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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. In RAN1#103e meeting, following agreements were made.
	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

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



In this contribution, we discuss the item 2-c for beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception, including the enhancements on beam management for MTRP, beam failure recovery for MTRP, and simultaneous reception of multiple channels/RSs with different QCL-TypeD.

Beam management enhancement for MTRP 
In RAN1#103e meeting, 3 options for beam measurement/reporting enhancement were proposed for down-selection. Among the 3 options, Option 1 and Option 2 belong to group-based beam reporting and are two different grouping methods. While Option 3 belongs to non-group based beam reporting with additional association between different CSI report settings.
In Option 1, in a CSI-report, different beams in different pairs/groups can be received simultaneously. Hence, the beams in a group can be measured by the same panel at UE. An example is shown in Fig.1. For reported group#1, the CRI#1-1 and CRI#1-2 are measured by the same panel at UE. For reported group#2, the CRI#2-2 and CRI#2-3 are measured by another panel at UE. Different groups should be associated with different TRPs as well as different UE panels for beam pairing. Option 1 applies to both ideal backhaul and non-ideal backhaul scenarios. To support simultaneous MTRP transmission with simultaneous reception, gNB should select one beam from group#1 and one beam from group#2 for NCJT transmission. Since NCJT transmission is supported with 2 TRPs, N=2 groups of beam reporting with up to M=2 or 4 beams per group can be considered, which also depends on UE capability. To further improve beam pairing flexibility for scheduling, UE panel can be additionally reported for each group. In that case, beams from any TRP measured by any UE panel can be measured and reported.
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Figure 1 An example of Option 1                    Figure 2 An example of Option 2
In Option 2, in a CSI-report, different beams within a pair/group can be received simultaneously. Hence, M=2 beams per group can be supported for 2 TRPs NCJT transmission. And UE can report up to N=2 or 4 groups depending on UE capability. In Option 2, inter-TRP/inter-beam interference for two reported beams in a beam pair can be considered, which is beneficial for NCJT transmission with overlapping PDSCHs. Hence, Option 2 should be supported with indication configuration for inter-beam interference. Option 2 applies to ideal backhaul scenario better. An example of Option 2 is shown in Fig.2. For reported group#1, the CRI#1-1 and CRI#2-3 are included, which can be received by UE simultaneously with two panels with less inter-TRP/inter-beam interference. Similarly, for reported group#2, the CRI#1-3 and CRI#2-1 can be received by two panels at UE. In addition, to ensure the two beams per group can be transmitted by two TRPs simultaneously, NZP CSI-RS resources for channel measurement can be associated to different TRPs at resource/resource set level.
In Option 3, multiple report settings and multiple CSI-reports are needed, which leads to larger specification impact than other options. For example, coordination is needed for parameters in those two configurations. In addition, the use case and benefit is not clear. Hence, we do not support Option 3.

Proposal 1:
· For beam measurement/reporting enhancement, 
· Support Option 2.
· Further study Option 1.
· Do not support Option 3. 

Proposal 2:
· For Option 2, UE can report up to N=2 or 4 groups and M=2 beams per group, depending on UE capability. 
· The reported two beams per group should consider inter-beam interference, if configured, at least for L1-SINR based measurement/reporting. 
· For Option 1, UE can report N=2 groups and up to M=2 or 4 beams per group, depending on UE capability. 
· Further study whether/how to associate a group with a UE panel.

Beam failure recovery enhancement for MTRP
In Rel-15, RACH-based BFR is defined for PCell. In Rel-16, MAC CE based BFR is defined for SCell. For both PCell and SCell BFR, only single-TRP transmission is considered. In RAN1#102e meeting, it was agreed to consider potential enhancement aspects to enable per-TRP based BFD/BFR. Considering that beam failure detection RS is QCLed with DMRS of PDCCH monitored by UE, multi-DCI based MTRP operation should be supported for per-TRP based BFD/BFR. For single-DCI based MTRP, even though there is no explicit CORESETPoolIndex configuration, different CORESETs can be transmitted from different TRPs. Hence, it is also fine to discuss and study per-TRP based BFD/BFR for single-DCI based MTRP.

Proposal 3:
· Per-TRP based BFD/BFR should be supported for multi-DCI based MTRP.
· Per-TRP based BFD/BFR can be also studied for single-DCI based MTRP.

