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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, some open issues related to beam management are addressed in [1]. In this the paper, it provide our views on the remaining issues for BFD, including the support of SSB based BFD, QCL-TypeD signaling, and N=1 condition for BFD are provided.
2 Support of SSB based BFD


One open issue is whether SSB based BFD is supported in Rel. 15. According to section 6 in 38.213 [2],  can be explicitly configured by higher layer parameter failureDetectionResources or be implicitly determined by UE if failureDetectionResources is not provided. However, in the both method, it seems  can only be periodic CSI-RS resources. The corresponding section in 38.213 is attached for reference: 
6 	Link recovery procedures




A UE can be provided, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by higher layer parameter TCI-states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects the set [image: ] to include up to two RS indexes 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 single port RS in the set . 
……


The physical layer in the UE assesses the radio link quality according to the set  of resource configurations against the threshold Qout,LR. For the set , the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE.

[bookmark: _Ref528767215]
However, it also states that UE assesses the radio link quality only according to SS/PBCH blocks that are quasi co-located with the DM-RS of PDCCH receptions monitored by the UE. And in section 10.1, 38.213. UE may assume the DM-RS of PDCCH in CORESET0 and the corresponding SSB are QCLed, and it could be used to perform SSB based BFD.
The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the control resource set configured by pdcch-ConfigSIB1 in MasterInformationBlock and for corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214]. 

Observation 1: According to current 38.213, the support of SSB based BFD is unclear. 

3 'QCL-TypeD' association between RSs
The necessity to perform RX beam sweeping is depending on whether UE is able to know the RX spatial filter information through QCL-Type D association. The QCL information can be given by TCI-State IE [3], as shown in below. According to section 5.1.5 in [4], the quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). Besides, for the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs.
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
    bwp-Id                              BWP-Id                                                                  OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP
[bookmark: _Ref528767200]
Observation 2: For a given TCI-Sate, at most one DL RS can be indicated with ‘QCL-TypeD’. 

For NZP-CSI-RS, it can be configured with TCI-StateID to indicate the ‘QCL-TypeD’ association, as shown in below.  It can be TypeD-QCLed to a given SSB or a NZP-CSI-RS resource, according to the configured TCI-State. However, SSB has no such configuration.
[bookmark: _Ref528767204]Observation 3: For a given NZP-CSI-RS resource, TCI state can indicate ‘QCL-TypeD’ with at most one SSB or CSI-RS resource. For SSB, it has no TCI state configuration.

NZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                         OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset                            OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                                 OPTIONAL,   -- Cond Periodic
    ...
}

-- TAG-NZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP

Based on Observation 1 and 2, the possible QCL-TypeD association can be illustrated in Figure 1, and some invalid scenarios are illustrated in Figure 2.

[image: ]
Figure 1. Possible scenario of ‘QCL-TypeD’ association between RSs.




[image: ]
Figure 2. Invalid scenarios of ‘QCL TypeD’ association between RSs: (a) only one DL RS can be configured as QCL TypeD in TCI state. (b) SSB has no TCI-State configuration to indicate RS with QCL TypeD.

From Figure 1, it can further observe that: 
[bookmark: _Ref528767207]Observation 4: A CSI-RS is not possible to be indicated ‘QCL-TypeD’ with multiple SSBs, and multiple CSI-RS resources are possible to be indicated ‘QCL-TypeD’ with one SSB.




4 N=1 conditions for RLM and BFD
In current 38.133, the condition for no RX beam sweeping (N=1) in FR2 has been discussed, and the condition for RLM and BFD are similar. The condition for RLM is attached for reference [5]: 
For SSB based RLM
· if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB that has QCL-TypeD, or
· if the SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or 
· if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE;
For CSI-RS based RLM
· if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or
· if the CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or
· if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE;

The first two conditions assume UE applies the same RX beam for both RLM and PDCCH, so it is not necessary to perform RX beam sweeping for RLM. However, it is still not clear where UE could get the Rx beam information for the PDCCH. Besides, the PDCCH will not be transmitted during test case, so it cannot be enabled during test case.  
Besides, regarding the PDCCH-DMRS, according to section 5.1.5 in [38.214], TCI-State will not indicate 'QCL-TypeD' with a SSB. In can only indicate 'QCL-TypeD' with a CSI-RS resource, so the SSB for RLM cannot be directly QCL-Type D to PDCCH.
[bookmark: _Ref528767209]Observation 5: For DMRS of PDCCH, TCI-State will not indicate ‘QCL-TypeD’ with SSB. 
[bookmark: _Ref528767211]Observation 6: For the first two conditions of N=1 for RLM, it is not clear where UE could get RX beam information, and these conditions are not testable. 
[bookmark: _Ref528767830]Proposal 1: Remove the first two conditions of N=1 for RLM and BFD.

The last condition assumes RX beam sweeping are performed on RS for L1-RSRP reporting, and UE keeps tracking on the corresponding RX beam. As discussed in the previous section, this condition can be verified through configurations for L1-RSRP reporting and the TCI state configuration for NZP-CSI-RS resources. Some N=1 examples are illustrated in Figure 3 for SSB based RLM/BFD and in Figure 4 for CSI-RS based RLM/BFD. 




