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1. Introduction
In this contribution, the remaining issues of beam failure recovery for multi-TRP are discussed.
2. MTRP beam failure recovery
For mTRP beam failure recovery, the remaining issues include whether cell-specific and TRP-specific BFR can be configured in the same CC, and beam and power control parameter adjustment after receiving BFR response. The above-mentioned issues will be discussed in this section.
2.1. Cell-specific vs. TRP-specific BFR
In RAN1#104b-e, it was agreed to support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs. It is FFS whether cell-specific and TRP-specific BFR can be configured in the same CC. 
	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. 


To answer this question, a common understanding on the definition of “cell-specific BFR” and “TRP-specific BFR” needs to be reached. Our view is that this depends on the number of BFD-RS sets, e.g. a CC with a single BFD-RS set is configured in “cell-specific BFR”, while a CC configured with two BFD-RS sets is configured with “TRP-specific BFR”. It is not expected that more than two BFD-RS sets are configured in one CC for UE to monitor both cell-specific BFR and TRP-specific BFR simultaneously. 
For a CC not configured with BFD-RS set, either “cell-specific BFR” or “TRP-specific BFR” can be configured for UE to derive implicit BFD-RS set(s) properly. If “cell-specific BFR” is configured, UE will derive one BFD-RS set according to the rule in Rel.15/16. If “TRP-specific BFR” is configured, UE will derive two BFD-RS sets based on X TCI states of CORESETs with CORESETPoolIndex = k in M-DCI case. It is not expected that both “cell-specific BFR” and “TRP-specific BFR” are configured for one CC simultaneously; otherwise it is unclear for UE on how many BFD-RS sets need to be derived.
For a CC with a single BFD-RS set or configured with “cell-specific BFR”, the BFD-RS set may be used to monitor BFR in both TRPs (as in Rel.15/16). It is also possible the single BFD-RS set monitors beam failure of one out of the two TRPs, or even a few CORESETS of a single TRP. This corresponds to a deployment where the NW is not intended to monitor beam quality for the other TRP, or not all CORESETs. For a CC with two BFD-RS sets or configured with “TRP-specific BFR”, each BFD-RS set is used to monitor beam failure of one TRP. If one BFD-RS set fails, TRP-specific BFR can be triggered. For SpCell, if both BFD-RS sets fail, RACH based transmission can also be triggered. However, it doesn’t mean that “cell-specific BFR” and “TRP-specific BFR” are configured simultaneously for one CC.
Proposal 1: A UE can be configured with either “cell-specific BFR” (i.e., 1 BFD-RS set) or “TRP-specific BFR” (i.e. 2 BFD-RS sets) on one CC.
2.2. Beam and power control parameter adjustment after receiving BFR response
In RAN1#106b-e and RAN1#106-e, the following agreements related to QCL assumption adjustment for CORESETs after receiving the BFR response were agreed, and some details need further 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
· 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 the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case


One issue is related to channels/RSs which can be updated after receiving BFR response. In Rel.16 SCell BFR, QCL assumption of CORESETs and UL spatial filter/power control assumption for PUCCH are updated after receiving BFR response. Considering that Rel.16 SCell BFRQ framework is reused for M-TRP BFR, at least PDCCH and PUCCH can be updated. 
In Rel.16 SCell BFR, UL spatial filter of PUCCH can be updated if the following conditions can be met:
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,
-	a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell, and
-	the PUCCH-SCell is included in the SCell(s) indicated by the MAC-CE
In mTRP BFR, these conditions can be modified accordingly. In RAN1#107-e, the following updated proposal 6 was discussed and the second condition needs further discussion.
	Updated Proposal 6:  After 28 symbols from receiving the BFR response, if a BFD –RS set on a spCell/PUCCH -SCell fails, the UL spatial filter for PUCCH resource(s) associated with the failed BFD –RS set on the spCell/PUCCH -SCell  is updated by the RS resource associated with the latest reported new candidate beam for the failed BFD –RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to  [qu=0], qd= q new , and  [l=0], where q new  is the RS resource associated with the latest reported new candidate beam for the failed BFD –RS set, if
1. the PUCCH resource is provided with spatial relation info,
[2. SR is not transmitted or is transmitted on PUCCH not associated with this failed BFR -RS set, and]
3. the failed BFD –RS set on the spCell/PUCCH -SCell is indicated in the TRP –specific BFR MAC-CE


