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In RAN1#104-e meeting, the following agreements on beam management had been achieved: [1]
	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

Agreement:
Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed.
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

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

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 this contribution, we focus on the beam related enhancement in the 60GHz unlicensed band. 
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Timing associated with beam-based operation to new SCS
In RAN1#104-e meeting, some beam-based operation related timing parameters are discussed, and it is recommended to further investigate the values of the following parameters. 
· timeDurationForQCL: Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [6] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.  
· beamSwitchTiming: Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.
· beamReportTiming: Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
· maxNumberRxTxBeamSwitchDL: Defines the number of Tx and Rx beam changes UE can perform on this band within a slot. UE shall report one value per each subcarrier spacing supported by the UE. In this release, the number of Tx and Rx beam changes for scs-15kHz and scs-30kHz are not included.
The candidate values for the above parameters except maxNumberRxTxBeamSwitchDL are listed in the table.
	
	60kHz
	120kHz

	timeDurationForQCL (symbol)
	7, 14, 28
	14, 28

	beamSwitchTiming (symbol)
	14, 28, 48, 224, 336
	14, 28, 48, 224, 336

	beamReportTiming (symbol)
	8, 14, 28
	14, 28, 56



For the newly introduced 480 kHz SCS and 960 kHz SCS, the length of symbol is much shorter than that of 120 kHz SCS. In order not to increase the processing complexity of the UE, absolute processing timing should be assumed. Therefore, a scaling factor of 4 and/or 8 should be multiplexed to the corresponding values for 120 kHz. E.g. the proposed values for new SCSs are listed in the following table

	
	480kHz
	960kHz

	timeDurationForQCL (symbol)
	56, 112
	56, 112

	beamSwitchTiming (symbol)
	112, 224, 336
	112, 224, 336

	beamReportTiming (symbol)
	56, 112, 224
	[bookmark: _GoBack]112, 224, 448



Proposal 1: adopt the following values of parameters “timeDurationForQCL”, “beamSwitchTiming” and “beamReportTiming” for 480 kHz and 960 kHz.
	
	480kHz
	960kHz

	timeDurationForQCL (symbol)
	56, 112
	56, 112

	beamSwitchTiming (symbol)
	112, 224, 336
	112, 224, 336

	beamReportTiming (symbol)
	56, 112, 224
	112, 224, 448



Considering the reduced duration of symbol for 960 kHz, the length of NCP cannot cover delay spread, time errors and especially beam switching time. A gap is required to introduce to accommodate the beam switching. Regarding “maxNumberRxTxBeamSwitchDL”, the number of Tx and Rx beam changes UE can perform should be scale down to {2, 4, 7} within a slot.
Proposal 2: Regarding “maxNumberRxTxBeamSwitchDL”, the number of Tx and Rx beam changes UE can perform should be scale down to {2, 4, 7} within a slot.

Multiple beams for multiple PDSCHs
In RAN1#104-e meeting, the method of multiple beams for multiple PDSCHs was discussed. Two scenarios were proposed [2]:
1) DCI scheduling PDSCH(s)/PUSCH(s) over multiple slots indicates a single beam. But some of scheduled PDSCH(s)/PUSCH(s) are within timeForQCLDuration, while others are outside of timeForQCLDuration
2) DCI scheduling PDSCH(s)/PUSCH(s) over multiple slots indicates multiple beams.

Regarding whether or not to support separate TCI state / SRI indications for each scheduled PDSCH/PUSCH, we are not supportive of multiple beams for multiple PDSCHs, the reasons are listed below.
For considering a higher UE’s capability to switch receiving beam within short time duration is required, it seems not likely to support multiple beams for multiple PDSCHs scheduled by a single DCI. Furthermore, separate TCI state/SRI indications for each scheduled PDSCH/PUSCH increase the overhead of DCI with questionable benefits.
[bookmark: OLE_LINK1]In TS 38.214 5.1.5, it is noted that if the scheduling offset is equal to or greater than “timeDurationForQCL” and multi-slot PDSCH is configured, the UE can assume single TCI state across the slots with the scheduled PDSCHs. Hence it would be better for UE to maintain the assumption of single TCI state across multi-slots with the scheduled PDSCH.
“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, 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.”
Proposal 3: For multi-PDSCH scheduling with a single DCI, it is not needed to indicate a separate TCI state for each scheduled PDSCH.
Proposal 4: For multi-PUSCH scheduling with a single DCI, it is not needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH.

In case of when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL, the current UE behavior defined in the specification can be used. Specifically, the scheduled PDSCHs with scheduling offset less than timeDurationForQCL are assumed to be quasi co-located with the lowest CORESET ID, and the scheduled PDSCHs with scheduling offset equal to or greater than timeDurationForQCL are assumed to be quasi co-located with the RS(s) in the TCI state.
In case of when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the scheduled PDSCHs are assumed to be quasi co-located with the lowest CORESET ID.

Proposal 5: the scheduled PDSCHs with scheduling offset less than timeDurationForQCL are assumed to be quasi co-located with the lowest CORESET ID, and the scheduled PDSCHs with scheduling offset equal to or greater than timeDurationForQCL are assumed to be quasi co-located with the RS(s) in the TCI state.
Proposal 6: In case of when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the scheduled PDSCHs are assumed to be quasi co-located with the lowest CORESET ID.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the beam management enhancement in 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: adopt the following values of parameters “timeDurationForQCL”, “beamSwitchTiming” and “beamReportTiming” for 480 kHz and 960 kHz.
	
	480kHz
	960kHz

	timeDurationForQCL (symbol)
	56, 112
	56, 112

	beamSwitchTiming (symbol)
	112, 224, 336
	112, 224, 336

	beamReportTiming (symbol)
	56, 112, 224
	112, 224, 448



Proposal 2: Regarding “maxNumberRxTxBeamSwitchDL”, the number of Tx and Rx beam changes UE can perform should be scale down to {2, 4, 7} within a slot.
Proposal 3: For multi-PDSCH scheduling with a single DCI, it is not needed to indicate a separate TCI state for each scheduled PDSCH.
Proposal 4: For multi-PUSCH scheduling with a single DCI, it is not needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH.
Proposal 5: the scheduled PDSCHs with scheduling offset less than timeDurationForQCL are assumed to be quasi co-located with the lowest CORESET ID, and the scheduled PDSCHs with scheduling offset equal to or greater than timeDurationForQCL are assumed to be quasi co-located with the RS(s) in the TCI state.
Proposal 6: In case of when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the scheduled PDSCHs are assumed to be quasi co-located with the lowest CORESET ID.
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