· Issue 1: TRP-specific BFD
In order to detect the beam condition per TRP, separate beam failure detection RS can be configured for each TRP for MTRP case. 
For multi-DCI based MTRP, both explicit and implicit BFD-RS configurations should be supported. Since BFD-RS is the periodic CSI-RS or SSB QCLed with the PDCCH DMRS of CORESET, two sets of BFD-RS, with each set associated with different CORESETPoolIndex, can be configured by RRC for a serving cell for two TRPs. If BFD-RS is not explicitly configured, two sets of BFD-RS can be derived from QCL-TypeD RS of TCI state of CORESETs associated with different CORESETPoolIndex.
For single-DCI based MTRP, explicit BFD-RS configuration can be supported. Two sets of BFD-RS can be configured by RRC for a serving cell for two TRPs. NW can ensure the BFD-RS from different sets come from different TRPs. If BFD-RS is not explicitly configured, there is no need to define per-TRP implicit BFD-RS since it is difficult for UE to be aware of the TRP information of each RS. In that case, UE can determine the cell-specific implicit BFD-RS as Rel-16 and perform cell-specific BFD/BFR.
For per-TRP based BFD/BFR, when the radio link quality for all RSs in a set of BFD-RS is worse than the threshold, the physical layer in the UE provides an indication to higher layers for corresponding TRP. Separate indications should be provided to higher layers for each TRP. So that TRP-specific BFI_COUNTER and beamFailureDetectionTimer can be applied in the MAC procedure.

Proposal 4:
· [bookmark: _Hlk60760752]For multi-DCI based MTRP, support both explicit and implicit BFD-RS configurations for per-TRP based BFD/BFR. 
· Two sets of BFD-RS, with each set associated with different CORESETPoolIndex, can be configured by RRC. If not configured, two sets of BFD-RS can be derived from QCL-TypeD RS of TCI state of CORESETs associated with different CORESETPoolIndex.
· For single-DCI based MTRP, support explicit BFD-RS configuration for per-TRP based BFD/BFR. 
· Two sets of BFD-RS can be configured by RRC. If not configured, cell-specific implicit BFD-RS can be determined as Rel-16.
· If all the BFD-RS of one set is worse than the threshold, PHY layer in UE provides an indication to higher layers for corresponding TRP. Separate indications can be provided to higher layers for each TRP.

· Issue 2: TRP-specific new candidate beam identification
Similar as BFD-RS, separate NBI-RS can be configured for each TRP for MTRP case. 
For multi-DCI based MTRP, two sets of NBI-RS, with each set associated with different CORESETPoolIndex, can be configured for a serving cell for two TRPs. The set of BFD-RS and the set of NBI-RS associated with the same CORESETPoolIndex are implicitly associated for the same TRP.
For single-DCI based MTRP, two sets of NBI-RS can be configured for a serving cell for two TRPs, if two sets of BFD-RS are configured by RRC. The set of BFD-RS and the set of NBI-RS with the same set ID are implicitly associated for the same TRP.
If beam failure is detected for a TRP, a NBI-RS can be detected and provided to higher layers upon request from higher layers. Separate NBI-RS can be provided to higher layers for each TRP. 

Proposal 5:
· For multi-DCI based MTRP, two sets of NBI-RS, with each set associated with different CORESETPoolIndex, can be configured for per-TRP based BFD/BFR. The set of BFD-RS and the set of NBI-RS associated with the same CORESETPoolIndex are implicitly associated.
· For single-DCI based MTRP, two sets of NBI-RS can be configured for per-TRP based BFD/BFR. The set of BFD-RS and the set of NBI-RS with the same set ID are implicitly associated.
· If beam failure is detected for one TRP, a NBI-RS can be provided to higher layers upon request from higher layers. Separate NBI-RS can be provided to higher layers for each TRP.

· Issue 3: TRP-specific BFRQ
If beam failure is detected for one TRP, the beam failure information as well as new candidate beam information can be transmitted via available link to the other TRP or to the other serving cells. In that case, MAC CE for BFR defined in Rel-16 for SCell BFR can be reused with an additional indication of failed TRP information, and a NBI-RS information for the failed TRP, if found. This method can be applied to both SpCell and SCell.
If beam failure is detected for two TRPs for a serving cell, for SpCell, RACH-based BFR procedure should be triggered. For SCell, BFR MAC CE can be reused with an additional indication of two TRPs failure. A difference is, we should discuss whether one or two NBI-RS need be transmitted for a SCell in case of two TRPs detected as beam failure. If two NBI-RS are transmitted in BFR MAC CE, UE recovers to MTRP directly on the SCell. However, if beam failure is detected for two TRPs, it means bad channel condition for the two TRPs and the second TRP may become not proper for MTRP operation. In that case, it is better that UE recovers to single-TRP operation first. And NW can further decide whether to perform single-TRP or multi-TRP operation, as well as the second TRP information in case of multi-TRP operation.
If BFR is triggered but there is no UL-SCH resource to accommodate the BFR MAC CE, SR for SCell BFR should be triggered in Rel-16. However, for per-TRP BFR, if the beam configured for the PUCCH for the SR comes from the failed TRP, the SR cannot be successfully transmitted and the failed TRP cannot be recovered. In that case, enhanced SR for per-TRP BFR should be studied. But considering the limited number of SR (SchedulingRequestId) per cell group (MCG/SCG), up to one SR can be configured for BFR. For this SR configuration, two options can be considered.
Option 1: one PUCCH resource with two configured spatial relations. In this option, each spatial relation is associated with one TRP. If a TRP fails, the PUCCH for SR can be transmitted with the spatial relation of the other TRP so that the SR can be successfully transmitted via the available link.
Option 2: two PUCCH resources with one configured spatial relation for each PUCCH resource. In this option, each PUCCH resource is associated with one TRP. If a TRP fails, the PUCCH for SR associated with the other TRP can be transmitted.

