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1	Introduction
The updated WID [1] for the WI on extending NR to 71 GHz contains the following objective related to beam management
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e

In this contribution we discuss aspects related to the agreements that were made in RAN1#104. We also discuss various beam management enhancements that were identified for studying further.
[bookmark: _Ref178064866]2	Discussion
2.1	Beam Indication for Multi-PDSCH Scheduling with Single DCI
The following agreement was made in RAN1#104bis which says that at least for single TRP operation, the scheduling DCI indicates only a single TCI state for multi-PDSCH scheduling and only a single SRI for multi-PUSCH scheduling.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


According to Rel-15/16 specifications for single-PDSCH, there is also only a single TCI state in DCI and indicates QCL-TypeD assumptions for reception of PDSCH only for the case when the PDSCH scheduling offset is greater than or equal to the UE capability parameter timeDurationForQCL. The PDSCH scheduling offset is defined as the time duration between the end of the last symbol of the PDCCH containing the scheduling DCI to the beginning of the first symbol of the scheduled PDSCH. For 120 kHz in FR2, the UE can indicate one of two possible values for the capability parameter timeDurationForQCL, namely 14 or 28 symbols.
For the case of multi-PDSCH scheduling, a key point to consider is that different PDSCHs scheduled by the same DCI have different offsets from the scheduling DCI. Hence, it is necessary to make a distinction between the case where all of the offsets are greater than timeDurationForQCL and the case where some or all of the offsets are less than timeDurationForQCL.
These cases were identified in RAN1#104bis, and the following proposal from the FL summary (see [2]) was discussed during the meeting; however, no final conclusion was reached. Nevertheless, we think this is still a good starting point for discussion in RAN1#106.Proposal 6
· For multi-PDSCHs scheduled by a single DCI with a single TCI state, 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· Case 1-1: tci-PresentInDCI enabled
· Single QCL assumption based on the indicated single TCI state is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI disabled
· QCL assumption of the single 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, if supported
· Alt 2: multiple QCL assumptions are applied 
· Any PDSCH(s) with scheduling offset < timeDurationForQCL follows QCL assumption of the lowest CORESET ID in the latest monitored slot  

In this proposal, a key factor is that the UE applies only a single QCL assumption for all PDSCHs scheduled by the same DCI. We think this makes sense, as it seems unnecessarily complicated to define different QCL assumptions for different PDSCHs, especially since it is already agreed to support indication of only a single TCI state in DCI. Hence we propose the following for the case of single-TRP operation. We discuss multi-TRP operation in the next section
[bookmark: _Ref78821060][bookmark: _Toc78962522]For single-TRP operation, for multiple PDSCHs scheduled by a single DCI support the following:
· [bookmark: _Toc78962523]Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· [bookmark: _Toc78962524]Case 1-1: tci-PresentInDCI enabled
· [bookmark: _Toc78962525]The UE applies the same QCL assumption corresponding to the TCI state indicated by the single TCI field in DCI for all scheduled PDSCHs
· [bookmark: _Toc78962526]Case 1-2: tci-PresentInDCI disabled
· [bookmark: _Toc78962527]The UE applies the same default QCL assumption for all scheduled PDSCHs (DefaultQCL1)
· [bookmark: _Toc78962528]Case 2: PDSCH scheduling offset for any PDSCH < timeDurationForQCL
· [bookmark: _Toc78962529]The UE applies the same default QCL assumption for all scheduled PDSCHs (DefaultQCL2)

