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1. Introduction

In this contribution, we discusse several issues on beam measurement, beam reporting and beam failure recovery.
2. Discussion
2.1. Beam Management
2.1.1. Beam indication for CORESET #0
There are following agreements regarding beam indication for CORESET #0.
	Agreements:
Update previous agreements as follows:

· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
· Solutions FFS

· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

Working assumption:

· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.

· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.


Based on these agreements, the following alternatives for CORESET #0 alternatives are discussed.  
· Alt-1: Clarify that broadcast PDCCH uses selected SSB as QCL source for receiving broadcast data and that configured TCI states for CORESET #0 are used for reception of unicast data scheduled by PDCCH on search spaces other than SS#0
· Alt-1’: TCI state can be configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0
· Alt-2: CORESET #0 is not RRC configured with TCI states. According to the agreement above, the selected SSB is used as the QCL reference for reception of both broadcast and unicast PDCCH transmitted in CORESET #0. The selected SSB is indicated explicitly to the UE by MAC-CE signalling. The MAC-CE message contains the ID of the selected SSB. The selected SSB is the most recent one between MAC-CE and SSB selected as part of CBRA or CFRA.
· Alt-3: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established.
· Alt-3’: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established. Align 6 PRB grid b/w CORESET #0 and other CORESETs. CORESET other than #0 can be configured for unicast PDCCH so that same physical resource configuration with the CORESET #0 with dedicated TCI-state configuration. In this case, no need to configure TCI state on CORESET #0 itself.
Among above alternatives, Alt 1 is against previous agreement that NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH. Alt 2 is new mechanism and requires further higher layer signaling update. Alt 3 reverts previous agreement. Thus we prefer Alt 1’.
Proposal 1: 

· UE does not expect RS other than SSB configured in TCI state TCI-StatesPDCCH for re-configuration of CORESET #0.
In the agreements each state of M candidate TCI states are RRC configured with a DL RS set used as a QCL reference. For PDSCH QCL indication, MAC-CE is used to select up to 8 TCI states out of M. The same set of M TCI states is reused for CORESET. When K>1 TCI states are configured per CORESET, MAC-CE can indicate which one TCI state to use for PDCCH QCL state. There is ambiguity that which TCI state is used for PDCCH QCL between RRC configuration and MAC-CE activation. So a default TCI state, e.g. the TCI state of CORESET #0 (if configured), can be introduced to provide the PDCCH QCL until MAC-CE activation. 
Proposal 2:

· The UE can assume the TCI state of CORESET #0 (if configured) as default TCI state between RRC configuration and MAC-CE activation.
Current spec does not preclude the possibility of configuring aperiodic signal as the QCL source for PDCCH. Aperiodic TRS and CSI-RS are both triggered by DCI. If the aperiodic RS are configured for PDCCH reception, when UE misses the DCI grant of the aperiodic signal, UE may use another aperiodic CSI-RS or TRS that dates back quite long time ago as the QCL source.  There are two ways to make it work

· UE is not expected to be configured with aperiodic RS as the QCL source for the PDCCH.

· Remove the possibility of association with RS transmission long time ago. Considering the fact that the major motivation for aperiodic TRS or CSI-RS is to use the signal as often as possible with low overhead, UE should assume within an X window there must be an aperiodic RS. X is the same as the periodicity of the periodic RS associated with the aperiodic RS through QCL configuration. For aperiodic TRS, such association always exists. For aperiodic CSI-RS, there is a QCL chain to a periodic signal, e.g. an SSB or a periodic CSI-RS. Such periodic signals should be used as the backup signal when UE does not detect any aperiodic signal within above mentioned X window. 

For the CR stage at this moment, it is better to go with a simple way by excluding such possibility.
Proposal 3: 
· For PDCCH, if a TCI-State is configured with a reference to an RS associated with ‘QCL-TypeD’, that RS can be an SSB or periodic CSI-RS.
2.1.2. Beam indication for PDSCH
In the previous agreements the PDSCH uses QCL assumption that is based on a default TCI state or the value of TCI field in DCI. If CORESET #0 can be (re-)configured by dedicated RRC signalling, the default QCL assumption for PDSCH between RRC reconfiguration and MAC-CE activation can be given by CORESET #0 configured by gNB.   

Proposal 4:

· Between RRC reconfiguration and MAC-CE activation, the UE may assume that PDSCH is spatially QCL-ed with CORESET #0.
2.1.3. Cross-carrier beam indication
For the cross carrier scheduling, when numerology of PDCCH carrier and PDSCH carrier is different, the scheduling offset threshold should be determined according to numerology of PDCCH or numerology of PDSCH carrier based on reported UE capability, e.g. the numerology of the scheduled PDSCH carrier is used.

When TCI state is not configured or is configured ‘disabled’ for CORESET scheduling the PDSCH, the UE expects a default beam for PDSCH reception. For example, if both carriers are at high band, the PDSCH follows the PDCCH QCL indication; if PDCCH carrier is at low band and PDSCH carrier is at high band, the pre-configured QCL indication or QCL indication of lowest CORESET ID can be used for the PDSCH reception.

