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Introduction
In RAN1 #102 meeting, the following agreements on multi-TRP beam management enhancement have been achieved.
	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 provide some discussion on multi-TRP beam management enhancement.
Discussion
Beam Measurement and Report
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.
Proposal 1: 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.
In Rel-15, two types of beam reporting are supported: non-group based beam reporting and group based beam reporting. In a beam reporting instance, UE can provide the measured L1-RSRP as well as DL RS index. In addition, for group based beam reporting, UE can provide an additional information that two DL RSs can be simultaneously received. However, 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 1, due to rotation or movement, sometimes UE cannot receive beams from multiple TRPs simultaneously.
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Figure 1: 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 2: Support to introduce a type-2 group-based beam reporting, where 
· UE can be configured to report N (N>1) groups and M (M>=1) beams per group, where N equals to the number of CMR sets, and M beams are selected based on the CMRs in the corresponding set
· The beams in different groups can be received simultaneously within an effective window
· UE can report one state to indicate that no good beam is found
 
BFR Enhancement
In Rel-15/Rel-16, the beam failure recovery is supported. But the beam failure recovery is performed per UE per CC. Thus, for multi-TRP operation, UE can only trigger beam failure recover request only when both TRPs fail. But for non-ideal backhaul scenario, it would be helpful that UE can recover the beam from one TRP as soon as possible. Without per TRP beam failure recovery, UE can only change the beam until it reports the new beam by a normal beam report and receives the beam indication signaling. 
To reduce the latency, one possible way is to configure periodic beam report, but gNB may need to configure periodic beam report for each TRP, which would increase the overhead. So with regard to the latency and overhead, it is better to extend the SCell BFR mechanism to multi-TRP operation, where UE can report the BFRQ as soon as it identifies beam failure for one TRP.
To support TRP-specific BFR, gNB can provide an additional set of BFD RS as well as CBD RS, where each set is associated with a TRP. If the BFD RS is not explicitly configured, UE can assume the RS in the TCI state for CORESETs with the same CORESETPoolIndex should belong to the same set. If the beam failure for one TRP happens, UE can transmit the BFRQ to the other TRP by the same bandwidth part or by another serving cell. The BFRQ can be carried by MAC CE, which is similar to SCell BFR procedure, where the failed TRP index can be provided. The response could be a DCI to schedule new transmission for the same HARQ process as the PUSCH to carry the MAC CE. Similarly, after receiving the response, UE can reset the beam at least for PDCCH/PUCCH for the failed TRP.
Proposal 3: Support TRP-specific beam failure recovery with regard to non-ideal backhaul scenario.
· UE can be configured with up to 2 sets of BFD RS, where each set is used for BFD for a TRP
· If the BFD RS is not explicitly configured, UE can assume the RS in the TCI state for CORESETs with the same CORESETPoolIndex should belong to the same set
· UE can be configured with up to 2 sets of CBD RS, where each set is used for CBD for a TRP
· When beam failure based on a set of BFD RS is declared, UE can send BFRQ by MAC CE to another TRP in the same BWP or both TRPs by another serving cell
· The failed TRP index can be provided by the MAC CE
· The response to the BFRQ could be a PDCCH scheduling a new transmission with the same HARQ process ID as the PUSCH to carry the MAC CE
· After N slots after receiving the response, UE can reset the beam at least for PDCCH/PUCCH for the failed TRP to be based on the newly identified beam reported by the MAC CE.
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 4: 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 inter-cell multi-TRP enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: 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 2: Support to introduce a type-2 group-based beam reporting, where 
· UE can be configured to report N (N>1) groups and M (M>=1) beams per group, where N equals to the number of CMR sets, and M beams are selected based on the CMRs in the corresponding set
· The beams in different groups can be received simultaneously within an effective window
· UE can report one state to indicate that no good beam is found
Proposal 3: Support TRP-specific beam failure recovery with regard to non-ideal backhaul scenario.
· UE can be configured with up to 2 sets of BFD RS, where each set is used for BFD for a TRP
· If the BFD RS is not explicitly configured, UE can assume the RS in the TCI state for CORESETs with the same CORESETPoolIndex should belong to the same set
· UE can be configured with up to 2 sets of CBD RS, where each set is used for CBD for a TRP
· When beam failure based on a set of BFD RS is declared, UE can send BFRQ by MAC CE to another TRP in the same BWP or both TRPs by another serving cell
· The failed TRP index can be provided by the MAC CE
· The response to the BFRQ could be a PDCCH scheduling a new transmission with the same HARQ process ID as the PUSCH to carry the MAC CE
· After N slots after receiving the response, UE can reset the beam at least for PDCCH/PUCCH for the failed TRP to be based on the newly identified beam reported by the MAC CE.
Proposal 4: 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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