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Introduction
The latest objective of Rel-17 FeMIMO WI [1] includes to specify the beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. RAN1 has already made several agreements in the past meetings.
	1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



In this paper, we would like to discuss the enhancement for beam failure detection and recovery procedure for the multi-TRP scenario from RAN2 perspective. We will also discuss new MIMO MAC CE.
Discussion
Beam failure with mTRP
In RAN1 #103e, the following agreements were made regarding the TRP-specific BFD parameter and timer in the MAC spec. For the mTRP beam failure detection, independent BFD RS configuration per-TRP should be supported, where each TRP is associated with a BFD RS set. 
Regarding the candidate beam for beam failure recovery, the configuration of new beam RS set per TRP should also be supported.
	Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS
Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold



Thus, we have following proposal from RAN2 perspective.
Proposal 1: TRP specific BFD resource configuration should be introduced, at least including the TRP specific BFI_COUNTER and Beam failure detection timer. TRP specific candidate beam RS set for BFR should also be introduced.
Since BFD resource can be configured TRP specific, the BFR can be triggered separately for each TRP. Specifically, according to RAN1 #104bis-e agreement, if the beam failure instance indication received from lower layer are accumulated to the threshold of one TRP, the BFR for this TRP is triggered.
	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}



For SpCell, if beam failure is detected in both TRPs, the situation could be similar to the legacy Rel-15/16 BFR case. The RACH shall be triggered for SpCell BFR.
Proposal 2: If beam failure is detected in both TRPs of SpCell, RACH for BFR procedure shall be triggered like the Rel-15/16 legacy.
If beam failure is detected in one (first) TRP of the SpCell while the other (second) TRP does not detect the beam failure, the BFR is triggered for the first TRP. In this case, it is possible that the uplink via the other (second) TRP of the SpCell is still workable. It is possible that UE can send SR via the workable TRP to request for UL resource for the candidate beam indication and recovery. In that sense, triggering RACH procedure can be avoided for SpCell.
It should be also noted that RAN1 is still under discussion on whether there are one or two PUCCH resource for SR (for BFR) (refer to RAN1 #104b-e agreement). Hence RAN2 should wait for RAN1 for further discussion to make a conclusion on the issue that SR is sent via which PUCCH resource for the TRP specific BFR. 
	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)



Proposal 3: For SpCell with mTRP case, in case the BFD happens in one TRP only, UE is allowed to send SR via the other TRP instead of triggering RACH procedure.
Proposal 4: RAN2 should wait for RAN1 for further discussion on the issue that SR is sent via which PUCCH resource for the TRP specific BFR.
For SCell, no matter the beam failure is detected on one TRP only or both TRPs, when BFR is triggered, UE should send SR as the legacy when there is no available PUSCH resource to accommodate BFR MAC CE. Whether the failed TRP index is contained in BFR MAC CE can be FFS.
Proposal 5: For SCell with mTRP case, no matter BFR is triggered by one TRP only or both TRPs, UE should send SR as the legacy when there is no available PUSCH resource to accommodate BFR MAC CE.
Regarding the new BFR MAC CE, RAN1 #104e has made agreements to at least convey the information of the failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found. At least the indication of a single TRP failure should be supported, and whether and what information of failed TRP(s) is conveyed in MAC CE is still FFS in RAN1. 
Based on the progress from RAN1, RAN2 should study the enhancement on top of the Rel-16 BFR MAC CE to support mTRP BFR.
	Agreement
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
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations



Proposal 6: RAN2 should study the enhancement on Rel-16 BFR MAC CE to support mTRP BFR.

New MIMO MAC CE
In Rel-15/16, sri-PUSCH-PowerControlId can be used as the codepoint of the SRI field in the DCI. Each sri-PUSCH-PowerControlId corresponds to a set of ULPC parameters such as pathloss reference RS, p0, alpha, closed loop index and so on. 
In Rel-17 single-DCI multi-TRP PUSCH repetition schemes, two SRI fields corresponding to two SRS resource sets has been agreed for both codebook-based and non-codebook based mTRP PUSCH repetition in RAN1. Each SRI field indicates SRI per TRP. Meanwhile, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. RAN1 #104bis-e has made following agreements.
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID

Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.



Rel-16 PUSCH Pathloss Reference RS Update MAC CE (in 6.1.3.28 of 38.321[2]) indicates/updates the pathloss reference RS update for one or more sri-PUSCH-PowerControlId. RAN2 should further study to enhance this MAC CE for Rel-17 new requirement. 
Fig. 1 provides one example to support indicating the two pathloss reference RS IDs associated with two SRS resource sets.


Figure 1 Enhanced PUSCH Pathloss Reference RS Update MAC CE

Proposal 7: The Rel-16 PUSCH Pathloss Reference RS Update MAC CE should be enhanced to support mTRP PUSCH repetition.

Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: TRP specific BFD resource configuration should be introduced, at least including the TRP specific BFI_COUNTER and Beam failure detection timer. TRP specific candidate beam RS set for BFR should also be introduced.
Proposal 2: If beam failure is detected in both TRPs of SpCell, RACH for BFR procedure shall be triggered like the Rel-15/16 legacy.
Proposal 3: For SpCell with mTRP case, in case the BFD happens in one TRP only, UE is allowed to send SR via the other TRP instead of triggering RACH procedure.
Proposal 4: RAN2 should wait for RAN1 for further discussion on the issue that SR is sent via which PUCCH resource for the TRP specific BFR.
Proposal 5: For SCell with mTRP case, no matter BFR is triggered by one TRP only or both TRPs, UE should send SR as the legacy when there is no available PUSCH resource to accommodate BFR MAC CE.
Proposal 6: RAN2 should study the enhancement on Rel-16 BFR MAC CE to support mTRP BFR.
Proposal 7: The Rel-16 PUSCH Pathloss Reference RS Update MAC CE should be enhanced to support mTRP PUSCH repetition.
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