We now discuss how the QCL assumptions DefaultQCL1 and DefaultQCL2 should be specified for Case 1-2 and Case 2, respectively.
QCL assumption for Case 1-2 (DefaultQCL1)
For Case 1-2 in Rel-15/16 where only a single PDSCH is scheduled by a DCI, the default QCL assumption DefaultQCL1 is provided by the active TCI state associated to the CORESET corresponding to the search space set in which the UE detects the PDCCH containing the scheduling DCI. It is natural to use the same rule for Rel-17 for multi-PDSCH scheduling
[bookmark: _Toc78962530]For Case 1-2 in Proposal 1, the default QCL assumption DefaultQCL1 is provided by the active TCI state associated to the CORESET corresponding to the detected scheduling DCI. Note: this is analogous to Rel-16 for single-PDSCH scheduling when the PDSCH scheduling offset is ≥ timeDurationForQCL.
QCL assumption for Case 2 (DefaultQCL2)
For Case 2, an appropriate default QCL assumption DefaultQCL2 requires some discussion as follows. We consider two different examples: one in which some of the scheduling offsets are less than the threshold, and another in which all of the scheduling offsets are less than the threshold. These examples are illustrated in Figure 1 and Figure 2, respectively, for the example scheduling of 4 PDSCHs with SCS 480 kHz.
In Figure 1, assume that the indicated capability for timeDurationForQCL = 56 symbols, which is simply a x4 scaling of the 14 symbol capability for 120 kHz in FR2. Also assume that the scheduling DCI indicates an offset of K0 = 2 slots for the first scheduled PDSCH. With this example, the first two PDSCHs have scheduling offset less than timeDurationForQCL and the last two PDSCHs have scheduling offset greater than timeDurationForQCL.
If the Rel-15/16 QCL rules described in 38.214 Section 5.1.5 would be applied without modification for multi-PDSCH, then the UE would apply a default QCL assumption for the first two PDSCHs and a QCL assumption according to the indicated TCI state in the scheduling DCI for the last two PDSCHs. While feasible, it we don't see a benefit of the UE applying different receive beams amongst the 4 different PDSCHs, especially since the time duration spanned by the 4 PDSCHs is equivalent to one 120 kHz slot. It is not clear that such fast beam switching is needed.
[image: ]
Figure 1: Single DCI schedules 4 PDSCHs. The first (last) two PDSCHs have scheduling offset less (greater) than the UE capability parameter timeDurationForQCL.

In Figure 2, assume that the indicated capability for timeDurationForQCL = 112 symbols, which is simply a x4 scaling of the 28 symbol capability for 120 kHz in FR2. Clearly, all PDSCHs have scheduling offset less than timeDurationForQCL. If the Rel-15/16 QCL rules described in 38.214 Section 5.1.5 would be applied without modification for multi-PDSCH, then the UE would apply a default QCL assumption for all PDSCHs. For example, the UE would determine the default QCL assumption according to the active TCI state corresponding to the CORESET with the lowest ID in the most recent slot for each PDSCH. In principle, at least, it can happen that the default QCL assumption would change from slot-to-slot if the PDCCH monitoring occasions (MOs) in some slots are associated with a different CORESET than those in other slots. While maybe not a mainstream example, this is illustrated in Figure 2 where the MOs in slots n+2 and n+4 are associated with CORESET A and the MOs in slots n+3 and n+5 are associated with CORESET B. Again, while feasible, we don't see a benefit of the UE applying different receive beams amongst the 4 different PDSCHs. It is not clear that such fast beam switching is needed.
[image: ]
Figure 2: Single DCI schedules 4 PDSCHs. All PDSCHs have scheduling offset less than the UE capability parameter timeDurationForQCL. The PDCCH monitoring occasions in slots n+2 and n+4 are associated with a different CORESET than the monitoring occasions in slot n+3 and n+5.

