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Introduction
In RAN1 #103 meeting, the following agreements on multi-TRP beam management enhancement have been achieved.
	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 provide some discussion on multi-TRP beam management enhancement.
Discussion
Beam Measurement and Report
In RAN1 #103, 3 options on beam reporting were agreed for further down-selection.
· 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

Option 1 and option 2 are extension of Rel-15 group based beam reporting. Option 2 would have higher overhead than option 1 as the beam pairs may not be fully overlapped. If UE finds N beams from the first TRP and M beams from the second, where they are received from different UE panels. With option 1, UE needs to report N+M L1-RSRPs but with option 2, UE needs to report N*M L1-RSRPs.
It might be possible that option 2 could provide some benefit for inter-beam interference. However, with regard to potential overlap between beam pairs, it is impossible for UE to measure inter-beam interference, due to UE Rx beam constraints. Figure 1 shows one example for this UE Rx beam issue.
[image: ]
Figure 1: Potential issue for inter-beam interference measurement
Option 1 and option 3 are similar. Option 3 might have some benefit for non-ideal backhaul, which assumes the UE should use one panel to receive one TRP. Both TRPs may not need coordination. However, as a result of rotation, the beams within two reporting instances cannot be received by UE simultaneously. Thus gNB still needs some coordination to understand whether the two beams can be received by UE simultaneously or not. But compared to option 1, option 3 would increase the beam reporting overhead as well as latency. Therefore, among the three options, option 1 should be supported.
To facilitate multi-TRP operation, one important aspect is to maintain the same understanding on whether two beams can be simultaneously transmitted from gNB and received by UE. The simultaneous transmission is an issue related to control signaling framework, and simultaneous reception is about the UE measurement behavior. 
Currently a common framework is applied for both CSI feedback and beam reporting, where gNB can configure a set of channel measurement resources (CMRs), as well as another set of interference measurement resources (IMRs). To provide some information on whether two beams can be simultaneously transmitted or not, one simple way is to provide an additional set of CMRs, where UE can assume any two beams in the two CMR sets can be simultaneously transmitted.
In addition, it should be noted that UE is not always able to find out two DL RSs that can be received simultaneously. As shown in Figure 2, due to rotation or movement, sometimes UE cannot receive beams from multiple TRPs simultaneously.
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Figure 2: Status change on simultaneous reception
To report whether two beams can be received simultaneously, the group-based beam reporting should be enhanced, which is called as type-2 group-based beam reporting in this contribution. In type-2 group-based beam reporting, gNB can configure UE to report N groups and M beams per group. The beams in different groups can be received simultaneously within an effective window. With regard to UE status of simultaneous reception, it should be supported that UE can indicate one beam is invalid – no good beam is found. 
Given that the measured RSRP is shown as Table 1, and Table 2 illustrates the reporting content for the type-2 group-based beam report when N=2 and M=2. Then, gNB can use CRI 1 or 2 from CMR set 0 and CRI 0 from CMR set 1 for multi-TRP operation.
Table 1: An assumption for the measured RSRP
	CMR set index
	CRI index within each CMR set
	Measured RSRP from panel 1 (dBm)
	Measured RSRP from panel 2 (dBm)

	0
	0
	-100
	Out of scope

	
	1
	-95
	Out of scope

	
	2
	-80
	Out of scope

	
	3
	-97
	Out of scope

	1
	0
	Out of scope
	-118

	
	1
	Out of scope
	Out of scope

	
	2
	Out of scope
	Out of scope

	
	3
	Out of scope
	Out of scope



Table 2: Reporting content for the type 2 group based beam report
	CMR set 0, CRI = 2, RSRP = -80 dBm

	CMR set 0, CRI = 1, differential RSRP = -15 dB

	CMR set 1, CRI = 0, differential RSRP = -35 dB

	CMR set 1, no beam reported



Proposal 1: For beam reporting, option 1 should be supported, where in a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group.
Proposal 2: It should be supported that gNB can provide some information on whether two beams can be simultaneously transmitted or not for beam measurement and report 
· Support to configure an additional set of CMRs in a CSI-ReportConfig, and UE can assume any two beams in different CMR sets can be simultaneously transmitted.
Proposal 3: Support UE to report a state that it cannot identify beams that can be simultaneously received.
 
BFR Enhancement
In RAN1 #103, TRP specific BFR was agreed. The remaining issues should be the details on BFR procedure.
BFD
To support TRP specific BFD, multiple BFD RS sets should be supported. For two TRPs, two BFD RS sets should be supported, where each set includes the BFD RSs corresponding to a TRP. The maximum number of BFD RS per set can be reported based on a UE capability. If the BFD RS is not explicitly configured by RRC, the BFD RSs can be implicitly derived based on the RSs configured in the TCI state for CORESET within the corresponding CORESETPoolIndex.
Proposal 4: Support gNB to configure up to 2 BFD RSs sets
· The maximum number of BFD RSs within a set can be reported by UE capability
· If the BFD RS sets are not configured, the RSs configured in the TCI state for CORESETs with a CORESETPoolIndex should be used for BFD for a TRP
CBD
The CBD RSs can be configured by RRC, where 2 sets of CBD RSs can be configured. The CBD RS sets and BFD RS sets should be one-to-one mapped, where each CBD RS set should correspond to a TRP. For inter-cell multi-TRP, different CBD RSs should be associated with different cells.
Proposal 5: Support gNB to configure up to 2 CBD RSs sets
· Each CBD RSs set corresponds to a TRP
· CBD RSs set and BFD RSs set should be one-to-one mapped
CBFR procedure
In RAN1 #103 meeting, two options have been identified:
· 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

