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1. Introduction
In this contribution, we discuss and provide views on timing associated with beam-based operation and potential enhancements to beam management for unlicensed spectrum, 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 corresponding UE capabilities and let UE not to expect receiving adjacent DL signals/channels (or transmitting adjacent UL signals/channels) within the reported beam switching time, as discussed in RAN1#106bis-e.
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 SRS, even though spatial relation RS is not configured for the SRS (for beam management or for positioning), one symbol gap can be configured between SRS resources.

Proposal #1: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following case, and UE does not expect to receive adjacent DL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between DL signals/channels (e.g., PDCCH/PDSCH/CSI-RS) with different QCL Type-D source RSs
Proposal #2: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following cases, and UE does not expect to transmit adjacent UL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between UL signals/channels (e.g., PUCCH/PUSCH/SRS) with different spatial relation RSs
· Beam switching time between SRS resources (e.g., BM SRS) without configured spatial relation RSs

3. QCL assumptions for multiple PDSCHs/PUSCHs
	Agreement: (RAN1#106-e)
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case



In RAN1#106bis-e meeting, three approaches were discussed about QCL assumption when PDSCH scheduling offset for any scheduled PDSCH is less than timeDurationForQCL (i.e., Case 2).
· Approach 1: All of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled (or valid) PDSCH. UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs.
· Approach 2: Each scheduled PDSCH applies QCL parameter(s) used for the lowest index CORESET in the latest slot from that PDSCH.
· Approach 3: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply QCL parameter(s) used for the lowest index CORESET in the latest slot from each PDSCH. On the other hand, the scheduled PDSCHs that have scheduling offset equal to or larger than timeDurationForQCL apply indicated QCL assumption(s).

Approaches 2 and 3 are not preferred since those approaches allow multiple beams for PDSCHs scheduled by a single DCI, which is not justified as beneficial. It should be noted that we already agreed not to support multiple beam indication for multi-PDSCH scheduling DCI with single TRP case, and that UE applies the single QCL assumption for Case 1 and for multi-slot PDSCH reception in Rel-15 (especially when PDSCH has scheduling offset equal to or larger than timeDurationForQCL). Even though Approach 1 may have a disadvantage in terms of scheduling restriction, but it seems rare that gNB changes CORESET beam every 8 slots for high SCSs such as 480/960 kHz.
Regarding the FFS point for how to handle skipped PDSCH(s) due to the collision with semi-static UL symbols, we suggest to exclude skipped PDSCH(s) to determine Case 1 or Case 2. For example, 4 PDSCHs are scheduled by a DCI but the first two PDSCHs are cancelled owing to the conflict with semi-static UL symbols. Then, if the scheduling offset from the DCI to the first two (but cancelled) PDSCHs are less than timeDurationForQCL but the scheduling offset from the DCI to the last two PDSCHs are larger than timeDurationForQCL, this falls into Case 1.

Proposal #3: If PDSCH scheduling offset for any of PDSCHs scheduled by a single DCI is less than timeDurationForQCL (i.e., Case 2), the single QCL assumption is applied for all scheduled PDSCHs and is determined based on the lowest index CORESET in the latest slot from the first valid PDSCH (which is not collided with semi-static UL symbols). UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs.
Proposal #4: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.

	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, at least the following two points need to be clarified:
· Point #1: For a serving cell configured with pdsch-TimeDomainResourceAllocationListForMulti PDSCH, whether UE can be configured with repetitionNumber in DCI format 1_2 or not
· Point 2: 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
As to Point #1, it would be beneficial to support multi-PDSCH scheduling in DCI format 1_1 and inter-slot repetition in DCI format 1_2, considering scheduling flexibility to choose either DCI overhead reduction or reliability enhancement.
As to Point #2, UE may cancel the reception of the first PDSCH occasion of TB#2, 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.

Proposal #5: It should be clarified whether UE can be configured with repetitionNumber in DCI format 1_2 or not, for a serving cell configured with pdsch-TimeDomainResourceAllocationListForMulti PDSCH.
Proposal #6: It should be discussed 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, in order to support TDM scheme A for multi-PDSCH scheduling for multi-TRPs.

4. Potential enhancements for unlicensed spectrum
In this section, we discuss several aspects to be considered to enhance beam management for operation with shared spectrum channel access.
If channel access scheme is applied for unlicensed spectrum, all or part of the set of multiple symbols corresponding to CSI-RS for (tracking or) beam management or SRS for beam management may not be transmitted due to LBT failure. Therefore, it could be beneficial to provide more opportunities to CSI-RS or SRS transmission. Another problem with the impact of LBT failure is that, the receiver may encounter an ambiguity issue about whether corresponding beam quality is bad or transmitter failed LBT procedure. Particularly for link recovery procedure, the situation where gNB does not transmit the corresponding RS due to LBT failure may cause UE to count BFI (beam failure instance) based on current procedure, which needs to be avoided in unlicensed spectrum.

Proposal #7: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

5. 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: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following case, and UE does not expect to receive adjacent DL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between DL signals/channels (e.g., PDCCH/PDSCH/CSI-RS) with different QCL Type-D source RSs
Proposal #2: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following cases, and UE does not expect to transmit adjacent UL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between UL signals/channels (e.g., PUCCH/PUSCH/SRS) with different spatial relation RSs
· Beam switching time between SRS resources (e.g., BM SRS) without configured spatial relation RSs
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Proposal #4: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.
Proposal #5: It should be clarified whether UE can be configured with repetitionNumber in DCI format 1_2 or not, for a serving cell configured with pdsch-TimeDomainResourceAllocationListForMulti PDSCH.
Proposal #6: It should be discussed 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, in order to support TDM scheme A for multi-PDSCH scheduling for multi-TRPs.
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· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
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