Our view is that the simplest and most robust approach for Case 2 that covers both above examples, is that the default QCL assumption DefaultQCL2 in Proposal 1 is given the QCL assumption corresponding to the first scheduled PDSCH, i.e., the one with the smallest scheduling offset. This is analogous to multi-slot PDSCH in Rel-15/16 where the UE is configured with either pdsch-AggregationFactor or repetitionNumber. In this case, the QCL assumption for the first slot is applied to all slots. Furthermore, we think that it makes sense that default QCL assumption for the first scheduled PDSCH is derived in the same way as for Rel-16 for single-PDSCH scheduling when the scheduling offset < timeDurationForQCL.
[bookmark: _Toc78962531]For Case 2 in Proposal 1, default QCL assumption DefaultQCL2 is the default QCL assumption corresponding to the first scheduled PDSCH, i.e., the one with the smallest scheduling offset. The default QCL assumption for the first PDSCH is the same as that specified in Rel-16 for single-PDSCH scheduling when the scheduling offset < timeDurationForQCL.
To clarify, the Rel-16 rule for single-TRP is that the default QCL TypeD source is provided by the active TCI state associated with the CORESET with the lowest ID amongst those CORESETs corresponding to the search space sets the UE monitors in the most recent slot.
2.1.2	Multi-TRP Considerations
If Proposal 1 is adopted for single-TRP, we think the combination of multi-PDSCH + multi-TRP can be supported in a parallel manner by considering the same categorization of cases (Case 1-1, 1-2, 2) as well as appropriately defining the default QCL assumptions DefaultQCL1 and DefaultQCL2 based on existing Rel-16 rules for multi-TRP.
Two variants of multi-TRP exist: single DCI and multi-DCI. If single DCI is configured, a single DCI schedules a single PDSCH, but different layers of the MIMO transmission are transmitted from two different TRPs. In this mode, two TCI states are associated with the single PDSCH. Furthermore, there is only a single TCI field in DCI, but a codepoint of the DCI field can map to two different TCI states by configuration. If multi-DCI is configured on the other hand, two separate DCIs schedule two separate PDSCHs, and a single TCI state is associated with each PDSCH separately. In this case a codepoint in each DCI maps to only a single TCI state.
Regardless of single-DCI or multi-DCI, a parallel approach as for single TRP can be adopted for defining the QCL assumptions for the case of multi-PDSCH scheduling. For Case 1-1, the same QCL assumptions indicated by the TCI field in DCI can be applied to all scheduled PDSCHs. In this sense, multi-PDSCH scheduling can be transparent to multi-TRP. The same holds for defining the default QCL assumptions DefaultQCL1 and DefaultQCL2 for Case 1-2 and Case 2, respectively. The same rules for the defaults in Rel-16 can be used, with the interpretation that the default QCL assumption is derived for the first scheduled PDSCH, i.e., the one with the lowest scheduling offset.
[bookmark: _Toc78962532]Support multi-PDSCH scheduling for multi-TRP operation for both single-DCI and multi-DCI modes. A single QCL assumption per-TRP is applied for all scheduled PDSCHs in a parallel way to Proposal 1. For Case 1-1, the single QCL assumption is indicated by the single TCI field in the scheduling DCI. The default QCL assumptions for Case 1-2 and Case 2 are defined in the same way as for multi-TRP operation in Rel-16.

2.1.3	Cross-Carrier Scheduling Considerations
In 38.214 Section 5.1.5, several rules for QCL assumptions pertaining to the case of cross-carrier scheduling are specified. Like for multi-TRP discussed in the previous section, multi-PDSCH scheduling should be transparent for cross-carrier scheduling provided the high level principle of Proposal 1 is adopted, i.e., applying the same QCL assumption for all scheduled PDSCHs. Again, the default QCL assumptions can be defined in the same way as in Rel-16 for the case of single-PDSCH scheduling with the interpretation that the default QCL assumption for Case 2 is derived by considering the first scheduled PDSCH, i.e., the one with the lowest scheduling offset.
[bookmark: _Toc78962533]Support cross-carrier scheduling of multiple-PDSCHs with a single DCI. A single QCL assumption is applied for all scheduled PDSCHs in a parallel way to Proposal 1. For Case 1-1, the single QCL assumption is indicated by the TCI field in the scheduling DCI. The default QCL assumptions for Case 1-2 and Case 2 are defined in the same way as for cross-carrier scheduling in Rel-16.
2.3	UE Capabilities for Beam Management
The following agreement was made in RAN1#104bis related to beam switch and beam report timing. 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).

