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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. In RAN1#102e meeting, following agreements were made.
	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

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



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.
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Group-based beam measurement/reporting
In NR Rel-15/16, if groupBasedBeamReporting is set to 'disabled', UE shall report up to 4 CRI or SSBRI with L1-RSRP/L1-SINR for each reporting setting. If groupBasedBeamReporting is set to 'enabled', UE shall report two different CRI or SSBRI with L1-RSRP/L1-SINR for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE. Hence, in FR2, to facilitate simultaneous multi-panel reception at UE for DL MTRP PDSCH transmission, group-based beam reporting should be considered. However, only one group for group-based reporting is supported in NR Rel-15/16, which would limit the gNB scheduling flexibility. If multiple groups can be reported, more possibilities for beam groups can be ensured for scheduling and DL throughput performance can be improved. 
Different grouping methods can be considered for multiple groups of group-based beam reporting.
Alt.1: Within each group, two beams are reported with L1-RSRP/L1-SINR and the two beams can be received by UE simultaneously. An example is shown in Fig.1. For reported group#1, the CRI#1-1 and CRI#2-3 are included, which can be received by UE simultaneously with 2 panels. Similarly, for reported group#2, the CRI#1-3 and CRI#2-1 can be received by different panels at UE.
Alt.2: Within each group, multiple beams are reported, and those beams can be received by the same panel at UE. That is to say, the beams from the same group cannot be received by UE simultaneously. Only the beams from different groups can be received by UE simultaneously with different panels. An example is shown in Fig.2. For reported group#1, the CRI#1-1 and CRI#1-2 are measured by the same panel at UE. 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.
However, with two grouping methods above, it can only ensure the two beams are be received by UE simultaneously, while it cannot ensure the two beams can be transmitted by two TRPs/panels at NW simultaneously. An example is shown in Fig.3 based on Alt.1. If the reported two beams CRI#2-1 and CRI#2-3 within one group come from the same TRP/panel, gNB cannot use the beam group for MTRP transmission since gNB cannot transmit the beams simultaneously. Similar issue may happen for Alt.2 with example shown in Fig.4. The CRI#2-1 from group#1 and CRI#2-3 from group#2 cannot be transmitted by NW simultaneously. Therefore, TRP-specific NZP-CSI-RS resource configuration should be considered for a reporting setting to make UE aware of whether the reported beams can be transmitted by NW simultaneously. The signaling framework can be similar as Category 1 discussed in MTRP CSI, where for a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states.
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Figure 1 An example of Alt.1                         Figure 2 An example of Alt.2
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Figure 3 The problem of Alt.1                         Figure 4 The problem of Alt.2

More details for the two grouping methods can be discussed as follows.
In Alt.1, two beams are reported in each group for NCJT, and multiple groups can be reported. UE can select the two beams with good average signal quality as well as less inter-beam interference for each group, which will be a good beam pair for MTRP transmission. 
In Alt.2, gNB selects two beams from different groups for MTRP transmission. The number of groups can be two, but the number of beams within each group can be multiple. In Alt.2, without additional information, the selected two beams may be not good, e.g., with large inter-beam interference. Anyway, the rule to select the groups and the beams within each group should be discussed.

Proposal 1:
· For group-based beam reporting, similar as Category 1 in MTRP, for a reporting setting CSI-ReportConfig, support more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states.

Proposal 2:
· Further study following methods for group-based beam reporting:
· Alt.1: The reported beams from the same group can be received by UE simultaneously, and can be transmitted by NW simultaneously.
· Support multiple groups to be reported with two beams per group. 
· The selection of two beams within each group can consider inter-beam interference and the average measurement result of the two beams.
· Alt.2: The reported beams from different groups can be received by UE simultaneously, and can be transmitted by NW simultaneously.
· Support two groups to be reported with multiple beams per group. 
· The rule to select the groups and the beams within each group should be discussed.

