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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New 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 simultaneous reception in 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
Multi-TRP CMR configuration
[bookmark: _Hlk53585783]We agreed to enhance beam measurement and reporting to facilitate inter-TRP beam pairing for multi-TRP transmission:
Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing. 
· Option-2: Non-group-based reporting 

To efficiently support beam measurement and reporting for multi-TRP, we need to explicitly configure the CMR resources for two different TRPs so that the UE can measure and pair beams from two different TRPs. Two options for that were discussed in last meeting:
· Option 1: two resource settings of CMR resources are configured separately for two TRPs. Each of these two resource settings contains the NZP CSI-RS resources and/or SSBs of one TRP.
· Option 2: One CSI resource setting contains two sets of CMR resources. Each of these two CMR resource sets contains the NZP CSI-RS resources and/or SSBs of one TRP.
Option 1 can be supported by current CSI framework without enhancing the RRC configuration of resource setting. In contrast, option 2 needs enhancement of RRC configuration of resource setting to include two resource sets to distinguish two TRPs for measurement/reporting enhancement to facilitate inter-TRP beam pairing. The number of resource sets is limited to 1 for periodic and semi-persistent CSI resource settings in Rel-16. To support the function of inter-TRP beam measurement, the limitation for the number of resource sets per resource setting should be removed. Although more than one aperiodic resource sets can be configured per resource setting, only one resource set is associated with each trigger state. As a result, it is difficult to support more than one resource set in one resource setting even for single aperiodic CSI report. For inter-TRP beam pairing, it is required to introduce two resource set lists corresponding to each TRP in one aperiodic CSI reporting. Considering the impact on specification efforts on RRC configuration, we slightly prefer option 1 for multi-TRP beam measurement and reporting.
[bookmark: _Hlk58175777]Proposal 1: For multi-TRP beam measurement and reporting, support Option 1, i.e., two resource settings are configured for CMR resources of two TRPs.
Measurement and reporting mechanism
We agreed to studied three options for enhancement of group-based beam reporting. At RAN1#104-e meeting, we agreed to support Option 2:
	Agreement
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 



In Option 1, different beams reported in different pairs/groups can be received simultaneously which means that beams reported in each group belong to the same TRP. It is possible that two TRPs schedules PDSCHs with overlapped resource. Whether interference exists between the PDSCHs from the two TRPs depend on UE antenna placement. If UE receives data with two separate back to back panels, channel between the panels and TRP comes from two totally different directions and the interference can be neglected. If UE panels are located with same direction, the interference from a TRP may be a strong interference for the other TRP. In such case, the combination of best beam for each TRP separately may not be a best beam pair and the info for best beam pair is unknown at gNB. However, due to no beam pair info is required for option 1, the overhead can be decreased and such reporting configuration can be applied in the scenario that the interference between TRPs is negligible or the measurement and report metric is not related with the interference such as L1-RSRP.
In option 2, the UE reports two beams from different TRPs in each pair. UE can take into account the inter-TRP interference and select best beam pair(s) from UE perspective. Furthermore, it is aligned with the original purpose that group-based reporting introduced. Anyway, for one candidate beam in one TRP, it is possible that several beams in another TRP can be a candidate beam pair which result in the increasing of overhead compared with option 1. Based on the discussion, option 2 can be applied with L1-SINR measurement.
For option 3, at least two report setting is required with each report setting is related with each TRP. For periodic and semi-persistent report setting, how to associate the beam info in certain CSI report that UE can receive simultaneously can be a challenge if the period and offset are not same between the CSI reports. Even if the period and offset are same between N report setting for multi-TRP beam measurement, there is limitation that only one PUCCH for CSI can be transmitted in one slot which means that the CSI aimed to different TRP should be multiplexing and more specification works are needed. For aperiodic report setting, although several report configs can be triggered by one trigger state, the PUSCH resource that carries the CSI is transmitted to one TRP thus requires the backhaul between multi-TRP is ideal. Moreover, option 3 does not provide any new functions that is not supported by either option 1 or option 2.
Another FFS point is whether 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.
Observation 1: Option 1 could have lower reporting overhead than Option 2 when the UE use separate panel(s) to receive beams and measure L1-RSRP of each beam from two different TRPs.
Observation 2: Option 3 does not provide any new function that is not supported by either Option 1 or Option 2, and Option 3 complicate the system design. 
Proposal 2: Support Option 1 with L1-RSRP measurement and do not support Option 3:
· In Option 1: UE reports N = 2 groups of M = 1/2/4 CRI/SSBRI and corresponding L1-RSRP. The CRI/SSBRI reported in 1st group are for the CMR resources of 1st the TRP and the CRI/SSBR reported in 2nd group are for the CMR resources of the 2nd TRP. 