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

2.3.1	Beam Switch and Beam Report Timing
As shown in the first agreement above, for 480/960 kHz, the candidate values for 120 kHz are scaled by 4x/8x, and it is FFS whether additional candidate values are supported. For example, for 480/960 kHz, the minimum beam switch time (corresponding to 14 symbols at 120 kHz) will scale to 4/8 slots, which is quite large. Moreover, the value 224 will scale to 64/128 slots, which is very large. We think it would be wise to introduce additional candidate values to support a lower minimum value to provide an opportunity for more responsive beam management. For example, tightening by at least a factor of 2 would be beneficial. Hence we propose the following:
[bookmark: _Toc78962534]For 480/960 kHz SCS, RAN1 should discuss supporting additional candidate values for timeDurationForQCL, beamSwitchTiming, and beamReportTiming. For example, 28/56 symbols (2/4 slots) can be a starting point for discussion. For beamSwitchTiming, 448/896 symbols (32/64 slots) can be a starting point for discussion. 
In the second agreement above, it has been agreed to introduce new parameter values for additional beam switching time delay d. This additional switching time is added to the indicated UE capability value beamSwitchTiming in the case that the triggering PDCCH and the triggered aperiodic CSI-RS resources are located on carriers with different numerologies. Denoting µPDCCH and µCSI-RS as the two numerologies, respectively, where µPDCCH < µCSI-RS, the total beam switch delay is given by the following (see 38.214 Section 5.2.1.5.1a):
beamSwitchTiming + d 
In Rel-16, the additional delay d is defined only for the case when the triggering PDCCH is on a carrier in FR1 with SCS up to 60 kHz and the triggered CSI-RS(s) are on a carrier in FR2 with SCS 120 kHz. According to the above agreement, this should be extended for Rel-17 to include the triggering PDCCH on a carrier with µPDCCH = 3 or 5 (120 kHz or 480 kHz, respectively). The supported values of d are listed in Table 1 along with new entries (in red) that are TBD for Rel-17. Our understanding of the additional delay d is to allow time for decoding of the PDCCH containing the ap-CSI-RS trigger. It is preferrable for this to be not more than the slot duration for a 120 kHz reference slot. Hence we expect that an upper bound on d should be 14/56 OFDM symbols for 120/480 kHz, respectively.
[bookmark: _Ref66366987]Table 1: Additional beam switching delay defined in Rel-16. The entries in red are TBD for Rel-17.
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14

	3
	TBD

	5
	TBD



[bookmark: _Toc78962535]An upper bound on the value of the additional beam switching delay for cross-carrier triggering of aperiodic CSI-RS on carriers with different numerologies is d = 14 and 56 for µPDCCH = 3 and 5, respectively. Further discuss if these values can be tightened, e.g., by a factor of 2.
For triggering of aperiodic CSI-RS, the PDCCH-to-CSI-RS slot offset is configured as part of a CSI-RS resource set (NZP-CSI-RS-ResourceSet), and it can take values between 0 and 31 slots in Rel-16. Note that the Rel-15 parameter values 5 and 6 correspond to 16 and 24 slots, respectively. Only one of the Rel-15 or Rel-16 parameters is configured.
    aperiodicTriggeringOffset           INTEGER(0..6)   	                   OPTIONAL,   -- Need S
    [[
    aperiodicTriggeringOffset-r16       INTEGER(0..31)                         OPTIONAL   -- Need S
    ]]

According to the above agreements, the following set of unique candidate values is supported for the UE capability parameter beamSwitchTiming considering 120, 480, and 960 kHz SCS: {14, 28, 48, 56, 112, 192, 224, 336, 384, 896, 1344, 1792, 2688} symbols. This corresponds to a range between 1 and 192 slots. Clearly, the existing range for the slot offset (0 .. 31) is not sufficient for covering this wider range of candidate values with sufficient granularity.
[bookmark: _Toc78892549]To support 480 and 960 kHz, RAN1 needs to discuss how to extend the signaling of the triggering offset for an aperiodic CSI-RS resource set (aperiodicTriggeringOffset) to cover a wider range than 0 .. 31 slots. Signaling of up to 192 slots is needed with a sufficient level of granularity.
2.3.2	Number of Beam Switches Per Slot
The following agreement was made in RAN1#104: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 this agreement, there is an FFS point regarding the UE capability on number of Rx-Tx beam switches in a slot maxNumberRxTxBeamSwitchDL. This capability parameter is defined in 38.306 as follows:
	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.
	Band
	No
	N/A
	FR2 only



