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Introduction

In the plenary RAN#85 meeting, the objectives on the enhancements on NR-MIMO with regards to UE multi-beam operations were revised [1]:
· 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

This contribution discusses various issues in UE multi-beam operations with regards to latency and overhead.
PUCCH-SpatialRelationInfo update for a group of PUCCH resources

In RAN1#98-bis [2], the following agreements were made with respect to the update of PUCCH-SpatialRelationInfo for a group of PUCCH resources using a MAC-CE.


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.

A further agreement on the RRC parameter to be included was reached in the email discussions:

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	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.
	n/a





The new parameter for PUCCH resource grouping to be used for simultaneous spatial relation update shall be designed to work in both single and multi-TRP scenarios. Configuring the grouping per UL BWP may be enough only for the single TRP scenario while leaving multi-TRP scenario unaddressed. A finer level of grouping than the UL BWP is therefore necessary. From the options listed above, we propose to perform the grouping at the PUCCH resource level. Grouping at the resource level and indicating the update of the spatialRelationInfo for the PUCCH resources in the group via a single MAC-CE satisfies the agreements made (grouping of PUCCH resources) and provides a unified solution for single- and multi-TRP scenarios. 

The second option of including the group ID in the ‘PUCCH-SpatialRelationInfo’ was discussed in the context of indicating/updating the group ID of a certain PUCCH resource via MAC-CE as reconfiguration of the PUCCH resource groups via the RRC may have a high control overhead. While the method may have its merits in updating the group ID of a specific PUCCH resource with lower latency, its usage in configuring the PUCCH resource groups and updating the spatialRelationInfo for a group of PUCCH resources is called into question. Moreover, the potential redundancy introduced in the configuration of the PUCCH-SpatialRelationInfo IEs due to the inclusion of the PUCCH resource group ID in them makes it an unattractive option. Above all, the usage of this option to update the PUCCH resource group ID via the MAC-CE goes beyond the scope of the agreements in RAN1#98-bis. Therefore, we propose the following:

Proposal 1: Introduce a new RRC parameter per PUCCH resource to group PUCCH resources to facilitate the update of simultaneous update of PUCCH-SpatialRelationInfo for multiple PUCCH resources.
On pathloss reference RS indication

The following working assumptions were agreed for the update of pathloss reference RSs for SRS and PUSCH via MAC-CE messages in RAN1#98-bis [2].

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.


An LS was sent to RAN4 asking their feedback whether there are any concerns on the applicable timing for the pathloss measurement and whether the timing should be captured in the RAN1 or RAN4 specs. As the usage of the MAC-CE for the pathloss reference RS update isn’t a matter of contention, that part of the working assumption may be agreed leaving the pathloss measurement part as working assumption until RAN4 replies to the LS.

Proposal 2: Confirm the usage of MAC-CE for the activation/update of pathloss reference RSs for AP-SRS, SP-SRS and PUSCH with the details agreed in the working assumptions as follows.
· The MAC CE message to update the pathloss reference RS for PUSCH 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.
· 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.

Proposal 3: The following part is retained as a working assumption until a reply from RAN4 is received.
· When the UE receives a MAC-CE for the update of the pathloss reference RS of PUSCH or AP-SRS or SP-SRS,
· 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.
In addition to the explicit pathloss reference RS update for PUSCH and SRS, the implicit pathloss reference RS update for PUCCH shall also be considered to reduce latency. In FR2, it is possible to derive the pathloss reference RSs from the spatial source of a DL channel and update the pathloss reference without explicit signalling of the same from the gNB. For example, the PUCCH resource indicated on a PDCCH by the PUCCH resource indicator field may use the DL RS indicated as the spatial source for the PDCCH (can be obtained from the TCI-state of the associated CORESET) as its pathloss reference RS. Similarly, the PUCCH resource carrying the HARQ ACK(s)/NACK(s) for a PDSCH may use the DL RS used as the spatial source for the PDSCH as the pathloss reference. This behaviour may be used to avoid explicit pathloss reference RS indication or the frequent reconfiguration of the list of pathloss reference RSs when the UE is moving within the cell.

Proposal 4: Enable derivation of pathloss reference RS for PUCCH resources from the spatial source of 
· the PDCCH indicating the PUCCH resource (or)
· the PDSCH for which the HARQ ACK/NACK is transmitted by the PUCCH resource.
On the default spatial relation assumption for PUCCH/SRS

In RAN1#98-bis [2], the following working assumption was agreed in this topic:

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


Defining default spatial relation assumptions reduce explicit gNB signalling of the spatial relations. The above working assumption applies well for the single-TRP scenario while leaving multi-TRP scenario unaddressed. Deriving the spatial relations from a DL channel/RS that can be used to differentiate between TRPs could be a solution to both single and multi-TRP scenarios. A CORESET, as agreed in previous meetings in the M-TRP agenda item is associated with a specific TRP and hence can be used to derive default spatial relation assumptions. This is possible, especially in the case of PUCCH resources indicated by the PDCCH for the transmission of HARQ ACK/NACK for a PDSCH scheduled by the PDCCH. The same may be applied for AP-SRS triggered via the PDCCH. In both cases, the spatial relation may be derived from the RS indicated with ‘qcl-TypeD’ in the TCI-state of the CORESET associated with the PDCCH indicating the AP-SRS or PUCCH resource. This ensures that the indicated PUCCH or SRS is transmitted to the TRP associated with the indicating CORESET.

Proposal 5: At least for UEs supporting beam correspondence, the default spatial relation is derived from the TCI state of the scheduling PDCCH for PUCCH and AP-SRS in the case of multi-TRP.
Conclusion

The following proposals are made from the discussions in the Tdoc.

Proposal 1: Introduce a new RRC parameter per PUCCH resource to group PUCCH resources to facilitate the update of simultaneous update of PUCCH-SpatialRelationInfo for multiple PUCCH resources.
Proposal 2: Confirm the usage of MAC-CE for the activation/update of pathloss reference RSs for AP-SRS, SP-SRS and PUSCH with the details agreed in the working assumption as follows.
· The MAC CE message to update the pathloss reference RS for PUSCH 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.
· 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.

Proposal 3: The following part is retained as a working assumption until a reply from RAN4 is received.
· When the UE receives a MAC-CE for the update of the pathloss reference RS of PUSCH or AP-SRS or SP-SRS,
· 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.
Proposal 4: Enable derivation of pathloss reference RS for PUCCH resources from the spatial source of 
· the PDCCH indicating the PUCCH resource (or)
· the PDSCH for which the HARQ ACK/NACK is transmitted by the PUCCH resource.
Proposal 5: At least for UEs supporting beam correspondence, the default spatial relation is derived from the TCI state of the scheduling PDCCH for PUCCH and AP-SRS in the case of multi-TRP.
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