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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. In Rel-17, WID for further enhancing NR MIMO [1] includes the objective of enhancement on multi-beam operations for multi-TRP system. 
In this contribution, we present our views on various aspects on NR multi-beam operation enhancement for multi-TRP system. In particular, we will present our views on beam measurement and reporting enhancement for multi-TRP and per-TRP beam failure recovery.
2. Beam Measurement/Reporting Enhancements
[bookmark: _Hlk53585783][bookmark: _Hlk58175777]One FFS point is if L1-SINR can be supported for Option 2 solution. To measure a L1-SINR, the UE shall apply the proper QCL-TypeD on both CSI-RS resources for channel measurement and the CSI-RS resource for interference measurement.  Since every CMR shall be used for both channel measurement and interference measurement if the UE is required to find a beam pair based on the L1-SINR, technically the UE cannot do that. Thus, with the current design of beam reporting option 2, L1-SINR measurement cannot be supported.
Observation 1: L1-SINR measurement is not feasible in beam reporting option 2.
Proposal 1: Do not support L1-SINR measurement for beam reporting option 2.
3. BFR for multi-TRP system
Cell-specific BFR vs per TRP BFR
If cell-specific and TRP-specific BFR can be configured simultaneously, some issues need to be considered carefully.  For example, as up to 3 BFD-RS sets can be configured, the first issue is the UE complexity with BFD-RS set monitoring. In case beam failure is detected for the cell and one of the TRPs at the same time, some extra rules need to be introduced on whether BFR procedure should be triggered for the other TRP. Considering the issues of UE complexity and spec impact, simultaneous configuration of cell-specific and TRP-specific BFR is not preferred. 
Proposal 2: A UE is not expected to be configured with cell-specific BFR and per TRP BFR in one BWP simultaneously.

BFD RS Configuration
It was agreed to support explicit BFD-RS configuration for mTRP BFR:
	Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.


However, the method for explicit configuration of BFD RS is not decided yet. For that, we could have the following alternatives:
· Alt1: reusing the RRC-based BFD RS configuration as in Rel-15/16. The drawback of this method is the signaling latency. The TCI state of CORESET is updated by MAC CE. In Rel-17, the TCI state of CORESET can even be updated by DCI. But the explicit configuration method uses RRC to configure the BFD-RS set.  Therefore, the explicit configuration is less efficient from the perspective of signaling design.
· Alt2: using MAC CE to provide BFD RS. When the TCI state of PDCCH is switched, the gNB can update the BFR RS through MAC CE accordingly. 
· Alt3: the association between BFD RS and TCI state is configured by gNB. When a TCI state is indicated for a CORESET, the associated BFD RS is used by the UE accordingly. 
From the perspective of control signaling latency, Alt2 and Alt3 are more attractive. Between Alt2 and Alt3, Alt3 is slightly preferred since it does not introduce new MAC CE.
Proposal 3: To support the function of explicit configuration of BFD-RS: the gNB associates each TCI state for PDCCH with a BFD RS. 
SR and PUCCH resource for BFR
	Agreement
On the PUCCH-SR resource/SR configurations selection rule when SR is triggered and 2 PUCCH-SR resource/SR configurations are configured, the UE triggers the PUCCH-SR resource/SR configuration that is associated with failed BFD-RS set.



It was agreed to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource configuration for per TRP BFR. Since the procedure of indication of BF by PUCCH-SR resource in Scell is same as SpCell, configure an association between a BFD-RS set on Scell and a PUCCH-SR resource/SR configuration for per TRP BFR can be also supported.
Proposal 4: For SCell, also support to configure an association between the BFD-RS set and a SR configuration. 
Post-BFR UE behaviors
As shown below, it was agreed that for mDCI case, the QCL assumption for CORESETs associated with the failed TRP is switched to the reported qnew. So, it is straightforward for UE to assume that the QCL assumption of PDSCH associated with the failed TRP is also switched to the reported qnew.
	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.


Proposal 5: After reception of BFR response, the UE assumes the QCL assumption of PDSCH associated with the failed TRP to be the latest reported qnew.
The issue of resetting the spatial relation info of PUCCH after per-TRP BFR has also been discussed in previous meetings.  For that, there are two technical concerns from some of companies:
· There is no explicit association between some PUCCH resources and TRP in current specification for multi-TRP transmission. For example, for the PUCCH resources used for SR transmission or periodic CSI transmission, there does not exist any association between them and the TRP. For PUCCH resource used for HARQ-ACK transmission triggered by dynamic PDSCH, there seems to exist an implicit association. But the same PUCCH resource can also be used for PDSCH transmission from different TRPs, which is allowed by the specification. Introducing such an explicit association would impose significant impact on mTRP transmission. So, we prefer to reuse some existing RRC configuration, such as the PUCCH group for group-based spatial relation info update.
· Even for the case the association of TRP and PUCCH can be determined, the spatial relation info of the PUCCH shall not be reset after the reception of BFR response, if the link quality of PUCCH transmission is still acceptable. Actually, the failure of one TRP doesn’t necessarily mean that beam of PUCCH needs to be update accordingly. 
Proposal 6: To support resetting the spatial relation info of PUCCH after per TRP BFR: the PUCCH group for group-based spatial relation info update is reused here.
Proposal 7: Only when the SR for per TRP BFR is not sent or that SR is not sent on a PUCCH resource that is associated with the failed TRP, the system can reset the spatial relation info of PUCCH resources associated with that the failed TRP. 
4. Conclusion
In this contribution, we presented our views on enhancement for multi-beam operation enhancements for multi-TRP. Based on the discussion, the following observations and proposals are provided:
Observation 1: L1-SINR measurement is not feasible in beam reporting option 2.
Proposal 1: Do not support L1-SINR measurement for beam reporting option 2.
Proposal 2: A UE is not expected to be configured with cell-specific BFR and per TRP BFR in one BWP simultaneously.
Proposal 3: To support the function of explicit configuration of BFD-RS: the gNB associates each TCI state for PDCCH with a BFD RS. 
Proposal 4: For SCell, also support to configure an association between the BFD-RS set and a SR configuration. 
Proposal 5: After reception of BFR response, the UE assumes the QCL assumption of PDSCH associated with the failed TRP to be the latest reported qnew.
Proposal 6: To support resetting the spatial relation info of PUCCH after per TRP BFR: the PUCCH group for group-based spatial relation info update is reused here.
Proposal 7: Only when the SR for per TRP BFR is not sent or that SR is not sent on a PUCCH resource that is associated with the failed TRP, the system can reset the spatial relation info of PUCCH resources associated with that the failed TRP. 
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