3. Per-TRP BFR
Per-TRP BFR for Single-DCI based System
Whether to deprioritize the per-TRP BFR enhancement for single-DCI based system was discussed in last meeting.  In our view, there is no enough motivation to support per-TRP BFR enhancement for single-DCI based system:
· In single-DCI based system, there is no explicit or implicit TRP configuration in the PDCCH configuration.  The PDCCHs/CORESETs in single-DCI based system are not partitioned into two groups that are associated with two different TRPs. Therefore, it is not feasible to support per-TRP BFR for that.
· The use case for single-DCI based transmission is TRPs with ideal-backhaul. That means the two TRPs can coordinate with each other dynamically for every slot. Every CORESET can be used by both TRPs. Those two TRPs can transmit PDCCH in different slot or same slot by using the same search space and CORESETs. 
· In the FeMIMO Rel-17 sub agenda 8.1.2.1, we are specifying PDCCH diversity transmission of two TRPs.  The same PDCCH is transmitted from two TRPs to achieve diversity gain. Beam failure is defined as the beam failure of PDCCH. If the PDCCH is transmitted from both TRP, what is the use case for supporting per-TRP beam failure for such PDCCH transmission in single-DCI based system?
Observation 3: there is no use case or justification to support per-TRP beam failure recovery for single-DCI based system
Proposal 3: Do not support pe-TRP BFR enhancement for single-DCI based system.
Per-TRP Beam Failure Detection 
For per-TRP BFR enhancement for multi-TRP, we agreed to support per-TRP BFD-RS configuration as in the following agreement:
	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


For BFD-RS configuration, in our view, it is sufficient to only support implicit configuration due to the following reasons:
· The implicit method allows the UE to derive BFD RS from the TCI states configured to PDCCH and does not need explicit RRC signaling to provide BFD RS configuration. Since PDCCH is always provided with TCI state. It does not make sense to explicitly provided BFD RS to the UE with the cost of extra RRC overhead.
· 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 method would not work from the perspective of signaling design.
Observation 4: The explicit BFD-RS configuration method unnecessarily increases the signaling overhead 
Observation 5: The explicit method for BFD-RS does not work given the fact that the TCI state of PDCCH can be updated by MAC CE and DCI
Based on the above discussion, we can conclude that it is only feasible to support implicit method of BFD-RS configuration. For multi-TRP BFR, the UE derives the BFD-RS for each TRP based on the TCI states configured to CORESETs associated with CORESETPoolIndex = 0 or 1. 
Proposal 4: For multi-TRP BFR, only support implicit BFD-RS configuration
· For each TRP, the UE derives the BFD-RS set according the TCI states configured to the CORESETs associated with the CORESETPoolIndex = 0 or 1.
· The number of BFD-RS in each per-TRP BFD-RS set is <= 2.
Per-TRP New Beam Identification 
For per-TRP BFR enhancement for multi-TRP, we agreed to support per-TRP new beam identification as in the following agreement:
	Agreement
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details



To support beam management for multi-TRP, independent configuration of BFD-RS and NBI-RS per TRP is agreed in RAN1#103-e and the association of NBI-RS with TRP is needed. CORESETPoolIndex is introduced in Rel-16 for the identification of different TRP. Therefore, it is natural to associate NBI-RS set with CORESETPoolIndex value = 0/1.
Proposal 5: Associate each new beam identification RS set with a CORESETPoolIndex value = 0/1. 
Per-TRP BFRQ
It was agreed to reuse the MAC-based BFRQ of SCell BFR in Rel-16 for Per-TRP BFRQ:
	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



As design in RAN2, each logical channel or SCell beam failure recovery can be mapped to zero or one SR configuration and at most one PUCCH resource for SR configuration can be configured per BWP. For mTRP BFR, this design shall be followed. We agreed to support up to two SR configurations in a cell group for mTRP BFR.  If the gNB only configures one SR configuration for mTRP BFR, the per-TRP beam failure recovery of each TRP is mapped to this SR configuration. If beam failure happens at any of those two TRPs, the UE can trigger the associated SR configuration. If the gNB configures two SR configuration for mTRP BFR, then the gNB shall map one SR configuration with the BFR of the first TRP and map the other SR configuration with the BFR of the second TRP.  Then when one TRP meets beam failure, the UE shall trigger the corresponding SR configuration.
Proposal 6: Regarding the SR configuration for mTRP BFR:
· If one SR configuration is configured, both of the 1st TRP’s BFR and 2nd TRPs’ BFR are associated with this SR configuration.
· If two SR configurations are provided, each SR configuration is associated with the BFR of one TRP.  

