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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]
· 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 RAN1-103e meeting, the following agreements were reached for beam management enhancement for Multi-TRP [2]:
Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure
Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

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 
It was agreed in RAN1-103e meeting that to down-select at least one from 3 options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing. Take existed reporting mechanism in Rel-16 as a baseline, Option 1 and Option 2 can be able to improve the number of groups and the number of beams per group respectively. Thus we prefer Option 1 and Option 2. 
Proposal 1: Prefer Option 1 and Option 2.
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 2: UE need to know the association between RSs and TRP (or cell) to facilitate inter-TRP beam pairing by group based beam reporting. 
As for group based beam reporting, it is not differentiated that beams in one group are received by a same panel or different panel. For some groups, it is necessary to consider the interference from the other beam in the same group. While for other groups, it is unnecessary. In order for interference measurement/reporting across TRPs, it is necessary to report L1-SINR considering interference from the other beam in the group for group based beam reporting. And two beams in one group are received by a single panel or two different panels should be reported to gNB.  
Proposal 3: To report at least L1-SINR considering the inter-TRP interference.
Proposal 4: To indicate that beams in one group are received by a single panel or two different panels. 
In order to consider inter-TRP interference from the same group, the L1-SINR can 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 both L1-SINR#1 and L1-SINR#2, gNB can make better decision on transmission schemes. 
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. It means that both explicit and implicit BFD-RS configuration are supported in Rel-16. 
Thus for M-TRP beam failure, we think both explicit and implicit BFD-RS configuration should be supported too. With explicit configuration, gNB can configure per-TRP BFD-RS set explicitly.  With implicit BFD-RS, at least for M-DCI scenario, UE can decide the BFD-RS based on CORESETPoolIndex for each TRP. 
Proposal 5: Support both explicit and implicit per-TRP BFD-RS configuration.
Proposal 6: Implicit per-TRP BFD-RS configuration can be determined based on CORESETPoolIndex.
As for CORESETPoolIndex, there is a special case during the discussion in section of Multi-TRP PDCCH transmission. In order to support SFN scheme, Alt 1 with configuring two TCI states for one CORESET will be supported. For this type of CORESET, it can associate with two TRPs. Currently it has no discussion on the value of CORESETPoolIndex for this type of CORESET. There are three candidate values.
· Candidate value 1: the value of CORESETPoolIndex is ‘0’.
· In this case, the RS indicated by one TCI state associated to TRP#0 of this CORESET can be included in the BFD-RS set#0.  
· While the RS indicated by one TCI state associated to TRP#1 of this CORESET will be not included in any BFD-RS set.  
· Candidate value 2: the value of CORESETPoolIndex is ‘1’.
· In this case, the RS indicated by one TCI state associated to TRP#1 of this CORESET can be included in the BFD-RS set#1.  
· While the RS indicated by one TCI state associated to TRP#0 of this CORESET will be not included in any BFD-RS set.  
· Candidate value 3: the value of CORESETPoolIndex is ‘0’ and ‘1’, or a value other than ‘0’ and ‘1’, e.g., ‘2’.
· In this case, the RS indicated by one TCI state associated to TRP#0 of this CORESET can be included in the BFD-RS set#0.  
· While the RS indicated by one TCI state associated to TRP#1 of this CORESET can be included in the BFD-RS set#1.  
Proposal 7: Whether or how to add the RS(s) indicated by TCI states of the CORESET with two TCI states into any BFD-RS sets depends on the value of its CORESETPoolIndex.
In Rel-15/16, the maximum number of BFD RSs per cell is up to two. Thus for the number of BFD RSs per BFD-RS set, we think up to two is preferred. While for the number of BFD-RS sets, up to two is preferred too, since one BFD-RS set per TRP is sufficient. For the number of BFD RSs across all BFD-RS sets, I didn’t find any necessity to configure BFD RS across all BFD-RS sets.
Proposal 8: 
· Support up to two BFD RSs per BFD-RS set. 
· Support up to two BFD-RS sets.
· Not support BFD RS across all BFD-RS sets.
