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1	Introduction
Beam management solutions were standardized in Rel-15. These solutions were designed to support UEs with directional antennas. The solutions included transmission of beam indications to the UE, reporting of L1-RSRP based on CSI-RS and SS/PBCH block and beam recovery solutions.
The release-16 NR eMIMO WID [1] includes improvements to beam management. In this contribution we describe the remaining issues of the multi-beam operation enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	Signalling and latency reduction
2.1.1	PUCCH groups
In RAN1#98bis, the following agreements were made:
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 email discussion on RRC parameters related to the eMIMO WI, the following was endorsed:
	maxNrofPUCCH-ResourceGroups
	4
	new R16
	a constant value
	a constant value 
(used for dedicated RRC)
	Maximum number of PUCCH resource groups per BWP, where simultaneous spatial relation update by MAC CE within each group is applicable

	New parameter(s) for PUCCH resource grouping for simultaneous spatial relation update by MAC CE 
(RAN1 will decide further details in RAN1#99)
	To be determined by RAN2 
(Note: Up to maxNrofPUCCH-ResourceGroups PUCCH resource groups can be configured)
	new R16
	At least per UL BWP
(RAN1 will decide in RAN1#99 whether “per UL BWP” needs to be refined further to, e.g. “per PUCCH resource” or “per PUCCH SpatialRelationInfo”)
	dedicated
	Explicit PUCCH resource grouping for simultaneous spatial relation update for PUCCH resources in a group by MAC CE.
How to define this parameter(s) is up to RAN2.



In the endorsement, some open issues are brought forward – at the same time RAN1 states that it is up to RAN2 how to define the parameter. 
The motivation of the feature is to reduce the MAC CE signalling overhead of the spatial relation update – in Rel-15, this update is performed per PUCCH resource, despite the fact that many or all of the PUCCH resources should have the same spatial relation. The way to achieve this is to group the PUCCH resources so that a MAC CE command would update the spatial relation of all the PUCCH resources in the group.
To implement the agreements from RAN1#98bis, a grouping of the PUCCH resources needs to be introduced in RRC, which was confirmed by the inclusion of the new parameter in the RRC parameter list. The highlighted text indicates that RAN1 should still discuss how this is implemented in ASN.1. 
On high level, there are fundamentally two ways of implementing this grouping:
· By defining a new PUCCH group, which contains identities of PUCCH resources.
· By introducing a group identifier inside each PUCCH resource.
Functionally, the two approaches are equivalent. The pros and cons are related to ASN.1 structure: 
[bookmark: _Toc24121433]The pros and cons of different alternative for the PUCCH group configurations are related to the ASN.1 structure.
Here we note that it is not possible to add a field to an RRC IE, e.g., the PUCCH-Resource. Instead, RAN2 must define a completely new RRC IE (PUCCH-Resource-r16) that contains the same fields as PUCCH-Resource and then add a field: the new PUCCH resource group ID:
[bookmark: _Toc24121434]If the PUCCH resource group ID is added to the PUCCH resource, a completely new PUCCH resource must be added, since fields cannot be added to RRC IEs.
Furthermore, we note that if the group was defined on cell group level, the spatial relations for the PUCCH resources could be updated for several CCs at the same time – note that similar functionality has been agreed for TCI states (see section 2.1.3). Therefore, we propose
[bookmark: _Toc24121438]The PUCCH resource group is explicitly defined on cell group level.
The remaining details ASN.1 design related to PUCCH resource groups for the purpose of spatial relation update is left to RAN2.
2.1.2	Default spatial relation for PUCCH/SRS
On the default spatial relation for PUCCH/SRS, RAN1 made the following agreement and working assumption:
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

