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1. Introduction
In this contribution, we discuss and provide views on timing associated with beam-based operation and QCL assumptions for multiple PDSCHs/PUSCH scheduled by a single DCI, to support NR in high frequency range from 52.6 GHz to 71 GHz.

2. Beam switching time
Different from Rel-15/16 beam management operation, beam switching time (i.e., required time to change phase shifters) should be considered at least for 960 kHz SCS, and in addition, for 480 kHz SCS when applicable. Even though RAN4 tentatively agreed on 59 ns beam switching time at gNB side [1], UE may require beam switching time longer than gNB or have different beam switching time capabilities depending on how to implement. Therefore, it should be discussed how to handle beam switching time or how to allocate symbol-level gap between DL/UL signals/channels. One possible approach could be to define UE capabilities for beam switching time and corresponding UE behaviour when receiving adjacent DL signals/channels (or transmitting adjacent UL signals/channels) considering the reported beam switching time.
For instance, at least one symbol gap can be allocated (except for long CP symbol every half sub-frame) between two adjacent CORESETs if those are associated with different TCI states. For another instance for consecutive UL signal/channel transmissions as shown in Figure 1, if CG-PUSCH is configured with beam A at slot N+3 and DG-PUSCH is scheduled with beam B at slots N+4 and N+5, UE may drop CG-PUSCH at slot N+3 or drop DG-PUSCH at slot N+4 depending on required beam switching time between CG-PUSCH and DG-PUSCH and/or UL cancellation time defined for CG-PUSCH.
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Figure 1. Consecutive CG-PUSCH and DG-PUSCH transmissions with different beams

Proposal #1: Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
Proposal #2: Define UE behavior (e.g., drop CG-PUSCH or drop DG-PUSCH depending on PUSCH cancellation time) when CG-PUSCH and DG-PUSCH transmissions are consecutively assigned and the reported beam switching time between CG-PUSCH and DG-PUSCH is not guaranteed.

3. QCL assumptions for multiple PDSCHs/PUSCHs
During draft CR discussion after RAN1#107-e meeting, the following two alternatives on update of activated TCI states were discussed.
· Alt 1: When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
· Alt 2: When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher payer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
For Alt 2, UE applies the same rule for slot-aggregated PDSCH and multi-PDSCH scheduling cases, in terms of updating activated TCI states, while for Alt 1, UE updates activated TCI states every slot in which a PDSCH is scheduled by multi-PDSCH scheduling DCI. Even though Alt 1 may provide more robustness to cope with beam change event, Alt 2 is preferred considering different beam indication via multi-PDSCH scheduling was not supported due to the uncertainty of its benefit.

Proposal #3: Adopt the following text proposal in TS 38.214 Section 5.1.5.
	[bookmark: _Hlk530421126]If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, 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, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher payer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.



	Agreement: (RAN1#106bis-e)
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber



For the above RAN1 agreement, how to guarantee StartingSymbolOffsetK symbols between the last symbol of the second PDSCH occasion of TB#1 and the first symbol of the first PDSCH occasion of TB#2 needs to be clarified. In detail, as shown in Figure 2, UE can be scheduled with 2 PDSCHs with TDM scheme A but the gap between the last symbol of the second PDSCH transmission occasion (TO) of TB#1 and the first symbol of the first PDSCH TO of TB#2 may be less than K (=StartingSymbolOffsetK) symbols. In this case, UE may cancel the reception of the first PDSCH TO of TB#2 (or the second PDSCH TO of TB#1), alternatively, UE does not expect to be scheduled with less than StartingSymbolOffsetK symbols between the last symbol of the second PDSCH occasion of TB#1 and the first symbol of the first PDSCH occasion of TB#2.
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Figure 2. Example of TDM scheme A for multi-PDSCH scheduling with multi-TRP scenario

Proposal #4: When TDM scheme A is applied for multi-PDSCH scheduling with multi-TRP scenario, StartingSymbolOffsetK symbols between the last symbol of TB#n and the first symbol of TB#n+1 should be guaranteed.

4. Conclusions
In this contribution, beam management enhancements to support NR from 52.6 GHz to 71 GHz were discussed, and the followings were proposed.

Proposal #1: Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
Proposal #2: Define UE behavior (e.g., drop CG-PUSCH or drop DG-PUSCH depending on PUSCH cancellation time) when CG-PUSCH and DG-PUSCH transmissions are consecutively assigned and the reported beam switching time between CG-PUSCH and DG-PUSCH is not guaranteed.
Proposal #3: Adopt the following text proposal in TS 38.214 Section 5.1.5.
	If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, 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, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher payer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.


Proposal #4: When TDM scheme A is applied for multi-PDSCH scheduling with multi-TRP scenario, StartingSymbolOffsetK symbols between the last symbol of TB#n and the first symbol of TB#n+1 should be guaranteed.
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