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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. Timing associated with beam-based operation
	Agreement:
· For NR operation in 52.6-71GHz with new SCSs, new parameter values for at least the following timing parameters are needed:
· timeDurationForQCL
· beamSwitchTiming
· beamReportTiming
· Companies are encouraged to provide preferred values on timeDurationForQCL, beamSwitchTiming and beamReportTiming

Agreement:
· Further study new parameter values for at least the following parameters:
· maxNumberRxTxBeamSwitchDL
· Additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS
· Study whether/how to introduce a beam switching gap between signals/channels 
· FFS: condition to apply including potential UE capability definition
· Study should account for inputs from RAN4


In RAN1#104-e meeting [1], above agreements were made for several parameters which are associated with timing relationship for beam adjustment. Baseline would be to use the absolute time duration for 120 kHz SCS as the upper bound for those parameters for new SCSs. For instance, beamReportTiming for 480 kHz and 960 kHz SCSs can be defined as {56, 112, 224} and {112, 224, 448} symbols, respectively, considering {14, 28, 56} symbols for 120 kHz SCS. Furthermore, if feasible, it can be considered to reduce the absolute time durations from the upper bound.
In addition, according to TS 38.214, when a UE reports one value of {224, 336} for beamSwitchTiming (or beamSwitchTiming-r16), different behaviour for the UE is defined for QCL assumption on the corresponding aperiodic CSI-RS, depending on the offset between the last symbol of PDCCH and the first symbol of CSI-RS. In detail, if the offset between PDCCH and CSI-RS is smaller than 48 symbols (i.e., the beam switching threshold), UE assumes default TCI state (e.g., TCI state associated with a CORESET or a TCI code point) regardless of TCI state indicated by triggering DCI. Otherwise, UE applies indicated TCI state for the aperiodic CSI-RS reception. Therefore, it should be discussed how to determine the beam switching threshold given value ranges for beamSwitchTiming or beamSwitchTiming-r16 with new SCSs.

Proposal #1: When new values for timeDurationForQCL, beamSwitchTiming, and beamReportTiming are defined for 480 kHz and 960 kHz SCSs, use the absolute time duration for 120 kHz SCS as the upper bound, and reduce the absolute time durations from the upper bound if feasible.
Proposal #2: Define UE behaviour to determine different QCL assumptions for triggered aperiodic CSI-RS depending on the offset between PDCCH and CSI-RS, after new values are defined for beamSwitchTiming for 480 kHz and 960 kHz SCSs.

	Agreement:
Further study the following: 
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 
· Note: If the current Rel-16 behavior would be extended to multiple-PDSCH scheduling, it could result in a different QCL assumption for each PDSCH due to the fact the that the CORESET with the lowest ID can be different for different slots, resulting in a potentially different TCI state for each slot
· Note: Applicability to multi-TRP can be discussed further


On the issue of QCL assumption(s) that UE should apply for scheduled PDSCHs when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL, it would be desirable to maintain the same QCL assumption at least for scheduled PDSCHs with scheduling offset less than timeDurationForQCL, considering UE complexity to change beams between scheduled PDSCHs. In this regard, the following two approaches can be considered.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
It can be further discussed whether to apply different approaches depending on the size of interval between adjacent scheduled PDSCHs, and how to handle prioritization between PDCCH and PDSCH when QCL assumptions for them are different each other.

Proposal #3: Consider the following approaches when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.

	Agreement:
Further study the following:
· For multi-PDSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate TCI state for each scheduled PDSCH
· For multi-PUSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH
· Note: the study should take into account DCI overhead aspects
· Note: Applicability to multi-TRP can be discussed further


In RAN1#104-e meeting [1], above agreements were made for different beam indication of multiple PDSCHs or PUSCHs scheduled by a single DCI. It is questionable in which case different beam indication can be beneficial, considering timely feedback for preferred beam change during scheduled PDSCHs/PUSCHs seems infeasible. Therefore, the benefit of multi-beam transmissions where each transmission contains individual TB should be first identified.

Proposal #4: Do not consider to indicate a separate TCI state or SRI for each scheduled PDSCH or PUSCH until it is identified as beneficial.

Regarding the applicability to multi-TRP case, the following scenarios can be considered since it would be beneficial that gNB has scheduling flexibility between reliability enhancement with m-TRP transmissions and efficiency enhancement with multi-PDSCH/PUSCH scheduling.
· Case 1: TDRA entry differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP
· For instance, TDRA table can be configured such that some indexes correspond to multi-PDSCH scheduling and the other indexes may correspond to m-TRP PDSCH scheduling
· Case 2: DCI format differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP
· For instance, DCI format 1_1 and DCI format 1_2 can be used for multi-PDSCH scheduling and used for m-TRP PDSCH scheduling, respectively.

Proposal #5: Study the following cases where multi-PDSCH/PUSCH scheduling with single TRP and single PDSCH/PUSCH scheduling with multi-TRP can be supported for a UE.
· Case 1: TDRA entry differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP
· Case 2: DCI format differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP

3. 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 #6: 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

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: When new values for timeDurationForQCL, beamSwitchTiming, and beamReportTiming are defined for 480 kHz and 960 kHz SCSs, use the absolute time duration for 120 kHz SCS as the upper bound, and reduce the absolute time durations from the upper bound if feasible.
Proposal #2: Define UE behaviour to determine different QCL assumptions for triggered aperiodic CSI-RS depending on the offset between PDCCH and CSI-RS, after new values are defined for beamSwitchTiming for 480 kHz and 960 kHz SCSs.
Proposal #3: Consider the following approaches when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
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Proposal #5: Study the following cases where multi-PDSCH/PUSCH scheduling with single TRP and single PDSCH/PUSCH scheduling with multi-TRP can be supported for a UE.
· Case 1: TDRA entry differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP
· Case 2: DCI format differentiation of multi-PDSCH/PUSCH scheduling with single TRP from single PDSCH/PUSCH scheduling with multi-TRP
Proposal #6: 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
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