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1 Introduction
In RAN1#104b-e and 105e meetings [1][2], agreements on beam management for multi-TRP were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement
For CMR configuration for option 2, adopt  
· Alt-1: “set”
Agreement
The bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set
· FFS: specify the association between SSBRIs/CRIs in a reported group and CMR resource sets
Agreement
· For beam measurement/reporting option 2, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling
Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)
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: 
· [bookmark: _Hlk73050134]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. 
In this contribution, we provided our views on multi-TRP beam failure recovery.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Beam measurement/reporting
For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, it has been agreed that two CMR sets can be adopted for CMR configuration for option 2 (i.e., in a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group and different beams within a pair/group can be received simultaneously), and the bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set.
Table 1 Mapping order of CSI fields of one report for CRI/RSRP or SSBRI/RSRP reporting
(TS 38.212 V16.5.0, Table 6.3.1.1.2-8)
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #3 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #4 as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #3 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #4 as in Table 6.3.1.1.2-6, if reported


The existing L1-RSRP/SINR reporting format can already accommodate N=1, 2 and M=2 cases, with additional rules on the mapping order. More specifically, for the case N=2 and M=2, taking CRI/RSRP report as an example, the following rules on mapping order could be defined to reflect the association between CRIs in a reported group and CMR resource sets.
· CRI #1 and CRI #2 could represent different beams in one pair can be received simultaneously
· CRI #3 and CRI #4 could represent different beams in the other pair can be received simultaneously
· CRI #1 and CRI #3 are associated with CMR set #1, with the bitwidth , where K1 is the numbers of CSI-RS resources in CMR set #1
· CRI #2 and CRI #4 are associated with CMR set #2, with the bitwidth , where K2 is the numbers of CSI-RS resources in CMR set #2
It should be noted that in MTRP scenario RSRP #1 does not always represent the largest RSRP, one additional bit is need to indicate the mapping position of 7-bit RSRP value.
· If RSRP #1 >= RSRP #2, the indicator is set as 0, and the mapping order should be RSRP #1 and differential RSRP #2
· if RSRP #1 < RSRP #2, the indicator is set as 1, and the mapping order should be differential RSRP #1 and RSRP #2
To sum up, we propose the following CSI fields and mapping order for MTRP beam reporting (using CRI/RSRP report as an example). It can be readily applied to SSBRI/RSRP, CRI/SINR, SSBRI/SINR report.
Table 2 Proposed CSI fields and mapping order
	CSI fields and mapping order
	Bitwidth

	CRI #1
	

	CRI #2
	

	CRI #3
	

	CRI #4
	

	Indicator = 0
	Indicator = 1
	1

	RSRP #1
	Differential RSRP #1
	7 or 4

	Differential RSRP #2
	RSRP #2
	4 or 7

	Differential RSRP#3
	4

	Differential RSRP#4
	4


Proposal 1: Support reusing L1-RSRP/SINR reporting format for MTRP beam reporting by defining the mapping order and adding 1-bit to indicate the mapping position of largest RSRP. 
M-TRP beam failure recovery
Regarding the PUCCH-SR resource configuration in a cell group, it was agreed that either one resource or two resources can be configured. And two PUCCH-SR resources configured in a cell group is mainly applied to improve the reliability for SR transmission, for example, if one TRP failed, the PUCCH-SR resource associated with the non-failed TRP can be used for SR transmission. While the key use case for two PUCCH-SR resources is when the Spcell is configured with two TRPs, otherwise, when Spcell is configured with only one TRP, it seems unnecessary to configured two PUCCH-SR resources. So we think configuring two PUCCH-SR resources in a cell group should be conditioned on when Spcell is configured with two TRPs.
Proposal 2: Two PUCCH-SR resources in a cell group can be configured if Spcell is configured with two TRPs, otherwise it seems unnecessary. 
In case of two PUCCH-SR resources configured in a cell group, selection rule for the two PUCCH-SR resources was discussed, in our opinion, for different cases, the selection rule may be different. For example, when the Spcell is configured with two TRPs, when BFR is triggered on the Spcell, PUCCH-SR resource associated with non-failed TRP should be selected (i.e. Alt-1), which can improve the reliability for successful transmission of the SR. While in other cases, for example, if TRPs on Spcell is not failed, no matter which BFD RS set failed on the Scells, there is no difference to select either one of the two PUCCH-SR resources, the selection can be up to UE or the earlier resource in time domain can be selected to reduce BFR latency.
Proposal 3: When two PUCCH-SR resources in a cell group is configured, PUCCH-SR resource associated with other/non-failed BFD-RS set (i.e. Alt-1) should be selected at least when the Spcell is configured with two TRPs and TRP-specific BFR is triggered on the Spcell; otherwise, either one of the two PUCCH-SR resource can be selected. 
In addition, it was also discussed whether to support simultaneous RACH-based BFR and TRP-specific BFR at least on Spcell [3].
	Offline proposal 2.1.1: 
· Discuss whether simultaneous configuration of cell-specificRACH based BFR and TRP-specific BFR on at least the SpCell is supported
· Note: Herein the simulateous configuration refers to the configuration of CBRA-based BFR and TRP-specific BFR on the same CC. 
· In case of two TRPs failure for TRP-specific BFR on SpCell, CBRARACH-based BFR can be triggered.
· Note: if two sets of BFD-RS for TRP-specific BFR are configured on the SpCell, there is no additional configured BFD-RS for cellRACH-specific BFR on the SpCell.
· FFS: above RACH-based BFR refers to CFRA-based cell-specific BFR and/or CFRA-based cell-specific BFR on SpCell 


