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1. Introduction 
In RAN#82 meeting [1], it was agreed that the work item aims to specify the enhancements on multi-beam operation, primarily targeting FR2 operation as follows,

· 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 UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· 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

In this contribution, the remaining issues regarding multi-beam operation are discussed.

2. Latency/overhead reduction

2.1 Enhancement for update/indication of PUCCH spatial relation

For FR2, in order to confront the beam degradation or blockage when channel changes, multiple spatial relations for PUCCH resources should be maintained simultaneously by a UE, so that gNB can use DCI to dynamically trigger the PUCCH resource with the suitable spatial relation. In RAN1 Ad-Hoc 1901 meeting [2], for UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for each PUCCH resource is increased to 64 per BWP. In Rel-15, up to four sets of PUCCH resources can be configured for each UE, and the maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other PUCCH resource sets is 8. Thus, a large amount of MAC CE is required to update/indicate the spatial relation for each PUCCH resource. For signaling overhead reduction on update/indication of spatial relation for PUCCH, in RAN1#98bis meeting [3], the following agreements were identified:

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 RAN1#98bis meeting [3], explicit higher layer signalling on PUCCH resource grouping is supported, however, the details on explicit configuration still need further discussion, whether the new parameter(s) for PUCCH resource grouping is configured per PUCCH resource or per PUCCH-SpatialRelationInfo needs to be decided in RAN1#99 meeting. 
In our understanding, it is quite straightforward that the new parameter(s) for PUCCH resource grouping is configured per PUCCH resource. For example, the new parameter(s) for PUCCH resource grouping is configured per PUCCH resource, the four sets of PUCCH resources are divided into multiple groups, each group corresponds to a spatial relation and different groups have different PUCCH-SpatialRelationInfoID as shown in Fig. 1. When UE’s channel condition changes, e.g., the spatial relation is not suitable any longer, gNB can then update the PUCCH-SpatialRelationInfoID for that corresponding PUCCH resource group by MAC CE. For each payload size, UE still has four different spatial relations to dynamically trigger by DCI.
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Fig. 1 Definition for PUCCH group

It is unclear and hard to understand how it works if the new parameter(s) for PUCCH resource grouping is configured per PUCCH-SpatialRelationInfo. Therefore, the following was proposed.
Proposal 1: Explicit new parameter(s) for PUCCH resource grouping is configured per PUCCH resource for simultaneous update/indication of a single spatial relation by MAC CE.
2.2 Enhancement on updating spatial relation for SP/AP-SRS for a set of CCs/BWPs
Enhancement on updating spatial relation for SP/AP-SRS by a MAC CE for a set of CCs/BWPs was discussed in RAN1#98bis meeting [3], and the following working assumption were left for further discussion,

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)
Working assumption
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.

· UE expect no overlapped CC in multiple RRC-configured lists of CCs.

· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above
Based on the working assumption, if the usage of SRS resources with same SRS resource ID in the indicated CCs are different, the spatial relation cannot be simultaneously activated. Considering SRS with the usage of antenna switching, e.g., SRS resource 0 and SRS resource 1 in CC0 are used for antenna switching, SRS resource 0 and SRS resource 1 in CC1 are used for codebook, if the spatial relation of SRS resource 0 for all CCs is updated by MAC CE, the spatial relations of SRS resource 0 and SRS resource 1 in CC0 will be different, which could not be used for antenna switching. Therefore, the working assumption should be revised as “the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID and same usage for all the BWPs in the indicated CCs”. 
Proposal 2: 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, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID and same usage for all the BWPs in the indicated CCs.
2.3 Enhancement for group-based beam reporting 

In FR2, the blockage seriously affects the transmission performance. Multi-panel or multi-TRP is an important method to improve the performance by providing more transmission paths. In Rel-16, both multi-panel and multi-TRP transmission are supported. For a multi-panel UE, it is possible that UE receives signal with different panels as shown in Fig. 2 (a), and it is also possible that UE receives signal from different TRPs with different panels as shown in Fig. 2 (b).

