Only the periodic CSI-RS can be used for path loss RS so that the UE can track the path loss measurement.  Therefore, for a PUCCH with default spatial relation info, if the CSI-RS of QCL-type D in the TCI-state is periodic, the UE shall use that CSI-RS as path loss RS, otherwise, the UE use the SSB used to obtain MIB to measure path loss.
In the configuration of SRS resource set, the path loss RS is configured per SRS resource set while the spatial relation info is configured per SRS resource in the set. Regarding the configuration of path loss RS and default spatial relation info for SRS, we would have following cases:
· In the SRS resource set, some SRS resources are configured with spatial relation info but others are not:
· In this case, the SRS resources not configured with spatial relation info would use the default spatial relation info, which is generally different from the one configured to other SRS resources.
· If the path loss RS is configured to the SRS set, the UE shall use the configured path loss to measure path loss for power control on all the SRS resources in that set.
· If the path loss RS is not configured to the SRS resource set. Here, asking the UE to choose a path loss RS based on the spatial relation info of the SRS resources does not work because different SRS resource might use different spatial relation info.  In this case, the UE shall use the SSB used to obtain the MIB to calculate the path loss, as specified in rel-15.
· In the set, none of the SRS resources are configured with spatial relation info:
· In this case, all the SRS resources would use the same default spatial relation info. And the path loss RS can be determined as follows:
· If the path loss RS is not configured to the set, the UE can determine the path loss RS based on the default spatial relation info.  Similarly, to the PUCCH, if the RS in the default spatial relation info is a periodic CSI-RS, the UE can use that periodic CSI-RS to measure path loss; otherwise, the UE shall use SSB used to obtain MIB to measure path loss.
· But if the path loss RS is configured to the set, the UE shall use the configured path loss RS to measure path loss.
Proposal 2: If PUCCH or SRS is not configured with spatial relation info in a CC, the UE does not expect that neither CORESET is configured nor TCI-states are activated for PDSCH in that CC. 
Proposal 3: For a PUCCH using default spatial relation info, if the RS in the default spatial relation info is periodic CSI-RS, the UE shall use that CSI-RS to measure path loss; otherwise, the UE shall use the SSB used to obtain MIB to measure path loss.
Proposal 4: For SRS resources using default spatial relation info, if path loss RS is not configured to the SRS resource set:
· If all the SRS resources in the set use the same default spatial relation info, the UE shall use the RS in the default spatial relation info to measure path loss if that RS is a periodic CSI-RS; otherwise, the UE use the SSB used to obtain MIB.
· If some of the SRS resources in the set are configured with spatial relation info, the UE shall use the SSB used to obtain MIB to measure path loss.
The method discussed above does not work for UE without beam correspondence because the UE without beam correspondence is not able to derive uplink transmit beam based on downlink RS. If an SRS resource or PUCCH resource is not configured with spatial relation info, the UE without beam correspondence can assume the default spatial relation info to be the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.
Proposal 5: For a UE without beam correspondence, if spatial relation info is not configured to an SRS resource or PUCCH resource, the default spatial relation info is the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.