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

The default spatial relation has been introduced to remove the signalling related to the update of the spatial relation for single-beam operation. Hence, we propose to confirm the working assumption:
[bookmark: _Toc24121439]Confirm the working assumption on default spatial relation for PUCCH/SRS.
The above working assumption only describes the case when no pathloss reference RS is configured. First of all, it is important to note that the pathloss reference RS for PUCCH is defined in the PUCCH-SpatialRelationInfo, so for PUCCH there is no other solution:
[bookmark: _Toc24121435]For the cases when the default spatial relation is applicable for PUCCH, there is never any pathloss reference RS configured.   
The question is then if we should have another solution for the SRS when the pathloss reference RS is configured. To us, the motivation to have different solutions for these two cases is unclear. It is true that if the pathloss reference RS is configured, it would have to be updated. But that is true in any case, and there is no difference in the signalling required. As always, it is the responsibility of the network to make sure that the combination of the parameters signalled to the UE is valid: there is nothing fundamentally different here. Hence, we propose 
[bookmark: _Toc24121440]Apply the same default spatial relation for SRS when a pathloss reference RS is configured.
There were also a number of FFSs in the working assumption. The first FFS discusses the case when there is no activated TCI state for the PDSCH on that CC. We note that in this case, the UE cannot receive PDSCH on the CC, since the TCI states must be activated. In our understanding, this is somewhat of a corner case, and the performance benefits of a solution based on some RS the UE may use before MAC CE activation are questionable. Therefore we propose
[bookmark: _Toc24121441]The default spatial relation for dedicated-PUCCH/SRS for a CC without any configured CORESET and before MAC CE activation of any TCI state is up to UE implementation.
One of the FFSs is related to which pathloss reference RS to use. Here we already remarked that for PUCCH, there is no way to convey the pathloss reference RS without a spatial relation. The UE would then fall back to the default behaviour in Rel-15. For SRS, the configuration procedure in Rel-15 will be reused:
[bookmark: _Toc24121442]The pathloss reference RS for SRS is configured independently.
In Rel-15, there is a rule on how to determine the spatial relation for PUSCH when scheduled by DCI format 0_0: the UE uses the spatial relation corresponding to the dedicated PUCCH resource with the lowest ID. This requires that there is a PUCCH resource configured on that carrier, which is unfortunate. This solution was chosen since there was essentially no better solution available at that point in time. However, based on the above working assumption, we realize that the spatial relation of the PUSCH can be derived from the default spatial relation for SRS. Hence, we propose
[bookmark: _Ref23504344][bookmark: _Toc24121443]The default spatial relation is applied also for PUSCH scheduled by DCI format 0_0.
Note that Proposal 6 changes the Rel-15 behaviour.
In the agreement from RAN1#98, the case when the UE does not have beam correspondence was listed as FFS. We note that there is nothing in the specification that prevents the network from configuring a DL RS in a spatial relation, irrespective of what the UE signals in FG 2-20 (beamCorrespondenceWithoutUL-BeamSweeping). It is not mentioned in the RAN1 specs nor in the RRC spec. This is left to network configuration. We see no reason to deviate from this principle:
[bookmark: _Toc24121444]The default spatial relation for PUCCH/SRS is applicable irrespective of what the UE signals in beamCorrespondenceWithoutUL-BeamSweeping.
2.1.3	Cross-carrier activation of TCI states/spatial relations
In RAN1#98bis, there was a set of agreements for activation of TCI states and spatial relations across CCs.
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
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)

The motivation of the functionality is when a UE moves, the TCI states and spatial relations must typically be updated for all CCs, and it would be beneficial if the information about all the CCs could be conveyed in one MAC CE message. 
In the agreements, there was an FFS on the applicability to inter-band CA.  Although the functionality is mostly relevant for intra-band CA, there is no reason to clutter the specification by limiting the signalling mechanisms. The choice on which CCs should be part of the RRC-configured lists is up to network implementation: 
[bookmark: _Toc24121445]Cross-carrier activation of TCI states are applicable also to inter-band CA for PDCCH and PDSCH.
In addition to the agreements on cross-carrier TCI state activation, there is also a working assumption on the same functionality for SP/AP SRS. Since the number of UL CCs is typically smaller than the number of DL CCs, the benefits of the feature is smaller. However, for completeness it would seem relevant to confirm the WA:
[bookmark: _Toc24121446]Confirm the working assumption on cross-carrier activation of spatial relations.
There was also an FFS how to handle power control. As power control is discussed separately, and that we have agreed that the pathloss reference RS is not related to the spatial relation, we propose that 
[bookmark: _Toc24121447]Power control is handled separately for different carriers also when the spatial relation for SP/AP-SRS is activated simultaneously for the different carriers.
2.1.4	Power control
Signalling reduction for power control has been discussed during the last few RAN1 meetings. In RAN1#98bis, the following working assumptions were made:
[bookmark: _Hlk23162510]Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.

