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Introduction 
In this contribution, we will share our views on the following three enhancements identified in the agreements:
· TRP-specific beam failure recovery
· Simultaneous reception of DL with different QCL-TypeD assumptions
Discussion
M-TRP BFR
The main purpose of beam failure recovery is to detect the failure of beam pair link(s) for control channel(s) and try recovery it, if any other beam pair link can be used. For multi-DCI based M-TRP transmission, i.e., when two CORESET pools are provided for a DL BWP, since control channels would be transmitted from both TRPs, introducing per-TRP-based BFR could be beneficial. However, for single-DCI based M-TRP transmission, since control channels are usually transmitted from one of the TRPs, the benefit from support of per-TRP-based BFR for single-DCI based M-TRP transmission is not clear. Furthermore, in order to let UE know which control channels should apply the new beam identified for the failed TRP after UE detects gNB response on BFRQ, NW anyway has to explicitly associate control channels with each TRP. Directly reuse CORESET pool configuration for this purpose would be much straightforward.
Proposal 1: MTRP BFR is supported for a DL BWP of a CC when two CORESET pools are provided in the DL BWP of the CC.

In the following of this section, we will share our view on different enhancement aspects for TRP-based BFR.
Issue 1: MTRP BFD
In Rel-15/16, UE can be provided a set of BFD RSs for each DL BWP of a serving cell either explicitly by RRC configuration or implicitly by the TCI state(s) indicated for the CORESETs that the UE uses for monitoring PDCCH. For TRP-specific BFD, UE shall be informed which TRP the BFD RS(s) belongs to (or is transmitted from). Then, UE can assess the radio link quality individually for each TRP according to corresponding BFD RS(s). However, since TRP in Rel-15/16 is transparent to UE, configuration of CORESET pools can be used as reference instead.
In RAN1#104e [1], support of independent BFD-RS configuration per-TRP was agreed as follows:
	Agreement from RAN1#104
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)


We see both explicit and implicit manners can be supported to provide two BFD-RS sets for M-TRP BFR. If the BFD-RS sets are provided explicitly by RRC configuration, N resources in each BFD-RS set can be provided by N RS indexes. If the BFD-RS sets are provided implicitly by the TCI states indicated for the CORESETs that the UE uses for monitoring PDCCH, CORESET pool index associated with each CORESET can be used for UE to differentiate that the QCL-TypeD RS(s) determined from the TCI states belongs to which CORESET pool.
Proposal 2: Support both explicit and implicit manners to provide two BFD-RS sets for M-TRP BFR
· Explicit manner: N resources in each BFD-RS set are determined according to the N RS indexes configured per BFD-RS set
· Implicit manner: N resources in each BFD-RS set are determined from the TCI state(s) indicated for the CORESETs that are associated with one of the CORESET pools

In Rel-15/16, UE can maintain up to two BFD RSs for each BFD procedure on a cell. For TRP-specific BFD, since the BFD procedures for two BFD-RS sets are performed independently, the maximum number of BFD RSs per BFD-RS set can remain unchanged. As a result, the maximum number of BFD RSs across all BFD-RS sets per DL BWP may be increased to 4 to support TRP-specific BFD.
Proposal 3: Support up to two resources per BFD-RS set, which is fixed in spec.
Proposal 4: Support up to four BFD RSs across all BFD-RS sets per DL BWP, which is fixed in spec.

Issue 2: MTRP CBD
In RAN1#104 [1], support of independent NBI-RS-set configuration per-TRP was agreed as follows:
	Agreement from RAN1#104
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association detail


A BFD-RS set and a NBI-RS set can be paired and associated with a same TRP. In our view, each CORESET pool can be associated with one BFD-RS set and one NBI-RS set, and UE performs BFD/CBD for each TRP individually.
Proposal 5:  Each CORESET pool can be associated with one BFD-RS set and one NBI-RS set

Issue 3: MTRP BFRQ
In Rel-16, a two-stage BFRQ including LRR and BFR MAC-CE is introduced for SCell BFRQ to avoid potential RACH resource overhead dedicated per SCell. In RAN1#104e [1], support of TRP-specific BFRQ based on Rel-16 SCell BFRQ was agreed as follows:
	Agreement from RAN1#104
For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells


On LRR, in Rel-16, UE can be configured with one dedicated PUCCH-SR resource per cell group to request UL resource to transmit BFRQ MAC-CE. However, beam failure may occur in any of TRPs of a PUCCH cell. If this LRR can be only transmitted to one TRP and beam failure occurs in the TRP, a CBRA procedure may be triggered even the beam pair link to another TRP still works. In order to address this issue, in RAN1#104e, RAN1 agreed up two dedicated PUCCH-SR resources in a cell group can be provided for LRR. The two dedicated PUCCH-SR resources may be configured with spatial relations to transmit LRR to two TRPs in a PUCCH cell separately. However, this can be up to NW implementation. In previous meeting, there was a discussion whether to use the dedicated PUCCH-SR resources to convey information of failed TRP(s). However, the failed TRP(s) in each CC may not be identical. Thus, it is not feasible to use them to convey information of failed TRP(s) for all CCs. 
On BFRQ MAC-CE, in Rel-16, BFRQ MAC-CE indicates which serving cell(s) is failed and the index of new beam RS(s) identified for the failed serving cell(s), if any. For TRP-specific BFRQ, as agreed in RAN1#104e, BFRQ MAC-CE can be enhanced to indicate (1) the failed CC indices, (2) one new candidate beam for the failed TRP/CC (if found), and (3) whether new candidate beam is found. Regarding the information of failed TRP(s), whether/what information of failed TRP(s) is conveyed in BFRQ MAC-CE is FFS. For a CC configured with M-TRP BFR, there are two possible cases:
· Case 1: Only one of the TRPs (or CORESET pools) in the CC is failed: In the case, one bit in BFRQ MAC-CE can be used to indicate which TRP (or CORESET pool) in the CC is failed. Meanwhile, whether a new candidate beam is found and one new candidate beam (if found) are also conveyed for the failed TRP.
· Case 2: Both TRPs (or CORESET pools) are failed in the CC: We don't see the need to perform two recovery procedures for both failed TRPs at the same time, thus this case doesn’t need to be indicated via BFRQ MAC-CE. In this case, UE can select one of the failed TRPs (or CORESET pools) and indicate corresponding information to NW as in Case 1. 
Proposal 6: Support BFRQ MAC-CE to convey information of one failed TRP in a CC
· If more than one TRP failures in a CC, UE selects one of the failed TRPs and indicates information of the selected TRP in BFRQ MAC-CE.
According to current RAN2 design, BFRQ MAC-CE can indicate beam failure for SpCell as well, however, only when BFRQ MAC-CE is transmitted in Msg3 instead of any PUSCH. To support TRP-specific BFRQ in a SpCell, we see it is necessary to allow UE using BFRQ MAC-CE to indicate TRP-specific beam failure and TRP-specific new beam RS ID for SpCell in any PUSCH.
Proposal 7: Support using BFRQ MAC-CE to indicate TRP failure in a SpCell in any PUSCH.

Issue 4: UE behaviour after receiving NW response
In RAN1#104e, it was agreed to support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE) for MTRP BFRQ.
In Rel-16, after a duration from UE detects gNB response to a BFR MAC-CE, UE monitors PDCCH in all CORESETs on the SCell(s) indicated by the BFRQ MAC-CE using the identified new beam(s), if any. For per-TRP-based BFR, if UE declares a beam failure in a BFRQ MAC-CE for CORESET pool(s) in a cell, after a duration from UE detects gNB response to the BFRQ MAC-CE, UE shall monitor PDCCH in all CORESETs belonging to the CORESET pool(s) using the new beam identified for the CORESET pool in the BFRQ MAC-CE, if any. For CORESETs belonging to another CORESET pool without indication of beam failure in the MAC-CE, UE monitoring behaviour on these CORESETs shall remain unchanged. 
Proposal 8: For TRP-specific BFR, if UE declares beam failure for a CORESET pool in a CC using, after a duration from UE detects gNB response to the BFRQ MAC-CE, UE shall monitors PDCCH in all CORESETs belonging to the CORESET pool in the cell using the new beam identified for the CORESET pool in the BFR MAC-CE, if any.