The path loss RS for PUSCH and SRS transmission can be updated by MAC CE. For PUSCH transmission, the power control parameter and path loss RS is configured in PUSCH-PowerControl, in which the mapping between SRI-PUSCH-PowerControlId (i.e., the SRI indicated in DCI) and PUSCH-PathlossReferenceRS-Id is configured. The mapping relationship can be updated by the MAC CE. For SRS transmission, one or multiple path loss RSs can be configured for SRS transmission and the MAC CE can indicate one of those path loss RS for one SRS resource set. As what is agreed in last meeting, the number of path loss RSs in RRC would be increased. In our view, increasing it to 8 is enough to provide implementation flexibility.
Proposal 6: Increase the number of configured path loss RSs to 8.
We have agreed to use a single MAC-CE to activate the same set of TCI-state IDs for PDSCH transmission in all the CCs. It can reduce the signaling overhead for Tx beam indication. The TCI states are still configured per CC. The MAC CE only activates the TCI-state IDs. For PDSCH transmission in each CC, the UE derive the corresponding TCI-states based on the TCI-state configured in that CC and the activated IDs. A single MAC CE can also indicate a TCI-state ID for one CORESET ID in all the CCs. One FFS point is whether this feature shall be extended to inter-band CA case. In our view, it is not necessary to support inter-band feature. The Current feature can support configure all CC in one band in one same CC list and thus the NW can use a single MAC CE to activate or update same TCI-states for PDSCH and CORESET in all the CCs.  Supporting inter-band feature only slightly reduce the number of MAC CE.  So, we do not see much merit to extend this feature to inter-band case. Instead, it would complicate the system operation. Each UE would have to report the supported combination of bands.
Proposal 7: Do not support using one MAC CE activating/indicating TCI-state ID(s) for PDSCH or PDCCH in different inter-band CCs.
We also discussed to use one MAC-CE to indicate/activate a spatial relation info for all the SRS resources with same ID in multiple CCs. Basically, the gNB can use one MAC CE to indicate one spatial relation info and one SRS resource ID. Then the UE shall apply the indicated spatial relation info to all the SRS resources configure with that resource ID in all the BWPs of all the CCs. This feature has two impacts: (1) it reduces the uplink beam indication overhead. (2) We force the SRS resources in different CC to use the same Tx beam.
To confirm the WA, we shall consider the following details:
· This feature shall only be applied to SRS resources for code-book based PUSCH transmission or the SRS resources for non-codebook based PUSCH transmission without configuration of associatedCSI-RS.
· For SRS resource configured for antenna switching, the gNB shall indicate same spatial relation info for all the SRS resources within the same set. 
· This feature does not apply to SRS resource for uplink beam management.  Inter-CC spatial relation info is supported. Therefore, there is not use case to support using the same Tx beams to train uplink in multiple different CCs.
· The MAC CE activating transmission of semi-persistent SRS resources also indicate/update spatial relation info for the SRS resources. Using another MAC CE to update spatial relation info for SP SRS is redundant. Furthermore, the activation command for transmission is sent per BWP, which would override the spatial relation info indicated by that MAC CE. Therefore, we do not need to support this feature for SP SRS.
[bookmark: _Hlk24061321]Proposal 8: The feature of updating spatial relation info for SRS across CC:
· It only supports SRS resources for codebook-based, SRS resource for non-codebook based without configuration of asscociatedCSI-RS and SRS for antenna switching.
· The SRS resources for antenna switching within the same set shall be configured with same spatial relation info.
· It only supports aperiodic SRS resource.

SCell BFR
The maximal number of BFD RS for a SCell BFR is 2. If the BFD RS is configured by the gNB, i.e., the explicit method, the gNB can configure only one or two periodic CSI-RS resources as the BFD RSs for one BWP in a SCell. But if the UE is configured to operate BFR for one SCell but is not explicitly provided with BFD RS configuration, the UE would have to derive the BFD RSs based on the TCI-states configured to all the CORESETs in the given BWP of one SCell. In single-TRP case, the UE can be configured with up to 3 CORESETs in one BWP and the UE might find 3 periodic CSI-RS resources based on the TCI-states configured to those CORESETs. The UE has to choose 2 from those 3 periodic CSI-RS resources for beam failure detection. In our view, the selection can be up to UE’s implementation, as in PCell BFR. Specifying a selection criterion is not necessary. 
[bookmark: _Hlk24061327]Proposal 9: In implicit method, it is up to UE implementation to choose up to two BFD RS.
The configuration of PUCCH-BFR was discussed in last meeting and three alternatives were listed for non-DC case. The purpose for PUCCH-BFR is the UE can use it to request uplink grant when SCell beam failure happens and there is uplink grant available. Therefore, configuring one PUCCH-BFR for the whole cell group is enough. Both Alt1a and Alt1b suggest to configure one PUCCH-BFR per PUCCH group. The motivation for them might be the capacity of PUCCH-BFR when multiple SCells are configured for BFR. In our view, that is not an issue we need consider. When beam failure happens on multiple SCells, the UE can use the same single PUCCH-BFR to request uplink grant and then the UE can transmit MAC-CE for multiple failed SCell in the same PUSCH. Furthermore, RAN2 has made an agreement that clearly specifies the method to configure PUCCH-BFR for SCell BFR. 
	Agreements:
1. The Scell beam failure detection is per cell.
1. Each DL BWP of a SCell can be configured with an independent SCell BFR configuration (the content is FFS)
1. One SR ID is configured for BFR within the same cell group.
1. The SCell BFRQ MAC CE triggers a SCell BFRQ SR if there is no valid uplink grant which can accommodate the SCell BFRQ MAC CE.
1. FFS whether the transmission of the SCell BFRQ MAC CE cancels the pending BFRQ SR of the failed SCell(s).(depends whether the MAC CE provides info for one or more Scells)
1. When the number of the BFRQ SR transmission reaches the sr-TransMax, the UE triggers a RACH procedure (i.e. reuse Rel-15 behaviour)