When CORESET is not configured or TCI state is not configured for CORESET on PDSCH carrier, the UE expects a default beam for PDSCH reception. For example, if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, the default QCL can be used for PDSCH when there is an activated high band cell for PDCCH monitoring, or the pre-configured QCL can be used for PDSCH when there is no CORESET with ‘enabled’ TCI state configured on high band cell. 
Proposal 5:

· For cross carrier scheduled PDSCH, the scheduling offset threshold (timeDurationForQCL) is determined according to numerology of the scheduled PDSCH carrier.

· For low band carrier scheduling high band carrier, when PDCCH in low band carrier configured without tci-PresentInDCI ‘enabled’, UE uses the default data buffering beam to receive the PDSCH. 
· For Scell in high band, if there is no configured CORESET, the beam of CORESET with lowest ID on another Scell could be used for data buffering.
2.1.4. PUCCH and PUSCH QCL indication

In the agreement of RAN1 #93 meeting, if a UE does not have dedicated PUCCH resource configuration, the UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 

For the PUCCH spatial relation after RRC configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before MAC-CE selection of one of the spatial relations in the list, the UE can assume a default spatial relation for PUCCH, e.g. the first element of the list of spatial relation PUCCH-SpatialRelationInfo.

Proposal 6:

· The UE can assume the first element of PUCCH-SpatialRelationInfo as default spatial relation to provide the PUCCH QCL between RRC configuration and MAC-CE activation.
There are several cases that default UL transmission beams should be specified. Before configuration of SRS/beam RRC configuration, the beam derived in initial access procedure could be used. The UE can assume PUSCH are spatially QCL-ed with msg3.
Proposal 7: 

· Before RRC configuration, the UL transmission beam is derived from initial access procedure, i.e. the UE assumes PUSCH are spatially QCL-ed with Msg3.
2.1.5. Other for beam management
There are some other parts not captured correctly in TS 38.214 section 5.1.5. 
	< Unchanged parts are omitted >
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot[image: image2.png]oI Tame.
n+ 3N



+1. After a UE receives initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'.

If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 

If the tci-PresentInDCI is set as 'enabled', when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL Threshold-Sched-Offset, where the threshold is based on reported UE capability [12, TS 38.331]. 

For both the cases when tci-PresentInDCI is set to 'enabled', and tci-PresentInDCI is not configured or the PDSCH is scheduled by a DCI format 1_0, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL Threshold-Sched-Offset, the UE may assume that the DM-RS ports of PDSCH of a serving cell are  quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which search spaces on one or more CORESETs within the active BWP of the serving cell are configured for the UE. If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
< Unchanged parts are omitted >


There are also some other parts not captured correctly in TS38.214 section 5.2.1.4. 
	< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP'
-
if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI or SSBRI (SSB Resource Indicator)] for each report setting. 

-
if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single reporting instance two different [CRI or SSBRI] for each report setting, where [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
< Unchanged parts are omitted >


2.2. Beam failure recovery
2.2.1. Beam failure detection 
From the previous agreement we can see the beam failure detection means that the UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met. Beam failure detection RS includes periodic CSI-RS or SSB for beam management. The BFD RSs on active BWP are monitored by UE. If the initial BWP is on current active BWP, then the BFD RS 
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 also includes the RSs spatial QCL-ed with CORESET #0, i.e. the CORESET #0 needs to be monitored on initial BWP.
Proposal 8:

· CORESET #0 needs to be monitored in BFD procedure if it is reconfigured with TCI state.
If the UE is not provided with higher layer parameter failureDetectionResources, and if RS index with QCL type D in the RS sets indicated by the TCI states for respective CORESETs is not on current active BWP, then there is an ambiguity about UE monitoring CORESETs for BFD. So the set 
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 should be configured on current active BWP, or the RS index with QCL type D in the RS sets indicated by the TCI states for respective CORESETs is configured on current active BWP.

Proposal 9:

· For the case RS with QCL type D is not on the same BWP as the CORESET, UE expects explicitly configured q0 that contains RS QCL’ed with the CORESET in the same BWP.  
2.2.2. Beam failure recovery request
It was agreed that a CORESET-BFR for dedicated PDCCH reception is RRC configured to monitor gNB response for beam failure recovery request, and this CORESET-BFR is spatially QCL-ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots. After the beam failure recovery request is transmitted, UE monitors the CORESET-BFR for gNB response on the candidate beam. The dedicated PDCCH  on CORESET-BFR may carry the information to indicate the new beam for beam switching at gNB and UE. 
There are following agreement regarding configuration of CORESET-BFR or SearchSpace-BFR.
	Agreement

· (Working Assumption) If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured, UE assumes contention-free PRACH BFR is not performed. 

· In this case, SearchSpace-0 or CORESET-0 is not used for monitoring contention-free PRACH BFR response.

