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1 Introduction
This contribution discusses detailed design for the above aspects for NR from 52.6 GHz to 71 GHz, and more precisely, the following topics related to beam management are included: 
· Beam-related timing parameters for new SCSs
· Beam switching gap for new SCSs
· Multi-beam indication in multi-PDSCH/PUSCH scheduled by a single DCI
· Beam management enhancement due to LBT

2 Beam-related timing parameters

The following agreements for beam-related timing were reached [1][2]. 
	In Ran1#104
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#104b
Agreement:
Introduce new parameter values for additional beam switching time delay d, when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS or PDSCH

Agreement:
For timeDurationForQCL, beamSwitchTiming and beamReportTiming,
· Following candidate values of FR2 are reused for 120 kHz:
· timeDurationForQCL: 14 and 28 symbols
· beamSwitchTiming: 14, 28, 48, 224 and 336 symbols
· beamReportTiming: 14, 28 and 56 symbols
· For 480 kHz
· Support at least the candidate values for 120 kHz scaled by 4x
· FFS: Support for additional candidate value(s)
· For 960 kHz
· Support at least the candidate values for 120 kHz scaled by 8x
· FFS: Support for additional candidate values(s)
· FFS: UE capability signaling details
· Note: The scaled values 224 and 336 symbols for beamSwitchTiming are used as in Rel-16 (defined in Rel-15 with updates in Rel-16).





1 
2 
Beam-related UE capabilities for new SCSs

It has been agreed that for NR 52.6 GHz to 71 GHz, in addition to 120 kHz SCS, 480 kHz and 960 kHz SCSs are supported. Beam-related UE capability parameter values for timeDurationForQCL, beamSwitchTiming and beamReportTiming have been agreed in Ran1#104b meeting. The agreed values have the same absolute time duration with those of 120 kHz SCS candidate values. Although time durations of these values tend to decrease as SCS increases, beam-related UE capability parameter values are related to the implementation, which may be challenging to implement a lower time duration UE capability for new SCSs. Thus, we think the values for new SCSs that have already been agreed by multiplying a factor of 4 or 8 to the values of 120 kHz SCSs is enough at this time. If low time duration value is required, additional value can be discussed in the future.
For UE capability indication method we prefer that UE indicates one value in OFDM symbols per each SCSs, which is the same approach as current specification.

Proposal 1: The value obtained by multiplying a factor of 4 or 8 to the value of 120 kHz SCSs is enough for timeDurationForQCL, beamSwitchingTiming and beamReportTiming for new SCSs
Proposal 2: Support UE indicates one value in OFDM symbols per each SCSs for beam-related UE capability

UE capability parameter maxnumberRxTxBeamSwitchDL is the maximum number of Tx and Rx beam changes UE can perform on this band within a slot with the candidate values of {4, 7, 14} for 120 kHz SCS. We think the base-line value for new SCSs should be the same or similar with the candidate values for 120 kHz SCSs within a 120 kHz SCS slot. For instance, if 480 kHz SCS slot has maxnumberRxTxBeamSwitchDL ={2, 4}, the capability can be considered as {8, 16} within 120 kHz SCS slot. In the same way, 960 kHz SCS slot can have maxnumberRxTxBeamSwitchDL ={2}. In Ran1#104b meeting, some companies proposed the candidate value ‘1’ to reduce UE complexity. However, in our view, the value ‘1’ is too restrictive for the UE which supports multi-panel operation. Consequently, we think that {2, 4} for 480 kHz and {2} for 960 kHz SCS can be good starting value. 


Proposal 3: Support following candidate values for maxnumberRxTxBeamSwitchDL
· For 480 kHz {2, 4}
· For 960 kHz {2}



Beam switching gap for new SCSs
It has been agreed that for NR 52.6 GHz to 71 GHz, in addition to 120 kHz SCS, 480 kHz and 960 kHz SCSs are supported for data/control channels and reference signals. Note that 480 kHz and 960 kHz SCSs are newly supported for NR, such that the timing aspects should be further investigated for the new SCSs, and beam switching gap is one important component for such timing aspects, which may further impact other PHY designs. 
In Rel-15 and Rel-16, the maximum SCS supported for data/control channel and reference signals is 120 kHz, and the maximum SCS supported for SS/PBCH block is 240 kHz. For both cases, the beam switching gap can be implemented within a CP length of an OFDM symbol (e.g. the minimum CP length is 0.29 us for 240 kHz as shown in Table 1). However, for NR 52.6 to 71 GHz, the CP length for 480 kHz and 960 kHz are much smaller (as shown in Table 1), and it’s quite challenging to implement a beam switch within the CP length, especially for 960 kHz SCS. Although Ran4 (R4-2107985) tentatively agrees BS beam switch time as 59ns which is within a CP length of an OFDM symbol, UE beam switch time has not been determined yet. Hence, if Ran4 decides beam switching gap is required, one symbol should be reserved to switch transmission beams, including both SS/PBCH block beam and data beam.