As stated in RAN2’s agreement, one SR ID is configured for SCell BFR within the same cell group, which is aligned with the Alt2 we discussed in last meeting.
Proposal 10: For configuration of PUCCH-BFR, support alt2 and up to 1 PUCCH-BFR can be configured for the UE in one cell group.
The SR for SCell BFR (i.e., the PUCCH-BFR) is one particular SR. In uplink transmission, the SR for SCell BFR could overlap with the PUCCH transmission of other UCIs, including normal SR, HARQ-ACK for eMBB, SR for URLLC, HARQ-ACK for URLLC and CSI report.
We have agreed the SR for SCell BFR has higher priority than SR for eMBB. The collision between SR for SCell BFR and HARQ-ACK for eMBB was discussed in last meeting but the priority rule is not decided when SR of SCell BFR based on PUCCH format 0 overlaps with HARQ-ACK for eMBB based on PUCCH format 1. From our perspective, the SCell BFR has tighter latency requirement than normal eMBB transmission. Thus, when a positive SR of SCell BFR overlaps with HARQ-ACK of eMBB, the UE shall drop HARQ-ACK of eMBB and only transmits the positive SR of SCell BFR.
Proposal 11: When positive SR of SCell BFR based on PUCCH format 0 overlaps with HARQ-ACK of eMBB based on PUCCH format 1, the UE shall transmit positive SR of SCell BFR.
The URLLC session have defined the SR for URLLC and HARQ-ACK for eMBB to support the URLLC feature. And they also decided that SR for URLLC and HARQ-ACK for eMBB have higher priority than SR/HARQ-ACK for eMBB. The URLLC transmission generally has much tighter latency requirement than SCell BFR. Therefore, the SR/HARQ-ACK for URLLC shall have higher priority than the SR for SCell BFR. When SR for SCell BFR overlaps with them, the UE shall drop the positive SR for SCell BFR if they can not be multiplexed.
The step-1msg in SCell BFR is a SR-like PUCCH transmission as we agreed. The only purpose for step-1 msg is to request UL grant to carry the MAC CE of SCell BFRQ, i.e., step-2 msg. In our view, the configuration of SR-like PUCCH for SCell BFR is optional. If the SR-link PUCCH for SCell BFR is not configured, the UE can use any other mechanisms that can request UL grant to request UL grant for carrying SCell BFRQ. Actually, if a UL grant is available, the UE can just transmit PUSCH carrying the SCell BFRQ in that UL grant without requesting.  
Proposal 12: When positive SR of SCell BFR overlaps with SR/HARQ-ACK for URLLC, the SR of SCell BFR has lower priority.
As specified in release 15, when SR overlaps with CSI report, the bit information of SR is multiplexed with CSI report bits and then reported in PUCCH for CSI report. When K SRs overlap with one CSI report,  bits for K SR reports are multiplexed with CSI report and the value of those  indicates the number of positive SRs among those K SR reports.  When SR for SCell BFR overlaps with CSI report, the same method can be re-used and one alternative is the SR for SCell BFR is treated as one of those normal SRs.  The gNB can figure out that at least SR is positive even though the gNB does not whether the SR for SCell BFR is positive or not. However, that is enough for the gNB to schedule uplink grant to the UE.
Proposal 13: When positive SR of SCell BFR overlaps with CSI report, re-use the rule specified in Rel15.
We have agreed that the gNB response to the MAC CE of SCell BFR is the DCI scheduling new uplink transmission for the same HARQ process number. A clearly specified gNB response is very essential and important for the UE operation. One reason is the UE needs to know when the UE can claim the successful competition of SCell BFR and refrain re-transmitting the MAC CE of SCell BFR. Furthermore, we have agreed that the UE would assume the gNB applies the on the PDCCH in the failed SCell starting from a certain time point after the gNB’s response to the MAC CE, which also needs a clear clarification on the timing of gNB’s response.  As we agreed, the MAC CE of SCell BFR can be transmitted in any available PUSCH and thus, we shall consider each type of PUSCH closely.
· PUSCH in uplink grant scheduled by DCI: If the gNB receives the PUSCH correctly, the gNB might have two different behavior based on the UE buffer status. If there is still more UL traffic in UE buffer, the gNB would send one DCI to schedule new transmission for the same HARQ process. But if UE buffer is empty, the gNB could choose not sending DCI to schedule new transmission and the UE would reply a timer to declare that the PUSCH carrying the MAC CE of SCell BFR is received correctly. Of course, we can force the gNB to transmit a dummy DCI scheduling a new transmission. But that would limit the gNB implementation. 
· PUSCH in configured grant: as specified in release 15, if the PUSCH in configured grant is received correctly, the gNB does not send one DCI scheduling new transmission to explicitly ‘acknowledge’ it.  The UE uses the timer configuredGrantTimer to determine the PUSCH is received correctly. For one PUSCH carrying MAC CE of SCell BFR sent in configured grant, if the UE does not receive DCI format when the timer expires, the UE can claim the MAC CE of SCell BFR is received correctly.  
· PUSCH in msg3 of RACH: the UE can transmit the MAC-CE of SCell BFR in the PUSCH scheduled by RAR uplink grant. In this case, the gNB’s response can be the response to msg3 of RACH, for instance, the msg4 can be considered as the response to the MAC CE of SCell BFR.
· PUSCH in msgA of a 2-step RACH: the UE can transmit the MAC-CE of SCell BFR in the PUSCH of msgA of a 2-step RACH. The msgB can be considered as gNB’s response to the MAC CE of SCell BFR in this case.
 
