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1	Introduction
[bookmark: _Hlk60936013][bookmark: _Hlk60923341][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _Hlk60922797]In RAN#91-e [1], a revised WI has been approved with the following objectives:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· 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
· 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
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

Furthermore, following agreements related to beam-management were made in RAN1#104-e [2]:

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:
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 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:
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 provide our views on enhancements needed for beam management for NR operation between 52.6 GHz to 71 GHz with newly agreed SCS values including 480kHz and 960kHz.

2	Discussion 

1 
2 
Beam-management enhancements for initial access

Currently supported SCS values for FR2 are limited up to 240kHz for SSB and up to 120kHz for data channels. For SSB beam switching/sweeping procedure with SCS up to 240kHz, no time gaps between the contiguous SSB candidates are required and the beam switching occurs during the CP of the next OFDM symbol. RAN4 (TS38.817-2) specified the required beam switching time considering the analogue phase shifters delay of about 100ns. For SCS of 240kHz, the CP is long enough to handle the beam switching delay. However, for beyond 52.6GHz bands, new higher SCS values are being considered to mainly compensate against phase noise at high frequencies.  If these high SCS values are applied, a beam switching issue would appear between the contiguous transmissions since the CP length would not be enough for beam switching, and an extra gap needs to be added to prevent performance degradation. Furthermore, similar issue can arise when multiple contiguous transmission occasions (including repetitions/retransmissions) are to be transmitted on different beams and high SCS.

Observation 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, for the agreed higher subcarrier spacings (numerologies) such as 960kHz, beam switching issue would appear between the contiguous transmissions (such as SSB beams) since the CP length would not be enough for beam switching, and an extra gap might be needed to prevent performance degradation.

[bookmark: _Hlk48722864][bookmark: _Hlk48723443]One possibility could be introducing a symbol gap to accommodate the beam switching delay. However, it might not be a spectral efficient solution as using the entire symbol gap might be unnecessary, depending upon the SCS value. Other possibility that can be considered is to adapt the length of a gap between two contiguous SSBs that are on two different beams. Another possibility is to add a post prefix at the end to the last OFDM symbol of the SSB and the last PDSCH-SIB symbol in case of pattern 2/3.

Proposal 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, if higher subcarrier spacings (numerologies) are adopted for SSB, then to allow the beam switching between contiguous SSBs, a gap (for example a symbol gap or post prefix) should be supported between contiguous SSB.


Multi-beam indication for multi-PDSCH/PUSCH over multiple slots

For multiple PDSCH or PUSCH scheduling across multiple slots with one DCI for NR operation from 52.6GHz to 71GHz, if the current beam indication via TCI codepoint in the scheduling DCI is applied, then typically the UE is signaled with only single Tx beam for UL transmission and/or single Rx beam for DL reception. However, the same beam might not be optimum and remain applicable across multiple slots depending upon the number of slots that are scheduled, potentially narrower beamwidth for such high FR and mobility of the UE. One possibility should be to allow indication of multiple TCI states (multiple beams) that can be associated with multiple PDSCH (PUSCH) by single DCI. In addition, the duration for each of the beams should also be indicated to allow UE to determine the update from one beam to another. An example is illustrated in Figure 1. Therefore, specific enhancements for beam (TCI state with QCL type-D) association with multi-PDSCH/PUSCH scheduling by DCI should be specified. 



Figure 1: Example of multiple TCI indication by DCI for multiple scheduled PDSCHs

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple beams (multiple TCI states with QCL type-D assumption) indication via single DCI and corresponding duration of each beam within the scheduled duration:
· FFS the number of TCI states (beams) that can be indicated for multiple PDSCH (or PUSCH) across multiple slots by single TCI codepoint in DCI


Multiple default beams association for multi-PDSCH/PUSCH over multiple slots

Another issue that has been discussed during RAN1#104-e related to PDSCH (PUSCH) beam is related to determination of default beam(s). In our view, if the UE is expected to monitor different CORESETs with the lowest IDs during the PDSCH transmission across multiple slots, then UE should be not be expected to change the default beam based on the lowest CORESET ID monitored after the first PDSCH transmission has started. The default QCL assumption should be based only on the QCL assumption associated with lowest CORESET ID that is monitored before the start of PDSCH transmission. However, this default QCL assumption might not be suitable for the entire duration of multiple PDSCH transmissions across multiple slots. Therefore, one straightforward solution could be to associate (lowest) CORESET ID with multiple QCL assumptions (multiple beams). Currently, in Rel-17 MIMO WI, it is already agreed to support association of CORESET with two QCL assumptions. For the purpose of multiple PDSCH scheduling by single DCI across multiple slots, it should be considered to support the association of more than two QCL assumptions with CORESET ID and additionally associate the duration for which each of the associated QCL assumption (beam) can be applied as default beam for multiple PDSCH across multiple slots. An example is illustrated in Figure 2, where two QCL assumptions are associated with the lowest CORESET ID and the first QCL1 is applied as default QCL/beam for PDSCH1 and PDSCH2 (until the applicable duration expires). Following QCL1, QCL2 is applied as default QCL for PDSCH3. The timeDurationForQCL is greater than the scheduling offset for all three PDSCHs, therefore, default QCL is applied to all three of the PDSCHs.



