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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.
Separation of spatial relations and power control in beam management

In RAN1#98 [2], the following conclusion was reached on the topic of panel-specific UL transmissions:

Conclusion
On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 


The UL TCI framework discussed previously as a solution to enable panel-specific UL transmissions is better considered as a feature to reduce latency and overhead in beam management. Separating spatial relation from power control enables control of the two different aspects of beam management in different ways. For example, for UEs with beam correspondence, explicitly specifying spatial relations may not always be required. In many cases, the PUCCH resources may be allowed to follow the spatial relation of a PDSCH or the spatial relation used for the reception of PDCCH(s) on a CORESET. However, the power control settings may have to be explicitly configured and/or indicated for UEs with or without beam correspondence. Therefore, it would be beneficial to separate the configuration/indication of spatial relation info and power control aspects for UL transmissions as the signalling requirements for them are different – explicit signalling is required for power control settings and implicit/explicit signalling can be performed for the spatial relation. 

The UL TCI framework was proposed as a method to configure and indicate spatial relations and the panel/port for an UL transmission. It can be reused to separately configure and indicate only the spatial relations for at least SRS, PUCCH and PUSCH in the UL. The port configuration/indication methods from Rel. 15 can be retained for SRS and the UL channels. Introducing a separate framework for spatial relations would be beneficial in addressing the different needs of spatial relation signalling for UEs with and without beam correspondence.

Observation 1: It is beneficial to separate the configuration/indication of spatial relation info and power control aspects for UL transmissions as the signalling requirements for them are different – explicit signalling is required for power control settings and implicit/explicit signalling can be performed for the spatial relation.

Proposal 1: Introduce a separate spatial relation framework to indicate spatial relation for at least PUCCH, PUSCH, and SRS to reduce beam management overhead and latency.
PUCCH-SpatialRelationInfo update for a group of PUCCH resources

In RAN1#97, it was agreed that in this agenda item one MAC-CE can update the PUCCH-SpatialRelationInfo for a group of PUCCH resources. While this issue is discussed in this work item with regards to combating beam management overhead, it is also taken up by the multi-TRP agenda item to differentiate TRPs in the UL for the transmission of the UCI. 


Agreement in M-TRP agenda item (RAN1#98) [2] 
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.


The discussion on UL TRP differentiation via PUCCH resource grouping should take precedence over overhead reduction. A unified solution for the grouping method for both single-TRP and multi-TRP scenarios should be agreed.

For UL TRP differentiation in PUCCH resource transmission, two methods of grouping were proposed. They are mentioned below along with their corresponding specification impact:
1. Explicit grouping of PUCCH resources is performed by the gNB via higher layer configuration of the PUCCH resources. It may be performed according to a CORESET ID/CORESET group ID/TRP ID. RAN2 specification is impacted.
2. Implicit grouping of PUCCH resources is performed by the UE without any explicit higher layer signaling from the gNB. Specification impact is unclear.
Down-selecting an alternative from the above choices shall be performed first followed by the decision on the number of possible PUCCH resource groups. In our opinion, the explicit grouping of PUCCH resources shall be performed as the gNB has a perfect knowledge of the group of PUCCH resources, whose spatialRelationInfo is updated. Therefore, the gNB may perform the signaling for PUCCH-SpatialRelationInfo update only for the PUCCH resources for which an update may be necessary. With implicit grouping, on the other hand, the method of the spatialRelationInfo update at the UE for the PUCCH resources, and how the gNB may know which PUCCH resources have been updated with a spatialRelationInfo parameter, are not yet clear. Moreover, considering the maturity of the agenda item and the time left, agreeing to a method with clear understanding of its specification impact is preferable.

Proposal 2: Explicit grouping of PUCCH resources shall be performed by the gNB via higher layer configuration.
· FFS: The ID used for explicit PUCCH resource.
On simultaneous update of TCI-state of CORESET(s) and PUCCH-SpatialRelationInfo of PUCCH resource(s)

For UEs supporting beam correspondence, the UE Rx beam used for the reception of a DL channel may automatically imply the UE Tx beam for the transmission of a PUCCH resource. Since the Tx and Rx beams at the UE point to the same direction, there is scope to switch both beams simultaneously. Hence, the beam correspondence feature of the UE can be exploited to reduce the latency for beam indication and beam switching. When a TCI-state containing a DL RS with a QCL assumption of ‘QCL-typeD’ (spatial Rx filter) is applied to a CORESET or a PDSCH, the UE’s Tx beam for the transmission of one or more associated PUCCH resources may be pointed to the same direction as the spatial Rx filter. If a PUCCH-SpatialRelationInfo with the same ‘referenceRS’ as the DL RS in a TCI-state configured with ‘QCL-typeD’ is applied to a PUCCH resource,  the UE transmits the PUCCH resource with a Tx beam pointed to the same direction as the spatial Rx filter indicated by the TCI-state. A joint signaling of both a TCI-state of one or more CORESET(s) and the PUCCH-SpatialRelationInfo of an associated group of PUCCH resources reduces the signaling overhead.

Such a joint signaling of the TCI-state and PUCCH-SpatialRelationInfo may be performed via MAC-CE or RRC signaling. For example, the UE may receive a MAC-CE or RRC signaling of both a TCI-state and a PUCCH-SpatialRelationInfo that contain the Rx spatial filter and the Tx spatial filter settings, respectively, for a CORESET or a CORESET group. When the UE receives such a joint signaling, the UE simultaneously updates the Rx beam to receive the PDCCH(s) on the CORESET(s) and the Tx beam to transmit the PUCCH resources grouped with the CORESET or CORESET group via higher layer configuration.

