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Introduction
In RAN1-97 meeting, the following agreements were reached for multi-beam operation [1]
Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell
Agreement
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
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 

Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.
In this contribution, we discuss about the potential enhancements on multi-beam operation.  
Beam failure recovery for SCell 

The beam failure recovery procedure for PCell can be seen in [2]. After the detection of beam failure, UE need to find a candidate RS from the set  and the corresponding L1-RSRP measurements that are larger than or equal to the corresponding thresholds. And from the higher layer parameter, UE decided the dedicated preamble and ROs of the candidate RS. Then in order to report the beam failure and the new candidate beam, the UE transmits the dedicated preamble through the dedicated ROs to gNB. This procedure is based on PRACH. It is also agreed that support using PUCCH for beam failure recovery request transmission. Thus as for SCell, if PUCCH/PRACH of the SCell is available, it is better to reuse the beam failure recovery procedure specified in R15. 
It was agreed in last RAN1-95 meeting, there are two important scenarios for SCell BFR. Scenario 1 is SCell with both uplink and downlink. In this scenario, it is also possible there is no PUCCH/PRACH configured in SCell. While scenario 2 is SCell with downlink only, it is impossible that there is PUCCH/PRACH configured in SCell. Thus the most common case is that PUCCH/PRACH of the SCell is not available. And in this case, cross-carrier beam failure recovery request should be necessary.
As for cross-carrier beam failure recovery request, it is prefer to use PUCCH/PRACH of PCell. But considering the large number of Scells, the overhead will be very large. In addition, the beam failure recovery of SCells is not very urgent compared to that of PCell. In addition, it was agreed in RAN1-97meeting that ‘Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell’. Thus Option 2 listed in agreement of RAN1-96bis meeting can be supported. 
With Option 2, step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es). Beam failure event is indicated to the gNB by dedicated SR-like PUCCH resource. Since such indication information can be common for beam failure of every SCell, it does not need a large signaling overhead. SR-like PUCCH format with both positive SR and 1-bit positive/negative are suitable for beam failure event indication. And after receiving this beam failure event indication, gNB can configure the resource for reporting of new beam information (if present) and failed CC index(es). This option is a good tradeoff between resource and latency.
Proposal 1: We prefer Option 2 with step 1 carried by SR-like PUCCH.
When UE detects beam failure of one SCell, but there is no new beam whose quality is above or equal to threshold, UE shall report new beam information in addition to failed CC index where a state of new beam information denotes no new beam is identified considering a uniform format for beam failure report.
Proposal 2: It is better to define a state of new beam information denotes no new beam is identified.
Panel-specific transmission for UL transmission
1 
2 
To support UE panel differentiation at gNB, it is a simple and clear way to introduce a new panel ID. And the UE panel information of panel ID can be reported by UE during DL beam management for beam corresponding UE. While for non-beam corresponding UE, the UE panel information of panel ID can be reported by UE with a UL signaling indicating UE panel activation/deactivation status. With the knowledge of UE panel ID, gNB can configures UL beam management with a new panel-specific ID configured to each SRS resource or each SRS resource set.
Proposal 3: A new panel specific ID should be introduced for UL transmission.
As for PRACH transmission, there are two scenarios. One is the PRACH transmission for initial access, in this scenario, UE decide the panel and beam for PRACH transmission by measurement results of SSB. While the other one is the PRACH transmission for non-initial access, such as beam failure recovery and handover, etc. In this scenario, the panel and beam for PRACH transmission can be indicated by gNB based on the measurement report from UE. Thus we support Alt.1 and Alt.3 as follows:
· Alt1. The Tx panel for PRACH transmission is selected by UE, and UE does not report the Tx panel ID used for the PRACH transmission. 
· Alt2. The Tx panel for PRACH transmission is selected by UE, and it is supported that UE reports the Tx panel ID used for the PRACH transmission.
· Alt3. The Tx panel for PRACH transmission is configured/indicated by gNB.
Proposal 4: We support Alt.1 and Alt.3 for panel selective PRACH transmission. 
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 
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 for different TRP. Thus, UE can detect beam failure of each TRP/panel independently. Currently, in my understanding, the definition of SCell beam failure is that PDCCH beams of all TRP(s)/panel(s). So, is it necessary to define TRP/panel beam failure when PDCCH beams fail of one TRP/panel? 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 5: We need to 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 Option 2 with step 1 carried by SR-like PUCCH.
Proposal 2: It is better to define a state of new beam information denotes no new beam is identified.
Proposal 3: A new panel specific ID should be introduced for UL transmission.
Proposal 4: We support Alt.1 and Alt.3 for panel selective PRACH transmission. 
Proposal 5: We need to consider TRP/panel beam failure detection and report.
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