38.331 defines the candidate values for this capability parameter on a per-SCS basis for 15, 30, 60, 120, and 240 kHz. For all SCSs, the candidate values are {4, 7, 14}. Hence, a high capability UE is capable of a beam switch every OFDM symbol, and the lowest capability UE is limited to 4 beam switches per slot. In our view, this range is also suitable for 480 and 960 kHz SCS. It would be undesirable to define a capability less than 4 since this would quite severely limit the utility of triggering aperiodic CSI-RS for beam management purposes. For this use case, a set of aperiodic CSI-RS resources are configured within a slot, and the UE tests different receive beams for each CSI-RS resource in the set in the case the parameter repetition is configured as 'on.' Any fewer than 4 beam switches within a slot makes this functionality not very useful.
[bookmark: _Toc78962536]For 480 and 960 kHz SCS, support a value range of {4,7,14} for the UE capability parameter maxNumberRxTxBeamSwitchDL.
2.3.3	Beam Switch Gaps
For the new large subcarrier spacings (480 and 960 kHz), the CP duration during which a UE typically switches its receive beam can be less than the time to perform a beam switch. For example, for 960 kHz, the CP duration is 73 ns, whereas beam switch time may be on the order of 100 ns. In RAN4, some companies are discussing values up to 200 ns. In addition, there are other sources of errors and RF imperfections that eat into the CP, e.g., delay spread, timing errors, etc. Factoring in these sources of error as well as the beam switch time, the CP duration can be exceeded, even for 480 kHz SCS. Furthermore, not all UEs have the same implementation of beamforming (e.g., analog, digital, or hybrid), and thus some UEs may have longer switching times than others.
To avoid degrading signal strength measurements on CSI-RS and SRS resources when the CP duration is too short compared to beam switch time plus other impairments, the gNB can configure a gap between successive CSI-RS or SRS resources within a CSI-RS/SRS resource set used for beam management. Such configuration is already supported in the spec today. Each reference signal resource in the set is configured with a starting symbol index within the slot, which can be chosen such that there is a gap between consecutive resources.
While gaps can easily be configured, it may be preferable not to introduce such gaps for all UEs, e.g., for those that have a capability for shorter switching times that do not exceed the CP duration. At present, there does not exist UE capability signalling that could be used to inform the network of the time it takes the UE to switch from one Rx beam to another Rx beam. If there was such signalling, it would allow the network to know whether or not to configure gaps between successive CSI-RS resources (downlink) or SRS resources (uplink) in resource set. 
While the two parameters discussed previously in Section 2.3.1 are related to beam switching capability for the downlink, they provide a composite latency that includes the PDCCH decoding delay plus baseband and radio delays. This delay is on the order of tens of symbols (multiple slots), not on the order of tens of ns which is the beam switch component of the overall delay. Furthermore, there is no existing capability signaling indicating beam switch time in the uplink.
Based on this it should be further discussed to introduce some form of capability signalling to the network on the beam switch time, either in absolute terms, or some quantized version. Alternatively, the UE could simply indicate whether a symbol gap is needed. Such a capability is mentioned in the agreement shown in the previous section, i.e.,

· 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

[bookmark: _Toc78962537]To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).
2.4	Potential Enhancements for Beam Failure Recovery
2.4.1	On ap-CSI-RS for BFD
In previous meetings, it was proposed to study whether or not enhancements to the link recovery procedures, i.e., beam failure detection (BFD) and new beam identification (NBI) are needed when operating in unlicensed spectrum. One of the enhancements suggested for study is whether or not ap-CSI-RS is needed as a complement to p-CSI-RS and/or SS/PBCH blocks used for BFD. It was observed that due to LBT failure, the gNB may not be able to transmit an instance (period) of the periodic BFD RS, and it was suggested that ap-CSI-RS can be used to "patch" a missing instance. It is claimed that the benefit of this is that if the link quality is good, then the UE will measure it so, and thus not trigger a BFI (beam failure indication) from PHY to MAC. Conversely, if the link quality is poor, then the UE will measure it so, and trigger a BFI from PHY to MAC, thus causing the BFI counter to be incremented.
We observe that this enhancement is not needed since a much simpler solution already exists within the link recovery procedures specified in Rel-15 (see Clause 6 in 38.213). As part of Rel-15, a maximum value for the BFI counter is configured by RRC, namely beamFailureInstanceMaxCount in RadioLinkMonitoringConfig. Additionally, a maximum value for an associated timer is configured with the parameter beamFailureDetectionTimer. These two parameters together control how fast the UE declares beam failure before triggering the link recovery procedure. According to Rel-15, the UE indicates a BFI from PHY to MAC according to the following procedure: The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurations in the set [image: ] that the UE uses to assess the radio link quality and 2 msec.