Non-group-based beam measurement/reporting
Some companies also proposed to consider enhancement on non-group-based beam reporting. To ensure multi-panel reception for non-group-based beam reporting, similar method as Category 2 for MTRP CSI can be used. In such a method, a CSI-ReportConf. is associated with one TRP, hence, two CSI-ReportConf. are needed for MTRP. Two further options can be considered for this method.
Option 1: By explicit/implicit association of a CSI-report for one TRP with the other CSI-report for the other TRP, the beam index to be reported in each CSI-report can be selected with the consideration of simultaneous reception by different panels at UE.
Option 2: For each CSI-report, UE can use each panel to measure the TRP, and report the results measured by each panel in a CSI-report (e.g., for a CSI-report#1 for TRP#1, UE can report L1-RSRP/L1-SINR measured by panel#1 and panel#2, respectively). In this case, there may be no need to configure the association between two CSI-reports. gNB can get measurement results from multiple panels at UE for each TRP, and gNB can make smart scheduling considering both TRP transmission and UE reception.
Anyway, non-group-based beam reporting requires two CSI-ReportConf., which is not preferred and can be considered with low priority.

Proposal 3:
· Enhancement on non-group-based beam measurement/reporting is with low priority.

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 beam failure recovery. Considering that beam failure detection RS is QCLed with DMRS of PDCCH monitored by UE, multi-DCI based MTRP operation should be discussed as high priority scenario for per-TRP based beam failure recovery. For multi-DCI based MTRP, each step is discussed as follows for per-TRP based beam failure recovery. 

Proposal 4:
· Multi-DCI based MTRP should be discussed as high priority for per-TRP based beam failure recovery.

· 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. Since beam failure detection RS is the periodic CSI-RS or SSB QCLed with the PDCCH DMRS of CORESET, which is configured with CORESETPoolindex for multi-DCI based MTRP, beam failure detection RS can be regarded as associated with CORESETPoolindex implicitly. In that case, to support TRP-specific BFD, beam failure detection RSs should include the periodic CSI-RS or SSB associated with different CORESETPoolindex.
When the radio link quality for all RSs associated with the same CORESETPoolindex is worse than the threshold, the physical layer in the UE provides an indication to higher layers for the corresponding TRP. Separate indications should be provided to higher layers for each TRP. And RAN2 should consider separate BFI_COUNTER and beamFailureDetectionTimer for each TRP, instead of cell-specific parameters.

Proposal 5:
· Two sets of BFD RS, with each set associated with different CORESETPoolindex, can be configured for a serving cell for two TRPs.
· 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.
· It has impact on RAN2 to consider TRP-specific BFI_COUNTER and beamFailureDetectionTimer.

· Issue 2: TRP-specific new candidate beam identification
Similar as beam failure detection RS, separate new candidate beam can be configured for each TRP for MTRP case. If beam failure is detected for a TRP, a new candidate beam can be detected and provided to higher layers upon request from higher layers. If beam failure is also detected for the second TRP after beam failure is detected and not recovered for the first TRP, i.e., beam failure is detected for two TRPs, whether one or two new candidate beams need be provided to higher layers can be further discussed.
For SpCell, if two TRPs fail, RACH based BFR should be triggered and one new candidate beam is sufficient. For SCell, if two TRPs fail, two new candidate beams can be reported for fast recovery for MTRP. On the other hand, it can also report one candidate beam only since it may be sufficient to recover the single TRP transmission for SCell first without the consideration of MTRP operation, which can be further configured after single TRP transmission is recovered.

Proposal 6:
· Two sets of new candidate beam RS, with each set associated with different CORESETPoolindex, can be configured for a serving cell for two TRPs.
· If beam failure is detected for one TRP, a new candidate beam can be provided to higher layers upon request from higher layer.
· If beam failure is detected for two TRPs, further study whether one or two new candidate beams should be provided to higher layers.

