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Introduction
In this contribution, we share our views on the remaining issues for beam management for multi-TRP.
Discussion
Beam measurement and reporting enhancements for per-TRP beam management
Currently specified solution is for UE to report the N best beam pairs/groups wherein different beams within a pair/group can be received simultaneously. And, if L1-SINR based beam reporting is additionally supported, cross-beam (cross-TRP) interference can be easily exploited for best beam pair reporting. Specifically, In order to enable best beam pair/group reporting with consideration of cross-beam (cross-TRP) interference, NZP-CSI-RS resource(s) from a TRP (TRP#1) and NZP-CSI-RS resource(s) from another TRP (TRP#2) can be paired/grouped for both channel and interference measurement which can be configured as group candidate(s) as shown in Figure 1. In each pair/group, UE can simultaneously measure L1-SINR of TRP#1 (channel from NZP-CSI-RS of TRP#1, interference from NZP-CSI-RS of TRP2) and L1-SINR of TRP#2 (channel from NZP-CSI-RS of TRP#2, interference from NZP-CSI-RS of TRP#1) using multiple Rx panels, and then report best N pair(s)/group(s) of NZP-CSI-RS resources. It means that the best pair/group of transmission beams from two different TRPs can be reported with consideration of interference between those 2 TRPs.
Proposal #1: In order to take inter-TRP interference into account, support L1-SINR based beam pair/group reporting, additionally.
· Cross-beam (cross-TRP) interference can be measured from explicitly configured IMR which is the other NZP-CSI-RS within a beam pair/group (i.e., NZP-CSI-RS of the other TRP).
· UE can report best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP# 1, NZP-CSI-RS of TRP #2).
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Figure 1. Potential enhancements for group-based based beam reporting

Beam failure recovery for multi-TRP
Regarding BFR enhancement for M-TRP, there are 4 remaining issues.
· Simultaneous configuration of cell-level BFR and TRP-specific BFR
· Explicit BFD-RS configuration
· Beam/power update for PUCCH after receiving gNB response
· Beam update for PDSCH after receiving gNB response
For the first issue, there was a discussion on whether to support simultaneous configuration of cell-level BFR and TRP-specific BFR on a BWP. It seems to be natural to support either configuration on a BWP, since TRP-specific BFR configuration can well include the functionality of cell-level BFR.
Proposal #2: For BFD-RS configuration, a UE can be configured with either 1 cell-specific BFD-RS set per BWP or 2 TRP-specific BFD-RS sets per BWP.

For the second issue, both S-DCI and M-DCI based M-TRP operation are agreed to be supported for M-TRP specific BFR in the previous meeting. Also, in the RAN1 #106-e meeting, it was agreed to support explicit BFD-RS configuration for both S-DCI and M-DCI based M-TRP operation and implicit BFD-RS only for M-DCI based M-TRP operation. For implicit BFD, TRP specific BFD-RS can be derived from respective CORESET pool in M-DCI based M-TRP scenario. For explicit BFD, gNB configures two BFD-RS sets explicitly. In this mode of operation, UE shall perform BFD per configured RS set so there is no need to define any restriction/dependency with respect to CORESET pool configuration or PDSCH TCI configuration. Moreover, in the previous meeting, there was a debate on UE-specifically beamformed CSI-RS for the explicit BFD-RS configuration and its practicality. UE-specifically beamformed CSI-RS is already specified for specific use cases in Rel-15/16, e.g., associatedCSI-RS for non-codebook SRS, port selection codebook as well as this case (explicit BFD RS). In summary, implicit BFD is for cell-specifically beamformed or UE-group specifically beamformed CSI-RS/TRS and explicit BFD is for UE-specifically beamformed CSI-RS. For the UE-specifically beamformed CSI-RS, the beam for the CSI-RS can be updated according to UE mobility by gNB implementation, e.g., via beam reporting and sounding signal from UE. Due to the reason, only RRC based CSI-RS was agreed for explicit BFD in legacy specification. So, there is no need to introduce new signaling mechanism for explicit BFD configuration other than what we have currently, i.e., RRC-based explicit BFD-RS configuration is sufficient.
Proposal #3: For explicit BFD, two BFD-RS sets are explicitly RRC configured by gNB without any dependency on CORESET pool configuration or PDSCH TCI configuration.

For the third/fourth issues, there had been plenty of discussions regarding beam/power update for PUCCH and PDSCH. In RAN1 #106b-e, TRP-specific CORESET beam update after gNB response was agreed to be supported. We think that similar enhancement can be naturally applied for TRP-specific PUCCH beam update with using PUCCH resource group specified in Rel-16. However, for PDSCH, it kills gNB flexibility of dynamic TCI indication. Furthermore, PDSCH TCI can be well updated by existing PDSCH TCI update mechanisms, e.g., PDSCH TCI follows that of scheduling PDCCH when no TCI present in DCI, and PDSCH TCI follows the TCI of lowest ID CORESET when PDSCH is scheduled within timedurationforQCL.
Proposal #4: Support PUCCH beam/power update after gNB response with using PUCCH resource group specified in Rel-16. Do not support PDSCH beam update after gNB response which has no benefit but also kills gNB flexibility of dynamic TCI indication for PDSCH.

