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Introduction
In RAN1-98bis meeting, the following agreements were reached for multi-beam operation [1]
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
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.

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

Agreement
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
In this contribution, we discuss about the potential enhancements on multi-beam operation.  
PUCCH-BFR resources
It was agreed in RAN1-97 meeting that on BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
But there will be a high signaling overhead on PUCCH with a large number of SCells. In order to reduce the signaling overhead on PUCCH resource for PCell /PScell, it is better to configure up to 1 PUCCH-BFR resource per PUCCH group.  In this case, there may be more than 1 PUCCH-BFR resource for a UE. So how to select a PUCCH-BFR resource? In our opinion, PUCCH-BFR resource should be shared among the CCs belonging to the respective PUCCH group for reducing signaling overhead on PUCCH over PCell/PScell. But if the SCell configured with PUCCH-BFR resource is detected as beam failure, PUCCH-BFR resource over PCell/PScell will be used. Thus we prefer Alt.1b
Proposal 1: We prefer Alt.1b: 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.
MAC-CE activation TCI state IDs for multiple CCs/BWPs
In order to reduce latency and signaling overhead across multiple CCs/BWPs, it was agreed in last RAN1 meeting that support single MAC-CE to activate the same set of PDCCH TCI state IDs for multiple CCs/BWPs. And 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. But which beam will be used for DL reception on other SCells that are in the same applicable CC list with the failed SCell? It is possible that gNB will configure beam measurement on the recovery SCell and send a new MAC CE to activate new set of PDCCH TCI states. Thus during the time between SCell recovery and new MAC CE activation, there are two options for other SCells PDCCH TCI state:
· Option 1: Continue to apply the old TCI state for PDCCH;
· Option 2: Apply the same new beam as the failed SCell.
There is a same problem on the PDSCH TCI states for other SCells. Whether other Scells continue to use the old set of PDSCH TCI states or not? It need to be discussed and define the UE behavior in these cases.
Proposal 2: It need to be discussed on the UE assumption of PDCCH/PDSCH TCI states set for other SCells in the same applicable CC list during the beam failure recovery procedure of one SCell.
In addition, since PDSCH TCI state set can be activated by a same MAC CE for multiple CCs/BWPs, it is unnecessary to perform beam measurement on all CCs/BWPs. UE can be configured to perform beam measurement on only one CC/BWP and then to apply same PDSCH TCI state set for multiple CCs/BWPs. Same to PDSCH TCI states, it also supports to activate PDCCH TCI state by a same MAC CE for multiple CCs/BWPs. In this case, when beam failure on multiple SCells occur simultaneously, it is sufficient for UE to indicate the new beam ID for only one SCell to reduce the signaling overhead and latency. 
TRP/panel beam failure detection
It was agreed that to support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability
· For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.
With such configuration, it is easy to know which CORESET(s) corresponds to which TRP. In this case, it is straightforward to configure different PDCCH beams for beam failure detection of different TRP. Thus, UE can detect beam failure of each TRP/panel independently. Currently, in our understanding, the definition of SCell beam failure is that PDCCH beams of all TRP(s)/panel(s) fail. So, is it necessary to define TRP/panel beam failure when PDCCH beams of one TRP/panel fail? If gNB has the information of TRP/panel beam failure, it can reconfigure PDCCH beams on this TRP/panel, which can improve the spectrum efficiency. And gNB can also stop to use this TRP/panel if no new PDCCH beams can be used, thus UE can stop reception by a corresponding panel and to reduce power consumption. 
Proposal 3: We should consider TRP/panel beam failure detection and report.
Conclusion
In this contribution, we discuss about the potential enhancements on multi-beam operation. Based on above discusses, we provide the following proposals.
Proposal 1: We prefer Alt.1b: 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.
Proposal 2: It need to be discussed on the UE assumption of PDCCH/PDSCH TCI states set for other SCells in the same applicable CC list during the beam failure recovery procedure of one SCell.
Proposal 3: We should consider TRP/panel beam failure detection and report.
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