· Issue 3: TRP-specific BFRQ
If beam failure is detected for a 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, PUCCH resource or MAC CE for BFR defined in R16 for SCell BFR can be reused or with additional TRP indication. And it can be applied for both SCell and SpCell.
If beam failure is detected for two TRPs for a serving cell, RACH-based BFR procedure can be applied for SpCell, and BFR MAC CE based BFR procedure can be applied for SCell. For the BFR MAC CE, it should further discuss whether TRP information is needed or not, and whether one or two new candidate beam RSs should be transmitted for a SCell in case of two TRPs detected as beam failure.

Proposal 7:
· MAC CE based BFRQ can be reused for SCell MTRP BFR with either one or two TRPs detected as beam failure, as well as for SpCell MTRP BFR with one TRP detected as beam failure. 
· For SpCell MTRP BFR, in case of beam failure for two TRPs, RACH-based BFR procedure should be triggered.
· BFR MAC CE enhancement should consider whether TRP information is needed or not, and whether one or two new candidate beam RSs should be transmitted for a SCell in case of beam failure for two TRPs.

· Issue 4: gNB response enhancement
For MAC CE based BFRQ, similar as R16, 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 R16 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, UE behavior depends on outcome of Issue 3, i.e., whether one or two new candidate beam RSs are reported in the BFR MAC CE. If two new candidate beams are reported, UE behavior in R16 can be applied to the two TRPs with two new beams at the same time. If one new candidate beam is reported, UE behavior in R16 can be reused as new beam update per cell or applied to the first TRP only.

Proposal 9:
· If beam failure is detected for one TRP, UE behavior in R16 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 after receiving gNB response for MAC CE based BFRQ should be further discussed, which depends on whether one or two new candidate beams are reported.

Simultaneous reception of multiple channels/RSs with different QCL-TypeD
In R16, 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 R17, 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 group-based beam reporting, similar as Category 1 in MTRP, for a reporting setting CSI-ReportConfig, support more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states.

Proposal 2:
· Further study following methods for group-based beam reporting:
· Alt.1: The reported beams from the same group can be received by UE simultaneously, and can be transmitted by NW simultaneously.
· Support multiple groups to be reported with two beams per group. 
· The selection of two beams within each group can consider inter-beam interference and the average measurement result of the two beams.
· Alt.2: The reported beams from different groups can be received by UE simultaneously, and can be transmitted by NW simultaneously.
· Support two groups to be reported with multiple beams per group. 
· The rule to select the groups and the beams within each group should be discussed.

Proposal 3:
· Enhancement on non-group-based beam measurement/reporting is with low priority.

Proposal 4:
· Multi-DCI based MTRP should be discussed as high priority for per-TRP based beam failure recovery.

Proposal 5:
· Two sets of BFD RS, with each set associated with different CORESETPoolindex, can be configured for a serving cell for two TRPs.
· 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.
· It has impact on RAN2 to consider TRP-specific BFI_COUNTER and beamFailureDetectionTimer.

Proposal 6:
· Two sets of new candidate beam RS, with each set associated with different CORESETPoolindex, can be configured for a serving cell for two TRPs.
· If beam failure is detected for one TRP, a new candidate beam can be provided to higher layers upon request from higher layer.
· If beam failure is detected for two TRPs, further study whether one or two new candidate beams should be provided to higher layers.

Proposal 7:
· MAC CE based BFRQ can be reused for SCell MTRP BFR with either one or two TRPs detected as beam failure, as well as for SpCell MTRP BFR with one TRP detected as beam failure. 
· For SpCell MTRP BFR, in case of beam failure for two TRPs, RACH-based BFR procedure should be triggered.
· BFR MAC CE enhancement should consider whether TRP information is needed or not, and whether one or two new candidate beam RSs should be transmitted for a SCell in case of beam failure for two TRPs.

Proposal 8:
· For MAC CE based BFRQ, the gNB response for BFR MAC CE in R16 can be the baseline.

Proposal 9:
· If beam failure is detected for one TRP, UE behavior in R16 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 after receiving gNB response for MAC CE based BFRQ should be further discussed, which depends on whether one or two new candidate beams are reported.

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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