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1. Introductions
In RAN1 #98bis meeting, FR2 multi-beam related issues were discussed, e.g. RRC signaling overhead and latency reduction, SCell BFR and L1-SINR [1]. In this paper, we further share our views on these issues for MIMO enhancements in Rel-16. 
2. Higher layer signalling overhead and latency reduction
	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.



In the agreements of RAN1 #98bis meeting, up to 4 groups of PUCCH resources per BWP can be configured by explicit higher layer signalling for the feature of simultaneous update/indication of a single spatial relation per group of PUCCH resources by using one MAC CE. When the spatial relation needs to be updated, the gNB can use a MAC CE to indicate a new spatial relation for a PUCCH resource group. To reduce the impact on spec, MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 TS 38.321[2], including Serving Cell ID, BWP ID, PUCCH resource ID and spatial relation info, can be reused. The spatial relation info is applied for all the PUCCH resources in the group to which the indicated PUCCH resource belongs.

Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of all the PUCCH resources in a group.

· The activated spatial relation is applied for all the PUCCH resources in the group to which the indicated PUCCH resource belongs.
	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
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 the RAN1 #98bis meeting, the simultaneous TCI state/spatial relation update across multiple CCs/BWPs is supported. For RRC signalling overhead reduction, the working assumption can be confirmed, i.e. up to 2 lists of CCs can be configured bu RRC per UE and the applied list is determined by the indicated CC in the MAC CE, where the UE expect no overlapped CC in multiple RRC-configured lists of CCs.  For a band in FR2, the spatial propagation characteristics are similar for the channels/RSs in different cells regardless of downlink  and uplink. The applicable frequency range for transmission and reception in FR2 are also the same. A common CC lists can be configured for DL and UL. And the simultaneously updated spatial relation is applied for the CCs with uplink transmission. For example, for TDD UL and DL pattern, the CCs with uplink transmission include the uplink slots/symbols configured by RRC and the flexible symbols indicated as uplink symbols between downlink slots/symbols and uplink slots/symbols. 
At least for FR2, whether to allow simultaneous TCI state/spatial relation info update for CCs in different bands is up to RAN4 discussion. RAN1 should send LS to RAN4 on the feasibility and necessity of supporting inter-band CA in FR2 in Rel-16. 
Proposal 2: 

· For the purpose of simultaneous TCI state/spatial relation update across multiple CCs/BWPs, common CC lists can be configured for DL and UL.

· The simultaneously updated spatial relation is applied for the CCs with uplink transmission. 
Proposal 3: 

· Send LS to RAN4 to inquire their views on the feasibility and necessity of supporting inter-band CA in FR2 in Rel-16.
For simultaneous spatial relation update across multiple CCs/BWPs for SP/AP SRS resource, the working assumption should be confirmed with the update that it is not applied for all types of SRS.  The usage of the SRS resource set should be restricted as codebook, nonCodebook, antennaSwitching. For simultaneous spatial relation info update across multiple CCs, a single set of SRS for beam management would be enough for the set of CCs. The functionality is not necessary to be applied for SRS for beam management.
Proposal 4: 

· For simultaneous spatial relation update across multiple CCs/BWPs for SP/AP SRS resource, the usage of the SRS resource set is restricted as codebook, nonCodebook, antennaSwitching.
In RAN1 #98bis meeting, MAC CE activation of TCI state ID/spatial relation info for CORESET/PDSCH/SRS is discussed. The functionality can be extended to spatial relation info of PUCCH. If the group of PUCCH resources per BWP is configured, when spatial relation info is activated for a PUCCH resource group by a MAC CE, the activated spatial relation info can be applied for the PUCCH resource groups with the same group index for all the BWPs in the indicated CCs. 

Proposal 5: 

· When spatial relation info is activated for a PUCCH resource group by a MAC CE for a set of CCs/BWPs at least for the same band, the spatial relation info is applied for the PUCCH resource groups with the same group index for all the BWPs in the indicated CCs.

