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Introduction
In RAN1-96bis meeting, the following agreements were reached for multi-beam operation [1]
Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 
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. Thus in our opinion, both Option 1 and Option 2 listed in agreement of last meeting can be supported. 
With Option 1, Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE. Since the resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR, it is better to configure periodical resource for MAC CE. Option 1 provides benefits on signaling overhead reduction of PRACH/PUCCH. But the disadvantage is that it is difficult to configure a suitable periodic of resource for MAC CE considering the tradeoff between resource waste and long latency.
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 PUCCH/PRACH resource. Since such indication information can be common for beam failure of every SCell, it will not introduce a large signaling overhead. And with 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.
While for Option 3, step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present). Since PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly, the signaling overhead for PUCCH/PRACH will be large if the number of Scell is large enough and if the PUCCH/PRACH resource should be differentiated among different CC index.
Refer to above analysis, we do not prefer Option 3. Both Option 1 and Option 2 can be supported. If only one option can be selected, we prefer Option 2 more.        
Proposal 1: We prefer Option 2 more and Option 1 can also be supported. 
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: When 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.
Enhancements on DL beam selection
1 
2 
In R15, beam measurement report can only be triggered by gNB. It can be configured as periodic, semi-persist or aperiodic report. As we know that it is UE, but not gNB who knows the L1-RSRP information at the first time. Thus it is difficult to configure a suitable periodicity. Long periodicity results in long latency, and short periodicity results in large overhead. It is also agreed early in RAN1-87 meeting [3], 
Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
· FFS: details of event(s) of beam quality degradation
Thus we propose to further study the necessity of event-driven UE initiated beam reporting and specify the details of event(s). For example, we can define one of following event:
Event 1: UE can trigger beam report when a part of PDCCH beams fail. 
Event 2: UE can trigger beam report when N best beams for beam reporting changed.
The beam reporting content for both Event 1 and Event 2 should include L1-SINR and L1-RSRP of PDCCH beams and other M best beams. With these kinds of beam report, gNB can reconfigure the PDCCH beams for UE, thus sometimes the beam failure can be avoided. It is unnecessary to define both of these two events, Event 1 is more important than Event 2.
Proposal 3: Event-driven UE initiated beam reporting when a part of PDCCH beams fail can be supported.
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 4: 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 more and Option 1 can also be supported.
Proposal 2: When 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.
Proposal 3: Event-driven UE initiated beam reporting when a part of PDCCH beams fail can be supported.
Proposal 4: We need to consider TRP/panel beam failure detection and report.
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