Missing conditions for BFD RS determination
In TS 38.213[2], the following consecutive two sentences for the configuration of TRP-specific BFD-RS set could be misread as contradiction since the first sentence is for guaranteeing no more than NBFD RSs and the second sentence addresses the case when the total number of active TCI states exceeds NBFD. 

The UE expects the set  or the set  to include up to a number of  RS indexes indicated by capabilityparametername. If a number of active TCI states for PDCCH receptions in the first or second CORESETs is larger than , the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for PDCCH receptions in the first or second CORESETs corresponding to search space sets according to an ascending order for monitoring periodicity.

Thus, we propose the following correction to clarify the different condition for respective sentence, i.e., the first one is for explicit BFD and the second one is for implicit BFD. 
Proposal #5: Adopt the following change for Rel-17 M-TRP BFR.

	6.      Link recovery procedures
A UE can be provided, for each BWP of a serving cell, a set  of periodic CSI-RS resource configuration indexes by failureDetectionResourcesToAddModList and a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSListExt or candidateBeamRSSCellList for radio link quality measurements on the BWP of the serving cell. Instead of the sets  and , for each BWP of a serving cell, the UE can be provided respective two sets  and  of periodic CSI-RS resource configuration indexes and corresponding two sets  and  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList1 and candidateBeamRSList2, respectively, for radio link quality measurements on the BWP of the serving cell. The set  is associated with the set  and the set  is associated with the the set .
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  or  for a BWP of the serving cell, the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states. The UE expects the set  to include up to two RS indexes. If the UE is provided  or , Tthe UE expects the set  or the set  to include up to a number of  RS indexes indicated by capabilityparametername. If the UE is not provided  or , and Iif a number of active TCI states for PDCCH receptions in the first or second CORESETs is larger than , the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for PDCCH receptions in the first or second CORESETs corresponding to search space sets according to an ascending order for monitoring periodicity. If more than one first or second CORESETs correspond to search space sets with same monitoring periodicity, the UE determines the order of the first or second CORESETs according to a descending order of a CORESET index. The UE expects single port RS in the set , or , or . The UE expects single-port or two-port CSI-RS with frequency density equal to 1 or 3 REs per RB in the set , or , or .
- unchanged part is omitted -



Conclusion
In this contribution, we share our views on the remaining issues for Rel-17 enhancements on beam management for multi-TRP, and propose the followings based on the discussion.
Proposal #1: In order to take inter-TRP interference into account, support L1-SINR based beam pair/group reporting, additionally.
· Cross-beam (cross-TRP) interference can be measured from explicitly configured IMR which is the other NZP-CSI-RS within a beam pair/group (i.e., NZP-CSI-RS of the other TRP).
· UE can report best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP# 1, NZP-CSI-RS of TRP #2).
Proposal #2: For BFD-RS configuration, a UE can be configured with either 1 cell-specific BFD-RS set per BWP or 2 TRP-specific BFD-RS sets per BWP.
Proposal #3: For explicit BFD, two BFD-RS sets are explicitly RRC configured by gNB without any dependency on CORESET pool configuration or PDSCH TCI configuration.
[bookmark: _GoBack]Proposal #4: Support PUCCH beam/power update after gNB response with using PUCCH resource group specified in Rel-16. Do not support PDSCH beam update after gNB response which has no benefit but also kills gNB flexibility of dynamic TCI indication for PDSCH.
Proposal #5: Adopt the following change for Rel-17 M-TRP BFR.
	6.      Link recovery procedures
A UE can be provided, for each BWP of a serving cell, a set  of periodic CSI-RS resource configuration indexes by failureDetectionResourcesToAddModList and a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSListExt or candidateBeamRSSCellList for radio link quality measurements on the BWP of the serving cell. Instead of the sets  and , for each BWP of a serving cell, the UE can be provided respective two sets  and  of periodic CSI-RS resource configuration indexes and corresponding two sets  and  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList1 and candidateBeamRSList2, respectively, for radio link quality measurements on the BWP of the serving cell. The set  is associated with the set  and the set  is associated with the the set .
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  or  for a BWP of the serving cell, the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states. The UE expects the set  to include up to two RS indexes. If the UE is provided  or , Tthe UE expects the set  or the set  to include up to a number of  RS indexes indicated by capabilityparametername. If the UE is not provided  or , and Iif a number of active TCI states for PDCCH receptions in the first or second CORESETs is larger than , the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for PDCCH receptions in the first or second CORESETs corresponding to search space sets according to an ascending order for monitoring periodicity. If more than one first or second CORESETs correspond to search space sets with same monitoring periodicity, the UE determines the order of the first or second CORESETs according to a descending order of a CORESET index. The UE expects single port RS in the set , or , or . The UE expects single-port or two-port CSI-RS with frequency density equal to 1 or 3 REs per RB in the set , or , or .
- unchanged part is omitted -
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