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1. Introduction
In RAN1#104-e meeting, several agreements were made mainly on multi-TRP based beam management. In this contribution, we further discuss the related details under each category and make some proposals.
2. Beam measurement and reporting for multi-TRP
In RAN1 #104-e meeting [1], following agreement was achieved on beam measurement.
	Agreement
For beam measurement in support of M-TRP simultaneous transmission 

· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 

· Support M = 2

· Support extending the maximum value of N > 1, exact value FFS

· N=1 and N=2

· FFS: Other values larger than 2

· FFS: Whether the UE could report beams are received with different RX beams

· Further study the support of option 1 and option 3

· The above applies at least for L1-RSRP

· FFS: L1-SINR 




Regarding the group based beam report in Rel-16, only one beam pair/group with two different CRI or SSBRI is reported in a single reporting instance for each report setting. If multiple beam pairs/groups are reported, multiple measurements would be performed and it would lead to unnecessary latency. If the number of beam pair/group is increased in a single reporting instance, the increased number of beam pair/group could improve the overall performance, e.g. increase the efficiency of CSI reporting. Hence, support reporting up to 4 beam pairs/groups in a single instance of a group based beam report.
Proposal 1: For option 2, support up to 4 beam pairs/groups for a group based beam report, i.e. N = 4.

Since there are multiple beam pairs/groups in a single CSI reporting for group based beam report, a beam pair/group of the multiple beam pairs/groups can be selected by the network through a dedicated selection criterion. L1-RSRP based beam pair selection criterion can simplify the selection without calculation of the inter-beam interference. If the multi-TRP based CSI (e.g. CQI and RI) is applied in the beam pair selection, the beam pair/group can be selected to reflect the inter-beam interference and maximize the throughput.
Proposal 2: For the multiple beam pairs/groups, the beam pair selection criterion should be designed and the CSI based beam pair selection criterion could be considered.
Regarding the CMR configuration in group based beam reporting, the following three options are discussed in the last meeting.
· Alt-1: For option 2, support configuration of S=2 CMR resource sets corresponding to a periodic/semi-persistent CMR resource setting or an aperiodic trigger state

· UE reports M beams (e.g. CMR resource indices) from S=2 different CMR resource sets which can be received simultaneously

· NOTE: UE may assume that different CMR resources in different CMR sets can be received simultaneously, and CMR resources in the same CMR set cannot be received simultaneously

· FFS: whether S = M  

· Alt-2: For option 2, support configuration of two CMR resource subsets in a CMR resource set corresponding to a CMR resource setting

· UE reports M beams (e.g. CMR resource indices) from different CMR resource subsets, which can be received simultaneously

· NOTE: UE may assume that different CMR resources in different CMR subsets can be received simultaneously, and CMR resources in the same CMR subset cannot be received simultaneously 

· FFS: a specific ID can be used to differentiate CMR resource subsets in a CMR resource set.
· Alt-3: For option 2, support indication of S=2 SSB sets, where CMRs are implicitly mapped to a 

a CMR set where a CMR in the set is QCLed (Type D) with a SSB in the same SSB set
· UE reports M=2 beams (e.g. CMR resource indices) from S=2 CMR sets 

· NOTE: UE may assume that different CMR resources in different CMR sets can be received simultaneously, and CMR resources in the same CMR set cannot be received simultaneously
Regarding the current CSI framework, one CSI-resource setting consists of one CMR resource set. For Alt-1, the CSI framework could be revised so that one CSI-resource setting consists of multiple CMR resource sets (e.g. S=2 CMR resource sets). For example, CMR resource sets should be grouped per TRP and CRI index should be defined. For Alt-2, it maintains the same Rel-16/17 CSI framework and needs minimum specification work. To configure the CMR resource for the multiple TRPs, the multiple CMR resources of one CMR resource set could be divided into multiple groups (i.e. CMR resource subsets), where each group is associated to a TRP and the reported beams should be from different groups. Regarding the association between CMR resource group and TRP, explicit indication and/or implicit indication could be designed. In detail, the CMR resources could be explicitly indicated by a TRP specific identifier and/or implicitly grouped by a pre-define rule. For Alt-3, the CMRs are implicitly indicated to UE by the grouping of SSB.
Proposal 3: For the CMR configuration in group based beam reporting, the Alt-2 is preferable and the association between CMR resource subset and TRP should be defined.
3. Beam failure recovery for multi-TRP
In RAN1 #104-e meeting [1], following agreement was achieved on beam failure recovery for multi-TRP.
	Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set

· FFS: value of N (e.g. fixed in specification, or UE capability)

· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)

Agreement
For M-TRP BFR 

Support 1-to-1 association between each BFD-RS set and an NBI-RS set

· FFS: Association details

Agreement
BFRQ response 

· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

Agreement
For BFRQ of M-TRP BFR

· Option 3: Up to two dedicated PUCCH-SR resources in a cell group

· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP

· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found

· Support at least indication of a single TRP failure 

· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE

· FFS: whether/how to support indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)