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.

Based on this, the following was included in the RRC parameter list sent to RAN2:
	SRS-PathlossReferenceRS
	CHOICE {ssb-Index, csi-RS-Index} for each SRS-PathlossReferenceRS-Id
	new R16
	Per UL BWP
	dedicated
	Multiple candidate pathloss reference RS(s) for SRS power control, where one of the candidate RS(s) can be activated/updated for a SRS resource set via MAC CE
	n/a

	SRS-PathlossReferenceRS-Id
	INTEGER (0..maxNrofSRS-PathlossReferenceRSs-1)
	new R16
	Configured in SRS-PathlossReferenceRS
	dedicated
	An ID of SRS-PathlossReferenceRS
	Configured in SRS-PathlossReferenceRS

	maxNrofSRS-PathlossReferenceRSs
	[TBD, e.g., 8, 16, 64]
	new R16
	a constant value
	a constant value 
(used for dedicated RRC)
	Maximum number of RSs used as pathloss reference for SRS power control
	n/a


To reduce the signalling overhead, a MAC CE-based signalling would be very beneficial. We also note that in the agreement, the number of pathloss reference RSs configurable by RRC is mentioned. In the RRC parameter list, the maximum number of pathloss reference RSs for SRS is mentioned. However, the corresponding parameter for PUSCH is not mentioned. Needless to say, there is little point in reducing the signalling for SRS power control unless we also reduce the signalling related to PUSCH power control. Hence, we propose to confirm the WA on MAC CE activation of the pathloss reference RS for PUSCH with the following addition:
[bookmark: _Toc24121448]Confirm the working assumption on MAC CE activation of pathloss reference RS for PUSCH with the addition: extend maxNrofPUSCH-PathlossReferenceRSs to 64.
For SRS, we propose to confirm the working assumption:
[bookmark: _Toc24121449]Confirm the working assumption on MAC CE activation of pathloss reference RS for AP/SP-SRS.     

2.2	Link recovery on SCells
For link recovery, the following was agreed in RAN1#98bis:

Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.

