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Introduction
In RAN1 #106 meeting, the following agreements on multi-TRP beam management enhancement have been achieved.
	Agreement
For aperiodic report of beam reporting option 2, 
· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.
· FFS: Detailed association scheme 
· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 

Conclusion
There is no consensus to support M>2 beams per group for beam reporting option 2 in Rel.17. 
Agreement
Support differential L1 RSRP reporting as a UCI reduction scheme for beam measurement/reporting option 2. 

Agreement
Differential reporting across all beam groups in a CSI-report
· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups
· NOTE: best beam is assumed in the 1st group 
· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups; 

Agreement
For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes
· Indices of failed BFD-RS set (as an indication of failed TRP link)
· Indices of CC containing the failed TRP link
· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 
· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA
· Note: MAC-CE signaling design details are up to RAN2
· The term “failed TRP link” is used here for discussion purposes only

Agreement
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states

Conclusion
BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.


Agreement
For extension of the existing RRC parameter CSI-AssociatedReportConfigInfo for the purpose of M-TRP beam reporting option 2, 
· Introduce a second ‘resourcesForChannel’ in CSI-AssociatedReportConfigInfo

Agreement
For option 2 with differential reporting 
· For each reported beam group other than the 1st beam group, the same SSBRI/CRI ordering as the 1st beam group is assumed. 

Agreement
· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.




In this contribution, we provide some discussion on multi-TRP beam management enhancement.
Discussion
Beam Measurement and Report
In RAN1 #104, option 2 on beam reporting was agreed with 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.
One open issue is whether to support UE to indicate the beams are received by a single panel or multiple panels. This could be a useful information to decide the maximum possible rank. It is reasonable to support such report and in addition, UE can also report the maximum number of layers per Rx beam.
Another open issue is whether to support L1-SINR based on option 2. 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. Thus, the benefit to support L1-SINR based on option 2 is questionable. The key motivation for current option 2 is to report whether 2 beams can be received simultaneously.
[image: ]
Figure 1: Potential issue for inter-beam interference measurement
Figure 2 and Figure 3 illustrates the performance between L1-RSRP and L1-SINR based beam selection for mTRP operation. It can be observed that without inter-beam interference measurement, the performance for L1-SINR could be quite similar to L1-RSRP, while with inter-beam interference measurement, there can be some performance loss for cell edge UEs. Assuming each CMR set contains N CMRs, and there are M beam at UE side, the UE effort to identify the best beam pair could be as follows:
· For L1-RSRP, UE needs to measure 2*N*M L1-RSRP
· For L1-SINR without inter-beam interference, UE needs to measure 2*N*M L1-SINR
· For L1-SINR with inter-beam interference, UE needs to measure N*M*N*M L1-SINR 
Thus L1-SINR related group-based beam reporting enhancement cannot provide performance benefit, but it increases the UE complexity, which should not be supported. The detail simulation assumption is in Table A-1.

[image: ]
Figure 2: Geometry SINR for the first panel
[image: ]
Figure 3: Geometry SINR for the second panel


Proposal 1: Do not support option 2 to measure L1-SINR for beam measurement enhancement
Proposal 2: Support UE reports whether beams are received with different RX beams or not
· Support UE reports maximum number of layers per Rx beam as a UE capability
BFR Enhancement
Beam failure detection
It was agreed that 2 BFD RS sets can be used for TRP-specific BFR. One open issue is how to derive the BFD RS. With regard to high latency to update the BFD RS by RRC, it is better to consider some mechanism like DCI/MAC CE based BFD RS update, which can be aligned with TCI states. One possible way is to use the same approach as PL-RS, where a BFD RS selected from the candidate 2 BFD RS sets can be associated with a TCI state as shown in Figure 2. Then it can support more flexible BFD RS update and UE can derive potential failed BFD RS set for single-DCI mode.
[image: ]
Figure 2: BFD RS and TCI state association
Proposal 3: Support to configure a BFD RS index selected from the 2 candidate BFD RS sets configured by RRC to be associated with a TCI state
For single DCI mode, since dynamic switching between sDCI and sTRP mode is supported, when it is switched back to sTRP mode, UE does not need to perform BFD. UE may still maintain the BFD counter and timer within a short time in case UE switches back to sDCI mode. 
Proposal 4: For sDCI mode, UE should not be required to always keep TRP-specific BFR when it switches to sTRP mode
· UE may maintain the BFD counter and timer within a time window in case it switches back to sDCI mode