[bookmark: _Ref40171336]Table 2 Symbol duration and CP length for subcarrier spacings with normal CP.
	SCS (kHz)
	60
	120
	240
	480
	960

	Symbol duration (us)
	16.67
	8.33
	4.17
	2.08
	1.04

	CP length (us)
	1.17
	0.59
	0.29
	0.15
	0.07



Proposal 4: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.




3 Beam indication in multi-PDSCH/PUSCH scheduled by a single DCI

The following agreements for beam indication in multi-PDSCH/PUSCH scheduling were reached [1][2]. 

	In RAN1#104
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 RAN1#104b
Agreement:
For multiple PDSCHs/PUSCHs scheduled by a single DCI, at least for single TRP, support indication of only a single TCI state/SRI in DCI
· FFS: number of TCI states/SRIs in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP







3 
QCL assumptions for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL

The following figure shows the QCL assumptions for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL. In this case, the QCL assumptions for the PDSCH#1 and PDSCH#2 in Figure 1 follow the default QCL assumption based on TS 38.214 clause 5.1.5. When the scheduling offset of PDSCH is less than timeDurationForQCL, the PDSCH uses QCL assumption indicated by the CORESET associated with a monitored search space with the lowest CORESET ID in the latest slot. For this case, if CORESETs monitored by the UE are within timeDurationForQCL, the lowest CORESET ID in the latest slot may be changed. For example, if one or more CORESETs are monitored in the slot where PDSCH#2 is scheduled, and the lowest CORESET ID is different, default QCL assumption of PDSCH#1 and PDSCH#2 are different. The UE apply different QCL assumptions to PDSCH#1 and PDSCH#2 due to the different lowest CORESET ID, which leads beam switching. For NR 52.6 to 71GHz, a symbol level gap for beam switching may be introduced due to the small CP length for new SCSs. Therefore, an additional signalling for reserving the beam switching gap is required to be introduced in this example. To avoid this case the UE can use the first PDSCH occasion among multi-PDSCH as reference to determine the latest slot containing CORESET to monitor, and use the QCL assumption associated with the CORESET with lowest ID in that slot as the QCL assumption to receive PDSCH.

[image: ]
Figure 1 All of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL

Proposal 5:  Use the first PDSCH occasion as a reference to determine the latest slot containing CORESET to monitor for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL


QCL assumptions 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


The following figures show the QCL assumptions 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. The following description from TS 38.214 clause 5.1.5 shows the QCL assumptions of scheduled PDSCH:

	…
If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. 
If the 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].
…
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). 





In Figure 2, based on TS 38.214 clause 5.1.5 the QCL assumptions for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL (such as PDSCH#1 and PDSCH#2) follow the QCL assumption indicated by the CORESET associated with a monitored search space with the lowest CORESET ID in the latest slot, while the QCL assumptions for the case when some of the scheduled PDSCHs have scheduling offset equal or greater than timeDurationForQCL (such as PDSCH#3 and PDSCH#4) follow the QCL assumption indicated by TCI in DCI or corresponding CORESET depending on the TCI field present in DCI format when beam switching gap is not necessary. One might say that applying single-beam operation by following the QCL assumption of the first PDSCH occasion reduces UE complexity. However, in our view, if multi-PDSCH scheduled at non-continuous slots is taken into account, applying single-beam operation restricts scheduling flexibility. For example, if single-beam operation is applied and gNB wants to indicate TCI to UE, multi-PDSCH should be allocated after timeDurationForQCL which has at least 4 slots (480 kHz SCS) or 8 slots (960 kHz SCS) according to result of Ran1 #104b meeting. On the other hand, if different QCL assumptions based on timeDurationForQCL is applied, some PDSCHs can have scheduling offset less than timeDurationForQCL to have reduced latency and the other PDSCHs can have scheduling offset equal or greater than timeDurationForQCL to have better SNR by using optimized TCI.
In Figure 2, since the two different QCL assumptions are used for PDSCH#2 and PDSCH#3, beam switching for receiving PDSCH#3 is necessary. For NR 52.6 to 71GHz, a symbol level gap for beam switching may be introduced due to the small CP length for new SCSs. Therefore, if the beam switching gap between PDSCH#2 and PDSCH#3 is not provided, the UE may not be able to apply different QCL assumption for PDSCH#3 as illustrated in Figure 3. If a gap emerged between PDSCHs due to scheduling, it can be used as the beam switching gap. For example, if there is an enough gap between PDSCH#2 and PDSCH#3, the UE can switch the QCL assumption indicated by TCI in DCI or corresponding CORESET depending on the TCI field present in DCI format (Figure 4), otherwise the UE may keep the QCL assumption of PDSCH#2 for PDSCH#3 (Figure 3). This example can avoid introducing an additional signalling for reserving the beam switching gap. However, if an enough gap is not scheduled, the QCL assumption indicated by TCI in DCI or corresponding CORESET cannot be applied.

Figure 2 Some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL in case of beam switching gap is not necessary



Figure 3 Some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL in case of beam switching gap is necessary but no reserved symbols


Figure 4 Some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL in case of beam switching gap is necessary and reserved symbols exist

Proposal 6: Use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.