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

Agreement
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
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 the working assumption, it is stated that for CA, PUCCH-BFR can be configured also in the PUCCH-SCell. Regarding the options in the working assumption, we note that the PUCCH-BFR contains no information, and this implies that there is no point in associating the PUCCH-BFR transmission with a failure on a certain CC, as suggested in option 1b. The motivation for introducing the possibility to transmit PUCCH-BFR on PUCCH-SCell is that the UE could avoid a collision between PUCCH-BFR and other PUCCH transmission. For instance, if the network has scheduled an SRS on the REs allocated to PUCCH-BFR on one cell, the UE could choose to transmit the PUCCH-BFR on another cell. However, since the choice of the cell to transmit PUCCH-BFR is up to UE implementation, there is nothing that guarantees that the UE would do that. So the benefits seem unclear: it does not seem likely that the network would anyway configure PUCCH-BFR on more than one cell. However, if this can be implemented with relative ease in the UE, there is no reason to limit the configuration options for the network. Therefore, we propose to adopt Alt 1a:
[bookmark: _Toc24121450]Support 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
In the first agreement, there was an FFS on when the UE should apply the new beam for PDCCH, PDSCH, PUCCH and SRS. Here we propose that the UE should apply the new beam as soon as possible: 
[bookmark: _Toc24121451]The UE applies the new beam directly after receiving the response to step 2 MAC CE for PDCCH.
[bookmark: _Toc24121452]The UE applies the new beam directly after receiving the response to step 2 MAC CE for PDSCH, PUCCH and SRS.
For DL MAC CE, there is a 3ms activation time between the time when the UE transmits the ACK for the DL MAC CE, and when the time when the UE applies the information in the MAC CE. This gap was introduced to make it possible for the UE to process the information received in the MAC CE. The situation here is different, the UE has already determined the new best beam, and is only waiting for final confirmation from the NW.
In the agreement, there was also a discussion about priorities of the PUCCH-BFR: how does the UE handle the case when it is supposed to transmit PUCCH-BFR at the same time as another PUCCH. Here I think it is important to know that under almost all circumstances, the NW can avoid the collision between SR and other PUCCH transmission. Reusing SR resources for other transmissions would require that the NW blindly detects the format of the PUCCH transmission. Thus, scheduling PUCCH on SR resources is typically avoided:
[bookmark: _Toc24121436]Scheduling other PUCCH transmissions on SR resources is typically avoided, since it would require that the network perform blind detection of the PUCCH transmission.
RAN1 agreed that for all but one case, we will reuse the Rel-15 prioritization. Since collisions can typically be avoided, we propose to reuse the Rel-15 rules for this case as well:
[bookmark: _Toc24121453]Reuse the dropping rules in Rel-15 for all the cases when PUCCH-BFR collides with PUCCH that does not carry SR.
Finally, there is an FFS if we should define a prioritization rule for the case when the UE is configured with three CORESETs, and when the active TCI state in the three CORESETs contains different RSs, which is beyond the monitoring capabilities of the UE. The foreseen scenario is that the NW configures three different CORESETs and the corresponding RSs are transmitted in different beams. In this case, there is an ambiguity on how the UE performs beam failure detection. This ambiguity was avoided in Rel-15 for radio link monitoring by specifying a prioritization rule:
Excerpt from 38.213:


For , the UE selects the  RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Subclause 10.1.


Note that the limitation only applies when , otherwise the UE would anyway have to be able to monitor 4 or more RSs for RLM.
We propose to reuse that same prioritization rule for beam failure detection: 
[bookmark: _Toc24121454]When the configured CORESETs include more than 2 RSs in the activated TCI states, the UE applies the prioritization rule specified for RLM in Rel-15.
2.3	Measurement reporting based on L1-SINR
For measurement reporting based on L1-SINR, the following was agreed in RAN1#98bis:
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.
Email discussion to collect possible alternatives to define Z, Z’ and CPU occupancy for L1-SINR till 31st Oct – Yushu (Apple).

Here we note that the FFS in the agreement is superseded by the conclusion on how the UE measures interference:
[bookmark: _Toc24121437]The statement “FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer” in the agreement above is superseded by the conclusion that it is up to the UE how to measure interference.
There is also an FFS on the support of option 2a. Here we do not see the benefits of introducing anything beyond the already agreed one-to-one mapping:
[bookmark: _Toc24121455]Do not support option 2a.
Finally, there was an email discussion to clarify the CPU occupancy rules and the timing requirements for the L1-SINR report, which resulted in the following agreement
Agreement:
For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, the value of O_CPU = 1. 
· Make the decision of Z and Z’ based on one of the following alternatives 
· Alt 1: 
· Z = Z3 + a fixed offset value, where the detail value is FFS
· Z’ = beamReportTimingforL1-SINR
· beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
· Alt 2:
· Z = Z1
· Z’ = Z1’
· Z1 and Z1’ are selected from Table 5.4-2 in 38.214
· Alt 3:
· Z = Z3
· Z’ = Z3’
· Alt 4
· Z = N * Z3
· Z’ = N * Z3’
· N>1, FFS detailed value, e.g. N=2
· FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.

