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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to specify the beam management related enhancements for simultaneous multi-TRP transmission with multi-panel reception. In this contribution, the enhancements on beam management for multi-TRP are discussed.
2. Enhancements on group-based beam reporting for multi-TRP
In RAN1#106-e meeting [2], the following agreements were made to solve multi-TRP beam management issue,
	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. 

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 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. 


For multi-panel UE, the reported two beams may be received with the same panel or different panels. Usually, it is more robust to receive beams with different panels since the blocking probability is lower.  As shown in Fig.1, if two beam pairs are configured in the CSI report, UE could report {CRI-1,CRI-7} and {CRI-4,CRI-7}. Both {CRI-1,CRI-7} and {CRI-4,CRI-7} are transmitted from two TRPs, but the former is received with the same panel, while the latter is received with different panels. It would be helpful for gNB to schedule the transmission beams if UE reports the information of whether the reported beams are received with different panels. For example, gNB could schedule the beam pairs with low interference to other UEs or with low blocking probability.
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Fig.1 M-TRP transmission with multi-panel reception
Proposal 1: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with same/different panels. 
For group-based beam reporting for multi-TRP, whether L1-SINR should be supported remains open. In our view, L1-SINR can reflect the cross-beam interference between TRPs by properly configuring the CMR and IMR. For example, CMR resource set#0 and CMR resource set#1 are configured to measurement the beam quality from TRP#0 and TRP#1，respectively. By the following configuration, cross-beam interference with different beam pair assumptions can be calculated.
CMR and IMR for CSI-Report Config#0：
CMR resource set#0:{CRI 1, CRI 2, CRI 3, CRI 4}  ; IMR resource set #0：{CRI5, CRI 5, CRI 6, CRI 6}
CMR resource set#1:{CRI 5, CRI 6, CRI 7, CRI 8}；IMR resource set #1：{CRI3, CRI 1, CRI 1, CRI 2}
CMR and IMR for CSI-Report Config#1：
CMR resource set#0:{CRI 1, CRI 2, CRI 3, CRI 4}  ; IMR resource set #0：{CRI8， CRI 6, CRI 7, CRI 5}
CMR resource set#1:{CRI 5, CRI 6, CRI 7, CRI 8}；IMR resource set #1：{CRI4， CRI4, CRI 2, CRI 3}
It is no doubt that cross-beam interference measurement will consume more overhead, but it can be seen as a trade-off between overhead and benefit. 
Proposal 2: Support L1-SINR for beam reporting option 2 with explicit IMR configuration.
3. Enhancements on beam failure recovery for multi-TRP
In RAN1#106bis-e[3] meeting, the following agreements were made on per-TRP based beam failure recovery. 

	Agreement

Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.

· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.
Agreement

RACH-based transmission can be triggered on a SpCell at least in the following scenarios

· Scenario 1: When beam failure is detected on all BFD-RS sets on the SpCell 

· FFS: other scenarios

· Scenario 2: at least one TRP fails on SpCell

· Scenario 3: at least one pre-defined TRP fails on SpCell

· Scenario 4: at least one TRP fails and no PUCCH-SR is configured, and no UL grant is available

· Scenario 5: If MAC-CE based reporting does not work (details FFS)

· Scenario 6: When no PUCCH-SR is configured
Agreement

To associate BFD-RS set k and NBI-RS set j
· Alt-1: 1-to-1, fixed in spec

· Whether NBI-RS configuration is mandatory is separate discussion

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 CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 

· The above applies to Scell and SpCell 

· The above applies for the multi-DCI case

Agreement

SCS of the 28 symbols is the smallest SCS of the active DL BWP for the response reception CC and of the active DL BWP (s) of the CC(s) with the failed TRP link(s) reported in BFR MAC CE.
Agreement

For RACH-based transmission, at least when all BFD-RS sets fail in SpCell, CBRA is supported




One open issue of BFD-RS set configuration is whether Rel-15/16 BFD (i.e., 1 BFD-RS set per BWP) and TRP-specific BFD (i.e., 2 BFD-RS sets per BWP) can be configured simultaneously on one CC. To our understanding, there may have different transmission modes on different BWPs. For example, assuming two cells with TRP 0 for cell 0 and TRP 1 for cell 1, and each cell are configured with 3 BWPs. If BWP 2 of cell 0 and BWP 2 of cell 1 are overlapped in frequency, TRP 0 and TRP 1 may work as M-TRP to serve the UE when BWP 2 for each cell is activated. But if BWP switching is occurred, UE can only be served by single TRP. For beam failure detection, two BFD-RS sets can be configured for BPW 2, and one BFD-RS set can be configured for other BWPs. When BWP 2 is activated, if the two BFD-RS sets configured for BWP 2 are failed simultaneously, RACH-based transmission can be triggered, and if only one BFD-RS set is failed, TRP-specific BFR scheme will be triggered. In a word, BFD-RS set is per BWP configuration, and a UE is configured with either “Rel-15/16 BFD” or “TRP-specific BFD” on one BWP. 
Proposal 3: A UE is configured with either “Rel-15/16 BFD” or “TRP-specific BFD” on one BWP.
For implicit BFD-RS set configuration for CORESET with one TCI state, we have the following agreement in RAN1#106-e meeting.

