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Introduction
In RAN-86 meeting, the work item of Further enhancements on MIMO for NR [1] was approved. It aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:
· Extend specification support in the following areas [RAN1]
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In RAN1-102e meeting, the following agreements were reached for beam management enhancement for Multi-TRP[2]:
Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD
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
 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 this contribution, we discuss about the enhancements for simultaneous multi-TRP transmission with multi-panel reception.  
Beam management for Multi-TRP operation
Beam measurement/reporting enhancement 
For multi-TRP transmission, UE need to perform beam management of Multi-TRPs. In order to support simultaneous multi-TRP transmission with multi-panel reception, group based beam reporting to indicate inter-TRP beam pairing is preferred. And UE should report a group of beams from different TRP or different cell. Thus UE should know the association between RSs and TRP or cell.
Proposal 1: UE need to know the association between RSs and TRP (or cell) to facilitate inter-TRP beam pairing by group based beam reporting. 
The description of Rel-16 group based beam reporting for L1-RSRP in 38.214[3] can be seen as follows:
	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
It means that in Rel-16, only one group with two RSs can be reported in each reporting instance. And it is not differentiated that two RSs in this group can be received simultaneously by the UE with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. For single filter case, serious interference will be introduced if different signaling or data are transmitted by these two TCI states. Thus, it is better to indicate the number of spatial domain receive filters used for receiving the RSs in each group. And also for single filter case, interference between two beams should be reported to gNB. 
In order to measure the interference between two beams within a group, it is necessary to report both L1-RSRP and L1-SINR for group based beam reporting. And the L1-SINR should be indicated by two values. For example, beam#1 and beam#2 can be received simultaneously by UE. While for beam#1, two IMRs should be configured to measure L1-SINR. With IMR#1, L1-SINR#1 means no interference from beam#2. While with IMR#2, L1-SINR#2 means including interference from beam#2. With knowledge of L1-RSRP and L1-SINR#1/ L1-SINR#2, gNB can make better decision on transmission schemes, for example, single PDSCH transmission occasion of the TB or two PDSCH transmission occasions of the same TB. For different groups, there is low interference between two beams in some groups and high interference between two beams in other groups. Thus, the number of group in each reporting instance need to be increased more than one. 
Proposal 2: To report the number of spatial domain receive filters used for receiving the RSs in each group. 
Proposal 3: To report both L1-RSRP and L1-SINR considering the inter-beam interference.
Proposal 4: Suggest to increase the number of group in each reporting instance.
While for Rx panel based beam reporting, UE can report a group of beams which can be received by a same Rx panel at UE side. But it is still need to indicate which two beams can be received by the same Rx panel at the same time, and which two beams can be received by the same Rx panel at the different time. Thus the signaling overhead will be same or more than existed group based beam reporting.
Beam failure recovery for multi-TRP
If PDCCH is transmitted by multi-TRP with different TCI states, UE need to monitor the search space of multi-TRP with multi-beam configuration.  It is possible that beam failure may happen for one TRP. Thus it is necessary to consider the beam failure detection and recovery for each TRP. 
Issue 1: TRP-specific BFD
In Rel-16, the BFD resource [image: ]is configured for each BWP of a serving cell. If it is not configured, UE need to take default resources as BFD resource of a serving cell. And the default resources include the RS resources indicated by TCI state for respective CORESETs that the UE uses for monitoring PDCCH.
So we aware of that the BFD resource is not differentiated between different TRP in Rel-16. And there is no related configuration for neighbouring cell considering inter-cell Multi-TRP scenario. In order to support TRP-specific BFD, configure the TRP-specific BFD resource is the first step. If [image: ] is not provided, UE will take default resources as BFD resource for this TRP. And the default resources include the RS resources indicated by TCI state for respective CORESETs with respective CORESETpoolindex (or with respective PCI) that the UE uses for monitoring PDCCH from this TRP.
Proposal 5: BFD resources should be defined per CORESETpoolindex.
