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1. Introduction
In RAN#85 meeting, the revised WID for enhancements on MIMO for NR was approved [1], where the focus of this contribution is about the following WI objectives on multi-beam based operations and enhancements:

· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
We discuss potential enhancements on the UL and DL related topics in the following sections.

2. Overhead and latency reduction for UL/DL BM
2.1. Simultaneous spatial relation update for multiple PUCCH resources
	Agreement@RAN1#96
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 

· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options

· Spatial relation update for all PUCCH resources in a CC by one MAC CE

· Spatial relation update per Rel-15 PUCCH resource set

· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 

· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells

· Other options are not precluded.

Agreement@RAN1#96bis
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 

· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation

· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP

Detailed design on the MAC CE is up to RAN2

Working Assumption@RAN1#97
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, only up to two groups will be supported in Rel-16
Agreement@RAN1#98bis
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@RAN1#98bis
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@RAN1#98bis
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 RAN1#98bis, it was agreed to support simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, where the group can be explicitly configured by higher-layer signaling up to 4 groups per BWP. Also, in the email discussion on RRC parameters, it was concluded that RAN1 will decide further details in RAN1#99 including whether the necessary RRC parameter(s) configurable per UL BWP needs to be refined further to, e.g. “per PUCCH resource” or “per PUCCH-SpatialRelationInfo”.
In our view, there can be two possible ways that RAN2 can further consider the signaling details on explicitly configuring up to 4 groups, which are either introducing a PUCCH resource group ID inside the PUCCH resource, or defining a separate PUCCH resource group, as an information element in RRC, that contains PUCCH resource ID(s). Although we slightly prefer more to the latter option which looks simpler, either way seems to have no technical differences, so that it can be decided by RAN2. However, we don’t see clear benefits on the option of per PUCCH-SpatialRelationInfo, since this seems to unnecessarily require an indirect way of PUCCH resource grouping, so that we prefer to have a direct PUCCH resource grouping based on PUCCH resource IDs. 

Also, it is not necessary to tie this signaling into a specific usage (e.g. MTRP) nor into HARQ aspects such as joint/separate A/N for MTRP, and it can be used for multiple usages/scenarios, e.g. MTRP, single TRP with multiple Rx beams/panels, and multiple UE Tx panels.
Proposal 1: For explicitly configuring up to 4 groups of PUCCH resources for simultaneous spatial relation update, it is preferred to define a separate PUCCH resource group, as an information element in RRC, that contains PUCCH resource ID(s).
2.2. Default spatial relation for PUCCH and SRS
	For further discussion

Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2
Agreement@RAN1#98
At least for UEs supporting beam correspondance, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, a default spatial relation for dedicated-PUCCH/SRS is applied

· FFS: Detail on the default spatial relation

Agreement@RAN1#98
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis

· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)

· Alt.2: one of an active TCI state of CORESET

· FFS: details of which TCI state

· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH

· Alt.4: CORESET#0 QCL assumption

· Alt.5: pathloss reference RS

· FFS: details of which pathloss reference RS

· FFS: whether to apply the above for UEs not supporting beam correspondence
Agreement@RAN1#98bis

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@RAN1#98bis

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




In RAN1#98bis, it is agreed as working assumption that 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 the default TCI state or QCL assumption of PDSCH. Regarding the FFS points on the condition related to the existence of configured pathloss RSs, our preference is to make the agreed default behavior be applicable even when pathloss RSs are configured by RRC, which can make the specification in a clean and simple way without causing critical problems, with understanding that pathloss RSs are decoupled and independent from spatial relation reference RS in terms of specification. Regarding another FFS point on which RS to use for pathloss measurement in case when no pathloss RSs are configured by RRC, this behavior should follow the existing Rel-15 behavior and we do not see any motivation and benefits to change this from Rel-15 specifications.
Proposal 2: Confirm the working assumption with following updates.

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

Note for another FFS point on UE behavior in the absence of the activated TCI state, it seems not needed to explicitly handle this in the specification, with understanding that in such case the Rel-16 feature on the default behavior is not applied. We think it doesn’t cause any critical problems because such related RRC configurations are provided flexibly by the network, so that the network already has the full flexibility to control the spatial relation related configurations. Therefore, in such a corner case, it just follows the legacy behavior based on Rel-15 and there is no ambiguity in UE implementation.
Proposal 3: For the default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, no need to particularly handle the case for the absence of the activated TCI state, i.e., in such a case, it just follows the legacy behavior based on Rel-15, without ambiguity in terms of UE implementation.

2.3. Updating pathloss reference RS for PUSCH/SRS via MAC CE
	Agreement@RAN1#97
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.

· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.

· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

Agreement@RAN1#98
Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:

· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.

· FFS: the cases of non-codebook based PUSCH, SRS

· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.

· gNB can configure more than 4 pathloss RSs.

· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE

· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE

· FFS on whether to support the number of configured pathloss RSs are more than four.

· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.

· Note: The periodic CSI-RS is used for pathloss reference.

· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.

· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).
Agreement@RAN1#98bis

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.

Working assumption:@RAN1#98bis

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:@RAN1#98bis

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 RAN1#98bis, it is agreed as working assumption that pathloss reference RS for PUSCH/AP-SRS/SP-SRS can be activated/updated via MAC CE, where it is also identified to reuse higher layer filtered RSRP for pathloss measurement with defining the applicable timing after the MAC CE. This feature has benefits in line with the agreed feature of the MAC CE based spatial relation update for aperiodic SRS introduced in Rel-16. Therefore, the working assumptions should be confirmed. 

One FFS point on the maximum configurable pathloss RSs by RRC, compared with the maximum value in Rel-15 as 4, it is desired to be increased as 8 or 16 in Rel-16.
Proposal 4: Confirm the working assumptions on the MAC-CE based pathloss reference RS update for PUSCH/AP-SRS/SP-SRS, also with increasing the maximum configurable pathloss RSs by RRC to 8 or 16.
2.4. Simultaneous TCI states activation/selection across multiple CCs/BWPs
	For further discussion

Study beam indication/activation for a group of CCs

Agreement@RAN1#98
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2

· Support of this mode can be indicated by UE capability

· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)

· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2

· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 

· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied
Conclusion@RAN1#98bis

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@RAN1#98bis

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@RAN1#98bis

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@RAN1#98bis

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
Working assumption:@RAN1#98bis

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)

Working assumption:@RAN1#98bis

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



In RAN1#98bis, it is agreed to support a single MAC-CE can activate a set of TCI-state IDs for PDSCH for multiple CCs/BWPs for latency/overhead reduction across multiple CCs/BWPs. The feature is also similarly supported for PDCCH, and even for SP/AP SRS with simultaneous spatial relation updates. Since the agreements also include up to 2 lists of CCs configurable by RRC per UE and one of them to be determined by the indicated CC in the MAC CE, the supported features can straightforwardly be extended to support the inter-band CA case as well, thanks to the agreed flexible higher-layer signalling structure.
Proposal 5: Confirm the working assumptions on the MAC-CE based simultaneous spatial relation update across multiple CCs/BWPs for SP/AP SRS.

Proposal 6: Support extending to the inter-band CA case the agreed features on MAC-CE based TCI-state activation for PDSCH/PDCCH and spatial relation updates for SP/AP SRS, in consideration of the flexible higher-layer signaling structure for up to independent 2 lists of CCs configurable by RRC for each feature.

In addition, since the conclusion was made in RAN1#98bis that the RRC-configurable number of TCI states (up to 128) can still be different and independent across the considered CCs/BWPs, it should be clarified on the proper UE behavior when a set of TCI-state IDs for PDSCH indicated by MAC CE are not fully existing on some applied CC(s). A simple clarification for this case would be that, among the RRC-configured candidate TCI-state IDs for a given CC/BWP, only a common part of the indicated TCI-state IDs across all applicable CCs/BWs should be applied for the simultaneous TCI-state activation behavior. In other words, the main motivation of the simultaneous TCI states activation feature is to significantly reduce redundant higher-layer signalling overhead, and it can still be attainable for a part of RRC-configured TCI states IDs which are the common part of the whole considered CCs/BWPs for the operation. For the other indicated TCI state IDs which are not fully belonging to such a common part, this should only be applied for the target CC/BWP.

Proposal 7: Since the RRC-configurable number of TCI states (up to 128) can still be different and independent across the considered CCs/BWPs, it should be clarified that the simultaneous TCI states activation feature should only be applicable for the common part of TCI-state IDs configured for the considered CCs/BWPs.
3. Enhancements on beam measurement and reporting
Regarding Type-D QCL assumption between CMR and IMR, the current agreement text ‘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’’, which is copied from Rel-15 specification can be interpreted by multiple different meanings especially for the case of NZP IMR. One may argue that it is same as Rel-15, however, Rel-15 allows only one CMR for the case of NZP IMR, i.e. only for CSI reporting (not beam reporting) excluding this multiple CMR case. Although Rel-15 supports multiple CMR case, only ZP IMRs are allowed in this case, where no QCL reference RS is configured for the IMRs. Regarding the agreed text, one may understand that NZP IMR cannot be configured with QCL-D RS, which is same as ZP IMR. Another may understand that NZP IMR can be configured with QCL-D RS but the QCL-D RS should be same as the QCL-D RS of the associated CMR. If we check the RRC structure, QCL RS can be configured for each NZP CSI-RS resource and each NZP CSI-RS resource configuration is a global configuration that can be used for IMR as well as CMR. Based on the observation, our understanding is the second interpretation.