Agreement (RAN1#106)
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
Regarding how to determine the resources of BFD-RS set k, there are two alternatives during the discussion:
Proposal: For implicit configuration of BFD-RS set for M-DCI

· The number of TCI states (X) in implicit BFD-RS determination

· Alt-1: X=min(2, the number of TCI states of CORESETs with CORESETPoolIndex = k) 
· Alt-2: X=the number of TCI states of CORESETs with CORESETPoolIndex = k   

We have already agreed that the maximum number of BFD-RS resources per set is a UE capability. If Alt-1 is agreed, the maximum number of BFD-RS resources per set will be limited to 2, but for some advanced UE, the UE may have capability to monitor more than 2 BFD-RS resources per set, hence we think Alt-2 is more reasonable. If X exceeds the UE capability, other selection rule (e.g., RLM RS selection rule) can be used to determine the BFD-RS resources.
Proposal 4: For implicit configuration of BFD-RS set for M-DCI, the number of TCI states (X) equals to the number of TCI states of CORESETs with CORESETPoolIndex = k. 
In RAN1#106bis, it was agreed that an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR can be supported. Under such configuration, we have two alternatives Alt 2.5.2.B and Alt 2.5.2.C. Comparing Alt 2.5.2 B and Alt 2.5.2 C, the difference is whether the PUCCH-SR resource associated with failed or non-failed BFD-RS set. In our view, when one TRP is failed, the BFRQ can be transmitted to the non-failed TRP to ensure fast recovery. Both Alt 2.5.2 B and Alt 2.5.2 C can realize this, and the difference is the configurations of spatial relation of the PUCCH-SR resource. After beam failure recovery, we think it is beneficial to update the PUCCH resource of the failed TRP with new beam since the UL link may also be failed. If the TRP is failed, the spatial filter of the PUCCH resources of the failed TRP should be updated after receiving the BFR response. It is nature to associate the PUCCH resources with TRP, and the beam of PUCCH resources associated with the failed TRP should be updated. Following this association rule, the PUCCH-SR resource associated with non-failed TRP could be selected when beam failure is detected. 
For SCell, to facilitate the beam update of PUCCH resource after beam failure recovery, the association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration is still needed. When more than one BFD-RS set across different SCells are failed simultaneously, only one PUCCH-SR resource will be selected. If the failed BFD-RS sets are associated to different PUCCH-SR resources, the resource selection is up to UE implementation. Hence, we think Alt 2.5.2 C is more reasonable.  
Proposal 5: Support to configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
Proposal 6: 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, support Alt 2.5.2 C.
Another open issue is the number of activated spatial filters of PUCCH-SR resource. According to the previous agreement, a UE configured with TRP-specific BFR can be configured with one or two PUCCH-SR resources in a cell group. In our view, the PUCCH-SR resource can be configured with 2 spatial relations to ensure that the BFRQ can be received successfully. Since TDM-based diversity transmission is already supported in AI 8.1.2.1, we think it can be directly applied to PUCCH-SR transmission.

Proposal 7: Up to 2 spatial filters can be activated for PUCCH-SR resource, and diversity transmission scheme in AI 8.1.2.1. can be applied.
4. Conclusions

Based on the above discussions, the proposal is as follows:
Proposal 1: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with same/different panels. 
Proposal 2: Support L1-SINR for beam reporting option 2 with explicit IMR configuration.
Proposal 3: A UE is configured with either “Rel-15/16 BFD” or “TRP-specific BFD” on one BWP.
Proposal 4: For implicit configuration of BFD-RS set for M-DCI, the number of TCI states (X) equals to the number of TCI states of CORESETs with CORESETPoolIndex = k. 
Proposal 5: Support to configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
Proposal 6: 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, support Alt 2.5.2 C.
Proposal 7: Up to 2 spatial filters can be activated for PUCCH-SR resource, and diversity transmission scheme in AI 8.1.2.1. can be applied.
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