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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New WID for further enhancing NR MIMO [1] includes the objectives of enhancement on multi-beam operations. In this contribution, we present our views on further enhancement for NR multi-beam operation. In particular, we will present our views on UE-imitated beam switching and fast beam refinement.
UE-initiated beam switching
In Rel.15 and Rel.16, the beam switching of PDCCH/PDSCH and PUSCH and PUCCH are always initiated by the gNB. As specified in Rel.15 and Rel.16, the gNB use MAC CE to switch the TCI state for PDCCH, and MAC CE/DCI to activate and switch the TCI state for PDSCH. Likewise, the gNB can use MAC CE to switch the spatial relation info for PUCCH and PUSCH and associated SRS resources for PUSCH transmission. For Rel.17 FeMIMO, the dynamic TCI state update is also initiated by the gNB. 
Figure 1 illustrates the procedure of NW-initiated beam switch that is specified in Rel.15 and Rel.16. 
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Figure 1: NW-initiated beam switch
As shown in the procedure in Fig 1, even though the UE knows which beam is the best beam for DL transmission and/or uplink transmission by measuring the CSI-RS resources for beam management, the UE still need to wait for the beam switch command (for instance MAC CE command that indicates or activates TCI state for PDCCH/PDSCH or MAC CE command that indicates spatial relation info for PUSCH or PUCCH). That introduces both extra signaling overhead and latency for beam switch.
To resolve that issue, we propose to study UE-initiated beam switch. A general procedure for UE-initiated beam switch is given in Figure 2. 
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Figure 2: UE-initiated beam switch
Similar to the multi-beam operation specified in Rel.15 and Rel.16, the gNB first configures the UE to measure a set of CSI-RS resources for beam management. According to the configuration information, the UE can measure the CSI-RS resources for BM and then select the ‘best’ beam for DL transmission and/or UL transmission according the metric for instance L1-RSRP or L1-SINR.  Then the UE can indicate the selected ‘best’ beam to the NW and both gNB and UE switch the beam starting from a given time point after that. Compared with NW-initiated beam switch, the UE-initiated beam switch does not need beam reporting and DL signaling for TCI switch. 
Proposal 1: Study to support UE-initiated beam switch. 
Fast beam refinement 
The bottleneck for TCI switch is how fast a UE can track one beam and how fast the UE can determine the ‘best’ Rx beam for the indicated TCI. In unified TCI framework, the gNB can indicate one TCI state to provide common QCL information for PDCCH and PDSCH and/or common spatial filter for PUSCH and PUCCH. To minimize the latency of applying a newly indicated TCI state, the gNB shall provide assistance to the UE so that the UE is able to track the TCI state immediately after the TCI state is indicated.
To support that, we can configure the association between a set of CSI-RS resources for beam management and the indicated TCI state providing common QCL and/or spatial filter. The latest indicated TCI is always applied to that set of CSI-RS resources. When a new TCI state is indicated, that set of CSI-RS resources can be triggered along with the TCI state indication so that the UE can refine Rx beam with respect to the latest TCI. A procedure for that is illustrated in Figure 3.  
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Figure 3: Fast beam refinement in unified TCI framework


Proposal 2: Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 
2. Conclusion
In this contribution, we presented our views on enhancement for multi-beam operation. Based on the discussion, the following proposals and observations are provided:
Proposal 1: Study to support UE-initiated beam switch 
Proposal 2: Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 
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