[bookmark: _Hlk60762750]Proposal 6:
· For per-TRP based BFD/BFR on SpCell, 
· in case of beam failure for one TRP, enhanced BFR MAC CE is transmitted, with an indication of failed TRP information, and an indication of NBI-RS for the failed TRP, if found.
· in case of beam failure for two TRPs, RACH-based BFR procedure should be triggered.
· For per-TRP based BFD/BFR on SCell,
· in case of beam failure for one TRP, enhanced BFR MAC CE is transmitted, with an indication of failed TRP information, and an indication of NBI-RS for the failed TRP, if found.
· in case of beam failure for two TRPs, enhanced BFR MAC CE is transmitted, with an indication of two TRPs failure, and an indication of NBI-RS for the failed cell, if found, for recovery to single-TRP operation.

Proposal 7:
· [bookmark: _Hlk60820106]Up to one SR (SchedulingRequestId) can be configured for BFD/BFR in MCG/SCG. For this SR configuration per cell group, down select from
· Option1: one PUCCH resource with two configured spatial relations
· Option2: two PUCCH resources with one configured spatial relation for each PUCCH resource
 
· Issue 4: gNB response enhancement
For MAC CE based BFRQ, similar as Rel-16, the successful reception and confirmation of the MAC CE can be regarded as the gNB response. Hence, the BFR procedure can be regarded as successful if UE detects a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH with BFR MAC CE and having a toggled NDI field value.

Proposal 8:
· For MAC CE based BFRQ, the gNB response for BFR MAC CE in Rel-16 can be the baseline.

· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response
If beam failure is detected for a TRP, after BFR MAC CE is sent and gNB response is received, UE behavior for DL/UL channels/RSs in R16 should be applied to the failed TRP only. If beam failure is detected for two TRPs for a SCell, assuming only one new candidate beam is reported in the BFR MAC CE for recovery to single-TRP transmission, UE behavior in Rel-16 can be applied to the failed serving cell, e.g., for all the CORESETs, or applied to one TRP only, e.g., for the CORESETs associated with the first TRP.

Proposal 9:
· If beam failure is detected for one TRP, UE behavior in Rel-16 after receiving gNB response for MAC CE based BFRQ can be applied to the failed TRP only.
· If beam failure is detected for two TRPs for a SCell, UE behavior in Rel-16 after receiving gNB response for MAC CE based BFRQ can be further discussed, e.g., applied to the failed serving cell, or applied to one TRP only.

Simultaneous reception of multiple channels/RSs with different QCL-TypeD
In Rel-16, in case of multiple DL channels/RSs collision with different QCL-TypeD, the same QCL-TypeD of different DL channels/RSs should be assumed at UE for some cases, or some priority rule is performed at UE for some cases. In Rel-17, if a UE has the capability of simultaneous reception of two different QCL-TypeD channels/RSs at the same time, the restriction in R16 can be relaxed. A new higher layer signaling can be configured to support such simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE. The detailed methods should be discussed separately for single-DCI based MTRP case and multi-DCI based MTRP case, as well as for different collision cases with different channels/RSs.
For multi-DCI based MTRP, generally, for multiple channels/RSs associated with the same CORESETPoolIndex, the same QCL-TypeD can be assumed at UE for simultaneous reception, while for multiple channels/RSs associated with different CORESETPoolIndex, different QCL-TypeD can be allowed for simultaneous reception at UE. For single-DCI based MTRP, if two TCI states are applied to a PDSCH, only the collision between PDSCH and the other DL channel/RS needs to be considered. Generally, if the QCL-TypeD of the other DL channel/RS is the same as one of the two TCI states of the PDSCH, UE can receive the PDSCH and the other DL channel/RS simultaneously. Otherwise, prioritization rule is needed, and UE can prioritize PDSCH or the other channel/RS depending on different collision cases.