For option 1, if the dedicated PUCCH-SR is configured in the failed TRP, most likely, gNB cannot receive the PUCCH-SR. Then the whole beam failure recovery procedure is broken. Thus option 2 should be a straight-forward solution, where different SR could correspond to different BFD RS set. Then in the BFR MAC CE, UE can report the new beam index(es), failed CC index(es) as well as indication on whether new beam(s) is found.
If both BFD RS sets fail, UE can fallback for Rel-15/Rel-16 single-TRP BFR procedure to recover from beam failure. But for Rel-15/Rel-16 single-TRP BFR procedure, some enhancements to identify 2 new beams can be supported, where each beam corresponds to each TRP, so that UE can recover from beam failure for both TRPs.
Proposal 6: For PUCCH-SR configuration, support option 2 (configuring up to 2 PUCCH-SR resources in a cell group)
· Each PUCCH-SR corresponds to a TRP (BFD/CBD RS set)
· The BFR MAC CE can report new beam index(es), failed CC index(es) as well as indication on whether new beam(s) is found
Proposal 7: When both BFD RS sets fail, UE can fallback to use Rel-15/Rel-16 single-TRP BFR procedure to recover from beam failure
· Support UE to report 2 new beam indexes, where each beam corresponds to a CBD RS set
QCL-TypeD collision handling
In Rel-15, some QCL-TypeD collision handling rules have been defined as shown in Table 3.
Table 3: QCL-TypeD collision handling rules
	Signal 1
	Signal 2
	Behavior

	PDSCH (scheduling offset before threshold)
	PDCCH
	Prioritize PDCCH. 


	PDSCH
	SSB not used for RLM/CBD
	gNB should ensure QCL. 


	CSI-RS not used for RLM/BFD/RLM
	PDCCH
	Not allowed for CSI-RS with repetition=on, for other CSI-RS, gNB should ensure QCL. 


	CSI-RS not used for RLM/BFD/CBD
	SSB not used for RLM/CBD
	gNB should ensure same QCL. 


	Aperiodic CSI-RS for CSI (scheduling offset below threshold)
	Other signal
	Prioritize other signal.

	PDCCH
	PDCCH
	Follow a priority rule


	SSB/CSI-RS for RLM/BFD
	Other DL signal
	Not allowed

	SSB/CSI-RS for CBD
	Other DL signal
	Not allowed




It can be observed that for QCL-TypeD collsion handling, there can be 2 typical solutions.
· Option 1: Define a priority rule and use the QCL-TypeD based on the signal with highest priority to receive all signals
· Option 2: Define a scheduling restriction to avoid such case by either mandating gNB to ensure the same QCL-TypeD or disallowing gNB to multiplex two signals in FDM manner

For UE with capability of simultaneous reception, it should be able to receive some downlink signals with two different QCL-typeD assumption by two panels. For such kind of UE, the restriction defined in Table 1 can be released. Then it could be possible that gNB can transmit some signalling in the same symbols as SSB/CSI-RS for RLM/BFD/CBD. Since there could be multiple SSB/CSI-RS configured for such functionality, to allow simultaneous transmission could help to improve the system performance a lot.
Proposal 8: Support to release some constraints due to QCL-TypeD collision for UEs that can receive two beams simultaneously, where the starting point is to release the constraints for SSB/CSI-RS for RLM/BFD/CBD.
Conclusion
In this contribution, we discussed multi-TRP BM enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: For beam reporting, option 1 should be supported, where in a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group.
Proposal 2: It should be supported that gNB can provide some information on whether two beams can be simultaneously transmitted or not for beam measurement and report 
· Support to configure an additional set of CMRs in a CSI-ReportConfig, and UE can assume any two beams in different CMR sets can be simultaneously transmitted.
Proposal 3: Support UE to report a state that it cannot identify beams that can be simultaneously received.
Proposal 4: Support gNB to configure up to 2 BFD RSs sets
· The maximum number of BFD RSs within a set can be reported by UE capability
· If the BFD RS sets are not configured, the RSs configured in the TCI state for CORESETs with a CORESETPoolIndex should be used for BFD for a TRP
Proposal 5: Support gNB to configure up to 2 CBD RSs sets
· Each CBD RSs set corresponds to a TRP
· CBD RSs set and BFD RSs set should be one-to-one mapped
Proposal 6: For PUCCH-SR configuration, support option 2 (configuring up to 2 PUCCH-SR resources in a cell group)
· Each PUCCH-SR corresponds to a TRP (BFD/CBD RS set)
· The BFR MAC CE can report new beam index(es), failed CC index(es) as well as indication on whether new beam(s) is found
Proposal 7: When both BFD RS sets fail, UE can fallback to use Rel-15/Rel-16 single-TRP BFR procedure to recover from beam failure
· Support UE to report 2 new beam indexes, where each beam corresponds to a CBD RS set
Proposal 8: Support to release some constraints due to QCL-TypeD collision for UEs that can receive two beams simultaneously, where the starting point is to release the constraints for SSB/CSI-RS for RLM/BFD/CBD.
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