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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 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. The DL beam measurement procedure can be seen as follows:
· Step1, after RRC connection, gNB configures beam measurement RS resource and reporting resource to UE.
· Step2, UE measures the L1-RSRP of configured RS resource and calculates the measurement results.
· Step3, UE reports the beam measurement results to gNB at the configured reporting time. 
· Step4-1, gNB selects a number of best beams as TCI states for PDCCH or PDSCH, and indicate a list of TCI states to UE by RRC signaling.
· Step4-2, 
· For PDCCH: gNB actives one TCI state from PDCCH TCI states in RRC signaling by MAC CE, thus UE will receive PDCCH with the Rx beam indicated by the TCI state.
· For PDSCH: gNB actives at most 8 TCI states from PDSCH TCI states indicated in RRC signaling by MAC CE and indicate one TCI state from the 8 TCI states by DCI, thus UE will receive PDSCH with the Rx beam indicated by the TCI state.
With above procedure, DL beam selection is completed. 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 [2], 
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. And the panel information can be indicated by following methods:
· Method#1: indicate a group ID. The group ID just means that the SRS resources or the SRS resource set(s) with same group ID should be transmitted by a same panel but no matter which panel.
· Method#2: indicate a panel ID. The panel ID means that the SRS resource or resource set must be transmitted by the indicated panel. Before that, the panel information may be reported to gNB by UE.
· Method#3: indicate a RS ID. The RS can be SSB or CSI-RS or SRS. It means that the SRS resource or SRS resource set should be transmitted by the same panel as the panel used for receiving the indicated SSB/CSI-RS or transmitting the indicated SRS.
Then gNB measures the transmitted SRS, it can select and configure multi-UL beams from different panel for PUCCH/PUSCH transmission simultaneously to improve reliability and robustness.
Proposal 3: In order for multi-panel UL beam selection, panel information should be configured for each SRS resource or SRS resource set.
Currently, it is able to indicate only one UL beam by SRI field in Release 15. In order to support multiple UL Tx panel/beam indication for PUSCH, there are multiple options noted in [3] as below.
· Option 1: By multiple SRI fields, 
· It is a straightforward method, and the SRI field for each panel is independent. But the DCI payload will be large.
· Option 2: An extension of the existing SRI field,
· This method can save some payload of DCI. But it is necessary to design a mapping table between bitmap and SRI of panels.
· Option 3: RRC configures UL beam groups and SRI indicates the beam group ID,
· This method only has impact on RRC signaling and MAC CE. If RRC and MAC CE configures a mapping between one SRI and multiple RS resources or a UL beam resource group, then one SRI can indicate multiple RS resources to indicate more than one UL beam.
· Option 4: An indication of selected panel(s), 
· In addition to indicate SRI, it needs to add a new field for panel indication. In fact, the SRI can indicate a beam and a related panel together.
· Option 5: Single SRS resource transmitted associated with multiple panels.
· If same SRS resource is configured for beam measurement of multiple panels, beam management of multiple panels cannot be performed simultaneously, which will introduce long latency for beam selection. In addition, it is a rare case that a SRS resource is the best beam among beams of multiple panels.
With above analysis, we prefer to support option 2 and option 3.
Proposal 4:  We prefer to support option 2 and option 3 for multiple UL beam indication.

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. But if PUCCH/PRACH of the SCell is not available for the UE, it is necessary to study the cross-carrier beam failure recovery request.
Proposal 5: It is necessary to study the cross-carrier beam failure recovery request if PUCCH/PRACH of the SCell is not available. 
  
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: In order for multi-panel UL beam selection, panel information should be configured for each SRS resource or SRS resource set.
Proposal 4:  We prefer to support option 2 and option 3 for multiple UL beam indication.

Proposal 5: It is necessary to study the cross-carrier beam failure recovery request if PUCCH/PRACH of the SCell is not available.
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