[bookmark: _Hlk23326658]Proposal 14: Define gNB’s response to a MAC-CE of SCell BFR as:
· If the MAC CE is carried in PUSCH scheduled by a DCI: the UE receives a DCI schedules new transmission for the same HARQ process or the UE does not receive DCI scheduling retransmission before the timer expires. 
· If the MAC CE is carried in PUSCH in configured grant: the UE does not receive DCI scheduling retransmission before the timer expires. 
· If the MAC CE is carried in PUSCH scheduled by RAR UL grant: msg4 of the RACH
· If the MAC CE is carried in msgA of 2-step RACH: msgB of the RACH
We discussed after K symbols after UE receiving gNB response to the MAC CE of SCell BFR, the UE starts to assume the gNB applies the  reported in the MAC CE on the PDCCH of the failed SCell. In our view, the value of K can re-use the design for PCell, i.e., K = 28.  Besides PDCCH, the system shall also apply the  on the PDSCH transmission in the failed SCell. Generally, for UE with beam correspondence, the system would apply same beams for downlink and uplink transmission. Thus, at least for UE with beam correspondence, after the acknowledge of the MAC CE of SCell BFR, the UE can start to apply the spatial relation info of  on the PUCCH transmission and SRS resources for codebook-based or non-codebook-based PUSCH transmission in the uplink cell corresponding to the failed downlink SCell.
[bookmark: _Hlk23326664]Proposal 15: The value of K = 28 and the UE shall apply the new beam indicate in the MAC CE of SCell BFR on:
· PDSCH transmission in the failed SCell
· PUCCH on uplink SCell associated with the failed SCell
· SRS resources configured for codebook based PUSCH transmission
· SRS resource configured for non-codebook based PUSCH transmission if associatedCSI-RS is not configured.
A SCell can be activated or deactivated. The BFR for one SCell would be affected by the deactivation operation. When a SCell is deactivated, the on-going BFR procedure for that SCell shall be stopped. 
[bookmark: _Hlk7635472]Proposal 16: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
L1-SINR based beam reporting
As we agreed in RAN1#98bis [2], the bit length for differential L1-SINR is 4 bits and the step size for differential L1-SINR is 1 dB.  Thus, the maximal differential L1-RSRP value can be reported is 0dB ~ -15dB, as shown in the below table:
Table 1
	Reported value
	Range of differential L1-SINR

