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[bookmark: _Ref494215420]Introduction
According to R17 FeMIMO WID [1], the following objective is included in the scope:
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
c.  Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception



In this paper, we will present our opinions on beam management related enhancement for multi-TRP transmission.

Discussion
Enhancement on beam management
For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, the following agreement are achieved as below shown [2].
	Agreement
For CMR configuration for option 2, adopt  
· Alt-1: “set”

Agreement
The bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]FFS: specify the association between SSBRIs/CRIs in a reported group and CMR resource sets

Agreement
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]For beam measurement/reporting option 2, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling



For the CSI report for beam measurement/reporting option 2 for inter-TRP beam pairing, one question is how to identify beam group if N>1 is configured. Introducing beam group index seems to be unnecessary. One simple solution is to take the orderly and adjacent two SSBRIs/CRIs as one beam group. For example, {CRI =0, CRI= 1, CRI =2, CRI =3} are included in the CSI report, then {CRI =0, CRI= 1} and {CRI =2, CRI =3} denotes one beam group respectively. By this way, the overhead also could be saved. 
Regarding how to identify the association between SSBRIs/CRIs in a reported beam group and CMR resource sets, one straightforward way is to introduce CMR set index for per SSBRI/CRI. However, it is not necessary and additional overhead would be introduced. One simple approach is to only report CMR set index for the CRI/SSBRI with the reference RSRP value for the first beam group, and another  SSBRI/CRI in the first beam group is associated with another CMR set index by default. For other beam groups, the same CMR set order could be assumed. 
Regarding UCI payload reduction, in our opinion it could be considered. Assuming N =4 and 32 CMR resources per CMR set is configured, then the UCI payload size could be about 76bit. Given that limited uplink resources and the requirement of timely reporting beam measurement results, it is beneficial to drop part of CSI report. If omission is needed, one simple rule is drop in the unit of beam group, and the front beam group(s) or beam group with lower index has higher priority.
Proposal 1: For the CSI report for beam measurement/reporting option 2, beam group could be implicitly determined.
Proposal 2: For the CSI report for beam measurement/reporting option 2, support to introduce CMR set index for SSBRI/CRI with reference value or the first SSBRI/CRI in the report.
Proposal 3: For the CSI report for beam measurement/reporting option 2, support UCI payload reduction mechanism if Nmax>=2.
In Rel-15/Rel-16, group based beam reporting has been supported, where one CSI report only includes one beam group with two beams and different beams within a group can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. In other words, it is up to UE’s implementation to form beam group based on either a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. In Rel-17, we should also inherit the principle. In addition, we also have not seen the necessarity.
Proposal 4: Different beams in the same pair/group can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
Regarding whether option 2 could be applied for L1-SINR, on the one hand, we prefer one unified framework for L1-RSRP and L1-SINR; On the other hand, that different beams within a pair/group can be received simultaneously naturally could be applied for inter-beam interference calculation. Thus, we think the agreements for L1-RSRP could be applied for L1-SINR. 
Proposal 5: For L1-SINR based 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.
· M = 2
· N can be {1,2,3,4}, depending on UE’s capability

Enhancement on BFR
For per-TRP beam failure, the following agreements are achieved [2][3].
	RAN1#104b-e：
Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization
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. 
Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1
Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)