In the RRC perspective, the candidate TCI state/spatial relation info can be independently configurable by RRC for each CC/BWP. From perspective of beam management, the beam tracking per cell would consume large amount of UE computation resources. If QCL-TypeD RS in same TCI state ID or source RS in same spatial relation info can be same for the set of CCs/BWPs, the DL or UL beam management complexity across CCs are reduced significantly. 
Proposal 6：
· For the simultaneous update of TCI state across cells, the same QCL-TypeD RS is configured for same TCI state ID across cells/BWPs in the CC list.
· For the simultaneous update of spatial relation info across cells, the same source RS is configured for same spatial relation info across cells/BWPs in the CC list.
For the case when an RS in a BWP is used as the QCL source for all the CCs /BWPs in the CC list, when there is BWP switch, the UE behavior needs to be clarified for the reception of the RS in a BWP that is not active. One of the possibilities is that UE receives the RS based on active BWP, i.e. the REs for the reception of the CSI-RS is determined based on the currently active BWP rather than the original BWP. In current QCL-Info IE, BWP info is configured. It should be clarified that when BWP switching occurs, UE can ignore BWP ID configured in QCL-Info and determine the RE for QCL-TypeD RS reception based on active BWP of the cell.
QCL-Info ::=                        SEQUENCE {

    cell                                ServCellIndex    OPTIONAL,   -- Need R

    bwp-Id                              BWP-Id           OPTIONAL, -- Cond CSI-RS-Indicated

    referenceSignal                     CHOICE {

        csi-rs                              NZP-CSI-RS-ResourceId,

        ssb                                 SSB-Index

    },

    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},

    ...

}

· Proposal 7：
· When the CSI-RS is used as QCL source for multiple CCs, clarify UE behavior of CSI-RS reception when there is BWP switch:

· UE ignores BWP ID configured in QCL-Info in case of BWP switching. 
· Reception of QCL-TypeD RS is based on active BWP: the REs for the reception of the CSI-RS is determined based on the current active 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.
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




For the assumption of single beam operation, if the gNB updates DL TCI state for DL beam of the UE with beam correspondence, the spatial relation for UL beam is also updated. It can save the UL beam management complexity and signalling overhead. If spatial relation info for dedicated PUCCH/SRS, except for SRS with usage = ‘BeamManagement’, is not configured in FR2, the working assumption can be confirmed, i.e. the default TCI state or QCL assumption of PDSCH is applied to the dedicated PUCCH/SRS. 

In case of absence of the activated TCI state, the scheme for PDSCH TCI state between initial RRC configuration and  MAC CE activation in Rel-15 can be reused, e.g. the QCL assumption of SS/PBCH block the UE identified during the initial access procedure is used to determine the default spatial relation of dedicated PUCCH/SRS. 
Proposal 8: 
· In case of absence of the activated TCI state, the scheme for PDSCH TCI state between initial RRC configuration and MAC CE activation in Rel-15 is reused to determine the default spatial relation of dedicated PUCCH/SRS.
When no PL RSs are configured by RRC for PUCCH/SRS, if the DL RS in default TCI state or QCL assumption of PDSCH is used as PL RS, e.g. the DL RS in TCI state of the CORESET with the lowest ID in the most recent monitored DL slot or in the activated TCI state with the lowest ID applicable to PDSCH, the beams of PUCCH/SRS are always changing, the power control of SRS and PUCCH may require UE to measure and track new PL RS frequently and increase UE comlexity. One of DL RS with a predefined resource index or indicated by a MAC CE can be used as the PL RS. 

Proposal 9: 
· For dedicated PUCCH/SRS, when no PL RSs are configured, one of the DL RS in default TCI state or QCL assumption of PDSCH is used as PL RS.
	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.