Proposal 8: For each NZP IMR, QCL RS can still be configured.
If above proposal can be agreeable, UE behaviour needs to be further clarified if the QCL-D RS of CMR and QCL-D RS of NZP IMR are different, e.g., whether UE can consider this case as an error case and does not report L1-SINR, or whether UE still needs to report L1-SINR via setting its Rx beam for CMR.

Proposal 9: Clarify whether or not UE should report L1-SINR if the CMR and its mapped NZP IMR are not Type-D QCLed.
Another remaining issue for L1-SINR reporting is the timing requirement, i.e., Z and Z’ values. Based on email discussion [98b-NR-23], the following agreement was made.

	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.


Regarding Alt3, Z3 and Z3’ are determined by UE capabilities beamReportTiming and beamSwitchTiming, when UE reports beamSwitchTiming other than {224, 336} for SCS 60 and SCS 120. Especially, the reported UE capability value of beamReportTiming decides both Z and Z’. In Rel-15, obviously, those UE capabilities are decided based on L1-RSRP measurement and calculation. If Alt3 is applied, a UE should report a single common value of beamReportTiming to be applied for both L1-RSRP report and L1-SINR report. Consequently, UEs shall report their beamReportTiming capability values based on L1-SINR measurement and calculation, since it requires more time than L1-RSRP. As a result, Z/Z’ values for the Rel-16 UE will be larger than Z/Z’ values for the Rel-15 UE to be applicable for L1-RSRP report, which is a legacy behaviour. This means that agreeing on Alt3 will degrade Rel-16 UE performance compared to Rel-15 UE with respect to the legacy L1-RSRP report, that surely be avoided. 

Observation 1: If Alt3 is adopted, UE shall report beamReportTiming value based on L1-SINR measurement and calculation, which requires longer time than L1-RSRP. Consequently, the reporting timing for the legacy L1-RSRP will be delayed due to the support of L1-SINR report.

Proposal 10: Alt3 should NOT be adopted because it will degrade Rel-16 UE performance compared to Rel-15 UE performance with respect to the legacy L1-RSRP report.

Alt2 can relax Z’ value compared to L1-RSRP but it cannot relax Z value because Z1 and Z3 are same for 15k and 30k SCS, 22 and 33 symbols, respectively, and also for UEs who use the cap values for 60k and 120k SCS, 44 and 97 symbols, respectively. 

Both Alt1 and Alt4 work well for relaxing Z/Z’ timing requirement for L1-SINR. Between them, we slightly prefer Alt1 as it is more aligned with Rel-15 principle especially for Z’ value.

Proposal 11: Either Alt 1 or Alt4 should be supported for Z and Z’ values.
4. Enhancements on beam failure recovery
One of the remaining issue for SCell BFR from RAN1 perspective is how to handle the collision case of BFRQ-PUCCH with format 0 and HARQ-ACK PUCCH with format 1. If we follow existing UCI handling behaviour, BFRQ-PUCCH should be dropped in this case, which is undesirable from technical perspective as BFRQ is more important message than HARQ-ACK at least for normal eMBB data. Especially for the NACK case, there is no significant performance loss even if UE does not transmit HARQ-ACK PUCCH because gNB will retransmit DL-SCH if gNB do not receive HARQ-ACK PUCCH, although there will be a redundant DL-SCH transmission in case of ACK. If BFRQ SR cannot be transmitted due to the collision, UE could release PUCCH and SRS for all serving cells and initiate RA procedure according to the specified MAC behaviour, resulting in a critical loss in terms of overhead, latency, and UE power consumption. From this observation, one compromise solution may be to prioritize BFRQ-PUCCH only when NACK. If gNB receives a BFRQ-PUCCH in a slot indicated for HARQ-ACK transmission, gNB can understand that it is a NACK case. With respect to the URLLC HARQ-ACK, a same rule can be applied, i.e. prioritizing BFRQ only when NACK, as retransmission is anyway required in that case. Prioritizing the URLLC HARQ-ACK over BFRQ is also considerable.

Proposal 12: When the BFRQ-PUCCH with format 0 is collided with a HARQ-ACK PUCCH with format 1, BFRQ-PUCCH should be prioritized over HARQ-ACK PUCCH fully or conditionally (i.e. only when NACK) at least for the normal HARQ-ACK.

In case of collision between BFRQ-PUCCH and SR-PUCCH, it is not proper to consider this case as a collision of multiple SR-PUCCHs because current specification does not define any prioritization of different SR-PUCCH resources, i.e., it is up to UE implementation. Thus, BFRQ-PUCCH should be transmitted with higher priority in this case. With respect to UCI dropping, this issue may be handled by RAN2 as BFRQ-PUCCH will be configured using an SR configuration ID while UCI multiplexing method should be handled by RAN1. For UCI multiplexing, BFRQ and SR(s) can be jointly mapped into the current SR part in the UCI payload on a PUCCH (e.g. ceil(log2(K+2)) bits for jointly encoding of K SRs and 1 BFRQ) to minimize specification impact. 