In other words, the BFI indication occurs every T ms, where T is the minimum value of the periodicity of all configured BFD RSs (SS/PBCH blocks and/or CSI-RSs) or 2 ms, whichever is greater. For example, if SS/PBCH with a period of 20 ms is used, then T = 20 ms.
Each time the MAC receives a BFI from the PHY layer, the BFI counter is incremented by one. The counter is reset to zero if the configured timer expires before the maximum count is achieved. Configuring a larger value of the counter and/or a smaller value of the timer serves to delay the declaration of beam failure by the UE. A smaller timer value means the counter is reset more often in the scenario of non-consecutive BFIs. Due to this mechanism, the loss of one or more periods of the periodic BFD RS(s) due to a (rare) LBT failure at the gNB, will not cause automatic declaration of beam failure; nor should it.
If desired, one can simply configure a slightly larger value of the counter and/or slightly smaller value of the timer thus slightly "slowing down" beam failure declaration to account for (rare) LBT failures. We emphasize that this is entirely feasible since the probability of LBT failure is low when operating in the 52.6 – 71 GHz spectrum due to the combination of (1) high path loss, (2) highly directional transmissions, and (3) high LBT threshold leading to low probability of interference in the first place. Many companies have demonstrated this during the SI phase. Furthermore, even under a pathological condition of very high LBT failure rate, the maximum value of the BFI counter will be reached, and beam failure will be declared. One can argue that this is the correct thing to do under such a circumstance. By implementation, the gNB will understand that the beam failure indication is due to persistent LBT failure, and it can take measures to avoid such a situation, e.g., switch to a different channel that is less congested.
In summary, the introduction of ap-CSI-RS to enhance BFD procedures is not technically motivated for operation in an unlicensed band in the frequency range 52.6 – 71 GHz. The flexibility of the existing BFI counter and timer mechanism for controlling when the UE declares beam failure is sufficient for mitigating rare LBT failure at the gNB that would prevent the transmission of an instance (period) of a periodic BFD RS (SS/PBCH block and/or CSI-RS). We also point out that use of p-CSI-RS for BFD is only one option. The other option is to make use of SS/PBCH blocks for BFD, and LBT failure may be even less likely due to that SS/PBCH blocks may be exempt from LBT due to short control signaling provisions of EN 302 567. As a final note, we observe that link recovery is also supported in FR1, and it was not deemed necessary to enhance the procedures to account for LBT failure in the 5 and 6 GHz unlicensed bands where LBT failure can be more common than in the 52.6 – 71 GHz band.
[bookmark: _Toc78962538]Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).
2.4.2	Number of BFD-RSs
In Rel-15, there are two mechanisms for configuring RSs (SS/PBCH blocks and/or CSI-RSs) for BFD, namely explicit and implicit. For the explicit mechanism, the Rel-15/16 spec limits the number of explicitly configured BFD RSs to 2 per BWP (see 38.331). During the prior meeting, there was some limited discussion on whether or not this value needs to be increased, with the argument being that more beams may be used in 52.6 – 71 GHz band. However, we point out that the number of SS/PBCH blocks is not increased for this band – the maximum is still 64 as in FR2.
Moreover, the implicit configuration is more useful than the explicit configuration. In the implicit configuration, the UE performs measurements for BFD on the QCL Type D RS (SS/PBCH or p-CSI-RS) in whatever TCI state is active for each CORESET. This makes sense since the goal of the BFD is to determine whether or not the BLER on a hypothetical PDCCH falls below the threshold Qout,LR. Since the TCI state is updated via MAC-CE as the UE moves, and the active TCI state is drawn from a pool of 128 RRC configured TCI states, there is sufficient flexibility to support a large number of beams. In contrast, even if the number of BFD RSs  was increased for the explicit configuration approach, it is not clear that a meaningful increase would be adopted since it increases the monitoring burden on the UE. For the implicit approach, we note that the monitoring burden is capped by the number of configured CORESETs (maximum 3).
[bookmark: _Toc78962539]Enhancement of the number of explicitly configured RSs for BFD (SS/PBCH blocks and/or p-CSI-RS) is not needed.
2.4.3	On timing aspects of NBI for new SCSs