In our view, one of the existing timing requirements could be reused for L1-RSRP reporting, i.e. Alt 2 or Alt 3 of the agreement. That is, we believe it is important not to introduce a new class of timing requirements, as that would complicate the design of the scheduling pattern. To determine which of Alt 2 and Alt 3 are most feasible, we perform some analysis below. The Z3/Z3’ values depend on UEs reported capabilities beamReportTiming and beamSwitchTiming, which can be reported according to the following:
	

	beamReportTiming 
	beamSwitchTiming 

	0
	2,4, 8 symbols
	N/A

	1
	4, 8, 14, 28 symbols
	N/A

	2
	8, 14, 28 symbols
	symbols

	3
	14, 28, 56
	



This means that the following values are possible for Z1/Z1’ and Z3/Z3’:
	

	Z1 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z3
	Z'3

	0
	22
	16
	22
	X1 

	1
	33
	30
	33
	X2

	2
	44
	42
	min(44, X3+ KB1) = min(44,+ )
	

	3
	97
	85
	min(97, X4+ KB2) = min(97,+ )
	X4



We acknowledge that L1-SINR calculation should more complex than L1-RSRP reporting and therefore that Z3/Z3’ can be used as a lower bound for L1-SINR timing. On the other hand, the bound should be rather tight since the additional complexity of calculating a wideband interference value should not be substantial and the L1-SINR timing should be upper bounded by the CQI/PMI timing. This bound on the other hand should be rather loose since PMI/CQI calculation should be rather more complex. We also not that Z3’ < Z1’ for all SCSs. The UE needs to be able to calculate wideband CQI/PMI for 4 CSI-RS ports within Z1’ symbols (albeit for only one CSI-RS resource), which is rather more complex than a L1-SINR calculation.
Therefore, we think it should be sufficient to re-use the Z1/Z1’ timing requirement for L1-SINR report to keep the spec simple and avoid introducing yet another timing requirement with differently reported UE capabilities the NW implementation has to keep track off. 
[bookmark: _Toc24121456][bookmark: _GoBack]For CSI timeline requirement of L1-RSRP reporting, support Alt 2

2.4	UE features related to multi-beam
RAN1 has provided an initial list of UE features on multi-beam enhancements. Here we give a very brief summary of each sub feature.
2.4.1	Multi-beam sub features
2.4.1.1	Support of L1-SINR based beam selection
For L1-SINR reporting, we propose to rename the feature “Support of L1-SINR beam reporting”. Then there may be a need to define how many SINR values that can be reported, similar to the L1-RSRP beam reporting. Also, group-based reporting may need to be an indicated as a separate sub feature. 

