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[bookmark: _Ref494215420]Introduction
In RAN1#102e, the following agreement on beam management enhancement for multi-TRP was achieved:[1] 
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
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
Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD

In this paper, we will present our opinions on this issue.

Discussion
Enhancement on beam management
R15/R16 supports L1-RSRP and L1-SINR based beam measurement and reporting, where one UE could be configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList) in 1 CSI-MeasConfig. For L1-RSRP, one CSI reporting setting could be linked to one resource settings for channel measurement; for L1-SINR, one CSI reporting setting could be linked to one resource settings for channel measurement, and zero or one resource settings for interference measurement. 
Last meeting, it has agreed that for L1-RSRP, measurement / reporting enhancement to facilitate inter-TRP beam pairing could be considered. Two options are listed to enable inter-TRP beam pairing: one is to enhance group-based reporting, and the other is to enhance non-group-based reporting. For the former, one CSI report could realize inter-TRP beam pairing, while for the latter, multiple associated CSI reports are needed. To some degree, the former much follows the current CSI framework. Thus, we have the following proposal:
Proposal 1: For L1-RSRP, support option-1 to facilitate inter-TRP beam pairing.
To support inter-TRP beam pairing, the configuration of CSI-RS resources could be extended, e.g, two CSI-RS resource sets from one CSI-RS resource setting or two CSI-RS resource settings could be configured to be associated with one CSI reporting setting, and the two CSI-RS resource sets are associated with different TRPs.
Proposal 2: For option 1, support one CSI reporting setting associated with multiple CSI-RS resource sets as channel measurement resources.
Like LTE, we prefer to support DPS and M-TRP from the perspective of CSI reporting, i.e., the reported CRIs could be from one TRP or multiple TRPs, and it is up to UE implementation. 
Proposal 3: For option 1, the reported CRIs could be from one TRP or from multiple TRPs, and it is up to UE implementation.
For inter-TRP beam pairing for L1-SINR, inter-beam interference should be considered. The resources for channel measurement for one TRP could be as the interference for another TRP. 
Proposal 4: For inter-TRP beam pairing for L1-SINR, inter-beam interference should be considered.

Enhancement on BFR
Rel-15 supports beam failure recovery for Pcell or PScell, where only both beam failure and new beam identification happen, beam failure procedure could be triggered. UE could be configured with contention-free PRACH resources or utilize contention based PRACH resources to convey beam failure event to gNB. Dedicated CORESET is configured to monitor gNB response. During Rel-15 RAN1 meetings, other channels, e.g., PUCCH, also have been discussed to carry beam failure recovery request. But considering to realize quicker link recovery, e.g., the beam for PUCCH may also fail, only utilizing PRACH to carry BFRQ is supported, although additional RACH resource overhead is brought in and access resources may be squeezed.
Observation 1: Utilizing PRACH to carry BFRQ could achieve quicker link recovery, while the resources for accessing may be squeezed.
Rel-16 supports beam failure recovery procedure for Scell, and as long as beam failure happens, beam failure procedure could be triggered. Dedicated PUCCH or SR could be configured for UE to transmit information to inform gNB which Scell(s) has failed. Upon on PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and whether to have a toggled NDI field value, gNB response could be monitored. In addition, Rel-16 BFR MAC CE also could be used for SpCell, where beam failure is detected for SpCell only when BFR MAC CE or Truncated BFR MAC CE is to be included into a MAC PDU as part of Random Access Procedure.
Observation 2: Rel-16 BFR MAC CE could convey both Scell beam failure event and Pcell beam failure event.
For one serving cell configured with M-TRP operation, in order to enable per-TRP based beam failure recovery, at least BRD RS should be configured per TRP to enable judgement of per-TRP beam failure event. 
Proposal 5: TRP-specific BFD RS should be supported.
For one serving cell configured with M-TRP operation, generally there exists the following three beam failure cases as Fig.1 shows. For case 1 and case 2, beam failure happens in only either one of two TRP, where at least one link could work. Utilizing contention-free PRACH resources to notify gNB beam failure event including new beam recommendation seems not to be necessary. BFR MAC CE carrying TRP failure 
[image: ]
Figure 1 Beam failure cases for M-TRP
event is enough, and how to recover the link is up to gNB. For case 3, both links from TRP1 and TRP2 failed. If the serving cell is secondary cell, reusing Scell BFR mechanism, e.g., BFR MAC CE to convey TRP beam failure event could work. But if the serving cell is primary cell, then quick recovery mechanism could be considered. For one example, the primary TRP could be configured with contention-free PRACH resource for BFR procedure, either new beam recommendation for TRP1 or for TRP2 is OK. For another example, BFR MAC CE included into a MAC PDU as part of Random Access Procedure could also be utilized.
Proposal 6: At least one of the following options could be considered to transmit BFRQ:
         -Option 1: Contention-free PRACH
         -Option 2: BFR MAC CE could be used
        - Option 3: Contention based PRACH
In Rel-15, for the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, and until the UE receives an activation command for PUCCH-SpatialRelationInfoor is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the recommended new beam RS could be used to update the spatial information and power determination of PUCCH. Likewise, for Scell, after monitoring gNB response, the spatial information and power determination of PUCCH could be also updated. Monitoring PDCCH in all CORESETs on the SCell(s) indicated by the MAC CE using the same antenna port quasi co-location parameters as the ones associated with the corresponding new beam recommendation RS, also is supported.
Observation 3: For Rel-15/Rel-16, if new beam RS is recommended, spatial information and power determination of PUCCH resources or QCL parameter of some CORESETs could be correspondingly the ones associated with the corresponding new beam recommendation RS.
For TRP-specific BFR, when satisfying some conditions after monitoring gNB response, naturally, TRP-specific QCL/spatial relation assumption/UL power control for DL and UL channels/RSs should be considered.
Proposal 7: If TRP-specific new beam RS being supported, TRP-specific QCL/spatial relation assumption/UL power control for DL and UL channels/RSs, e.g., PUCCH resources, could be considered.

