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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#103-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. The following was agreed [2] on the topic of enhancement on multi-beam operation:
	R1-2009500	Summary on beam management for simultaneous multi-TRP transmission with multiple Rx panels	Moderator (CATT)
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

Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option



In this contribution, we present our views on beam measurement/reporting enhancement and beam failure recovery for multi-TRP, and proposals for moving forward.

[bookmark: _Ref53071810]Beam Measurement/Reporting Enhancement for Inter-TRP Beam Pairing
In RAN1#103-e meeting, the following was agreed regarding beam measurement/reporting enhancement to facilitate inter-TRP beam pairing.
	Agreement
[bookmark: _Hlk60926549][bookmark: _Hlk60927188]Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· [bookmark: _Hlk60926613]Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option



Comparing Options 1, 2, and 3, we observe that in Option 2, different beams within a pair/group reported by the UE can be received simultaneously, which means that the UE makes the inter-TRP beam pairing suggestions based on its measurements and reports the suggestions to the gNB.  While in Option 1, the gNB still needs to make inter-TRP beam pairing decision after receiving CSI-report from the UE by selecting beams from different groups.  Since UE is the receiver and thus has more knowledge about the suitability of beam pairing among inter-TRP beams, Option 2 should result in a better inter-TRP beam pairing decision.  Similarly, in Option 3, the gNB also needs to make inter-TRP beam pairing decision after receiving multiple CSI-reports from the UE by selecting beams from different CSI reports.  Furthermore, Option 3 also requires more signalling overhead to convey multiple CSI reports and potential additional signalling required to indicate association between different CSI-reports and to indicate whether the beams in different CSI-reports can be received simultaneously.  In summary, we prefer Option 2.  The number of pairs/groups N can be 1, 2, or 4 and the number of beams per pair/group M can be 2.
Based on the above analysis, we have the following proposal:
[bookmark: _Hlk58854786]Proposal 1: FeMIMO supports Option 2 for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Support N = 1, 2, 4, and M = 2
Another FFS item in the above agreement is whether different beams reported by the UE that can be received simultaneously should be associated with different TRPs or different UE panels.  Since the goal of the beam measurement/reporting enhancement is to facilitate inter-TRP beam pairing, the different beams reported by the UE that can be received simultaneously should be from different TRP.  Otherwise, if the different beams reported are from the same TRP, those beams cannot be transmitted from the TRP simultaneously since it is not feasible for a single TRP to transmit multiple beams simultaneously in FR2, defeating the purpose of facilitating inter-TRP beam pairing.  Therefore, the different beams should be associated with different TRPs.  On the contrast, if the different beams are associated with different UE panels, although the UE can receive these beams simultaneously by using different UE panel for different beam, it is possible that those different beams are from the same TRP on different time.  And as mentioned earlier, it is not feasible for the TRP to transmit those beams simultaneously.  Therefore, the CSI report cannot facilitate inter-TRP beam pairing.
Based on the above analysis, we have the following proposal:
[bookmark: _Hlk60933487]Proposal 2: Different beams reported by the UE that can be received simultaneously should be associated with different TRPs.
In Rel. 15/16, group-based reporting is supported when the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled' [3].  In this case, the UE reports in a single reporting instance two different CRI or SSBRI for each report setting, where the CSI-RS and/or SSB resources can be received simultaneously by the UE.  The supported report quantities for group-based reporting are 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR', and 'ssb-Index-SINR'.
However, in Rel. 15/16, there is no TRP identification associated with different CSI-RS and/or SSB resources.   In Rel. 17, to facilitate inter-TRP beam pairing and association of different beams to different TRPs, a groupID field can be added in the TCI-state information element, which is also discussed in our companion contribution [4].  The groupID field serves as a TRP identification.  Table 1 shows an example of how to add the groupID field to the TCI-state information element.  In Table 1, the red parts are the proposed additions/modifications to the TCI-state information element.  Below we focus on the introduction of groupID and physCellId which are more relevant to the topic.  Details on other parts can be found in [4]. 
· physCellId: this is the PCI of the serving cell or non-serving cell.  With the PCI info added to the TCI state, the TCI states of non-serving cell can also be configured for the UE, which could enable the UE with faster candidate beam identification and BFR utilizing the non-serving cell’s beams.  
· groupID: in mTRP case, this ID could serve as the TRP identification.  With this ID, the UE can, for example, identify the TRP source of the CSI-RS.  The UE can then avoid reporting multiple beams from the same TRP to facilitate inter-TRP beam pairing, considering the fact that it is not feasible for one TRP to transmit multiple beams simultaneously in FR2.  
[bookmark: _Ref52540126]Table 1: Example of enhancements on content of TCI state
	TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    physCellId                          PhysCellId                                                  OPTIONAL,   
    groupId                             GroupId                                                     OPTIONAL,   
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index,
        srs                                 SRS-ResourceId
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP




Based on the above analysis, we have the following proposal:
[bookmark: _Hlk53071852]Proposal 3: FeMIMO supports adding TRP identification (e.g., groupID) to TCI state for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing.    

Beam Failure Recovery
In RAN1#103-e meeting, the following was agreed regarding beam failure recovery.
	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
· [bookmark: _Hlk60933124]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



[bookmark: _Hlk60933293][bookmark: _Hlk60933210]Regarding explicit and implicit BFD-RS configuration, it is noted that this topic is related to item on enhancements on multi-beam operation that is under discussion in Agenda Item (AI) 8.1.1.  In  AI 8.1.1, it was agreed that on Rel. 17 unified TCI framework, for the separate DL TCI, the source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC.  However, the value of M (e.g., whether M > 1 is supported or only M = 1 is supported) is not decided.  If the Rel-17 unified TCI framework support M>1 TCIs such that each of the TCI provide QCL information for UE-dedicated reception on a subset of CORESETs in a CC, then for the explicit BFD-RS configuration, the QCL relationship between BFD-RS and CORESET can be defined such that the BFD-RS are QCLed with PDCCH DMRS with respect to 'QCL-TypeD', e.g., similar to those defined in Rel. 15/16.  However, if the Rel-17 unified TCI framework support only M=1 TCI and the TCI provide QCL information for UE-dedicated reception on all of CORESETs in a CC, then the BFD-RS should not be QCLed with PDCCH DMRS with respect to ‘QCL-TypeD’ since there is only one beam available for all the CORESETs.  If the implicit BFD-RS configuration is defined similar to those defined in Rel. 15/16, e.g., the BFD-RS is determined based on the QCL-TypeD RS of the activated TCI states for PDCCH reception, the above consideration also applies.
Based on the above analysis, we have the following proposal:
Proposal 4: FeMIMO supports BFD-RS are QCLed with PDCCH DMRS with respect to 'QCL-TypeD' assuming that the Rel-17 unified TCI framework supports M>1 DL TCIs such that each of the TCI provides QCL information for UE-dedicated reception on a subset of CORESETs in a CC.   

Conclusions
In this contribution, we present our views on enhancement on beam management for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports Option 2 for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Support N = 1, 2, 4, and M = 2
Proposal 2: Different beams reported by the UE that can be received simultaneously should be associated with different TRPs.
Proposal 3: FeMIMO supports adding TRP identification (e.g., groupID) to TCI state for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing. 
Proposal 4: FeMIMO supports BFD-RS are QCLed with PDCCH DMRS with respect to 'QCL-TypeD' assuming that the Rel-17 unified TCI framework supports M>1 DL TCIs such that each of the TCI provides QCL information for UE-dedicated reception on a subset of CORESETs in a CC.   
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