Issue 2: TRP-specific new candidate beam identification
As same as BFD resources, the candidate beam resources [image: ]is also configured per cell. It is not differentiated between different TRP in Rel-16. While in Rel-17, TRP specific BFD should be supported in our opinion. Thus in order for the recovery of the first TRP with beam failure, the UE need to find a new candidate beam of the first TRP. But it needs further discussion on the necessity to measure the beam resources of the second TRP without beam failure. 
Here we assume that TRP#1 is the TRP with beam failure and TRP#2 is the TRP without beam failure.   The necessity will be different in the following two cases:
· Case 1: TRP#1 is the TRP with CORESET#0.
· In this case, the TRP#1 is the TRP with CORESET#0. If TRP#1 is detected as beam failure, it means that the beam for CORESET#0 is also failed. Thus, UE need to find a new beam for CORESET#0. It is possible that there is no new beam in [image: ] of TRP#1 with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. Or there is a new beam for TRP#1 but the L1-RSRP of the serving beam or new beam of TRP#2 is better than that of TRP#1. Thus, it is necessary for the UE to measure the L1-RSRP of serving beam and new beam of TRP#2 in order for the CORESET#0. 
· Case 2: TRP#1 is the TRP without CORESET#0.
· In this case, the TRP#1 is the TRP without CORESET#0. Even there is no new beam with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold for TRP#1, there is no impact on CORESET#0 transmission. Thus UE does not need to measure the beam for TRP#2.
Proposal 6: RS resources index associated with non-failed TRP can be a new candidate beam if the beam for CORESET#0 is failed.
Issue 3: TRP-specific BFRQ
If the beam failure is detected for one TRP, is it necessary to inform the gNB? If not, the gNB will continue to transmit PDCCH by the failed beam of that TRP. And the gNB continues to reserve resources for PDSCH or PUSCH scheduled by corresponding PDCCH. But the UE can’t decode the PDCCH correctly, and it can’t know the resource of PDSCH or PUSCH. Thus the resource will be wasted and the performance will be degraded. So TRP-specific beam failure recovery request should be supported.
In Rel-16, for PCell/PScell, BFRQ is indicated by PRACH-ResourceDedicatedBFR. While BFRQ is indicated by schedulingRequestID-BFR on PUCCH for SCell. While for TRP specific BFRQ, it is a straightforward way to reuse PRACH and PUCCH. But different TRP should apply different mechanism. We assume that TRP#1 is the TRP with beam failure and TRP#2 is the TRP without beam failure
· Type 1: TRP of PCell/PScell
· Type 1-1: TRP with CORESET#0
· In this case, TRP#1 is the TRP with CORESET#0 in PCell/PScell. If TRP#2 is a TRP without PUCCH resource, PRACH based BFRQ for Type 1-1 TRP is preferred. Else, BFRQ for Type 1-1 TRP can be indicated by either PRACH or PUCCH.
· Type 1-2: TRP without CORESET#0.
· For Type 1-2, PUCCH based BFRQ is preferred for TRP specific BFRQ.
· Type 2: TRP of SCell
· For Type 2, PUCCH based BFRQ is preferred for TRP specific BFRQ.
· Type 3: TRP of neighboring cell
· For Type 3, PUCCH based BFRQ is preferred for TRP specific BFRQ. And the priority of PUCCH resource should be further discussed. For example, the PUCCH resource on the non-failed TRP will be selected with the highest priority.
Proposal 7: To discuss the TRP type for which TRP specific BFRQ is indicated by PRACH or PUCCH.
Conclusion
In this contribution, we discuss about the enhancements for simultaneous multi-TRP transmission with multi-panel reception. Based on above discusses, we provide the following proposals.
Proposal 1: UE need to know the association between RSs and TRP (or cell) to facilitate inter-TRP beam pairing by group based beam reporting. 
Proposal 2: To report the number of spatial domain receive filters used for receiving the RSs in each group. 
Proposal 3: To report both L1-RSRP and L1-SINR considering the inter-beam interference.
Proposal 4: Suggest to increase the number of group in each reporting instance.
Proposal 5: BFD resources should be defined per CORESETpoolindex.
Proposal 6: RS resources index associated with non-failed TRP can be a new candidate beam if the beam for CORESET#0 is failed.
Proposal 7: To discuss the TRP type for which TRP specific BFRQ is indicated by PRACH or PUCCH.
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