Simultaneous reception of channels/RSs with different QCL-TypeD
Although simultaneous reception of channels/RSs with different QCL-TypeD has been listed as low priority, we still think it could be worth of further study for the sake of performance improvement for multi-TRP operation. Next, we will further discussion about multiple PDCCHs monitoring and multiple DL SPS PDSCH reception.
Multiple PDCCHs monitoring
In R16, for multi-DCI based multi-TRP transmission, different TRPs use different CORESETs with different value of high layer signaling index in PDCCH-Config, and CORESETs with same value of high layer signaling index belongs to the same TRP.
[bookmark: OLE_LINK1]In R15/R16, if a UE is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells, the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells, which corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index, and the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions.
When UE is capable of simultaneously receiving control/data from multi-TRP, in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) from different TRP, it is natural and simple that UE could monitor PDCCHs in two CORESETs with different QCL-TypeD properities with different value of high layer signaling index, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties and same value of high layer signaling index  as either one of the two CORESETs. The priority rules of monitoring PDCCHs in R15 could be applied within the CORESETs with the same value of CORESETPoolIndex. Obviously it will enable more flexible scheduling for each TRP and benefit for performance improvement.
Proposal 8: Support to enhance on PDCCH reception for multi-DCI based multi-TRP case. 
Proposal 9: In overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) from different TRPs, priority rule of monitoring in Rel-15 should be applied separately for each TRP.

Multiple DL SPS PDSCH reception
In R16, for IIOT scenario with single TRP transmission, multiple semi-persistent scheduling PDSCHs could be configured to meet with the latency requirement. Furthermore, it could also lower overhead. Generally multi-TRP transmission also is one important feature for IIOT. Thus, in our opinion, DL SPS PDSCH for multi-TRP transmission should be supported.
Proposal 10: Support to enhance on DL SPS PDSCH reception for multi-DCI based multi-TRP case. 
In Rel-16, part of work has been done to support DL SPS PDSCH for multi-TRP transmission, e.g., the determination of repetition number, the association between SPS PDSCH and TRP where SPS PDSCH is associated with the same TRP as the CORESET activated PDCCH lies in. However, R16 only allows UE receives one PDSCH with lowest configured sps-ConfigIndex when more than one PDSCH(s) without corresponding PDCCH transmission overlapping. 
When UE is capable of simultaneously receiving control/data from multi-TRP, it is natural and simple two overlapping PDSCHs each from different TRP could be received by UE. For each TRP, only one PDSCH with lowest configured sps-ConfigIndex could be received in overlapping PDSCH occasions.
Proposal 11: In overlapping PDSCH without corresponding PDCCH transmissions receiving occasions from multiple TRP, one PDSCH with lowest configured sps-ConfigIndex for each TRP could be received.
Regarding how to associate SPS PDSCH with TRP, one natural and simple way is that like dynamic PDSCH, SPS PDSCH associates with the same value of CORESETPoolIndex as the PDCCH which activates the SPS PDSCH.
Proposal 12: PDSCH without corresponding PDCCH transmission associates with the same value of CORESETPoolIndex as CORESET where PDCCH activating the PDSCH lies in.

Conclusion
In this paper, we provide our views on enhancement on beam management for multi-TRP, and have the following proposals.

Observation 1: Utilizing PRACH to carry BFRQ could achieve quicker link recovery, while the resources for accessing may be squeezed.
Observation 2: Rel-16 BFR MAC CE could convey both Scell beam failure event and Pcell beam failure event.
Observation 3: For Rel-15/Rel-16, if new beam RS is recommended, spatial information and power determination of PUCCH resources or QCL parameter of some CORESETs could be correspondingly the ones associated with the corresponding new beam recommendation RS.

Proposal 1: For L1-RSRP, support option-1 to facilitate inter-TRP beam pairing.
Proposal 2: For option 1, support one CSI reporting setting associated with multiple CSI-RS resource sets as channel measurement resources.
Proposal 3: For option 1, the reported CRIs could be from one TRP or from multiple TRPs, and it is up to UE implementation.
Proposal 4: For inter-TRP beam pairing for L1-SINR, inter-beam interference should be considered.
Proposal 5: TRP-specific BFD RS should be supported.
Proposal 6: At least one of the following options could be considered to transmit BFRQ:
         -Option 1: Contention-free PRACH
         -Option 2: BFR MAC CE could be used
        - Option 3: Contention based PRACH
Proposal 7: If TRP-specific new beam RS being supported, TRP-specific QCL/spatial relation assumption/UL power control for DL and UL channels/RSs, e.g., PUCCH resources, could be supported.
Proposal 8: Support to enhance on PDCCH reception for multi-DCI based multi-TRP case. 
Proposal 9: In overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) from different TRPs, priority rule of monitoring in Rel-15 should be applied separately for each TRP.
Proposal 10: Support to enhance on DL SPS PDSCH reception for multi-DCI based multi-TRP case. 
Proposal 11: In overlapping PDSCH without corresponding PDCCH transmissions receiving occasions from multiple TRP, one PDSCH with lowest configured sps-ConfigIndex for each TRP could be received.
Proposal 12: PDSCH without corresponding PDCCH transmission associates with the same value of CORESETPoolIndex as CORESET where PDCCH activating the PDSCH lies in.
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