Proposal 10:
· Support a higher layer signaling to indicate whether to enable simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE.
· Discuss the UE behavior of simultaneous reception of multiple channels/RSs with different QCL-TypeD separately for single-DCI based MTRP and multi-DCI based MTRP cases.

Conclusion
In this contribution, we discussed the enhancements on beam management for MTRP, beam failure recovery for MTRP, and simultaneous reception of multiple channels/RSs with different QCL-TypeD. Based on the discussion, we made the following proposals.

Proposal 1:
· For beam measurement/reporting enhancement, 
· Support Option 2.
· Further study Option 1.
· Do not support Option 3. 

Proposal 2:
· For Option 2, UE can report up to N=2 or 4 groups and M=2 beams per group, depending on UE capability. 
· The reported two beams per group should consider inter-beam interference, if configured, at least for L1-SINR based measurement/reporting. 
· For Option 1, UE can report N=2 groups and up to M=2 or 4 beams per group, depending on UE capability. 
· Further study whether/how to associate a group with a UE panel.

Proposal 3:
· Per-TRP based BFD/BFR should be supported for multi-DCI based MTRP.
· Per-TRP based BFD/BFR can be also studied for single-DCI based MTRP.

Proposal 4:
· For multi-DCI based MTRP, support both explicit and implicit BFD-RS configurations for per-TRP based BFD/BFR. 
· Two sets of BFD-RS, with each set associated with different CORESETPoolIndex, can be configured by RRC. If not configured, two sets of BFD-RS can be derived from QCL-TypeD RS of TCI state of CORESETs associated with different CORESETPoolIndex.
· For single-DCI based MTRP, support explicit BFD-RS configuration for per-TRP based BFD/BFR. 
· Two sets of BFD-RS can be configured by RRC. If not configured, cell-specific implicit BFD-RS can be determined as Rel-16.
· If all the BFD-RS of one set is worse than the threshold, PHY layer in UE provides an indication to higher layers for corresponding TRP. Separate indications can be provided to higher layers for each TRP.

Proposal 5:
· For multi-DCI based MTRP, two sets of NBI-RS, with each set associated with different CORESETPoolIndex, can be configured for per-TRP based BFD/BFR. The set of BFD-RS and the set of NBI-RS associated with the same CORESETPoolIndex are implicitly associated.
· For single-DCI based MTRP, two sets of NBI-RS can be configured for per-TRP based BFD/BFR. The set of BFD-RS and the set of NBI-RS with the same set ID are implicitly associated.
· If beam failure is detected for one TRP, a NBI-RS can be provided to higher layers upon request from higher layers. Separate NBI-RS can be provided to higher layers for each TRP.

Proposal 6:
· For per-TRP based BFD/BFR on SpCell, 
· in case of beam failure for one TRP, enhanced BFR MAC CE is transmitted, with an indication of failed TRP information, and an indication of NBI-RS for the failed TRP, if found.
· in case of beam failure for two TRPs, RACH-based BFR procedure should be triggered.
· For per-TRP based BFD/BFR on SCell,
· in case of beam failure for one TRP, enhanced BFR MAC CE is transmitted, with an indication of failed TRP information, and an indication of NBI-RS for the failed TRP, if found.
· in case of beam failure for two TRPs, enhanced BFR MAC CE is transmitted, with an indication of two TRPs failure, and an indication of NBI-RS for the failed cell, if found, for recovery to single-TRP operation.

Proposal 7:
· Up to one SR (SchedulingRequestId) can be configured for BFD/BFR in MCG/SCG. For this SR configuration per cell group, down select from
· Option1: one PUCCH resource with two configured spatial relations
· Option2: two PUCCH resources with one configured spatial relation for each PUCCH resource

Proposal 8:
· For MAC CE based BFRQ, the gNB response for BFR MAC CE in Rel-16 can be the baseline.

Proposal 9:
· If beam failure is detected for one TRP, UE behavior in Rel-16 after receiving gNB response for MAC CE based BFRQ can be applied to the failed TRP only.
· If beam failure is detected for two TRPs for a SCell, UE behavior in Rel-16 after receiving gNB response for MAC CE based BFRQ can be further discussed, e.g., applied to the failed serving cell, or applied to one TRP only.

Proposal 10:
· Support a higher layer signaling to indicate whether to enable simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE.
· Discuss the UE behavior of simultaneous reception of multiple channels/RSs with different QCL-TypeD separately for single-DCI based MTRP and multi-DCI based MTRP cases.
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