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Introduction
In 3GPP RAN1 #102-e, agreements are made for enhancements on beam management for multi-TRP. In this contribution, we will present our views on beam management for multi-TRP.
Measurement/report enhancement
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 
Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only

In RAN1#102e, measurement and reporting enhancement to facilitate inter-TRP for group based reporting and non-group-based reporting respectively are considered. As discussed in our previous contribution R1-2005986, even if group-based reporting is configured, UE can report two CSI-RS and/or SSB resources, but due to lack of the information of whether same or different TRPs the two reported CSI-RS resources and/or SSBs belong to, multi-TRP transmission cannot be supported based on Rel-15 and Rel-16 group-based beam reporting. Therefore, for beam reporting for multi-TRP transmission, the resource setting configuration shall include configuration information that can differentiate the TRPs of CSI-RS resources. In Rel-15 and Rel-16, only one resource setting is configured for L1-RSRP channel measurement through the configuration of CSI-ReportConfig. Enhancements can be considered to increase the number of resource setting associated with CSI-ReportConfig for supporting measurement/report with multi-TRP. Two resource settings are configured for L1-RSRP channel measurement and the CSI-RS resources in each resource setting are used to carry the Tx beams from one TRP. 
Proposal 1: To enhance the group-based beam reporting, support to configure two resource settings for channel measurement and each resource setting contains the CSI-RS resources from one TRP.
For group-based reporting, UE can report two CSI-RS/SSB resources to inform gNB that they can be simultaneously received in the beam reporting procedure. To support measurement/report enhancement for multi-TRP, besides beam info for each resource setting or CSI-RS resource preconfigured by RRC, beam restriction is required for UE. If two CSI-RS/SSB resources are reported in a group, the two CSI-RS/SSB resources should have different beam infos thus gNB can schedule UE simultaneously with multi-TRP. In Rel-15/Rel-16, the UE only reports one group of two CRI or SSBRI in group-based beam reporting. For enhancement, we shall consider to increase the number of reporting group so that the UE can report more pairs of CRIs or SSBRIs that can be received simultaneously by the UE for multi-TRP transmission. 
Proposal 2: For enhancing group-based beam reporting for multi-TRP transmission:
· In each reporting group, UE reports one RS from the 1st TRP and one RS from the 2nd TRP that can be received simultaneously by the UE.
· Increase the number of reporting groups from 1 to 2 or 4.
For beam measurement for multi-TRP, we can consider to take into account the inter-beam interference considering the PDSCHs transmission from different TRP might cause interference to each other. Multi-DCI and single-DCI are both supported for multi-TRP transmission. In single-DCI based system, PDSCHs from two TRPs are fully overlapped and inter-beam interference between them exists. In multi-DCI based transmission, each TRP schedules its PDSCH with one TCI state and the backhaul between TRP can be non-ideal. The PDSCHs scheduled by each TRP can be fully overlapped, non-overlapped or partially overlapped. For the fully overlapped or partially overlapped PDSCHs, inter-beam interference might be considered when the UE selects the CRI or SSBRI for reporting.
[bookmark: _Hlk54299937]Proposal 3: Inter-beam interference can be considered for beam measurement/report enhancement for multi-TRP transmission.
Enhancements of BFR for multi-TRP
In RAN1#102-e, we reached the following agreement to enhance the beam failure recovery for multi-TRP system.
Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

[bookmark: _Hlk47297073]From our view, we shall enhance the beam failure recovery procedure for multi-TRP system from the following perspectives:
TRP-specific BFD and TRP-specific new candidate beam identification:
In Rel-15/16, a UE is provided with a set q0 of CSI-RS resources for beam failure detection and another set q1 of CSI-RS resources and/or SSB resources for new candidate beam. If q0 is not configured, UE determines the set of beam failure detection RSs including periodic CSI-RS resource with same value as the RS indexes in the TCI-State for CORESETs. To support TRP-specific BFD, UE shall be provided with two sets of CSI-RS resources for beam failure detection associated with two TRPs respectively. Similarly, two sets of new candidate beam RSs shall be provided to UE so that the UE can identify new candidate beam for a TRP when that TRP meets beam failure.
[bookmark: _Hlk54299948]Proposal 4: Support to configure TRP-specific failureDetectionResources and candidateBeamRSList for each TRP to support TRP-specific BFD and new candidate beam identification.
[bookmark: _GoBack]TRP-specific BFRQ:
In Rel-15/16, For PCell or the PSCell, contention-free RACH method is used for reporting BFRQ. The UE is configured with a set of dedicated RACH resources and preambles with each RACH resource and preamble is uniquely mapped to one of the candidate RS resources configured for new candidate beam. For SCell, MAC CE based method is used and the UE is configured with a SR for BFR. UE can transmit in a PUSCH with MAC CE carrying the beam failure report. For TRP-specific BFR in multi-TRP system, MAC CE method can be considered for BFRQ transmission. When beam failure is detected for one of the TRPs, the UE can report such event through a MAC CE. 
[bookmark: _Hlk54299952]Proposal 5: Support MAC-CE-based method for TRP-specific BFRQ transmission.
gNB response enhancement:
After receiving the MAC CE carrying the beam failure indication and a new identified beam, gNB may transmit PDCCH and a toggled NDI in DCI as an acknowledgement to the BFRQ from UE. Similar to the design for SCell BFR, after receiving a toggled NDI in DCI with the same HARQ process number in response to the BFRQ through MAC-CE, UE assumes that the BFR is finished for that failed TRP. 
[bookmark: _Hlk54299968]Proposal 6: The gNB response is the uplink HARQ-ACK to the PUSCH carrying the MAC-CE of TRP-specific 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 7: UE switches the QCL of PDCCHs of the failed TRP to qnew after TRP-specific BFRQ is received successfully.
Conclusions
In this contribution, we present our views on enhancements of multi-beam operation for multi-TRP transmission. Based on the discussions, the following proposals were made: 
Proposal 1: To enhance the group-based beam reporting, support to configure two resource settings for channel measurement and each resource setting contains the CSI-RS resources from one TRP.
Proposal 2: For enhancing group-based beam reporting for multi-TRP transmission:
· In each reporting group, UE reports one RS from the 1st TRP and one RS from the 2nd TRP that can be received simultaneously by the UE.
· Increase the number of reporting groups from 1 to 2 or 4.
Proposal 3: Inter-beam interference can be considered for beam measurement/report enhancement for multi-TRP transmission.
Proposal 4: Support to configure TRP-specific failureDetectionResources and candidateBeamRSList for each TRP to support TRP-specific BFD and new candidate beam identification.
Proposal 5: Support MAC-CE-based method for TRP-specific BFRQ transmission.
Proposal 6: The gNB response is the uplink HARQ-ACK to the PUSCH carrying the MAC-CE of TRP-specific BFRQ.
Proposal 7: UE switches the QCL of PDCCHs of the failed TRP to qnew after TRP-specific BFRQ is received successfully.
References
[1] RAN1 Meeting#102-e, Chairman’s Notes RAN1#102-e final.
1.1.1 