	0000
	-1dB < differential L1-SINR ≤ 0dB

	0001
	- 2dB < differential L1-SINR ≤ -1dB

	…
	…

	1110
	-15dB < differential L1-SINR ≤ -14dB

	1111
	differential L1-SINR ≤ -15dB



According to the definition in 38.133, the reporting range for a L1-SINR is -23dB ~ 40dB. If the reported value of differential L1-SINR listed in above table is used, when the reported value of the largest L1-SINR in one beam report is ≥ -8dB, one differential value = 1111 will cause ambiguity on the corresponding L1-SINR value to the gNB side. For example, in a beam report with N =2 CRIs, the reported value of the largest L1-SINR is 10dB and the differential L1-SINR report value is 1111. Then the corresponding L1-SINR value could be either > -23dB or < -23 dB, which is ambiguous to the gNB side. However, if the reported value of the largest L1-SINR is < -8dB, when the reported value of differential L1-SINR is 1111, there is no ambiguity and the corresponding L1-SINR is definitely < -23dB. The issue of ambiguity only exists if the reported value of the largest L1-SINR is larger than some value.
To solve that possible ambiguity, we can define the reported value 1111 to be ‘below the range’ to indicate the corresponding L1-SINR is < -23dB. However, such a special reported value is only needed when the reported value of the largest L1-SINR is > some value where the ambiguity would happen. 
 Table 2
	Reported value
	Range of differential L1-SINR