The intention of the second condition is that SR is not transmitted or is not transmitted on the failed TRP. How to describe SR is not transmitted on the failed TRP is an issue.
It was agreed to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource for per TRP BFR, and there is no agreement regarding to the association between a BFD-RS set on SCell and a PUCCH-SR resource. If one BFD-RS set on SCell fails, the second condition in Updated proposal 6 is not accurate. Alternatively, the following two options can be considered for UE to determine whether SR is transmitted on the failed TRP or not.
· Option 1: Establish the association between PUCCH and TRP (or BFD-RS set) for SCell. How to establish the association is for further study. For example, the association can be similar to the association between a BFD-RS set on SpCell and a PUCCH-SR resource, which is used by UE to determine triggered PUCCH-SR resource. With the association, UE can further determine whether SR is transmitted on the failed TRP or not. In another example, the association can also be established for UE to directly identify the TRP to which SR is transmitted.
· Option 2: Do not establish the association between PUCCH and TRP (or BFD-RS set) for SCell. With this option, UE can only determine the cell to which SR is transmitted. Correspondingly, the rule in Rel.16 SCell BFR can be reused. For example, when SR is transmitted on the PCell or the PSCell, UE can determine that SR is not transmitted one the failed TRP/SCell.
If most of companies do not support to establish the association between PUCCH and TRP (or BFD-RS set) for SCell, Option 2 can be adopted. Similarly, if one BFD-RS set on SpCell fails, SR is not transmitted on the PCell or the PSCell, and the first and the third conditions are met, UL spatial filter of PUCCH can be updated by qnew.
Proposal 2: After 28 symbols from receiving the BFR response, if a BFD-RS set on a SpCell fails, the UL spatial filter for PUCCH resource(s) on the SpCell  is(are) updated by the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to , , and , where   is the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set, if
· the PUCCH resource is provided with spatial relation info,
· a PUCCH with the LRR was either not transmitted or was not transmitted on the PCell or the PSCell,
· the failed BFD-RS set on the SpCell is indicated in the TRP-specific BFR MAC-CE.
Proposal 3: After 28 symbols from receiving the BFR response, if a BFD-RS set on a PUCCH-SCell fails, the UL spatial filter for PUCCH resource(s) on the PUCCH-SCell  is updated by the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to , , and , where   is the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set, if
· the PUCCH resource is provided with spatial relation info,
· a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell,
· the failed BFD-RS set on the SpCell is indicated in the TRP-specific BFR MAC-CE.
Another issue is QCL assumption adjustment for CORESETs in S-DCI case. So far, there is no association between CORESETs and TRP (BFD-RS set) in S-DCI case. Therefore, whether/how to update beams for CORESETs in S-DCI needs further discussion. The following options can be considered.
· Option 1: CORESETs are updated by a new beam (e.g., a beam associated to one failed BFD-RS sets), similar to QCL assumption adjustment for Rel.16 SCell BFR or for CORESET associated with search space set provided by recoverySearchSpaceId or CORESET with index 0 in Rel.15 PCell/PSCell BFR. 
· Option 2: QCL assumptions of CORESETs are not explicitly specified, similar to QCL assumption adjustment for CORESETs except for CORESETs associated with search space set provided by recoverySearchSpaceId or with index 0.
· Option 3: Establish the association between CORESETs and BFD-RS sets, and then per-TRP QCL assumption adjustment can be performed.
[bookmark: _GoBack]In option 1, if one BFD-RS set of one cell fails, CORESETs associated with non-failed BFD-RS sets in this cell also need to update QCL assumptions. If both BFD-RS sets of one cell fail and two new candidate beams are reported, which new beam can be used for these CORESETs needs further discussion. In option 2, QCL assumptions of CORESETs can depend on gNB configuration (e.g., an activation for a TCI state or parameter tci-StatesPDCCH-ToAddList) and there is no additional predefined rule for QCL assumptions of CORESETs. However, performance of PDCCH before gNB reconfiguration or an activation command might not be guaranteed. For option 3, a simple solution is to divide existing CORESETs in two separate groups (e.g. CORESETs are associated with different BFD-RS set indices or different higher layer parameter through gNB implementation). Correspondingly, QCL assumptions of CORESETs associated with failed BFD-RS set will be updated. However, the detailed association method needs more standardization effort. In order to minimize standardization impact, option 2 is slightly preferred. 
Proposal 4: For S-DCI, after UE receives BFR response, QCL assumptions of CORESETs follow gNB configuration (e.g., activation of TCI state for a CORESET or parameter tci-StatesPDCCH-ToAddList).
3. Conclusions
In this contribution we provide our views on remaining issues of beam failure recovery for multi-TRP. Based on the above discussion, we have the following proposals:
Proposal 1: A UE can be configured with either “cell-specific BFR” (i.e., 1 BFD-RS set) or “TRP-specific BFR” (i.e. 2 BFD-RS sets) on one CC.
Proposal 2: After 28 symbols from receiving the BFR response, if a BFD-RS set on a SpCell fails, the UL spatial filter for PUCCH resource(s) on the SpCell  is(are) updated by the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to , , and , where   is the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set, if
· the PUCCH resource is provided with spatial relation info,
· a PUCCH with the LRR was either not transmitted or was not transmitted on the PCell or the PSCell,
· the failed BFD-RS set on the SpCell is indicated in the TRP-specific BFR MAC-CE.
Proposal 3: After 28 symbols from receiving the BFR response, if a BFD-RS set on a PUCCH-SCell fails, the UL spatial filter for PUCCH resource(s) on the PUCCH-SCell  is updated by the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to , , and , where   is the RS resource associated with the latest reported new candidate beam for the failed BFD-RS set, if
· the PUCCH resource is provided with spatial relation info,
· a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell,
· the failed BFD-RS set on the SpCell is indicated in the TRP-specific BFR MAC-CE.
Proposal 4: For S-DCI, after UE receives BFR response, QCL assumptions of CORESETs follow gNB configuration (e.g., activation of TCI state for a CORESET or parameter tci-StatesPDCCH-ToAddList).