RAN1#105-e：
Agreement
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 





In Rel-15/16, a UE can be provided, for each BWP of a serving cell, a set [image: ] of periodic CSI-RS resource configuration indexes by failureDetectionResources. If the UE is not provided  by failureDetectionResources for a BWP of the serving cell, the UE determines the set [image: ] to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH and, if there are two RS indexes in a TCI state, the set [image: ] includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects the set [image: ] to include up to two RS indexes. 
Regarding the maximum number of RS per BFD-RS set, considering UE complexity issue, we prefer it is up to UE capability, and candidate value could include 1 and 2.
For M-DCI based M-TRP, other than explicit BFD-RS configuration, BFD-RS set per TRP could also be achieved implicitly by basing on CORESET configurations per TRP. But for S-DCI based M-TRP operation, generally all CORESETs are configured for one TRP. If still following Rel-15/Rel-16 implicit BFD-RS determination rule, then BFD-RS set for another TRP without CORESET configuration could not be achieved. New rule, e.g., BFD-RS set per TRP is determined by basing active TCI states for PDSCH, can be considered. But the benefit should be further justified.
Proposal 6: For the maximum number of RS per BFD-RS set, it is based on UE’s capability, and the candidate values could include 1, and 2.
Proposal 7: For TRP specific BFR, at least explicit BFD-RS set configuration could be supported.
For BFRQ, one PUCCH-SR resource is enough for FR1. However, for FR2, considering spatial characteristics, two PUCCH-SR resources are needed. For PUCCH non-repetition case, there is no need to introduce new feature to support one PUCCH-SR resource with two spatial relations. In addition, configuring two PUCCH-SR resources for FR2 is very flexible and there is nearly no additional standard work.
Proposal 8: For TRP specific BFR, not support one PUCCH-SR resource configured with 2 spatial relations.
For a UE configured with two PUCCH-SR resources in a cell group, when beam failure is detected in a one or more CCs in one or more of BFD-RS sets, in RAN1#104b-e extensive discussion is carried out, and three alternatives are listed. From our perspective, when it comes to the function of PUCCH-SR resource, on one hand, the PUCCH-SR resource is used to carry SR to request gNB to schedule PUSCH resources for UE to report beam failure information by MAC CE; on the other hand, it could tell gNB there exists DL beam failure, and gNB could quickly adjust its downlink scheduling strategy, e.g., stop DL scheduling for the UE. If considering the above functions, Alt-2 is reasonable. But for the case where both TRPs failed, there is no necessary to compel UE to simultaneously select the two PUCCH-SR resources. The PUCCH-SR resource selection shall be up to UE’s implementation. Thus, we slightly prefer Alt 2.5.2 B.
Proposal 9: For TRP specific BFR, for PUCCH-SR resource selection when a UE configured with two PUCCH-SR resources in a cell group, support Alt2.5.2 B.
In Rel-16 Scell BFR, after 28 symbols from receiving gNB response, the UE could monitor 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 index(es) , and transmit PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to . Likewise, at least for per TRP BFR procedure for M-DCI based M-TRP, the beam of CORESETs and PUCCH resources associated with each failed TRP could be updated respectively, according to the corresponding new beam information per TRP. Thus, we have the following proposal:
Proposal 10: At least for per TRP BFR for M-DCI based M-TRP case, after 28 symbols from receiving TRP/gNB response
· For each TRP associated with failed BFD-RS set, 
· the DL QCL assumption of all CORESETs associated with that TRP with 1 activated TCI state is updated by the RS associated with the latest reported new candidate beam (if found when NBI-RS set is configured).
· UL spatial filter for PUCCHs associated with that TRP is updated by the RS associated with the latest reported new candidate beam (if found when NBI-RS set is configured).
Regarding to whether cell-specific and TRP-specific BFR can be configured on the same serving cell, previous meetings have some email discussions but no consensus. 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. TRP-
[image: ]
Figure 1 Beam failure cases for M-TRP
specific BFR is enough. For case 3, both links from TRP1 and TRP2 failed. In this case, generally gNB/UE could try to recover one TRP firstly, then perhaps try to recover another TRP. Or gNB/UE could try to recover both TRP independently. However, the essential still is TRP-specific BFR.
Observation 1:  It is not necessary to configure both cell-specific and TRP-specific BFR for one CC.
In RAN1#104e, it has been agreed that R17 BFRQ MAC-CE can convey the information of failed CC indices, and at least a single TRP failed information. In our opinion, R17 BFRQ MAC CE could be utilized to convey cell level bam failure event by simple method, e.g., one bit field in the MAC CE to indicate the validity of TRP failed information. When failure status is different across cells, it also could use R17 BFRQ MAC CE to convey both cell level and TRP level beam failure events.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Propose 11:  Support R17 BFRQ MAC CE to convey cell level beam failure event.

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 discuss 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 12: Support to enhance on PDCCH reception for multi-DCI based multi-TRP case. 
Proposal 13: 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 14: 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 15: 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 16: 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:  It is not necessary to configure both cell-specific and TRP-specific BFR for one CC.

Proposal 1: For the CSI report for beam measurement/reporting option 2, beam group could be implicitly determined.
Proposal 2: For the CSI report for beam measurement/reporting option 2, support to introduce CMR set index for SSBRI/CRI with reference value or the first SSBRI/CRI in the report.
Proposal 3: For the CSI report for beam measurement/reporting option 2, support UCI payload reduction mechanism if Nmax>=2.
Proposal 4: Different beams in the same pair/group can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
Proposal 5: For L1-SINR based 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.
· M = 2
· N can be {1,2,3,4}, depending on UE’s capability
Proposal 6: For the maximum number of RS per BFD-RS set, it is based on UE’s capability, and the candidate values could include 1, and 2.
Proposal 7: For TRP specific BFR, at least explicit BFD-RS set configuration could be supported.
Proposal 8: For TRP specific BFR, not support one PUCCH-SR resource configured with 2 spatial relations.
Proposal 9: For TRP specific BFR, for PUCCH-SR resource selection when a UE configured with two PUCCH-SR resources in a cell group, support Alt2.5.2 B.
Proposal 10: At least for per TRP BFR for M-DCI based M-TRP case, after 28 symbols from receiving TRP/gNB response
· For each TRP associated with failed BFD-RS set, 
· the DL QCL assumption of all CORESETs associated with that TRP with 1 activated TCI state is updated by the RS associated with the latest reported new candidate beam (if found when NBI-RS set is configured).
· UL spatial filter for PUCCHs associated with that TRP is updated by the RS associated with the latest reported new candidate beam (if found when NBI-RS set is configured).
Proposal 11:  Support R17 BFRQ MAC CE to convey cell level beam failure event.
Proposal 12: Support to enhance on PDCCH reception for multi-DCI based multi-TRP case. 
Proposal 13: 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 14: Support to enhance on DL SPS PDSCH reception for multi-DCI based multi-TRP case. 
Proposal 15: 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 16: PDSCH without corresponding PDCCH transmission associates with the same value of CORESETPoolIndex as CORESET where PDCCH activating the PDSCH lies in.

Reference
[1] RP-202024, Further enhancements on MIMO for NR
[2] Draft Report of 3GPP TSG RAN WG1 #104b-e
[3] Draft Report of 3GPP TSG RAN WG1 #105-e
oleObject1.bin

image3.wmf
0

q


image4.png
TRP1 TRP2 TRP1 TRP2 TRP1 TRP2

QD) (D) (Q D) D gD LD
£ B K K A A
RPN I W

0 U

Case 1: Link from TRP1 failed Case 2: Link from TRP1 not failed Case 3: Both link from TRP1 and
and link from TRP2 not failed and link from TRP2 failed link from TRP2 failed





image1.wmf
0

q


image2.wmf
0

q