According to Rel-15/16, the UE has a processing time window of 28 OFDM symbols (2 slots) starting from the last symbol of a first PDCCH reception in the search space set provided by recoverySearchSpaceId where the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI. After 28 OFDM symbols, the UE applies a default spatial relation for PUCCH transmissions up until it receives an updated spatial relation provided via MAC-CE or RRC. The default spatial relation used for PUCCH is the PRACH transmitted within the new beam identification (NBI) procedure. It can be further discussed whether or not the 28 symbol window is sufficient for a cell configured with 480 or 960 kHz SCS where the slot is 4 or 8 times shorter than for 120 kHz SCS.
[bookmark: _Toc78962540]For the new beam identification (NBI) procedure, the 28 symbol window for decoding PDCCH in recoverySearchSpaceId may need to be revisited for the case that a serving cell is configured with 480 or 960 kHz SCS.
Conclusion
In this paper we made the following observations: 
Observation 1	To support 480 and 960 kHz, RAN1 needs to discuss how to extend the signaling of the triggering offset for an aperiodic CSI-RS resource set (aperiodicTriggeringOffset) to cover a wider range than 0 .. 31 slots. Signaling of up to 192 slots is needed with a sufficient level of granularity.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For single-TRP operation, for multiple PDSCHs scheduled by a single DCI support the following:
	Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
	Case 1-1: tci-PresentInDCI enabled
o	The UE applies the same QCL assumption corresponding to the TCI state indicated by the single TCI field in DCI for all scheduled PDSCHs
	Case 1-2: tci-PresentInDCI disabled
o	The UE applies the same default QCL assumption for all scheduled PDSCHs (DefaultQCL1)
	Case 2: PDSCH scheduling offset for any PDSCH < timeDurationForQCL
	The UE applies the same default QCL assumption for all scheduled PDSCHs (DefaultQCL2)
Proposal 2	For Case 1-2 in Proposal 1, the default QCL assumption DefaultQCL1 is provided by the active TCI state associated to the CORESET corresponding to the detected scheduling DCI. Note: this is analogous to Rel-16 for single-PDSCH scheduling when the PDSCH scheduling offset is ≥ timeDurationForQCL.
Proposal 3	For Case 2 in Proposal 1, default QCL assumption DefaultQCL2 is the default QCL assumption corresponding to the first scheduled PDSCH, i.e., the one with the smallest scheduling offset. The default QCL assumption for the first PDSCH is the same as that specified in Rel-16 for single-PDSCH scheduling when the scheduling offset < timeDurationForQCL.
Proposal 4	Support multi-PDSCH scheduling for multi-TRP operation for both single-DCI and multi-DCI modes. A single QCL assumption per-TRP is applied for all scheduled PDSCHs in a parallel way to Proposal 1. For Case 1-1, the single QCL assumption is indicated by the single TCI field in the scheduling DCI. The default QCL assumptions for Case 1-2 and Case 2 are defined in the same way as for multi-TRP operation in Rel-16.
Proposal 5	Support cross-carrier scheduling of multiple-PDSCHs with a single DCI. A single QCL assumption is applied for all scheduled PDSCHs in a parallel way to Proposal 1. For Case 1-1, the single QCL assumption is indicated by the TCI field in the scheduling DCI. The default QCL assumptions for Case 1-2 and Case 2 are defined in the same way as for cross-carrier scheduling in Rel-16.
Proposal 6	For 480/960 kHz SCS, RAN1 should discuss supporting additional candidate values for timeDurationForQCL, beamSwitchTiming, and beamReportTiming. For example, 28/56 symbols (2/4 slots) can be a starting point for discussion. For beamSwitchTiming, 448/896 symbols (32/64 slots) can be a starting point for discussion.
Proposal 7	An upper bound on the value of the additional beam switching delay for cross-carrier triggering of aperiodic CSI-RS on carriers with different numerologies is d = 14 and 56 for µPDCCH = 3 and 5, respectively. Further discuss if these values can be tightened, e.g., by a factor of 2.
Proposal 8	For 480 and 960 kHz SCS, support a value range of {4,7,14} for the UE capability parameter maxNumberRxTxBeamSwitchDL.
Proposal 9	To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).
Proposal 10	Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).
Proposal 11	Enhancement of the number of explicitly configured RSs for BFD (SS/PBCH blocks and/or p-CSI-RS) is not needed.
Proposal 12	For the new beam identification (NBI) procedure, the 28 symbol window for decoding PDCCH in recoverySearchSpaceId may need to be revisited for the case that a serving cell is configured with 480 or 960 kHz SCS.
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