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1. Introduction
This contribution discusses several remaining issues on beam management and beam failure recovery. 
2. Discussion
2.1. Default spatial QCL assumption

L beam sweepingCLlt-1 and alt-3 is also possible.ratioedure, the debate has been between alt-2 and alt-3.  this is the latest p
2.1.1 PDCCH during reconfiguration period
It has been agreed that PDCCH/PDSCH DMRS are spatially QCL-ed with SSB between initial RRC configuration and activation of TCI states. The remaining question is PDCCH QCL assumption between RRC reconfiguration and activation. The following alternatives were discussed in the previous meeting:

· Alt-1: SSB in initial access

· Alt-2: lowest indexed TCI state in the RRC reconfigured TCI set

· Alt-3: the latest activated MAC-CE activated beam (before RRC reconfiguration)
A combination of alt-1 and alt-3 has been proposed in RAN1#93 as below. Note that a similar combination of alt-1 and alt-3 is also possible.  

· Alt-4: After an RRC re-configuration of TCI-StatesPDCCH for a CORESET (at least one that is not CORESET#0 or CORESET BFR) and prior to MAC-CE activation of a TCI state for that COREST, the UE makes the following assumption:
· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE follows the most recent MAC-CE indicated TCI state for PDCCH in the CORESET
· Note: if there is no associated RACH, and no previous MAC-CE indicated TCI state, the UE is not expected to receive PDCCH on that CORESET

The issue should be treated separately for cases with or without an associated RA procedure. For RRC reconfiguration with an associated RA procedure, SSB/CSI-RS identified during the RACH procedure is clearly preferable as this is the latest possible reference point for spatial QCL, similar to initial RRC configuration after initial access. 
For RRC reconfiguration without an associated RACH procedure, the debate has been between alt-2 and alt-3. One advantage of alt-3 is that it only requires one beam switch immediately after MAC-CE activation, compared to two beam changes with alt-2 (once after RRC reconfiguration, once after MAC-CE activation). On the other hand, given that the gNB is preforming a RRC reconfiguration, it may be argued that the latest beam has become outdated and should not be used. From this perspective alt-2 may have a slight performance advantage, even though the gain has not been quantitively demonstrated. However, the key benefit of alt-3 is that it removes the spatial QCL ambiguity for both the RRC reconfiguration ambiguity period and until MAC-CE activation, so the CORSET remains usable throughout the reconfiguration/activation period. This service continuity may be considered more beneficial than possible beamforming gain offered by alt-2. 
Proposal: For RRC reconfiguration and activation of TCI-statesPDCCH:

· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure, until MAC-CE activation of a TCI state from the RRC configured states.
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE continues to assume the most recent MAC-CE indicated TCI state for PDCCH in the CORESET, until MAC-CE activation of a TCI state from the RRC configured states. 
2.1.2 PUCCH 
It has been previously agreed that spatial relation indication for PUCCH consists of the following two steps: (1) RRC configuration of a list of spatial relations (CSI-RS, SSB, or SRS), (2) MAC-CE selection of one entry of the list. Similar to beam indication in DL, a default spatial relation is needed before the UE receives the MAC-CE selection message. The following alternatives were discussed in previous meetings:
· Alt-1:
same beam corresponding to SSB in initial access (e.g. msg1 beam)

· Alt-2:   
lowest entry of PUCCH-SpatialRelationInfo
· Alt-3: 
latest activated PUCCH beam, e.g., UE keeps the spatial relation unchanged until new reconfiguration/reactivation is complete.
Similar analysis on the pros/cons of three alternatives can be made to that in the previous section. Both alt-2 and alt-3 are acceptable. If a consistent behavior for PUCCH/PDCCH reconfiguration period default beam is desirable, Alt-3 can be adopted. 

Proposal: PUCCH is spatially QCL-ed with the latest activated PUCCH beam.
2.1.3 PUSCH

It was agreed in RAN1#92bis that PUSCH scheduled by DCI format 0_0 follows the spatial beam of the lowest indexed PUCCH resource, if applicable, for a cell configured with PUCCH. 

Agreement:
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP

· Above applies for a cell configured with PUCCH

· Note: the UE is configured with a list of spatial relations in PUCCH-SpatialRelationInfo. MAC-CE indicates a single selected spatial relation from the list on a per-PUCCH resource basis if the list has more than one element.
Two remaining issues are (1) PUSCH scheduled by DCI format 0_0 in cells NOT configured with PUCCH resource, and (2) Msg 3 re-transmission scheduled by DCI format 0_0. 

For cells without PUCCH resources, our understanding is PCell is always configured with PUCCH resources (either cell-specific or UE-specific), while SCell may be configured without PUCCH. For the latter case, several possible solutions are:

· Alt-1: Not support PUSCH scheduling with DCI 0-0 on cells without PUCCH resources.

· Alt-2: Use Tx beam of the lowest PUCCH resource on the PCell. 

· Alt-3: Uses a default SRS antenna port. Note this mandates SRS configuration. 

