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[bookmark: _Ref129681832]In RAN1#102-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:
	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 contribution, we present our views on beam measurement/reporting enhancement and beam failure recovery for multi-TRP, and proposals for moving forward.

[bookmark: _Ref53071810]Group-based Reporting for Beam Measurement/Reporting Enhancement
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.   When the UE performs measurements on the CSI-RS and/or SSB resource, it cannot determine whether two CSI-RS/SSBs are from the same TRP or from two different TRPs.  Therefore it is possible that when the UE reports two different CRI or SSBRI (e.g., beams) in group-based reporting, the two different beams are from the same TRP.  When this occurs, the gNB and the UE cannot take advantage of simultaneous multi-TRP transmission with multi-panel reception to improve user throughput or reliability of the transmission since it is not feasible for a single TRP to transmit multiple beams simultaneously in FR2.  To support simultaneous multi-TRP transmission with multi-panel reception, enhancements are needed such that the UE only selects beams from different TRPs for pairing in group-based reporting.
One approach to enabling inter-TRP beam pairing is to apply restriction to the two CRI or SSBRI reported in the reporting instance such that each CRI or SSBRI is from a different TRP.  This can be achieved by adding a groupID field 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




In Rel. 15/16, the number of CRI or SSBRI (e.g., beams) supported in a group-based reporting instance is just two.  With the introduction of groupID, it is possible to support reporting more than two beams in one reporting instance.  This might be needed in mTRP cases where more than two TRPs are involved.  In this scenario, similar to the two-TRP case, the UE identifies the TRP sources of multiple CSI-RS/SSBs, and making sure that the multiple beams reported in the group-based reporting instance are from different TRPs. 
Based on the above analysis, we have the following proposal:
[bookmark: _Hlk53071852]Proposal 1: FeMIMO supports adding TRP identification (e.g., groupID) to TCI state to facilitate UE performing beam restriction in inter-TRP beam pairing in group-based reporting.    
Regarding inter-beam interference in L1-SINR report, as discussed in our companion contribution [5], to support multi-TRP NCJT, a potentially large number of measurement resource configurations and SINRs of different transmission hypotheses may be needed, leading to a large number of CSI resource configurations and CSI report configurations. This issue may be resolved by associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.
Proposal 2: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.  The UE may then report one or more SINRs within a single CSI report.

Beam Failure Recovery
In Rel. 15/16, the UE monitors periodic CSI-RS that are QCLed with PDCCH DMRS with respect to 'QCL-TypeD' for beam failure detection purpose.  These periodic CSI-RS are referred as beam failure detection reference signals (BFD-RS).  There could be multiple BFD-RS corresponding to multiple CORESETs.  The UE monitors the quality of the BFD-RS and derives hypothetical PDCCH BLER.  When a hypothetical PDCCH BLER is higher than a threshold for a number of consecutive instances, the corresponding BFD-RS is viewed as failed.  A beam failure recovery (BFR) is triggered only when all the BFD-RS fail.
In mTRP cases, the UE could be connected with multiple TRPs.  Due to reasons such as blocking, it is possible that while all the beam(s) (e.g., BFD-RS) between the UE and one TRP fail, the beam(s) between the UE and the other TRP(s) are still working.  With the Rel. 15/16 BFR triggering mechanism, no beam failure can be declared as the beam failure declaration requires that all beams between the UE and all the connected TRPs fail.  However, it would be beneficial if the UE can declare a per-TRP beam failure when all the beams to a connected TRP fail, instead of waiting till the time when all the beams to all the connected TRP(s) fail.  When the UE declare a per-TRP beam failure for a specific TRP, it can trigger per-TRP BFR procedure for that TRP while the beam(s) to other TRP(s) are still working, thus minimizing interruption to the communication.
To support per-TRP BFR, it is important for the UE to identify the TRP sources of different BFD-RS.  When all the BFD-RS from a TRP is detected as failed, the UE can then declare BF for that TRP and trigger per-TR BFR.  As discussed in Section 2, including TRP identification (e.g., groupID) to TCI state can well serve this purpose.
[bookmark: _GoBack]Based on the above analysis, we have the following proposal:
Proposal 3: FeMIMO supports adding TRP identification (e.g., groupID) to TCI state to facilitate per-TRP BFR.   

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 adding TRP identification (e.g., groupID) to TCI state to facilitate UE performing beam restriction in inter-TRP beam pairing in group-based reporting.  
Proposal 2: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.  The UE may then report one or more SINRs within a single CSI report.
Proposal 3: FeMIMO supports adding TRP identification (e.g., groupID) to TCI state to facilitate per-TRP BFR.  
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