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Introduction
In RAN plenary #80 meeting, the WI Proposal on NR MIMO Enhancements were approved in [1]. The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives on beam management are as follows:
· 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 UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In RAN1 Ad-hoc meeting 1901, the following agreements were reached for multi-beam operation [2]
Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ
Agreement
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info
Agreement
Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE
Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios
In this contribution, we discuss about the potential enhancements on multi-beam operation.
Enhancements on beam selection
1 
2 
In R15, it was agreed that DL beam measurement procedure reuses the frame structure of CSI measurement and reporting configuration. And the beam measurement procedure starts after the RRC connection between UE and gNB. If UE has Rx/Tx beam correspondence, UL Tx beam can be decided according to Rx beam. But if UE has no Rx/Tx beam correspondence, additional UL beam selection procedure is necessary. Similar to DL beam selection, in order to select UL beam, gNB need to configure SRS resource to UE and gNB will select UL beam based on the received performance of each SRS resource. 
2.1 Enhancements on DL beam selection 
DL beam measurement is started after RRC connection completion. Thus during the time between RRC connection completion and beam selection completion, UE can only use the default beam which is the SSB for initial access. In fact, before initial access, UE may complete the beam measurement based on all SSB resources. It is able to report the beam measurement results during initial access procedure or just after RRC connection completion. In this case, beam measurement latency will be reduced. 
Proposal 1: UE can report the beam measurement results during initial access procedure or just after RRC connection completion to reduce latency.
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). 
Proposal 2: NR should further study the necessity of event-driven UE initiated beam reporting and specify the details of event(s).
2.2 UL beam selection for multi-panel operation
For multi-panel UE, it is able to support multi-panel transmission or reception to improve reliability and robustness. It was agreed in R15 that group based beam report is supported to support multi-panel reception at UE side. If Rx/Tx beam correspondence is supported at UE side, beam information for multi-panel transmission can be decided according to group based beam report for DL beam selection. But if UE has no Rx/Tx beam correspondence, it is necessary to define a UL beam selection procedure for multi-panel transmission.
gNB configures SRS resource for UL beam training. Then if it is used for multi-panel beam training, in addition to time/frequency resource of each SRS resource or SRS resource set, the panel information need to be configured. An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in this RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info
Different ID may be suitable for different use cases. For example, if it is used for UL beam management, gNB need to configure SRS resources to UE. If more than one panel can be used for UL transmission, UE need to know SRS resource IDs transmitted by each panel. In this case, gNB can indicate a SRS resource set ID, by which to ask UE to transmit SRS resources within one SRS resource set by one panel. And both Alt.1 and Alt.3 can work in this use case. But if gNB want to map the UL beam with the DL beam or gNB want to perform UL beam management on a special panel, gNB can indicate panel information to UE by indicating a reference DL RS, such as SSB index or CSI-RS ID reported by DL beam measurement report. This is the use case of Alt.2. While Alt.4 can be combined with one of first 3 alternatives if necessary.  
Beam failure recovery for SCell 

The beam failure recovery procedure for PCell can be seen in [4]. 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.
Proposal 3: It is necessary to study the cross-carrier beam failure recovery request if PUCCH/PRACH of the SCell is not available. 
As for cross-carrier beam failure recovery request, it is prefer to use PUCCH/PRACH of PCell. And there are also some options:
PRACH of PCell:
· Dedicated preamble can be used for SCell BFR request, but the overhead will be very large especially with the number of SCells increasing. 
· Non-dedicated preamble can be used for SCell BFR request, but long latency will be introduced because of collision.
PUCCH of PCell:
· CSI reporting method can be used for SCell BFR request. Since if PUCCH is not available in SCell, beam measurement results can only be reported to gNB by PUCCH of PCell. Thus it is possible to indicate the BFR by reporting beam measurement results and such report can be triggered by event as noted before.
· Scheduling request can be used for SCell BFR request. BFR request can also be reported to gNB by scheduling request with low signaling overhead.  
Proposal 4: We prefer to use PUCCH of PCell for SCell BFR request. 
As for SCell BFR, in order not to increase much more signaling overhead on PCell, it is better to only indicate beam failure happens by BFRQ since the PCell is still available. And new beam identification can be done by using DL BM procedure. Thus we prefer Alt.2 for SCell BFR.
Proposal 5: We prefer Alt.2 for SCell BFR. 
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: UE can report the beam measurement results during initial access procedure or just after RRC connection completion to reduce latency.
Proposal 2: NR should further study the necessity of event-driven UE initiated beam reporting and specify the details of event(s).
Proposal 3: It is necessary to study the cross-carrier beam failure recovery request if PUCCH/PRACH of the SCell is not available. 
Proposal 4: We prefer to use PUCCH of PCell for SCell BFR request. 
Proposal 5: We prefer Alt.2 for SCell BFR. 
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