Alt-2 requires cross-carrier spatial QCL, which does not always hold and is not a complete solution. Alt-3 mandates configuration of SRS resources for DCI 0_0 based scheduling. If this is agreeable then alt-3 can be considered. Nevertheless, alt-1 is a simple, straightforward alternative. Alt-1 is not contingent on any other system provision and has minimum spec impact, and its resulted scheduler restriction is acceptable in our view. 
Proposal: PUSCH scheduled by DCI 0_0 is not supported on cells without PUCCH resources. 

For Msg3 retransmission (scheduled by DCI 0_0), two options are to either follow the same procedure for regular PUSCH (e.g. lowest PUCCH resource beam), or leave it undefined (e.g. UE may use the Msg1 beam for Msg3 initial and re-transmission). It is our understanding that the Tx beam for msg1 and msg3 initial transmission is not defined in the specification and left to UE implementation. The same should hold for Msg3 retransmission by DCI 0-0. From a technical standpoint, it is unclear why UE should use a different beam for Msg3 initial transmission and re-transmission. 
Proposal: Spatial beam for Msg3 retransmission scheduled by DCI 0_0 is undefined. 

2.2. UL beam sweeping
2.2.1 Local vs. global beam sweeping
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A SRS resource set for beam management can be configured with or without “SpatialRelationInfo” for each of its SRS resource. The current specification reads that when “SpatialRelationInfo” is configured, the target SRS shall use the same spatial domain filter of the source RS indicated by “SpatialRelationInfo”. 

The current framework allows global Tx beam sweeping and Rx beam sweeping. Specifically, 
· When “SpatialRelationInfo” is configured for all SRS, and if they have the same value, a Rx beam sweeping can be done.

· When “SpatialRelationInfo” is configured for all SRS and if they have different values, or if “SpatialRelationInfo” is not configured, a Tx beam sweeping can be done.

It is unclear how local beam sweeping can be supported with the current framework, when UE performs Tx beam refinement in a narrow angular spread in the vicinity of a gNB-indicated beam. 

Several options exist: 

· Introduce a 1-bit indicator that differentiate global and local beam sweeping. When “SpatialRelationInfo” is configured for all SRS and if they have the same value, the 1-bit indicator commands UE whether to use the same beam on all SRS resources (e.g. Rx beam sweeping), or use different beams based on “SpatialRelationInfo” (e.g. local beam sweeping). 
· When more than one SRS resource have “SpatialRelationInfo” configured, local beam sweeping based on the “SpatialRelationInfo” can be performed. 
We are open to any alternatives, provided there is no higher-layer impact.
Proposal: Discuss support of local beam sweeping without RAN2 impact. 
2.3. Beam failure recovery

The following working assumption was reached in RAN1#93 meeting. However, the working assumption was captured in specification incorrectly. Specifically, the working assumption is applicable to only implicit configuration of BFD set q0, but current TS 38.213 applies it to both explicit and implicit configuration. The application to explicit configuration needs to be removed. 
Working Assumption
In case of implicit configuration of BFD set q0, if there are two RS indices in the RS set indicated by TCI states for CORESETs, the RS indices associated with QCL type D in the RS sets indicated by TCI states for CORESETs are used for beam failure detection. 

-------------------------------------Start of TP on TS 38.213 ---------------------------------------------------------------------------
6
Link recovery procedures

A UE can be provided, for a serving cell, with a set 
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 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 
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 to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH, and if there are two RS indexes in the RS set indicated by the TCI state, the set [image: image5.wmf]0
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 includes only RS index with QCL-TypeD configuration for the corresponding TCI state. The UE expects single port RS in the set 
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 to include up to two RS indexes.
-------------------------------------End of TP on TS 38.213 ---------------------------------------------------------------------------
3. Conclusions

This contribution summarizes our views on the remaining issues on beam managements. Our proposals are summarized below:
Proposal 1: For RRC reconfiguration and activation of TCI-states PDCCH:

· For an RRC reconfiguration where there is an associated (subsequent) RACH procedure, the UE assumes that PDCCH is QCL with the SSB/CSI-RS identified during the RACH procedure, until MAC-CE activation of a TCI state from the RRC configured states.
· For an RRC reconfiguration where there is not an associated RACH procedure, the UE continues to assume the most recent MAC-CE indicated TCI state for PDCCH in the CORESET, until MAC-CE activation of a TCI state from the RRC configured states. 

Proposal 2: PUCCH is spatially QCL-ed with the latest activated PUCCH beam.
Proposal 3: PUSCH scheduled by DCI 0_0 is not supported on cells without PUCCH resources. 

Proposal 4: Spatial beam for Msg3 retransmission scheduled by DCI 0_0 is undefined. 

Proposal 5: Discuss support of local beam sweeping without RAN2 impact. 

Proposal 6: Clarify beam failure monitoring RS set in 38.213 section 6 as follows. 

-------------------------------------Start of TP on TS 38.213 ---------------------------------------------------------------------------
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 of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set 
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 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 
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 to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH, and if there are two RS indexes in the RS set indicated by the TCI state, the set [image: image12.wmf]0
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 includes only RS index with QCL-TypeD configuration for the corresponding TCI state. The UE expects single port RS in the set 
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 to include up to two RS indexes.
-------------------------------------End of TP on TS 38.213 ---------------------------------------------------------------------------
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