Figure 2: Example of multiple default beams switching

Proposal 3: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple default beams association for multiple PDSCHs scheduled by single DCI:
· PDCCH CORESET can be associated with multiple QCL assumptions (beams) that can be used to determine multiple default beams based on lowest CORESET ID
· Duration/applicability for each of the default beams can also be associated to allow UE to determine when to switch from one default beam to another during the duration of multiple PDSCH transmission


Beam update for consecutive CG and DG PUSCH transmissions

One more issue that can happen is when a UE may need to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, and the CG-PUSCH transmissions and dynamically scheduled PUSCH transmissions may be indicated to use different UL Tx beams. For example, as shown in Figure 3, a UE is scheduled to transmit a PUSCH transmission by an UL grant following a CG-PUSCH transmission. In this case, beam 0 is indicated to the UE by higher layer signaling for CG-PUSCH transmission and then, beam 1 is indicated to the UE by UL grant for dynamically scheduled PUSCH transmission. There may not be sufficient gap for switching UL Tx beam from beam 0 to beam 1, especially when higher SCS values such as 480kHz and 960kHz are considered. Therefore, before transmitting the set of consecutive PUSCH transmissions, it’s better for the UE to determine one common UL Tx beam to transmit all the consecutive UL CG and DG transmissions. In this example, the UE can use the beam 1 to transmit the two PUSCH transmissions because the beam 1 is indicated later and may be more suitable for the current channel condition. Above all, we propose that the UE can use the latest indicated UL Tx beam to transmit a set of consecutive UL transmissions including dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions.

Proposal 4: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions.

[image: ]
Figure 2: Example of beam update for continuous CG and DG PUSCH transmissions
Beam-management enhancements for periodic RS with LBT
Another aspect that has been discussed is how to handle periodic transmissions of beamformed RS such as P-TRS when there is LBT failure. In RAN1#104-e, following options have been discussed to handle this issue, but no agreement has been made:
· Termination of periodic RS transmission
· Aperiodic RS transmission to patch a non-transmitted periodic RS (e.g., TRS, CSI-RS, BFD-RS , and NBI-RS )
· Dynamic switching of QCL assumption of periodic RS
· Multiple RS transmission opportunities
· Multi-slot or multi-resource set RS transmission by a single DCI
· Note: Other enhancements are not precluded. 
In our view, it makes sense to either terminate the periodic RS transmission on resources where continuous LBT failures are encountered. This will not require any additional effort in terms of additional dynamic signaling. A step further would be to allow for dynamic switching of the QCL assumption (beam) for periodic RS transmission (using same resources, but different beam) where continuous LBT failures are encountered. In order to support dynamic switching of QCL assumption of periodic RS without any additional dynamical solution, on solution could be to associated the periodic RS resource with multiple QCL assumptions (multiple beams) such that the beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value. 
Proposal 5: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value

3	Conclusion 
Here we summarize the observations and proposals from the above sections:

Observation 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, for the agreed higher subcarrier spacings (numerologies) such as 960kHz, beam switching issue would appear between the contiguous transmissions (such as SSB beams) since the CP length would not be enough for beam switching, and an extra gap might be needed to prevent performance degradation.

Proposal 1: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, if higher subcarrier spacings (numerologies) are adopted for SSB, then to allow the beam switching between contiguous SSBs, a gap (for example a symbol gap or post prefix) should be supported between contiguous SSB.

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple beams (multiple TCI states with QCL type-D assumption) indication via single DCI and corresponding duration of each beam within the scheduled duration:
· FFS the number of TCI states (beams) that can be indicated for multiple PDSCH (or PUSCH) across multiple slots by single TCI codepoint in DCI

Proposal 3: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple default beams association for multiple PDSCHs scheduled by single DCI:
· PDCCH CORESET can be associated with multiple QCL assumptions (beams) that can be used to determine multiple default beams based on lowest CORESET ID
· Duration/applicability for each of the default beams can also be associated to allow UE to determine when to switch from one default beam to another during the duration of multiple PDSCH transmission

Proposal 4: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions.


Proposal 5: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value
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