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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 RAN1#102-e meeting [2], the following agreements were made to solve multi-TRP beam management issue, 

	Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  

· e.g., beam restriction to facilitate inter-TRP pairing.

· Option-2: Non-group-based reporting

Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference

· Issue 2: For group-based reporting, increased number of groups and/or beams per group

· Issue 3: UE Rx panel related beam measurement/report

· NOTE: “UE panel” is used for discussion purpose only


In multi-TRP transmission, the beams from different TRPs are most likely to be different. In this case, for single-panel UE, it is not 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 at a given time instant. Therefore, the existing non-group based beam reporting scheme cannot select 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 the same TRP, 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 explicitly or implicitly TRP-specific indication can be configured 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 UE side, and different groups are corresponding to different TRPs.
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Fig. 1 Multi-TRP transmission with multi-panel reception
Proposal 1: Explicitly or implicitly TRP-specific indication can be configured for the beam management RSs to let UE know which RSs are from the same TRP.

Proposal 2: Group-based beam reporting should be enhanced, in which different TRP TX beams reported for different groups can be received simultaneously at UE side, and different groups are corresponding to different TRPs.
3. Enhancements on beam failure recovery for multi-TRP
In RAN1#102-e meeting, the following agreements were made on per-TRP based beam failure recovery. 

	Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.

· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 

· Issue 1: TRP-specific BFD

· Issue 2: TRP-specific new candidate beam identification

· Issue 3: TRP-specific BFRQ

· Issue 4: gNB response enhancement

· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response


In multi-TRP transmission, beam failure may be occurred between UE and only one of the TRPs. As shown in Fig. 2, UE cannot communicate with TRP 0 but remains communicate with TRP 1. In order to ensure the transmission reliability or data rate, per-TRP based beam failure recovery should be considered. 
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Fig. 2 Per-TRP beam failure 
To perform per-TRP based beam failure recovery, TRP-specific beam failure detection is needed. gNB can indicate the associations between TRP and resources in beam failure detection resources set. 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 the first and second resource set are transmitted from TRP 0 and TRP 1, respectively. UE would access the radio link quality between one TRP and UE according to the  beam failure detection RS resources associated to  the TRP. And same as beam failure detection in Rel-15 and Rel-16, if the radio link quality is below than the threshold value Qout,LR,  beam failure event is assumed to be occurred.
For TRP-specific new candidate beam identification, the associations between TRP and candidate beam RS is necessary. Similar as TRP-specific beam failure detection, the associations can also be defined by RRC signaling or implicitly indicated by different RS sets.  In Rel-15 and Rel-16, the candidate beam is identified as the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. However, in multi-TRP scenario, the new candidate beam of the failed TRP should not interfere the beam of the non-failed TRP. If L1-RSRP measurement is used to identify TRP-specific new candidate beam, the identified new candidate beam may introduce strong mutual interference between the recovered TRP and the non-failed TRP. Therefore, L1-SINR measurements can be considered as the metric for new candidate beam identification in multi-TRP scenario.
For TRP-specific beam failure recovery, the BFRQ can be transmitted from the non-failed TRP to ensure fast recovery. The BFRQ can be transmitted in PUCCH or MAC-CE like the SCell-BFR. Considering that only two TRPs are assumed in multi-TRP scenario and the BFRQ is transmitted in non-failed TRP, the id for the failed TRP is not necessary to be transmitted. The BFRQ transmission could inform gNB that whether new candidate beam is identified, and if yes, the new candidate beam index should also be reported.    
Proposal 3: For TRP-specific BFD, the associations between TRP and beam failure detection RS resources should be designed.
Proposal 4: For TRP-specific new candidate beam identification, the associations between TRP and new candidate beam RS should be designed.

Proposal 5: L1-SINR measurements can be considered as the metric for new candidate beam identification in multi-TRP scenario.
Proposal 6: For TRP-specific beam failure recovery, the BFRQ can be transmitted from the non-failed TRP to ensure fast recovery.
4. Conclusions

Based on the above discussions, the proposal is as follows:
Proposal 1: Explicitly or implicitly TRP-specific indication can be configured for the beam management RSs to let UE know which RSs are from the same TRP.

Proposal 2: Group-based beam reporting should be enhanced, in which different TRP TX beams reported for different groups can be received simultaneously at UE side, and different groups are corresponding to different TRPs.
Proposal 3: For TRP-specific BFD, the associations between TRP and beam failure detection RS resources should be designed.
Proposal 4: For TRP-specific new candidate beam identification, the associations between TRP and new candidate beam RS should be designed.

Proposal 5: L1-SINR measurements can be considered as the metric for new candidate beam identification in multi-TRP scenario.
Proposal 6: For TRP-specific beam failure recovery, the BFRQ can be transmitted from the non-failed TRP to ensure fast recovery.
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