In Rel-16, CC index and new candidate beam index will be reported to gNB through BFRQ MAC-CE. Similarly, same information should be contained for per-TRP BFRQ. In addition to CC index and NBI, we think that information of failed TRP should be contained in BFRQ MAC CE to inform gNB which TRP that beam failure happens. As we discussed before, CORESETPoolIndex is introduced as a identification of TRP, so a value of CORESETPoolIndex can be reported to indicate detailed TRP with beam failure.
Observation 6: The index of failed TRP cannot be implicitly reported through the triggered SR.
Observation 7: It is not feasible to implicitly report the index of failed TRP through the PDCCH triggering the PUSCH  
Proposal 7: The mTRP BFRQ MAC CE shall carry a value of CORESETPoolIndex 0/1 to indicate the TRP where the beam failure happens.
· If both TRPs fail in one CC, the UE reports the TRP IDs and new candidate beam for each TRP.
· The UE reports failed TRP(s) for each individual CC.
Proposal 8: Configuring 2 spatial relation to a PUCCH resource is out of the scope of BFR and shall be discussed in item 2-a.

Post BFRQ UE behavior
After receiving the response from gNB, UE can switch the PDCCHs of failed TRP to the reported qnew . We can also consider to switch the spatial setting of PUCCH resources accordingly after the TRP-specific BFRQ is received successfully.  However, we do not have a clear association between the PUCCH resource and the TRP yet. 
[bookmark: _Hlk54299972]Proposal 9: UE switches the QCL of CORESETs associated with the CORESETPoolindex value with beam failure to qnew after TRP-specific BFRQ is received successfully.
In BFR for PCell and SCell specified in Rel-15 and Rel-16, the UE switch the spatial relation info of PUCCH resource to the new identified beam after the BFRQ is acknowledged. For multi-TRP BFR, it seems also reasonable to support the similar function. But there is one technical difficulty here. There is no explicit association between PUCCH resources and TRP in current specification for multi-TRP transmission. 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 be used for PDSCH transmission from different TRPs, which is allowed by the specification. 
Observation 8: There does not exist clear association between PUCCH resource and TRP in the specification.
Proposal 10: Discuss whether and how to support the association between PUCCH resource and TRP so that we can support the UE to updating the Tx beam of PUCCH resource after per-TRP BFRQ.
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: Option 1 could have lower reporting overhead than Option 2 when the UE use separate panel(s) to receive beams and measure L1-RSRP of each beam from two different TRPs.
Observation 2: Option 3 does not provide any new function that is not supported by either Option 1 or Option 2, and Option 3 complicate the system design. 
Observation 3: there is no use case or justification to support per-TRP beam failure recovery for single-DCI based system
Observation 4: The explicit BFD-RS configuration method unnecessarily increases the signaling overhead 
Observation 5: The explicit method for BFD-RS does not work given the fact that the TCI state of PDCCH can be updated by MAC CE and DCI
Observation 6: The index of failed TRP cannot be implicitly reported through the triggered SR.
Observation 7: It is not feasible to implicitly report the index of failed TRP through the PDCCH triggering the PUSCH  
Observation 8: There does not exist clear association between PUCCH resource and TRP in the specification.
[bookmark: _GoBack]Proposal 1: For multi-TRP beam measurement and reporting, support Option 1, i.e., two resource settings are configured for CMR resources of two TRPs.
Proposal 2: Support Option 1 with L1-RSRP measurement and do not support Option 3:
· In Option 1: UE reports N = 2 groups of M = 1/2/4 CRI/SSBRI and corresponding L1-RSRP. The CRI/SSBRI reported in 1st group are for the CMR resources of 1st the TRP and the CRI/SSBR reported in 2nd group are for the CMR resources of the 2nd TRP. 
Proposal 3: Do not support pe-TRP BFR enhancement for single-DCI based system.
Proposal 4: For multi-TRP BFR, only support implicit BFD-RS configuration
· For each TRP, the UE derives the BFD-RS set according the TCI states configured to the CORESETs associated with the CORESETPoolIndex = 0 or 1.
· The number of BFD-RS in each per-TRP BFD-RS set is <= 2.
Proposal 5: Associate each new beam identification RS set with a CORESETPoolIndex value = 0/1. 
Proposal 6: Regarding the SR configuration for mTRP BFR:
· If one SR configuration is configured, both of the 1st TRP’s BFR and 2nd TRPs’ BFR are associated with this SR configuration.
· If two SR configurations are provided, each SR configuration is associated with the BFR of one TRP.  
Proposal 7: The mTRP BFRQ MAC CE shall carry a value of CORESETPoolIndex 0/1 to indicate the TRP where the beam failure happens.
· If both TRPs fail in one CC, the UE reports the TRP IDs and new candidate beam for each TRP.
Proposal 8: Configuring 2 spatial relation to a PUCCH resource is out of the scope of BFR and shall be discussed in item 2-a.
Proposal 9: UE switches the QCL of CORESETs associated with the CORESETPoolindex value with beam failure to qnew after TRP-specific BFRQ is received successfully.
Proposal 10: Discuss whether and how to support the association between PUCCH resource and TRP so that we can support the UE to updating the Tx beam of PUCCH resource after per-TRP BFRQ.
5. Reference

RP-193133 New WID: Further ehancements on MIMO for NR
Chairman’s Notes RAN1#104-e


