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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to specify the beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. In this contribution, the enhancements on beam management for multi-TRP are discussed.
2. Enhancements on group-based beam reporting for multi-TRP
In multi-TRP transmission, the beams from different TRPs are most likely to be different. In this case, for single-panel UE, it may not be possible for UE to receive different beams simultaneously, while, for multi-panel UE, it is possible for UE to receive signal from different TRPs with multi-panel reception. However, the existing beam management functionality does not well support simultaneous multi-TRP transmission with multi-panel reception.
In Rel-15, non-group based beam reporting with up to 4 reported beams are supported for UE to report the best beams for reception. For multi-TRP transmission, UE can be separately configured beam reporting for each TRP. It is possible that the reported beams based on separate beam reporting for different TRPs are received by the same UE panel. As shown in Fig. 1 (a), the reported beam 0 for TRP 0 and the reported beam 1 for TRP 1 are both received by Panel 0, where beam 0 and beam 1 are the beams that UE receives at different time instant. However, UE cannot receive signal from TRP 1 based on beam 0 and TRP 2 based on beam 1 on the same panel simultaneously. Therefore, the existing non-group based beam reporting scheme cannot support the beams for simultaneous multi-panel reception. 
Besides, in Rel-15, group based beam reporting with up to 2 reported beams are supported for UE to report the beams that can be received simultaneously. For multi-TRP transmission, since UE does not know which beams are from different TRPs, it is possible that the reported beams based on group-based beam reporting are from the same TRP. As shown in Fig. 1 (b), the reported beam 0 and beam 1 are both from TRP 0. Therefore, the existing group based beam reporting scheme cannot select the beams for simultaneous multi-TRP transmission. 
To support simultaneous multi-TRP transmission with multi-panel reception, the existing group based beam reporting should be enhanced. On one hand, UE needs to know which beams are from the same TRP, either explicit or implicit indication can be considered for the beam management RSs; on the other hand, beam grouping criteria A2 discussed in Rel-15 can be considered, in which different TRP TX beams reported for different groups can be received simultaneously at the UE, and the different groups can correspond to different TRPs.
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Fig. 1 Multi-TRP transmission with multi-panel reception
Proposal 1: The enhancement of group based beam reporting should be considered for simultaneous multi-TRP transmission with multi-panel reception.
3. Enhancements on beam failure recovery for multi-TRP
In Rel-15, PRACH based beam failure recovery for PCell are supported for UE, and in Rel-16, PUCCH and MAC-CE based beam failure recovery for SCell are supported. Both in Rel-15 and Rel-16, beam failure is detected by assessing a set 
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 of periodic CSI-RS resources. In multi-TRP transmission, if the set 
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 is configured to include the RS from both TRP 0 and TRP 1, the beam failure instance is detected only when all the resources in the  set 
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are below than the threshold value Qout,LR, it means the beams from both TRP 0 and TRP 1 are failure. If the set 
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 is configured to only include the CSI-RS resources from TRP 0, the beam failure is detected when beams from TRP 0 are failure, and the link quality between UE and TRP 1 cannot be measured. In multi-TRP transmission, beam failure may be occurred between UE and only one of the TRPs. As shown in figure 1, UE cannot communicate with TRP 0 but remain communicate with TRP 1. This situation can be regarded as partial beam failure. In order to ensure the transmission reliability or data rate, UE could switch to other available beams from TRP 0.
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Fig. 2 Partial beam failure in multi-TRP transmission 
To perform partial beam failure recovery, gNB can indicate the associations between TRP and resources in beam failure detection resources set, and between TRP and resources in candidate beam resource set. Through the association, UE can know whether partial beam failure is detected and find the candidate beam. The association between each RS and TRP can be defined by RRC signaling or implicitly indicated by different RS sets, for example, gNB could configure two resource sets for beam failure detection and candidate beam, and the first and second resource set are transmitted from TRP 0 and TRP 1, respectively.
Proposal 2: The enhancement of beam failure recovery should be considered to support partial beam failure recovery in multi-TRP transmission.
4. Conclusions

Based on the above discussions, the proposal is as follows:
Proposal 1: The enhancement of group based beam reporting should be considered for simultaneous multi-TRP transmission with multi-panel reception.
Proposal 2: The enhancement of beam failure recovery should be considered to support partial beam failure recovery in multi-TRP transmission.
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