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Introduction
In RAN-86 meeting, the work item of Further enhancements on MIMO for NR [1] was approved. It aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:
· Extend specification support in the following areas [RAN1]
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In RAN1-104b e-meeting, the following agreements were reached for beam management enhancement for Multi-TRP [2]:
Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization
Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1

Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

Agreement 
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

In RAN1-105 e-meeting, the following agreements were reached for beam management enhancement for Multi-TRP [3]
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
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 discuss about the enhancements for simultaneous multi-TRP transmission with multi-panel reception.  
Beam management for Multi-TRP operation
Beam measurement/reporting enhancement 
As for group based beam reporting, it is not differentiated that beams in one group are received by a same panel or different panel. For some groups, it is necessary to consider the interference from the other beam in the same group. While for other groups, it is unnecessary. In order for interference measurement/reporting across TRPs, it is necessary to report L1-SINR considering interference from the other beam in the group for group based beam reporting. And two beams in one group are received by a single panel or two different panels should be reported to gNB. And Option 2 can be used to support group based beam report for L1-SINR.  
Proposal 1: To indicate that beams in one group are received by a single panel or two different panels. 
Proposal 2: To report L1-SINR considering the inter-TRP interference with at least Option 2.

In order to consider inter-TRP interference from the same group, the L1-SINR can be indicated by two values. For example, beam#1 and beam#2 can be received simultaneously by UE. While for beam#1, two IMRs should be configured to measure L1-SINR. With IMR#1, L1-SINR#1 means no interference from beam#2. While with IMR#2, L1-SINR#2 means including interference from beam#2. With knowledge of both L1-SINR#1 and L1-SINR#2, gNB can make better decision on transmission schemes. 
Beam failure recovery for multi-TRP
If PDCCH is transmitted by multi-TRP with different TCI states, UE need to monitor the search space of multi-TRP with multi-beam configuration.  It is possible that beam failure may happen for one TRP. Thus it is necessary to consider the beam failure detection and recovery for each TRP. 
BFD-RS set configuration
In Rel-16, the BFD resource [image: ]is configured for each BWP of a serving cell. If it is not configured, UE need to take default resources as BFD resource of a serving cell. And the default resources include the RS resources indicated by TCI state for respective CORESETs that the UE uses for monitoring PDCCH. It means that both explicit and implicit BFD-RS configuration are supported in Rel-16. 
Thus for M-TRP beam failure, we think both explicit and implicit BFD-RS configuration should be supported too. With explicit configuration, gNB can configure per-TRP BFD-RS set explicitly.  With implicit BFD-RS, at least for M-DCI scenario, UE can decide the BFD-RS based on CORESETPoolIndex for each TRP. 
Proposal 3: Support both explicit and implicit per-TRP BFD-RS set configuration for both S-DCI and M-DCI.
Proposal 4: Implicit per-TRP BFD-RS set configuration can be determined based on CORESETPoolIndex for M-DCI.
While for S-DCI scenario, two alternatives listed below were discussed in last meeting for implicit BFD-RS set configuration:
· Alt-1: Introduce a CORESET specific higher-layer parameter “xyz” when UE is configured with S-DCI, at least for the purpose of implicit BFD-RS configuration. 
· FFS: exact name “xyz” (e.g. CORESETPoolIndex-sDCI or CORESETPoolIndexforBFD, or leave it to RAN2)
· BFD-RS set k (k= 0, 1) is determined based on TCI states of CORESETs configured with the above CORESET specific higher-layer parameter “xyz” = k
· Alt 2:  BFD-RS set k = 0 and 1 are determined based on the first and the second TCI state of the TCI codepoint in the TCI-activation MAC-CE for PDSCH, respectively.
From our point of view, it is more suitable to introduce a CORESETPoolIndex-sDCI like for S-DCI scenario. And the BFD-RS set k is determined based on TCI states of CORESETs. But for Alt 2, it is to determine the BFD-RS set based on the TCI state of MAC CE. But as we all know that the beam for PDSCH will be much narrower than that of PDCCH. So with Alt 2, beam failure will be detected much more frequently. Thus for implicit BFD-RS set configuration for S-DCI scenario, we prefer Alt 1.
Proposal 5: Implicit per-TRP BFD-RS set configuration for S-DCI can be determined based on Alt 1, a new CORESET specific higher-layer parameter.
In addition, it was agreed in 8.1.2.4 in RAN1-105 e-meeting that if enhanced SFN PDCCH transmission scheme is configured and two TCI states are activated for at least one CORESET, the configuration of BFD-RS can be down-selected from following alternatives. And down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3. 
For implicit Rel-17 TRP-specific BFR-RS configuration, if there is a CORESET configured with two TCI states, we think RS of CORESETs with both single and two TCI states should be used. While for the CORESET with two TCI states, pre-defined rule can be used, such as the first TCI state can be used as RS in BFD-RS set#0 and the second TCI state can be used as RS in BFD-RS set#1.
Proposal 6: For implicit configuration, RS of CORESET with two TCI states should be used as TRP-specific BFD-RS. And a pre-defined mapping rule between two TCI states and two BFD-RS set should be specified.
Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· Down-select one alternative for implicit configuration
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· Down-select one alternative for explicit configuration
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
· FFS other details
· Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration
· Note: down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3