2.4.1.2	Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
For the cross-carrier activation of TCI states, we do not see any need to further UE features: supported or not supported is enough. Of course, there is a dependency on support of CA.
2.4.1.3	Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
For the cross-carrier activation of spatial relations, we do not see any need to further UE features: supported or not supported is enough. Of course, there is a dependency on support of CA.
2.4.1.4	Simultaneous spatial relation update for multiple PUCCH resources
For simultaneous spatial relation update for multiple PUCCH resources, at most 4 groups per BWP is supported. Since the number is rather small, we propose that support of the feature implies that the UE supports up to 4 groups. 
2.4.1.5	Default spatial relation for dedicated-PUCCH/SRS
Supported or not supported would be sufficient information regarding this feature.
2.4.1.6	Spatial relation update for AP-SRS via MAC CE
Supported or not supported would be sufficient information regarding this feature: hence the UE would support MAC CE-based update of the spatial relation for all AP-SRS it supports.
2.4.1.7	Pathloss reference RS update for PUSCH/SRS via MAC CE
Since the pathloss reference RS for PUSCH and SRS rely are updated using different signalling, it would make sense to have PUSCH and SRS as separate feature groups. Clearly, PUSCH power control is more important. Here there may also be a reason to have a UE feature that states how many pathloss reference RSs that can be configured. For PUSCH, this assumes that the maximum number is extended beyond 4.
2.4.1.8	SCell beam failure recovery (max # SCells configured for BFR)
This feature will include information about the maximum number of SCells for which the UE can perform beam failure detection. In addition, it may be necessary to include information about the maximum number of candidate beams the UE can support per BWP.
2.4.2	Summary of UE features
Based on the summary above, we propose
[bookmark: _Toc24121457]For the following features, the UE only indicates ‘supported’ or ‘not supported’:
- simultaneous update of TCI states and spatial relations across cells
- simultaneous update of spatial relations for multiple PUCCH resources
- default spatial relation for PUCCH/SRS
- spatial relation update via MAC CE for AP-SRS
[bookmark: _Toc24121458]For L1-SINR beam reporting, the UE indicates how many L1-SINR values it can report, and also if it supports group-based reporting.
[bookmark: _Toc24121459]For pathloss reference RS update via MAC CE, 
- the UE indicates support separately for PUSCH and SRS
- the UE indicates how many pathloss reference RSs it can be configured with
[bookmark: _Toc24121460]For SCell link recovery, the UE reports the maximum number of SCells it can perform BFD on and also the maximum number of candidate beams it can be configured with.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The pros and cons of different alternative for the PUCCH group configurations are related to the ASN.1 structure.
Observation 2	If the PUCCH resource group ID is added to the PUCCH resource, a completely new PUCCH resource must be added, since fields cannot be added to RRC IEs.
Observation 3	For the cases when the default spatial relation is applicable for PUCCH, there is never any pathloss reference RS configured.
Observation 4	Scheduling other PUCCH transmissions on SR resources is typically avoided, since it would require that the network perform blind detection of the PUCCH transmission.
Observation 5	The statement “FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer” in the agreement above is superseded by the conclusion that it is up to the UE how to measure interference.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The PUCCH resource group is explicitly defined on cell group level.
Proposal 2	Confirm the working assumption on default spatial relation for PUCCH/SRS.
Proposal 3	Apply the same default spatial relation for SRS when a pathloss reference RS is configured.
Proposal 4	The default spatial relation for dedicated-PUCCH/SRS for a CC without any configured CORESET and before MAC CE activation of any TCI state is up to UE implementation.
Proposal 5	The pathloss reference RS for SRS is configured independently.
Proposal 6	The default spatial relation is applied also for PUSCH scheduled by DCI format 0_0.
Proposal 7	The default spatial relation for PUCCH/SRS is applicable irrespective of what the UE signals in beamCorrespondenceWithoutUL-BeamSweeping.
Proposal 8	Cross-carrier activation of TCI states are applicable also to inter-band CA for PDCCH and PDSCH.
Proposal 9	Confirm the working assumption on cross-carrier activation of spatial relations.
Proposal 10	Power control is handled separately for different carriers also when the spatial relation for SP/AP-SRS is activated simultaneously for the different carriers.
Proposal 11	Confirm the working assumption on MAC CE activation of pathloss reference RS for PUSCH with the addition: extend maxNrofPUSCH-PathlossReferenceRSs to 64.
Proposal 12	Confirm the working assumption on MAC CE activation of pathloss reference RS for AP/SP-SRS.
Proposal 13	Support 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
Proposal 14	The UE applies the new beam directly after receiving the response to step 2 MAC CE for PDCCH.
Proposal 15	The UE applies the new beam directly after receiving the response to step 2 MAC CE for PDSCH, PUCCH and SRS.
Proposal 16	Reuse the dropping rules in Rel-15 for all the cases when PUCCH-BFR collides with PUCCH that does not carry SR.
Proposal 17	When the configured CORESETs include more than 2 RSs in the activated TCI states, the UE applies the prioritization rule specified for RLM in Rel-15.
Proposal 18	Do not support option 2a.
Proposal 19	For CSI timeline requirement of L1-RSRP reporting, support Alt 2
Proposal 20	For the following features, the UE only indicates ‘supported’ or ‘not supported’: - simultaneous update of TCI states and spatial relations across cells - simultaneous update of spatial relations for multiple PUCCH resources - default spatial relation for PUCCH/SRS - spatial relation update via MAC CE for AP-SRS
Proposal 21	For L1-SINR beam reporting, the UE indicates how many L1-SINR values it can report, and also if it supports group-based reporting.
Proposal 22	For pathloss reference RS update via MAC CE,  - the UE indicates support separately for PUSCH and SRS - the UE indicates how many pathloss reference RSs it can be configured with
Proposal 23	For SCell link recovery, the UE reports the maximum number of SCells it can perform BFD on and also the maximum number of candidate beams it can be configured with.
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