	0000
	-1dB < differential L1-SINR ≤ 0dB

	0001
	- 2dB < differential L1-SINR ≤ -1dB

	…
	…

	1110
	differential L1-SINR ≤ -14dB

	1111
	The corresponding L1-SINR is < -23dB



In summary, when the reported value of the largest L1-SINR is ≥ -8dB, the reported value of a differential L1-SINR can be determined according to Table 2 to cover the case that a L1-SINR can be < -23dB and when the reported value of the largest L1-SINR is < -8 dB, the reported value of a differential L1-SINR is determined according to Table 1.
[bookmark: _Hlk23326703]Proposal 17: In L1-SINR report,  
· if the reported value of the largest L1-SINR is ≥ -8dB, the reported value of differential L1-SINR is determined according to table 2
· if the reported value of the largest L1-SINR is < -8dB, the reported value of differential L1-SINR is determined according to table 1
Regarding the CPU occupancy for L1-SINR beam report, we suggest to use the same CPU occupancy value as L1-RSRP beam reporting.  The and  values for L1-RSRP beam report is  values.  In comparison with L1-RSRP computation, the L1-SINR computation is more complicated. To calculate one L1-SINR, the UE needs measure both channel and interference. When dedicated IMR is configured (either ZP IMR or NZP IMR), the UE needs to measure both CMR and IMR. Generally, CMR and IMR would be transmitted in different symbols or even different slots. For the L1-SINR measurement without dedicated IMR configuration, the UE still needs to measure channel and interference from the configured CMR, which also causes more computation than what is needed in L1-RSRP measurement. Therefore, the UE would need more measurement and computation for L1-SINR than for L1-RSRP. If we decide to use the same CPU occupancy for L1-SINR, it is obvious that the processing time for L1-SINR shall be relaxed. 
It is preferred to use the   values defined in Table 5.4-2 specified in 38.214 for L1-SINR report. And we do not suggest to introduce any new values other those already specified in Table 5.4-2.
[bookmark: _Hlk23326708]Proposal 18: Use the  defined in table 5.4-2 in 38.214 for L1-SINR report.
The L1-SINR based beam report is also applied to group-based beam reporting. In group-based beam reporting, the UE reports 2 CRIs or SSBRIs along with their L1-SINR, which can be received simultaneously by the UE with one or more Rx beams. The main use case of group-based beam reporting is multi-TRP/panel gNB. The UE measures multiple Tx beams transmitted from different TRPs or Tx panels and then the UE selects and reports Tx beam of different TRP or Tx panels to the gNB. That two reported CRIs or SSBRIs can be used to transmit downlink channel simultaneously. Thus, the group-based beam reporting shall support two fundamental functions: the first one is those two CRIs or SSBRIs shall be transmitted from different TRP or Tx panels and the second one is the interference between those two CRIs or SSBRIs shall be considered because the gNB will use them to transmit downlink simultaneously.
The resource/reporting configurations we have agreed so far for L1-SINR reporting includes: a resource setting with N CSI-RS resource and each CSI-RS resource is used for both CMR and IMR;  resource setting with N CSI-RS or SSB resources for channel measurement and a resource setting with N CSI-IM or NZP CSI-RS resources for interference measurement, and the resources in two resource setting are 1-to-1 associated for each L1-SINR calculation. For group-based L1-SINR reporting, the above configurations have the following issues:
· The UE selects and reports CRI/SSBRI from a single resource setting. Thus, the UE is not able to differentiate TRPs or Tx panels. Generally, the UE could select two CRIs or SSBRIs corresponding to Tx beam that are transmitted from the same TRP or Tx panel.  Such a reporting is useless to NW.
· The UE calculates each L1-SINR only based on the interference measurement from the IMR that is associated with the CMR. But those two CRI/SSBRIs reported in group-based beam reporting are going to be transmitted simultaneously by the gNB and thus the they would cause interference two each other if different data streams are carried by them. 
To resolve the issues for group-based L1-SINR reporting, in our view, we can consider to support the following resource and reporting configurations:
1) Configuration #1: The UE is configured with two resource setting and each resource setting has N CSI-RS resources. Each resource setting contains the CSI-RS resources corresponding to Tx beam transmitted by one TRP or Tx panel of the gNB. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from different resource setting.  The interference for calculating L1-SINR for  is residual power contribution measured from   and the total power contribution measured from , where the UE shall apply the QCL assumption of   to measuring the . The interference for calculating L1-SINR for  is residual power contribution measured from   and the total power contribution measured from . 
2) Configuration #2: the UE is configured with three resource settings. The first and the second resource setting has N CSI-RS resources or SS/PBCH blocks for channel measurement. The third resource setting has N CSI-IM resources. The CSI-IM resources in the third resource setting are 1-to-1 mapping with the resources in the first and the second resource setting. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from the first and second resource setting, respectively.
3) Configuration #3: the UE is configured with four resource setting.  The first and the second resource setting has N CSI-RS resources or SS/PBCH blocks for channel measurement. The third and the fourth resource setting has N NZP CSI-RS resources for interference measurement.  The resources in the first and third resource setting are 1-to-1 associated. The resources in the second and fourth resource setting are 1-to-1 associated. The UE reports two CRIs {} in each reporting instance and those CRIs are selected from the first and second resource setting, respectively.