In Rel-15 UE has to monitor maximum 4 PL RSs which should be used as a baseline. The working assumption is confirmed with the update that when the configured PL RSs by RRC is smaller or equal to 4, UE can track all the configured PL RSs and if a PL RS is activated by MAC CE, the application time is not required. 
Proposal 10: 

· If the configured PL RSs by RRC is smaller or equal to 4, when a PL RS is activated by MAC CE, the application time is not required.
To further save higher layer signaling overhead, for PL RSs activation of SRS resource set by MAC CE, we can consider the conclusion of simultaneous update of TCI state ID/spatial relation info across CCs/BWPs as a reference. When PL RSs are activated for a SRS resource set by a MAC CE, the activated PL RSs are applied for the SRS resource sets with the same resource set index for all the BWPs in the indicated CCs. 
Proposal 11: 

· When PL RS is activated for a SRS resource set by a MAC CE for a set of CCs/BWPs at least for the same band, the PL RS is applied for the SRS resource sets with the same resource set index for all the BWPs in the indicated CCs.
3. Enhancements on SCell beam failure recovery
	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




In Rel-15 for each BWP of a serving cell, a UE can be provided a set 
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of periodic CSI-RS resource configuration indexes by failureDetectionResources for beam failure detection on the BWP of the serving cell. The UE expects the set 
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 to include up to 2 RS indexes. 
In agreements of RAN1 #98bis meeting, for SCell BFR, the maximum number of BFD RS for per BWP is up to 2 without introducing additional UE capability. If the number of configured CORESETs for a BWP is more than 2, from the view of implementation, the measurement result of a BFD RS can represent the beam quality for more than one CORESETs. For example, same QCL assumption for two CORESETs is configured/activated. Or the wider beam is used for BFD RS transmission and covers the beams of at least two CORESETs. We suggest discussing the number of BFD RS for BFR in multi-TRP case in Rel-17. 
Proposal 12: 

· In Rel-16, it is not necessary to further specify UE behavior if number of configured CORESETs is more than 2.
	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.
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
· When PUCCH-BFR collides with SRS, the SRS should be dropped
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




In RAN2 agreement, one SR ID is configured for BFR within the same cell group. In Rel-15, the IE SchedulingRequestConfig is used to configure the parameters, for the dedicated scheduling request (SR) resources, where SR ID schedulingRequestId is included. And according to the higher layer parameter SchedulingRequestResourceConfig, one SR ID can be associated with at least one resource. The SR configuration and transmission behavior supported in current spec can be reused and new behavior does not need to be introduced. The one or two PUCCH-BFR resources can be configured for a UE and associated with SR ID for BFR. In case of beam failure on a SCell, UE can pick one or all of the PUCCH-BFR resources to transmit BFRQ.
Proposal 13：
· Reuse existing SR configuration and transmission behavior for PUCCH-BFR.
In agreement of RAN1 #98bis meeting, the dropping/multiplexing rule specified in Rel-15 is reused when PUCCH-BFR collides with other PUCCH that does not carry SR except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1. We think the higher priority of PUCCH-BFR can recover the beam link as soon as possible, compared with data retransmission caused by HARQ-ACK loss. So for the case that a UE would transmit information in PUCCH-BFR resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only the information in PUCCH-BFR resource using PUCCH format 0.
Proposal 14:
· For the case that a UE would transmit information in PUCCH-BFR resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only the information in PUCCH-BFR resource using PUCCH format 0.
	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



In agreements of RAN1 #98bis meeting, the new beam indicated in step 2 MAC CE is used for PDCCH in all CORESETs in the failed SCell after receiving response. For PCell BFR in Rel-15, the time requirement of 28 symbols is defined for the PUCCH and PDCCH in CORESET#0 transmission after receiving response. For SCell BFR, this time requirement can also be introduced if the same reasons are considered, e.g. DCI decoding. However, it needs to be clarified which cell’s SCS is used to determine the K value. We tend to use the SCS of the cell where the response is received to satisfy the time requirement of DCI decoding. No only PDCCH in any CORESET, the beam can also be determined for other channel in the same way, i.e. based on the new beam indicated in step 2 MAC CE. But the exception is SRS with usage = ‘BeamManagement’ and CSI-RS for beam management. 
Proposal 15:
· Support value of K=28 symbols.