· FFS: UE behavior when TRP failure status is different across cells

· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations




Since two dedicated PUCCH-SR resources are configured for TRP specific BFR in a cell group, the PUCCH-SR resource for the BFRQ transmission could be selected according to the order of the available PUCCH-SR resource index(es). When a TRP fails, UE selects a PUCCH-SR resource based on the above rule and selects the spatial relation associated with the other TRP. By this way, the PUCCH-SR resources could be reused for different TRP BFR procedures and there is no need to define the association between a PUCCH-SR resource and a dedicated TRP.
Proposal 4: For the PUCCH-SR resource selection in the multi-TRP BFR, the PUCCH-SR resource can be selected according to the order of the available PUCCH-SR resource index(es).
Regarding the number of spatial relation associated with the PUCCH resource, if one PUCCH resource is configured with two spatial relations and the two spatial relations corresponding to two TRPs respectively, UE could select the spatial relation associated with the TRP in good radio link. In addition, PUCCH with repetition for reliability could be supported with the two spatial relations.
Proposal 5: For the number of spatial relation associated with the PUCCH resource, one PUCCH resource could be configured with two spatial relations and UE could select the spatial relation associated with the TRP in good radio link.
Regarding the design of TRP specific BFRQ, the index information of failed TRP(s) could be included in the BFRQ MAC CE to indicate which TRP fails. Since each BFD-RS set is associated with a TRP, the index of the BFD-RS set could be used to indicate the index information of failed TRP. If the index of the BFD-RS set is adopted, this could be applied in both single-DCI based multi-TRP and multi-DCI based multi-TRP. In addition, the high layer parameter coresetPoolIndex could be used to indicate the index information of failed TRP in multi-TRP based TRP.
Proposal 6: For the information of failed TRP(s) in BFRQ MAC CE, the index of the BFD-RS set could be used to indicate the index information of failed TRP.
For SCell, if both TRPs are failed, two sets of failed TRPs related information (e.g. information of failed CC index, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found) could be carried in a single BFRQ MAC CE, where each set of failed TRPs related information corresponds to a failed TRP. In addition, a field could be included in the MAC CE to indicate the number of failed TRP. UE could select the PUCCH-SR resource and spatial relation associated with a dedicated TRP (e.g. the TRP with high layer parameter coresetPoolIndex being equal to zero) to transmit the BFRQ MAC CE. After receiving gNB’s response, UE shall use the first new candidate beam for PDCCH reception in the CORESET corresponding to the first failed TRP and use the second new candidate beam for PDCCH reception in the CORESET corresponding to the second failed TRP. By this way, both the failed TRPs could be recovered by the corresponding new candidate beam. Since the BFR of both the failed TRPs occurs in one BFR procedure, the signaling overhead and latency could be reduced.

Proposal 7: If both TRPs fail in SCell, two sets of failed TRP related information could be carried in a single BFRQ MAC CE to recover both the failed TRP in one BFR procedure.
For SpCell, the cell specific BFR and TRP specific BFR could be configured. If both TRPs are failed, the cell specific BFR (e.g. RACH based BFR procedure) could be triggered to recover the failed TRPs as soon as possible.
Proposal 8: If both TRPs fail in SpCell, the cell specific BFR (e.g. RACH based BFR procedure) could be triggered to recover the failed TRPs.
4. Conclusion
In this contribution, we discuss the issues need to be clarified in Rel-17 NR MIMO. The proposals are summarized below:
Proposal 1: For option 2, support up to 4 beam pairs/groups for a group based beam report, i.e. N = 4.
Proposal 2: For the multiple beam pairs/groups, the beam pair selection criterion should be designed and the CSI based beam pair selection criterion could be considered.
Proposal 3: For the CMR configuration in group based beam reporting, the Alt-2 is preferable and the association between CMR resource subset and TRP should be defined.
Proposal 4: For the PUCCH-SR resource selection, the PUCCH-SR resource be selected according to the order of the available PUCCH-SR resource index(es).
Proposal 5: For the number of spatial relation associated with the PUCCH resource, one PUCCH resource could be configured with two spatial relations and UE could select the spatial relation associated with the TRP in good radio link.
Proposal 6: For the information of failed TRP(s) in BFRQ MAC CE, the index of the BFD-RS set could be used to indicate the index information of failed TRP.
 Proposal 7: If both TRPs fail in SCell, two sets of failed TRPs related information could be carried in a single BFRQ MAC CE to recover both the failed TRP in one BFR procedure.
Proposal 8: If both TRPs fail in SpCell, the cell specific BFR (e.g. RACH based BFR procedure) could be triggered to recover the failed TRPs.
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