As multi-TRP or single-TRP is configured per BWP in a cell, so it’s possible and typical case that one BWP on a cell is configured with multi-TRP transmission (and with TRP-specific BFR), and another BWP on the cell is configured with single-TRP transmission. So we think on a cell level, RACH-based BFR and TRP-specific BFR should be simultaneously supported.
Proposal 4: RACH-based BFR and TRP-specific BFR should be simultaneously supported for at least the Spcell on cell level. 
Next, it should be discussed that whether simultaneous configuration of RACH-based BFR and TRP-specific BFR on same BWP on the Spcell. In our understanding, this simultaneous configuration should be supported, with RACH-based BFR as a fallback mode, for example when two TRPs failed. As in this case, PUCCH based BFRQ may be failed as high possibility. Triggering RACH-based BFR can reduce the latency and recover the cell timely. And the relationship between the procedures of RACH-based BFR and TRP-specific BFR should be further discussed, for example, beam failure detection and BFI_COUNTER for RACH-based BFR.
Proposal 5: Support simultaneous configuration of RACH-based BFR and TRP-specific BFR on same BWP for at least the Spcell. And FFS on relationship between the procedures between RACH-based BFR and TRP-specific BFR, e.g. beam failure detection and BFI_COUNTER for RACH-based BFR. 
Furthermore, considering SFNed PDCCH transmission scheme, one CORESET is associated with two active TCI states. As TRP specific BFR can reduce the latency to recover the failed beam per TRP, which can improve the performance, so for SFN based transmission, Rel-17 TRP specific BFR should also be supported. For example, PDCCH is transmitted in case of SFN based on two TRPs, and if one TRP is failed, TRP specific BFR can be processed to recover the failed link, after recovery, SFNed transmission can still be maintained.  And in this case, how to associate the CORESET with BFD RS set should be further discussed, for example, whether the CORESET is associated with one or both of the two BFD RS sets. And if one TRP failed, the UE behavior should be clearly designed, for example, the SFN PDCCH transmission can fall back to single TRP transmission, or just drop this PDCCH candidate.
Proposal 6: TRP specific beam failure recovery for SFN PDCCH transmission schemes should be supported. And association between the BFD RS set and CORESET with two active TCI states, and UE behavior when one TRP is failed need further discussion. 
3 Conclusion
In this contribution, we provided our views on beam management for multi-TRP, and we proposed that:
Proposal 1: Support reusing L1-RSRP/SINR reporting format for MTRP beam reporting by defining the mapping order and adding 1-bit to indicate the mapping position of largest RSRP.
Proposal 2: Two PUCCH-SR resources in a cell group can be configured if Spcell is configured with two TRPs, otherwise it seems unnecessary. 
Proposal 3: When two PUCCH-SR resources in a cell group is configured, PUCCH-SR resource associated with other/non-failed BFD-RS set (i.e. Alt-1) should be selected at least when the Spcell is configured with two TRPs, and either one of the two PUCCH-SR resource can be selected when the Spcell is only configured with one TRP. 
Proposal 4: RACH-based BFR and TRP-specific BFR should be simultaneously supported for at least the Spcell on cell level. 
Proposal 5: Support simultaneous configuration of RACH-based BFR and TRP-specific BFR on same BWP for at least the Spcell. And FFS on relationship between the procedures between RACH-based BFR and TRP-specific BFR, e.g. beam failure detection and BFI_COUNTER for RACH-based BFR. 
Proposal 6: TRP specific beam failure recovery for SFN PDCCH transmission schemes should be supported. And association between the BFD RS set and CORESET with two active TCI states, and UE behavior when one TRP is failed need further discussion. 
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