However, the beam management functionality of Rel-15 does not well support multi-panel and multi-TRP transmission. In Rel-15, group based reporting with up to 2 reported beams and non-group based reporting with up to 4 reported beams are supported. The group based reporting with up to 2 reported beams can support UEs with at most 2 panels, however, for UEs with more than 2 panels, the enhancement of group-based beam reporting should be considered. 

Furthermore, for multi-TRP transmission, based on Rel-15, UE can be separately configured to report beams for different TRPs. It is possible that the reported beams for different TRPs are received by the same UE panel, such as the reported beam 0 for TRP 0 and the reported beam 1 for TRP 1 are both received by Panel 0, where the reported beam 0 and beam 1 are the beams that UE receives by different spatial filter at different time instant. In this case, UE cannot receive PDSCH from TRP 1 (beam 0) and TRP 2 (beam 1) on the same panel at a given time instant. Therefore, the existing beam reporting scheme in Rel-15 needs to be further enhanced to support beam reporting for multi-TRP transmission. One method is to support the beam grouping criteria A2 discussed in Rel-15, in which different TRP TX beams reported for different groups can be received simultaneously at the UE, and the different groups can correspond to different TRPs.
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Fig. 2 Multi-panel and multi-TRP transmission
Proposal 3: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.
3. Beam failure recovery for Scell
In RAN1#98bis meeting, following agreements were made:
Agreement

For eMBB, when PUCCH-BFR collides with other PUCCH that does not carry SR, reuse the dropping/multiplexing rule specified in Rel-15 for collision handling between SR and other PUCCH except the case when PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1

· FFS: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1.
In Rel-15, for eMBB, the dropping/multiplexing rules between normal SR and other PUCCH have been specified. For example, the dropping/multiplexing between normal SR and HARQ-ACK in a resource should follow the following rules:

· Case1: If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in a resource using PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK information. The sequence for PUCCH format 0 is determined from the value of HARQ-ACK information bit(s).
· Case2: If a UE would transmit positive or negative SR in a resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1.
· Case3: If the UE would transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK information bits in a second resource using PUCCH format 1 in a slot, the UE transmits a PUCCH with HARQ-ACK information bits in the first resource using PUCCH format 1.
PUCCH-BFR can be treated as a normal SR with higher priority. When PUCCH-BFR collides with HARQ-ACK, the multiplexing rule between normal SR and HARQ-ACK for Case1 and Case 3 can be reused. For Case2, when normal SR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, the normal SR was dropped. However, to ensure the robustness of beam failure recovery for SCell, PUCCH-BFR should not be dropped but HARQ-ACK should be dropped in this case. 

Besides, the PUCCH-BFR and normal SR can be transmitted in the same resource/slot, and the dropping/multiplexing rules between PUCCH-BFR and normal SR should be supported. For example, UE would transmit PUCCH-BFR and normal SR in a resource using PUCCH format 0, where a dedicated sequence for PUCCH format 0 can be defined. 
Based on the above considerations, we have the following proposals:

Proposal 4: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, the PUCCH-BFR should not be dropped and HARQ-ACK should be dropped.
Proposal 5: The dropping/multiplexing rules between PUCCH-BFR and normal SR should be supported
4. Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: Explicit new parameter(s) for PUCCH resource grouping is configured per PUCCH resource for simultaneous update/indication of a single spatial relation by MAC CE.
Proposal 2: 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, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID and same usage for all the BWPs in the indicated CCs.
Proposal 3: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.
Proposal 4: When PUCCH-BFR based on PUCCH format 0 collides with HARQ-ACK based on PUCCH format 1, the PUCCH-BFR should not be dropped and HARQ-ACK should be dropped.
Proposal 5: The dropping/multiplexing rules between PUCCH-BFR and normal SR should be supported
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