Proposal 3: Introduce joint signalling of TCI-state for CORESET(s) and PUCCH-SpatialRelationInfo for a group of associated PUCCH resources via MAC-CE or RRC configuration.

On the update of pathloss reference RS

Agreement in RAN1#98 [2]
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).


From the alternatives in the above agreement, the explicit pathloss reference RS indication for PUSCH/SRS via MAC-CE may be performed. PUSCH/SRS pathloss reference RS update is presently performed only via RRC and a MAC-CE based update reduces the latency. Moreover, when the scheduling of PUSCH is performed via higher layer configured grant and the UE is moving within the cell, the selective modification of certain transmission parameters (pathloss reference RS, P0, alpha, etc.) that change with UE mobility via MAC-CE is preferable compared to RRC reconfiguration of the PUSCH. The same argument can be applied to the SRS as well.

Proposal 4: Support the update of pathloss reference RSs explicitly for PUSCH and SRS via MAC-CE.
· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by 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 5: 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, the following agreement was reached in this topic:

Agreement 
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


Defining default spatial relation assumptions reduce explicit gNB signalling of the spatial relations. From the alternatives listed above, a choice must be made considering both multi-TRP and single-TRP scenarios. A unified solution that address both scenarios should be agreed.

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 for PUCCH resources. 

Considering the alternatives listed above, Alt. 2, 3 and 4 use either the CORESET, or the PDCCH(s) that are transmitted on the CORESET to derive the spatial relations for PUCCH/SRS. Alt. 4 discounts for the multi-TRP scenario and derives the spatial relation from a specified CORESET (CORESET #0), irrespective of which TRP it may be associated with. Hence, going with Alt. 4 may not be suitable for multi-TRP scenarios. On the other hand, Alt. 3 may suit both to single and multi-TRP scenarios to derive the spatial relation for PUCCH resources carrying HARQ ACK/NACK and AP-SRS triggered via the PDCCH. The PUCCH scheduled to carry HARQ ACK/NACK via a PDCCH is transmitted to the TRP with which the PDCCH is associated with. The same may be the case with the AP-SRS triggered via the PDCCH. 

In the case of Alt. 2, the TCI-state of a CORESET is used for the derivation of the spatial assumption, and the details of the CORESET whose TCI-state is taken is left for further study. For this alternative, explicit configuration of CORESET groups and PUCCH resource groups may be performed. The PUCCH resources may be grouped explicitly using CORESET group IDs via higher layer configuration. The default spatial relation assumption for the PUCCH resources in a group may be obtained from a CORESET belonging to the CORESET group the PUCCH resource is associated with.

For alternatives proposing to use the PDSCH, the multi-TRP case is not considered. In multi-TRP scenarios, different layers of the PDSCH may be transmitted from different TRPs at the same time with different TCI-states. Moreover, it is also possible to receive two PDSCHs scheduled by two different PDCCHs in the same slot with two different TCI-states. In such cases, the spatial relation must be derived from a PDSCH or the TCI-state of one of the layers of the PDSCH that is set as default. Applying such a spatial relation assumption may not result in the transmission of the SRS or the PUCCH to the intended TRP. Hence, the usage of the PDSCH to obtain the default spatial relation may not be suited for multi-TRP cases.

From the discussion above, we propose the following:

Proposal 6: At least for UEs supporting beam correspondence, the default spatial relation is derived from the following alternatives (both the alternatives can also be merged to obtain the solution):
· Alt.2: The PUCCH resources are grouped explicit using CORESET group IDs via higher layer configuration. The spatial relation is derived from the active TCI-state of a CORESET from the CORESET group the PUCCH resource is associated with.
· Alt.3: TCI state of the scheduling PDCCH for PUCCH and AP-SRS.

Conclusion

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

Observation 1: It is beneficial to separate the configuration/indication of spatial relation info and power control aspects for UL transmissions as the signalling requirements for them are different – explicit signalling is required for power control settings and implicit/explicit signalling can be performed for the spatial relation.

Proposal 1: Introduce a separate spatial relation framework to indicate spatial relation for at least PUCCH, PUSCH, and SRS to reduce beam management overhead and latency.
Proposal 2: Explicit grouping of PUCCH resources shall be performed by the gNB via higher layer configuration.
· FFS: The ID used for explicit PUCCH resource grouping.
Proposal 3: Introduce joint signalling of TCI-state for CORESET(s) and PUCCH-SpatialRelationInfo for a group of associated PUCCH resources via MAC-CE or RRC configuration.

Proposal 4: Support the update of pathloss reference RSs explicitly for PUSCH and SRS via MAC-CE.
· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE.
Proposal 5: 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 6: At least for UEs supporting beam correspondence, the default spatial relation is derived from the following alternatives (both the alternatives may also be merged to obtain the solution):
· Alt.2: The PUCCH resources are grouped explicit using CORESET group IDs via higher layer configuration. The spatial relation is derived from the active TCI-state of a CORESET from the CORESET group the PUCCH resource is associated with.
· Alt.3: TCI state of the scheduling PDCCH for PUCCH and AP-SRS.
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