[image: ]
Figure 3. Example of N factor for SSB based RLM: (a) Direct Type-D QCL to L1-RSRP reporting. (b) Indirect Type-D QCL to L1-RSRP reporting. (c) N=8 if the SSB is configured for L1-RSRP reporting.

[image: ]
Figure 4. Example of N factor for CSI-RS based RLM/BFD: (a) Direct Type-D QCL to L1-RSRP reporting. (b) Indirect Type-D QCL to L1-RSRP reporting. 

It should be noted that N=1 is invalid when the same RS for RLM/BFD is also configured for L1-RSRP reporting or CBD, where UE is sweeping its RX beam, and the corresponding scheduling restriction due to  L1-RSRP reporting/CBD should be specified. Also noted that it is not guaranteed that CBD could provide the Rx beam information for other procedures, since UE could perform CBD only when Beam failure occurs. 
[bookmark: _Ref528767834]Proposal 2: N=1 for RLM/BFD is invalid if the RLM-RS/BFD-RS is also configured for L1-RSRP reporting or CBD. 
[bookmark: _Ref528767836]Since it assumes RX beam sweeping has been performed for L1-RSRP reporting and CBD, the corresponding scheduling restriction for L1-RSRP reporting and CBD should be specified. 
[bookmark: _Ref528768807]Proposal 3: In FR2, scheduling restriction due to L1-RSRP reporting and CBD should be specified.




In addition, it is possible that a CSI-RS resources is configured for both RLM and BFD. It will cause confusion if the CSI-RS resources meets N=1 conditions for RLM but does not meet N=1 conditions for BFD, if the conditions for RLM and BFD are different. Therefore, we prefer to align the N=1 conditions for RLM and BFD. 
[bookmark: _Ref528767221]Proposal 4: If a CSI-RS resources is configured for both RLM and BFD, N=1 is enabled only when N=1 condition for RLM and N=1 condition are both enabled. 

In the current 38.133, there is one more condition for BFD on the last condition, based on CSI report within [TBD] ms. However, UE should be able to determine the proper RX beam even without CSI report has been sent, e.g. L1-RSRP with ‘no report’, and  it is not straightforward to specify the validation time. Therefore, it proposes to remove the condition based on CSI report. 
[bookmark: _Ref528767891]Proposal 5: For N=1 condition for BFD in FR2, further to remove the condition based on CSI report.
Correspondingly, it suggests to revise the N=1 condition for CSI-RS based BFD as below:N=1 conditions for CSI-RS based BFD
· if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or
· if the CSI-RS configured for BFD is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or
· if the CSI-RS resource configured for BFD is not configured for L1-RSRP reporting or candidate beam detection and is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for BFD are mutually TDMed, and the QCL association is known to UE;, and a CSI report with L1-RSRP measurement for the CSI-RS configured for BFD has been made within [TBD]ms;.


Furthermore, since the N=1 conditions in FR2 for RLM/BFD has been specified, in order to simplify UE behavior, it is beneficial to assume every RLM-RS/BFD-RS is always TypeD-QCLed with a BM-RS. 
[bookmark: _Ref528768820]Proposal 6: In FR2, remove the case of N=8 for RLM and BFD. No requirement if no RS for BM is QCL-TypeD with RLM/BFD-RS.



5 Conclusion
In the contribution, we discuss the requirement for beam failure detection. We have the following observations and proposals:
Observation 1: According to current 38.213, the support of SSB based BFD is unclear.
Observation 2: For a given TCI-Sate, at most one DL RS can be indicated with ‘QCL-TypeD’.
Observation 3: For a given NZP-CSI-RS resource, TCI state can indicate ‘QCL-TypeD’ with at most one SSB or CSI-RS resource. For SSB, it has no TCI state configuration.
Observation 4: A CSI-RS is not possible to be indicated ‘QCL-TypeD’ with multiple SSBs, and multiple CSI-RS resources are possible to be indicated ‘QCL-TypeD’ with one SSB.
Observation 5: For DMRS of PDCCH, TCI-State will not indicate ‘QCL-TypeD’ with SSB.
Observation 6: For the first two conditions of N=1 for RLM, it is not clear where UE could get RX beam information, and these conditions are not testable.
Proposal 1: Remove the first two conditions of N=1 for RLM and BFD.
Proposal 2: N=1 for RLM/BFD is invalid if the RLM-RS/BFD-RS is also configured for L1-RSRP reporting or CBD. 
Proposal 3: In FR2, scheduling restriction due to L1-RSRP reporting and CBD should be specified. 
Proposal 4: If a CSI-RS resources is configured for both RLM and BFD, N=1 is enabled only when N=1 condition for RLM and N=1 condition are both enabled.
Proposal 5: For N=1 condition for BFD in FR2, further to remove the condition based on CSI report.
Proposal 6: In FR2, remove the case of N=8 for RLM and BFD.
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