Proposal 13: When the BFRQ-PUCCH is collided with other PUCCH/PUSCH that carries SR,
· BFRQ should be prioritized over SR(s) for UCI dropping and for UCI multiplexing
· BFRQ can be jointly mapped with SR(s) into the current SR part in the UCI payload on a PUCCH for UCI multiplexing
There is one remaining issue about whether to specify UE behaviour if the number of configured CORESETs is more than 2. As RAN1 agreed to use the same limit for SCell as SpCell by considering UE complexity, we think that there is no reason to specify something more for SCell compared to SpCell. In typical CA scenarios, there is no strong needs to configure more CORESETs and search spaces for SCell than PCell/PsCell. Even if more than two CORESETs are configured on an SCell, network can still configure up to two BFD RSs via using explicit configuration of BFD RSs, or even if they are not explicitly configured, gNB can still make the total number of different QCL-D RSs up to two by implementation, e.g., configuring a same QCL-D RS for multiple CORESETs. If there are more than three different QCL-D RSs, it does not technically make sense to rule out specific one QCL-D RS among them for BFD because the corresponding CORESET can still be operational, i.e., it is not a beam failure case by noting that ‘beam failure event’ has been defined for the case when all beams for DL control channels are broken. 
Proposal 14: Do not specify the UE behaviour for the case of the total number of different BFD RSs across CORESETs is larger than two for SCell BFR, to be aligned with SpCell BFR.
5. Conclusion
In this contribution, we discussed enhancements on the UL and DL BM related topics in Rel-16 MIMO. Based on the discussions above, following observations and proposals are given:
For overhead and latency reduction for UL/DL BM,
Proposal 1: For explicitly configuring up to 4 groups of PUCCH resources for simultaneous spatial relation update, it is preferred to define a separate PUCCH resource group, as an information element in RRC, that contains PUCCH resource ID(s).
Proposal 2: Confirm the working assumption with following updates.

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

Proposal 3: For the default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, no need to particularly handle the case for the absence of the activated TCI state, i.e., in such a case, it just follows the legacy behavior based on Rel-15, without ambiguity in terms of UE implementation.

Proposal 4: Confirm the working assumptions on the MAC-CE based pathloss reference RS update for PUSCH/AP-SRS/SP-SRS, also with increasing the maximum configurable pathloss RSs by RRC to 8 or 16.

Proposal 5: Confirm the working assumptions on the MAC-CE based simultaneous spatial relation update across multiple CCs/BWPs for SP/AP SRS.

Proposal 6: Support extending to the inter-band CA case the agreed features on MAC-CE based TCI-state activation for PDSCH/PDCCH and spatial relation updates for SP/AP SRS, in consideration of the flexible higher-layer signaling structure for up to independent 2 lists of CCs configurable by RRC for each feature.

Proposal 7: Since the RRC-configurable number of TCI states (up to 128) can still be different and independent across the considered CCs/BWPs, it should be clarified that the simultaneous TCI states activation feature should only be applicable for the common part of TCI-state IDs configured for the considered CCs/BWPs.
For enhancements on beam measurement and reporting,
Proposal 8: For each NZP IMR, QCL RS can still be configured.
Proposal 9: Clarify whether or not UE should report L1-SINR if the CMR and its mapped NZP IMR are not Type-D QCLed.
Observation 1: If Alt3 is adopted, UE shall report beamReportTiming value based on L1-SINR measurement and calculation, which requires longer time than L1-RSRP. Consequently, the reporting timing for the legacy L1-RSRP will be delayed due to the support of L1-SINR report.

Proposal 10: Alt3 should NOT be adopted because it will degrade Rel-16 UE performance compared to Rel-15 UE performance with respect to the legacy L1-RSRP report.

Proposal 11: Either Alt 1 or Alt4 should be supported for Z and Z’ values.
For enhancements on beam failure recovery,

Proposal 12: When the BFRQ-PUCCH with format 0 is collided with a HARQ-ACK PUCCH with format 1, BFRQ-PUCCH should be prioritized over HARQ-ACK PUCCH fully or conditionally (i.e. only when NACK) at least for the normal HARQ-ACK.

Proposal 13: When the BFRQ-PUCCH is collided with other PUCCH/PUSCH that carries SR,
· BFRQ should be prioritized over SR(s) for UCI dropping and for UCI multiplexing
· BFRQ can be jointly mapped with SR(s) into the current SR part in the UCI payload on a PUCCH for UCI multiplexing
Proposal 14: Do not specify the UE behaviour for the case of the total number of different BFD RSs across CORESETs is larger than two for SCell BFR, to be aligned with SpCell BFR.
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