· K symbols are counted based on the SCS of the cell where the response is received.
· The new beam indicated in step 2 MAC CE can be applied for PDSCH, PUCCH, PUSCH, CSI-RS for BFD, SRS except for usage=’BeamManagement’.
When UE receives beam failure recovery response (BFRR) to step 2 MAC CE, UE can consider BFR procedure is finished, where 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, which is the same as normal ‘ACK’ for PUSCH.
When the PUCCH-BFR resource for SCell BFR is not configured, UE follows the existing framework for requesting uplink resources when no uplink resources are available, i.e. CBRA on SpCell is used, where 2-step RACH based CBRA or 4-step based CBRA can be used for BFRQ transmission.

It is necessary to clarify what is BFRR to step 2 when CBRA is used for BFRQ transmission to determine whether BFR procedure is completed. Based on the RACH procedure, the Msg4 for 4-step RACH and MsgB for 2-step RACH can be used as the BFRR to step 2 in SCell BFR.
Proposal 16:
· For SCell BFR, when 4-step RACH based CBRA or 2-step based CBRA is used for BFRQ transmission, Msg4 for 4-step RACH and MsgB for 2-step RACH can be used as the BFRR to step 2.

4. Beam report with L1-SINR 
	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)

Conclusion

How to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation.



For L1-SINR based beam report, gNB can configure ZP-IMR only or NZP-IMR only for interference measurement, where the CMR and IMR are 1:1 mapped in a CSI-reportConfig. In agreements of RAN1 #98bis meeting, 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’. 

If QCL-TypeD of NZP IMR is not configured, for interference measurement, the QCL assumption of CMR is used as the QCL assumption of the associated NZP IMR. If QCL-TypeD is configured to NZP IMR, there are two possibilities, i.e. the same QCL-TypeD with that of the associated CMR or different QCL-TypeD from that of the associated CMR. For L1-SINR measurement of a beam, when the QCL-TypeD of the NZP IMR is different from that of the associated CMR, the QCL-TypeD of CMR is used for the NZP IMR for interference measurement.
Proposal 17：
· If QCL-TypeD of NZP IMR is not configured, the QCL assumption of CMR is used for the associated NZP IMR.

· If QCL-TypeD of NZP IMR is configured, UE does not expect QCL-TypeD of NZP IMR is different from that of the associated CMR.
From the view of simplifying spec and UE implementation, the Z3 and Z3’ for L1-RSRP report can be reused for L1-SINR report. The rationale is that when we decide the value of Z3 and Z3’ for L1-RSRP report, they are not dependent on number of RS resources measured. For L1-SINR report, the major computation difference is additional measurement of interference, which means increased number of measured RS resources. The total number of resources for CMR and IMR could be further restricted based on above rationale. For example, the total number of CMR and IMR in all resource setting associated with a L1-SINR report setting is restricted based on UE capability, where RS resources with different resource index or RS resources measured with different QCL assumption can be considered. Besides, OCPU for L1-SINR can be same with L1-RSRP. Furthermore, it needs to be clarified that for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none', and CMR setting and IMR setting are configured, UE can assume that the gNB implicitly indicates L1-SINR measurement.
Proposal 18：
· For L1-SINR report, reuse Z3 and Z3’ for L1-RSRP report.

· Restrict the total number of CMR and IMR based on UE capability.

·  For L1-SINR report, OCPU =1.

Proposal 19：
· Clarify the UE behavior when CSI-ReportConfig with higher layer parameter reportQuantity set to 'none', and CMR setting and IMR setting are configured.

5. Conclusion

In this contribution, we have the following proposals for multi-beam transmission schemes.
Proposal 1: 

· Reuse MAC CE for PUCCH spatial relation activation/deactivation in Rel-15 to indicate the spatial relation of all the PUCCH resources in a group.