To summarize, for group-based L1-SINR report, we shall support new report/resource configurations:
[bookmark: _Hlk23326725]Proposal 19: For group-base L1-SINR reporting, support:
· The UE is configured with two resource settings for channel measurement.  The two reported CRIs or SSBRIs are selected from two resource settings.
· The interference for each L1-SINR calculation includes the interference measured from the IMR associated with reported CRI and also includes the interference measured from the IMR and CMR associated with the other reported CRI.
For Rel-15, beam reporting is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. Another reason is beam reporting is generally for analog beams that is applied in the manner of wideband. The same principle and reason should be applied here for L1-SINR beam reporting. Sub-band L1-SINR-based beam reporting is not necessary in our view.
[bookmark: _Hlk16113077]Proposal 20: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Conclusion
In this contribution, we presented our views on L1-SINR beam reporting, SCell BFR, overhead and latency reduction, as well as multi-panel UE. Based on the discussion, the following proposals are provided:
Proposal 1: Support the following method for grouping PUCCH resource for updating spatial relation info:
· Method 1: One PUCCH resource is configured with a higher layer group index that takes value of 0/1/2/3.
· Method 2: The spatial relation for one particular PUCCH transmission is determined based on the CORESET where the scheduling DCI is detected.
Proposal 2: If PUCCH or SRS is not configured with spatial relation info in a CC, the UE does not expect that neither CORESET is configured nor TCI-states are activated for PDSCH in that CC. 
Proposal 3: For a PUCCH using default spatial relation info, if the RS in the default spatial relation info is periodic CSI-RS, the UE shall use that CSI-RS to measure path loss; otherwise, the UE shall use the SSB used to obtain MIB to measure path loss.
Proposal 4: For SRS resources using default spatial relation info, if path loss RS is not configured to the SRS resource set:
· If all the SRS resources in the set use the same default spatial relation info, the UE shall use the RS in the default spatial relation info to measure path loss if that RS is a periodic CSI-RS; otherwise, the UE use the SSB used to obtain MIB.
· If some of the SRS resources in the set are configured with spatial relation info, the UE shall use the SSB used to obtain MIB to measure path loss.
Proposal 5: For a UE without beam correspondence, if spatial relation info is not configured to an SRS resource or PUCCH resource, the default spatial relation info is the transmit beam that is used to transmit the RACH msg1 in the most recent successful RACH transmission.
Proposal 6: Increase the number of configured path loss RSs to 8.
Proposal 7: Do not support using one MAC CE activating/indicating TCI-state ID(s) for PDSCH or PDCCH in different inter-band CCs.
Proposal 8: The feature of updating spatial relation info for SRS across CC:
· It only supports SRS resources for codebook-based, SRS resource for non-codebook based without configuration of asscociatedCSI-RS and SRS for antenna switching.
· The SRS resources for antenna switching within the same set shall be configured with same spatial relation info.
· It only supports aperiodic SRS resource.
Proposal 9: In implicit method, it is up to UE implementation to choose up to two BFD RS.
Proposal 10: For configuration of PUCCH-BFR, support alt2 and up to 1 PUCCH-BFR can be configured for the UE in one cell group.
Proposal 11: When positive SR of SCell BFR based on PUCCH format 0 overlaps with HARQ-ACK of eMBB based on PUCCH format 1, the UE shall transmit positive SR of SCell BFR.
Proposal 12: When positive SR of SCell BFR overlaps with SR/HARQ-ACK for URLLC, the SR of SCell BFR has lower priority.
Proposal 13: When positive SR of SCell BFR overlaps with CSI report, re-use the rule specified in Rel15.
Proposal 14: Define gNB’s response to a MAC-CE of SCell BFR as:
· If the MAC CE is carried in PUSCH scheduled by a DCI: the UE receives a DCI schedules new transmission for the same HARQ process or the UE does not receive DCI scheduling retransmission before the timer expires. 
· If the MAC CE is carried in PUSCH in configured grant: the UE does not receive DCI scheduling retransmission before the timer expires. 
· If the MAC CE is carried in PUSCH scheduled by RAR UL grant: msg4 of the RACH
· If the MAC CE is carried in msgA of 2-step RACH: msgB of the RACH
Proposal 15: The value of K = 28 and the UE shall apply the new beam indicate in the MAC CE of SCell BFR on:
· PDSCH transmission in the failed SCell
· PUCCH on uplink SCell associated with the failed SCell
· SRS resources configured for codebook based PUSCH transmission
· SRS resource configured for non-codebook based PUSCH transmission if associatedCSI-RS is not configured.
Proposal 16: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.
Proposal 17: In L1-SINR report,  
· if the reported value of the largest L1-SINR is ≥ -8dB, the reported value of differential L1-SINR is determined according to table 2
· if the reported value of the largest L1-SINR is < -8dB, the reported value of differential L1-SINR is determined according to table 1
Proposal 18: Use the  defined in table 5.4-2 in 38.214 for L1-SINR report.
Proposal 19: For group-base L1-SINR reporting, support:
· The UE is configured with two resource settings for channel measurement.  The two reported CRIs or SSBRIs are selected from two resource settings.
· The interference for each L1-SINR calculation includes the interference measured from the IMR associated with reported CRI and also includes the interference measured from the IMR and CMR associated with the other reported CRI.
Proposal 20: Only wideband L1-SINR is supported for beam reporting in Rel-16.
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