Beam measurement/reporting enhancement to facilitate inter-TRP beam pairing
In the last meeting, RAN1 reached the following agreements for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing [1]:
	Agreement from RAN1#104
For beam measurement in support of M-TRP simultaneous transmission 
· Support 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 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 


According to the agreement, more beam pairs are allowed in a beam reporting instance compared to Rel-15/16 group-based beam reporting. However, in order to prevent UE to pair two beams from the same TRP, NW can group the CMR resources corresponding to a CMR resource setting into either two CMR resource sets or two CMR resource subsets in a CMR resource set, where each CMR resource set or subset can be associated with one TRP. Then, a pre-define rule can be specified for UE reporting of two CMR resources in a beam pair/group, e.g., the two CMR resources has to be selected from different CMR resource sets or subsets.    
Proposal 9: For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beam pairs/groups, where N = 1 or 2 configured by NW
· UE reports two CMR resources that can be received simultaneously per beam  pair/group, and the two CMR resources has to be selected from different CMR resource sets or subsets

Simultaneous reception of DL with different QCL-TypeD assumptions
In Rel-15, for operation in FR2, one active panel at a time for both DL and UL is generally assumed for a UE, and the UE is usually only capable to perform DL reception using one Rx beam at a given time instant. Thus, some collision handling rules are specified if multiple DL channels are transmitted simultaneously from same CC (or different CCs in the same frequency band) with different QCL assumptions, as listed in Table 1.
Table 1. Rel-15 collision handling rules for simultaneous transmission of DL channels
	Combination
	Collision handling rule

	PDCCH+PDCCH
	Only monitor on CORESET(s) prioritized according to CSS/USS and SS index

	PDCCH+PDSCH
	Prioritize reception of PDCCH


In Rel-16, PDSCH/PDCCH can be transmitted from different TRPs simultaneously and UE may be capable to support simultaneous DL reception with different spatial QCL assumptions thought e.g., multiple active panels. However, the collision handling rules defined in Rel-15 are not changed accordingly. In other words, according to current specification, even UE is able to form more than Rx beams simultaneously, UE may skip low-priority DL reception from other TPR if multiple DL channels with different spatial QCL assumptions are collided. Therefore, we see enhancement on collision handling for simultaneous transmission of DL channels is needed, at least for PDCCH+PDCCH and PDCCH+PDSCH. 

Proposal 10: Collision handling for simultaneous transmission of DL channels should be enhanced at least for PDCCH+PDCCH and PDCCH+PDSCH

Conclusion
In this contribution, potential enhancements on beam management for multi-TRP were discussed. Based on the discussion in the previous sections, we made the following observations and proposals:
MTRP BFR
Proposal 1: MTRP BFR is supported for a DL BWP of a CC when two CORESET pools are provided in the DL BWP of the CC.
Proposal 2: Support both explicit and implicit manners to provide two BFD-RS sets for M-TRP BFR
· Explicit manner: N resources in each BFD-RS set are determined according to the N RS indexes configured per BFD-RS set
· Implicit manner: N resources in each BFD-RS set are determined from the TCI state(s) indicated for the CORESETs that are associated with one of the CORESET pools
Proposal 3: Support up to two resources per BFD-RS set, which is fixed in spec.
Proposal 4: Support up to four BFD RSs across all BFD-RS sets per DL BWP, which is fixed in spec.
Proposal 5:  Each CORESET pool can be associated with one BFD-RS set and one NBI-RS set
Proposal 6: Support BFRQ MAC-CE to convey information of one failed TRP in a CC
· If more than one TRP failures in a CC, UE selects one of the failed TRPs and indicates information of the selected TRP in BFRQ MAC-CE.
Proposal 7: Support using BFRQ MAC-CE to indicate TRP failure in a SpCell in any PUSCH.
Proposal 8: For TRP-specific BFR, if UE declares beam failure for a CORESET pool in a CC using, after a duration from UE detects gNB response to the BFRQ MAC-CE, UE shall monitors PDCCH in all CORESETs belonging to the CORESET pool in the cell using the new beam identified for the CORESET pool in the BFR MAC-CE, if any.
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