Indicating multiple TCI state/SRI for scheduled multi-PDSCH/PUSCH for multi-TRP

To reduce the PDCCH monitoring burden and maintain a similar peak data rate as slot-based PDCCH monitoring, multi-PDSCH/PUSCH scheduled by a single DCI has been agreed to be supported, as described in the WID [1]. Also it has been agreed that the multiple PDSCHs or multiple PUSCHs have the one TCI or QCL assumption indication for reception at least for single-TRP [2]. One further design detail to consider is, how the multiple PDSCHs or multiple PUSCHs have the QCL assumption for reception in case of multi-TRP operation. In TS 38.214 clause 5.1.2.1, single-DCI based multi-TRP TCI/QCL assumptions are described. The following description from TS 38.214 clause 5.1.2.1 shows the QCL assumptions of single-DCI based multi-TRP operation with inter-slot PDSCH repetition:

	…
[bookmark: _Hlk26036768]When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)', the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots, the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. 
	When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable cyclicMapping or sequenticalMapping in tciMapping. 
-	When cyclicMapping is enabled, the first and second TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
-	When sequenticalMapping is enabled, first TCI state is applied to the first and second PDSCH transmission occasions, and the second TCI state is applied to the third and fourth PDSCH transmission occasions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
…



In our view, QCL assumption of multi-PDSCH/PUSCH scheduled by single-DCI for multi-TRP can apply the same rule as the QCL assumptions of single-DCI based multi-TRP operation with inter-slot PDSCH repetition. For example if the number of SLIV in a row of PDSCH TDRA table is 2, the first TCI state is applied to the first PDSCH occasion and the second TCI state is applied to the second PDSCH occasion. If the number SLIV in a row of PDSCH TDRA table is more than 2, cyclic mapping or sequential mapping can be applied.
[bookmark: _GoBack]Regarding PUSCH, since it has been agreed to support cyclic mapping and sequential mapping for QCL assumption of PUSCH repetition for multi-TRP in Rel-17 FeMIMO, we believe that it can also be applied to multi-PUSCH scheduled by single-DCI for multi-TRP.
 
Proposal 7: Support 2 TCI state/SRI indication for multi- PDSCH/PUSCH scheduled by a single DCI for multi-TRP.
Proposal 8: Support TCI state/SRI indication rule for multi- PDSCH/PUSCH scheduled by a single DCI for multi-TRP, which has the same approach as the QCL assumptions of single-DCI based multi-TRP operation with inter-slot PDSCH repetition.


4 Beam management enhancement due to LBT
In current NR, beam management is performed only based on periodical RS, which may require explicit RS validation when it comes to an unlicensed band due to the impact of LBT. The validation rule typically includes the reception of other signal and/or channel, and highly relies on the reception accuracy of such signal and/or channel. 
For 60 GHz unlicensed band, multi-PDSCH/PUSCH scheduled by a single DCI has been agreed to be supported, then it is more efficient to use multi-slot CSI-RS/SRS scheduled by a single DCI for beam management purpose. With larger SCS and shorter slot duration, the single DCI scheduling multi-slot aperiodic CSI-RS/SRS can reduce the overhead and frequent UE PDCCH monitoring, and it is further motivated by the fact that a large number of beams are expected to be implemented for 60 GHz unlicensed band. 
Proposal 9: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
For 60 GHz unlicensed band, the transmission beam is much narrower, and the transmission duration of a RS is much shorter using the new SCSs, such that the impact from LBT is more severe than Rel-16 NR-U. The legacy beam failure detection and recovery procedure should be enhanced for NRU 60GHz, since some RS transmissions may not occur due to LBT failure. In particular, a UE cannot differentiate a beam failure from LBT failure or a beam failure due to beam misalignment. One simple solution is to use the periodical RS validation by GC DCI or to use DCI-triggered aperiodical RS. However, under beam failure condition, the UE cannot receive the DCI, thus cannot perform any validation of periodical RS transmission or reception of DCI triggering aperiodical RS. Hence, we propose to further investigate the issue with uncertainty on the RS transmission due to LBT, and enhancement to current beam failure detection and recovery procedure should be investigated. 
Proposal 10: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.

5 Conclusion
The proposals made in this contribution are summarized below:

Proposal 1: The value obtained by multiplying a factor of 4 or 8 to the value of 120 kHz SCSs is enough for timeDurationForQCL, beamSwitchingTiming and beamReportTiming for new SCSs
Proposal 2: Support UE indicates one value in OFDM symbols per each SCSs for beam-related UE capability
Proposal 3: Support following candidate values for maxnumberRxTxBeamSwitchDL
· For 480 kHz {2, 4}
· For 960 kHz {2}
Proposal 4: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Proposal 5:  Use the first PDSCH occasion as a reference to determine the latest slot containing CORESET to monitor for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL
Proposal 6: Use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.
Proposal 7: Support 2 TCI state/SRI indication for multi- PDSCH/PUSCH scheduled by a single DCI for multi-TRP.
Proposal 8: Support TCI state/SRI indication rule for multi- PDSCH/PUSCH scheduled by a single DCI for multi-TRP, which has the same approach as the QCL assumptions of single-DCI based multi-TRP operation with inter-slot PDSCH repetition.
Proposal 9: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
Proposal 10: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.
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