· If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured, UE can still perform contention-based PRACH BFR based on configuration.
· Send LS to RAN2


For the configuration flexibility and overhead reduction, the CORESET-BFR cannot be necessarily configured on on each BWP. Since, even if CORESET-BFR or SearchSpace-BFR is not configured in the active BWP, the behavior is still for UE to perform CFRA (if configured) based BFR in the initial BWP. So for the previous working assumption, we think current formulation should be further updated. 
Proposal 10: 
· Confirm previous working assumption with following update:
· If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured in the active BWP, UE assumes contention-free PRACH BFR is not performed in the active BWP. UE could still fall back to initial BWP to perform contention-free PRACH BFR if CORESET-BFR and SearchSpace-BFR are configured in initial BWP. 
When no RACH resources (including both CFRA and CBRA) are configured on the active BWP, the UE can switch to the initial BWP for PRACH transmission. If there is CORESET-BFR and CFRA on initial BWP, then UE can transmits CFRA and monitors CORESET-BFR on initial BWP. In this case UE does not expect to be configured with candidate beam RSs for monitoring.

The high layers parameter searchSpaceType of recovery search space may be configured ue-Specific only or ue-Specific/Common. It is preferable that the searchSpaceType can only be configured as ue-Specific, and UE monitors C-RNTI in recovery search space.

When the UE monitors CORESET-BFR on the primary cell in BFR procedure, then UE can still monitor other Scells.
Proposal 11:

· If no RACH resource (including both CFRA and CBRA) are configured on active BWP, the UE is expected to switch to initial BWP and start BFR procedure in the initial BWP. In this case UE is not expected to be configured with candidate beam RSs in the active BWP.
· UE is not expected to be configured with the high layers parameter searchSpaceType of recovery search space as ‘common’.
· The CORESET monitoring behavior in other SCell is not impacted when the UE monitors CORESET-BFR on the primary cell in BFR procedure.
2.2.3. Other for beam failure recovery
There are some other parts not captured correctly in TS38.213 section 6.
	< Unchanged parts are omitted >
The threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and threshold Qin,LR to the value provided by higher layer parameter rsrp-ThresholdSSB, respectively..
< Unchanged parts are omitted >


3. Conclusion

In this contribution the issues on beam measurement, beam reporting and beam failure recovery are discussed, and the following proposals are given:
Proposal 1: 

· UE does not expect RS other than SSB configured in TCI state TCI-StatesPDCCH for re-configuration of CORESET #0.
Proposal 2:

· The UE can assume the TCI state of CORESET #0 (if configured) as default TCI state between RRC configuration and MAC-CE activation.
Proposal 3: 
· For PDCCH, if a TCI-State is configured with a reference to an RS associated with ‘QCL-TypeD’, that RS can be an SSB or periodic CSI-RS.
Proposal 4:

· Between RRC reconfiguration and MAC-CE activation, the UE may assume that PDSCH is spatially QCL-ed with CORESET #0.
Proposal 5:

· For cross carrier scheduled PDSCH, the scheduling offset threshold (timeDurationForQCL) is determined according to numerology of the scheduled PDSCH carrier.

· For low band carrier scheduling high band carrier, when PDCCH in low band carrier configured without tci-PresentInDCI ‘enabled’, UE uses the default data buffering beam to receive the PDSCH. 
· For Scell in high band, if there is no configured CORESET, the beam of CORESET with lowest ID on another Scell could be used for data buffering.
Proposal 6:

· The UE can assume the first element of PUCCH-SpatialRelationInfo as default spatial relation to provide the PUCCH QCL between RRC configuration and MAC-CE activation.
Proposal 7: 

· Before RRC configuration, the UL transmission beam is derived from initial access procedure, i.e. the UE assumes PUSCH are spatially QCL-ed with Msg3.
Proposal 8:

· CORESET #0 needs to be monitored in BFD procedure if it is reconfigured with TCI state.
Proposal 9:

· For the case RS with QCL type D is not on the same BWP as the CORESET, UE expects explicitly configured q0 that contains RS QCL’ed with the CORESET in the same BWP.  
Proposal 10: 
· Confirm previous working assumption with following update:
· If either CORESET associated with SearchSpace-BFR or SearchSpace-BFR is not configured in the active BWP, UE assumes contention-free PRACH BFR is not performed in the active BWP. UE could still fall back to initial BWP to perform contention-free PRACH BFR if CORESET-BFR and SearchSpace-BFR are configured in initial BWP. 
Proposal 11:

· If no RACH resource (including both CFRA and CBRA) are configured on active BWP, the UE is expected to switch to initial BWP and start BFR procedure in the initial BWP. In this case UE is not expected to be configured with candidate beam RSs in the active BWP.
· UE is not expected to be configured with the high layers parameter searchSpaceType of recovery search space as ‘common’.
· The CORESET monitoring behavior in other SCell is not impacted when the UE monitors CORESET-BFR on the primary cell in BFR procedure.
[image: image5.png]



_1577307326.unknown

_1587468348.unknown