· The activated spatial relation is applied for all the PUCCH resources in the group to which the indicated PUCCH resource belongs.

Proposal 2: 

· For the purpose of simultaneous TCI state/spatial relation update across multiple CCs/BWPs, common CC lists can be configured for DL and UL.

· The simultaneously updated spatial relation is applied for the CCs with uplink transmission. 

Proposal 3: 

· Send LS to RAN4 to inquire their views on the feasibility and necessity of supporting inter-band CA in FR2 in Rel-16.
Proposal 4: 

· For simultaneous spatial relation update across multiple CCs/BWPs for SP/AP SRS resource, the usage of the SRS resource set is restricted as codebook, nonCodebook, antennaSwitching.
Proposal 5: 

· When spatial relation info is activated for a PUCCH resource group by a MAC CE for a set of CCs/BWPs at least for the same band, the spatial relation info is applied for the PUCCH resource groups with the same group index for all the BWPs in the indicated CCs.

Proposal 6：
· For the simultaneous update of TCI state across cells, the same QCL-TypeD RS is configured for same TCI state ID across cells/BWPs in the CC list.
· For the simultaneous update of spatial relation info across cells, the same source RS is configured for same spatial relation info across cells/BWPs in the CC list.
Proposal 7：
· When the CSI-RS is used as QCL source for multiple CCs, clarify UE behavior of CSI-RS reception when there is BWP switch:

· UE ignores BWP ID configured in QCL-Info in case of BWP switching. 
· Reception of QCL-TypeD RS is based on active BWP: the REs for the reception of the CSI-RS is determined based on the current active BWP.
Proposal 8: 
· In case of absence of the activated TCI state, the scheme for PDSCH TCI state between initial RRC configuration and MAC CE activation in Rel-15 is reused to determine the default spatial relation of dedicated PUCCH/SRS.
Proposal 9: 
· For dedicated PUCCH/SRS, when no PL RSs are configured, one of the DL RS in default TCI state or QCL assumption of PDSCH is used as PL RS.
Proposal 10: 

· If the configured PL RSs by RRC is smaller or equal to 4, when a PL RS is activated by MAC CE, the application time is not required.
Proposal 11: 

· When PL RS is activated for a SRS resource set by a MAC CE for a set of CCs/BWPs at least for the same band, the PL RS is applied for the SRS resource sets with the same resource set index for all the BWPs in the indicated CCs.

Proposal 12: 

· In Rel-16, it is not necessary to further specify UE behavior if number of configured CORESETs is more than 2.

Proposal 13：
· Reuse existing SR configuration and transmission behavior for PUCCH-BFR.
Proposal 14:
· For the case that a UE would transmit information in PUCCH-BFR resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only the information in PUCCH-BFR resource using PUCCH format 0.
Proposal 15:
· Support value of K=28 symbols.

· K symbols are counted based on the SCS of the cell where the response is received.
· The new beam indicated in step 2 MAC CE can be applied for PDSCH, PUCCH, PUSCH, CSI-RS for BFD, SRS except for usage=’BeamManagement’.
Proposal 16:
· For SCell BFR, when 4-step RACH based CBRA or 2-step based CBRA is used for BFRQ transmission, Msg4 for 4-step RACH and MsgB for 2-step RACH can be used as the BFRR to step 2.

Proposal 17：
· If QCL-TypeD of NZP IMR is not configured, the QCL assumption of CMR is used for the associated NZP IMR.

· If QCL-TypeD of NZP IMR is configured, UE does not expect QCL-TypeD of NZP IMR is different from that of the associated CMR.
Proposal 18：
· For L1-SINR report, reuse Z3 and Z3’ for L1-RSRP report.

· Restrict the total number of CMR and IMR based on UE capability.

·  For L1-SINR report, OCPU =1.

Proposal 19：
· Clarify the UE behavior when CSI-ReportConfig with higher layer parameter reportQuantity set to 'none', and CMR setting and IMR setting are configured.
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