Issue 2: TRP-specific new candidate beam identification
It was agreed in RAN1-103e meeting, independent configuration of NBI-RS set per TRP will be supported. From our point of view, there will be one BFD-RS set and one NBI-RS set per TRP. Thus the BFD-RS set and NBI-RS set should be associated 1-to-1. 
Proposal 9: Support 1-to-1 association between BFD-RS set and NBI-RS set.
While for the RSs in NBI-RS set, if the NBI-RS set is associated with TRP#0 configured with CORESET#0, it is better to add the RSs point to TRP#1 into the NBI-RS set for TRP#0. Since TRP#0 is the TRP configured with CORESET#0, if it was detected as beam failure, UE need to find a new beam for CORESET#0. It is possible that there is no new beam point to TRP#0 with corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. Or there is a new beam point to TRP#0 but the L1-RSRP of the serving beam or new beam point to TRP#1 is better than that of TRP#0. Thus, it is necessary for the UE to measure the L1-RSRP of serving beam and new beam of TRP#1 in order to select a best beam for the CORESET#0. 
Based on above analysis, we prefer to include RS point to TRP#i to the NBI-RS set for TRP#j. In other words, NBI-RS across all NBI-RS sets can be supported.
Proposal 10: Support NBI-RS across all NBI-RS sets.
Issue 3: TRP-specific BFRQ
It was agreed in RAN1-103e meeting, support a BFRQ framework based on Rel-16 BFR BFRQ. As for the number of dedicated PUCCH-SR resource in a cell group, we prefer up to one. If the target of two dedicated PUCCH-SR resources in a cell group is to configure PUCCH-SR resource per-TRP, in fact, one PUCCH-SR resource with two spatial filters can have the same function. Since only one PUCCH-SR with one spatial filter will be used for BFRQ at the same time. If beam failure happens on one spatial filter, BFRQ can be transmitted by the other one spatial filter. Thus, we prefer up to one dedicated PUCCH-SR resource in a cell group and up to two spatial filters associated with the PUCCH-SR resource. 
Proposal 11: Support up to one dedicated PUCCH-SR resource in a cell group with up to two spatial filters.
As for cell-specific and TRP-specific BFR, we think for SpCell, it can support to configure both cell-specific and TRP- specific BFR. Since TRP-specific BFRQ can only be transmitted by PUCCH-SR and MAC CE, which has long latency. For SpCell, if both TRP are failed, it is better to trigger the RACH-based mechanism to recovery the beam with a short latency. While for SCell, it is sufficient to configure only TRP-specific BFR, if only one TRP is failed, only one TRP index will be indicated in MAC CE. If both TRPs are failed, two TRP indexes will be indicated in MAC CE.
Proposal 12: Support to configure both cell-specific and TRP-specific BFR on SpCell only. And RACH-based fallback mechanism is unnecessary.   
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: Prefer Option 1 and Option 2.
Proposal 2: UE need to know the association between RSs and TRP (or cell) to facilitate inter-TRP beam pairing by group based beam reporting. 
Proposal 3: To report at least L1-SINR considering the inter-TRP interference.
Proposal 4: To indicate that beams in one group are received by a single panel or two different panels. 
Proposal 5: Support both explicit and implicit per-TRP BFD-RS configuration.
Proposal 6: Implicit per-TRP BFD-RS configuration can be determined based on CORESETPoolIndex.
Proposal 7: Whether or how to add the RS(s) indicated by TCI states of the CORESET with two TCI states into any BFD-RS sets depends on the value of its CORESETPoolIndex.
Proposal 8: 
· Support up to two BFD RSs per BFD-RS set. 
· Support up to two BFD-RS sets.
· Not support BFD RS across all BFD-RS sets.
Proposal 9: Support 1-to-1 association between BFD-RS set and NBI-RS set.
Proposal 10: Support NBI-RS across all NBI-RS sets.
Proposal 11: Support up to one dedicated PUCCH-SR resource in a cell group with up to two spatial filters.
Proposal 12: Support to configure both cell-specific and TRP-specific BFR on SpCell only. And RACH-based fallback mechanism is unnecessary.
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