Simultaneous configuration of RACH-based and TRP-specific BFR
As for RACH-based and TRP-specific BFR, we think for SpCell, it can support to configure both RACH-based and TRP- specific BFR. Since TRP-specific BFRQ can only be transmitted by PUCCH-SR and MAC CE, which has long latency. For SpCell, if both TRP are failed, it is better to trigger the RACH-based mechanism to recovery the beam with a short latency. While for SCell, it is sufficient to configure only TRP-specific BFR, if only one TRP is failed, only one TRP index will be indicated in MAC CE. If both TRPs are failed, two TRP indexes will be indicated in MAC CE.
Proposal 7: Support to configure both RACH-based and TRP-specific BFR on SpCell only.   
If both RACH-based and TRP specific BFR are configured on a same cell, there will be no additional configured BFD-RS for RACH-specific BFR on the SpCell if two sets of BFD-RS for TRP-specific BFR are configured on the SpCell. The procedure of TRP specific BFRQ was showed in Figure 1. Here we assume that beam failure of TRP#0 is detected and the TRP specific BFRQ is triggered. It is necessary to decide the condition for triggering RACH based BFR in this case. And the condition is the time before that beam failure of TRP#2 is detected during the BFRQ procedure of TRP#0. The more suitable time is before t5. It means that if the beam failure of TRP#1 is detected before the UL grant for ACK during the BFRQ procedure of TRP#0, RACH based BFRQ should be triggered. 
[image: ]
Figure 1, the procedure of TRP-specific BFRQ
Proposal 8: RACH-based BFRQ will be triggered if the beam failure of the second TRP is detected before the UL grant for ACK during the BFRQ procedure of the first TRP.  
PUCCH-SR resource selection
For the TRP specific BFR, when UE is configured with two PUCCH-SR resources in a cell group, when beam failure is detected, we prefer either Alt 2.5.2 B or alt 2.5.2 C. While with Alt 2.5.2 B, PUCCH-SR resource associated with failed BFD-RS set will be selected for simplicity. And it means that the beam of PUCCH-SR associated with failed BFD-RS set points to the non-failed TRP. Thus when considering the beam recovery, different new beam will be recovered for PUCCH-SR-BFR and other PUCCH-SR resource. But with Alt 2.5.2 C, PUCCH-SR resource associated with non-failed BFD-RS set will be selected. It means that the beam of PUCCH-SR associated with failed BFD-RS set points to the failed TRP. And when considering the beam recovery, same new beam will be recovered for PUCCH-SR-BFR and other PUCCH-SR resource.
Proposal 9: Either Alt 2.5.2 B or alt 2.5.2 C can be supported for PUCCH-SR selection as well as for corresponding beam recovery for PUCCH-SR resource.
In the offline email discussion before this meeting, two proposals were proposed:
· Potential proposal 1: For PUCCH-SR resource selection for TRP-specific BFR, Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and a PUCCH-SR resource on SpCell.
· Potential Proposal 2: When 2 PUCCH-SR resources are configured on SpCell, if SR for BFR is triggered (e.g., by any TRP/cell failure in the cell group), the two PUCCH-SR resources are transmitted.
We think we can first support potential proposal 1, while for potential proposal 2, further discussion is needed and it may be better to discuss it in section 8.1.2.1.
Proposal 10: For PUCCH-SR resource selection for TRP-specific BFR, Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and a PUCCH-SR resource on SpCell.
Conclusion
In this contribution, we discuss about the enhancements for simultaneous multi-TRP transmission with multi-panel reception. Based on above discusses, we provide the following proposals.
Proposal 1: To indicate that beams in one group are received by a single panel or two different panels. 
Proposal 2: To report L1-SINR considering the inter-TRP interference with at least Option 2.
Proposal 3: Support both explicit and implicit per-TRP BFD-RS set configuration for both S-DCI and M-DCI.
Proposal 4: Implicit per-TRP BFD-RS set configuration can be determined based on CORESETPoolIndex for M-DCI.
Proposal 5: Implicit per-TRP BFD-RS set configuration for S-DCI can be determined based on Alt 1, a new CORESET specific higher-layer parameter.
Proposal 6: For implicit configuration, RS of CORESET with two TCI states should be used as TRP-specific BFD-RS. And a pre-defined mapping rule between two TCI states and two BFD-RS set should be specified.
Proposal 7: Support to configure both RACH-based and TRP-specific BFR on SpCell only.
Proposal 8: RACH-based BFRQ will be triggered if the beam failure of the second TRP is detected before the UL grant for ACK during the BFRQ procedure of the first TRP.
Proposal 9: Either Alt 2.5.2 B or alt 2.5.2 C can be supported for PUCCH-SR selection as well as for corresponding beam recovery for PUCCH-SR resource.
Proposal 10: For PUCCH-SR resource selection for TRP-specific BFR, Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and a PUCCH-SR resource on SpCell.
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