Candidate Beam Detection
It was agreed that 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. One simple way is to map the CBD and BFD RS with the same set index.
Proposal 5: Support to map the BFD and CBD RS set with the same set index
Beam failure recovery request procedure
In RAN1 #105, the following agreement on 2 PUCCH-SR is achieved.
	Agreement
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 




To decide the target receiving TRP for PUCCH-SR, the failure status and backhaul for the TRPs can be considered. For ideal-backhaul, there would be no difference to send the PUCCH-SR to any TRP. But for non-ideal backhaul, it is better that the PUCCH-SR can be sent to the failed TRP to reduce the latency. But if the CC with the PUCCH-SR also fails, another TRP can be considered. Therefore, with regard to different cases, either to send the PUCCH-SR to the failed TRP or non-failed TRP is not the best solution. As gNB has no information on which case happens, gNB cannot decide how to configure the PUCCH-SR. The best way is to let UE decide which PUCCH-SR to send. Thus Alt 2.5.2A should be supported.  
Proposal 6: For 2 PUCCH-SR, support Alt 2.5.2A, where PUCCH-SR resource selection is up to UE implementation. 

QCL-TypeD collision handling
In Rel-15, some QCL-TypeD collision handling rules have been defined as shown in Table 1.
Table 1: 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




In Rel-17, inter-cell mTRP operation is going to be supported, which would create new cases:
· Case 1: SSB + SSB from a different PCI
· Case 2: SSB + PDSCH/PDCCH/CSI-RS QCLed with SSB from a different PCI
The 2 new cases above need to be resolved. For Case 1, a simple dropping rule should not be helpful, since UE needs to measure different SSBs from different cells. Case 2 may be connected with Case 1, but UE may not be able to receive both signals at the same time especially if the SSB is used for RLM/BFD/CBD or the SSB is from a third cell,
Proposal 7: For simultaneous reception, RAN1 should prioritize the following new cases, which has not been discussed in Rel-15:
· Case 1: SSB + SSB from a different PCI
· Case 2: SSB + PDSCH/PDCCH/CSI-RS QCLed with SSB from a different PCI

Conclusion
In this contribution, we discussed multi-TRP BM enhancement. Based on the discussion, the following proposals have been achieved.
Beam report
Proposal 1: Do not support option 2 to measure L1-SINR for beam measurement enhancement
Proposal 2: Support UE reports whether beams are received with different RX beams or not
· Support UE reports maximum number of layers per Rx beam as a UE capability

BFR 
Proposal 3: Support to configure a BFD RS index selected from the 2 candidate BFD RS sets configured by RRC to be associated with a TCI state
Proposal 4: For sDCI mode, UE should not be required to always keep TRP-specific BFR when it switches to sTRP mode
· UE may maintain the BFD counter and timer within a time window in case it switches back to sDCI mode
Proposal 5: Support to map the BFD and CBD RS set with the same set index
Proposal 6: For 2 PUCCH-SR, support Alt 2.5.2A, where PUCCH-SR resource selection is up to UE implementation. 


Simultaneous reception
Proposal 7: For simultaneous reception, RAN1 should prioritize the following new cases, which has not been discussed in Rel-15:
· Case 1: SSB + SSB from a different PCI
· Case 2: SSB + PDSCH/PDCCH/CSI-RS QCLed with SSB from a different PCI

Appendix – Simulation assumption
Table A-1: Simulation Assumption 
	Parameter
	Value

	Scenario
	Dense Urban Macro

	Number of BS
	21

	Number of UE 
	210

	gNB antenna architecture (M, N, P, Q)
	(4, 8, 2, 2)

	UE antenna architecture (M, N, P, Q, Mg, Ng)
	(1, 4, 2, 2, 1, 2)

	Number of beams per TRP
	32

	Number of beams per UE panel
	4

	UE speed
	3 km/h for indoor and 30km/h for outdoor

	Indoor UE percentage
	80%

	System bandwidth
	80 MHz

	Carrier frequency
	30 GHz

	Subcarrier spacing
	120 kHz

	UE and panel orientation 
	Vertical but random in azimuth
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1 2 3 4 5 6 7 8 …RS index in set 1 for TRP 1 BFD



9 10 11 12 13 14 15 16 …RS index in set 2 for TRP 2 BFDRRC
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Beam indication for CORESET 1, 2, 
3 based on TCI 2, 6, 7 respectively



RS 2 is used for TRP 1 BFD
RS 10 and 11 are used for TRP 2 BFD
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