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1. Introduction
[bookmark: _Hlk54343086]The following RAN1 related items are described in [1].
	· 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
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· 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.
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 


[bookmark: _Hlk525732985]
2. Beam Switch Related Issues
[bookmark: _Hlk61343253]In R15, UE capability on minimum beam switch scheduling offset has been specified for PDSCH and A-CSI-RS via timeDurationForQCL and beamSwitchTiming, respectively. The capability has been specified for both 120 and 60 kHz SCSs. It is necessary to extend the capability to new SCSs.
Proposal 1: UE capability on beam switch related scheduling offset should be specified per new SCS, including timeDurationForQCL and beamSwitchTiming.
Another issue is the beam switch execution latency, which is the minimum required time for UE to switch from the previous beam to the new beam. In R15, the beam switch execution latency is small compared with the CP for both 120 and 60 kHz SCSs and, therefore, it can be absorbed into the CP. However, the beam switch execution latency could be comparable to the CP for higher SCS, e.g. 960 kHz SCS. In this case, certain time gap should be reserved during a beam switch, and UE capability on beam switch latency per new SCS would be beneficial to be introduced for gNB to optimize this time gap for different UEs. 
Proposal 2: UE capability on beam switch execution latency should be introduced per new SCS for required time gap between previous and new beams.
In R15, UE capability on maximum total beam switch number per slot has been specified for both 120 and 60 kHz SCSs. The beam switch could happen more frequently for higher SCS and, hence, same capability should be extended to new SCSs. 
Proposal 3: UE capability on beam switch count should be specified per new SCS.
After switching to a new beam, a minimum beam dwelling time may be preferred by certain UEs before the next beam switch. Therefore, a new UE capability can be introduced for this, where the minimum beam dwelling time can be defined as the required duration from the beginning of using a new beam to the start of the next beam switch.
Proposal 4: UE capability on minimum beam dwelling time should be introduced per new SCS. 
Another important aspect is the definition of beam switch, which is not clarified in R15 UE capability on beam switch count. For higher SCS, the issue may become more critical due to the much shorter symbol duration. If it is not clarified, both gNB and UE may have significant misalignment on the counted beam switch number. More importantly, gNB may incorrectly configure the time gap to account for the beam switch execution latency. Therefore, it would be beneficial to clarify the beam switch definition, e.g. how to count beam switches across different SSBs, CSI-RS resources with Repetition ON, DL/UL channel switch with both channels sharing the same joint DL/UL common beam introduced in R17, etc.
Proposal 5: Clarify beam switch definition/scenario. Time gap should be inserted to where beam switch happens with duration satisfying UE capability.
3. Beam Management Enhancement
In case of higher bandwidth due to larger SCS, it could be more efficient to FDM multiple UEs with small amount of data per UE on different subbands. In this case, gNB can configure UE to report L1 metrics, e.g. L1-SINR, of best beam per subband, which may vary across subbands due to different channel/interference. With the subband based beam report, gNB can determine appropriate subband and beam per FDMed UE. With the selected subband and beam, corresponding spatial layers and precoding matrix can be further determined via existing CSI report framework. Therefore, it would be beneficial to investigate the subband based beam report, which may lead to more efficient utilization of the higher bandwidth. 
Proposal 6: Investigate sub-band based beam report.
In R15, the default PDSCH beam is defined as the beam for the lowest CORESET ID in latest monitored slot. Therefore, it may change across slots in case of different CORESET beams. For higher SCS, there could be more slots in the duration of timeDurationForQCL. Based on the R15 rule, the multiple slots scheduled by the same DCI in the duration of timeDurationForQCL can have different beams, which may not be optimized for the PDSCH reception, where a refined narrow beam across those slots may be more desirable to maximize the SNR. Therefore, it would be beneficial to support the option for default beam to be invariant across slots to maximize average SNR across slots, which is more critical to higher frequency. A simple modification is to revise the default beam rule as the beam for a particular TCI state or a CORESET.
[bookmark: _Hlk61454239]Proposal 7: Support default PDSCH beam invariant across slots to improve multi-slot reception for new SCSs.
In R16, the maximum number of configured TCI states is 128 per BWP. For higher frequency, narrower beams are expected to be used to compensate for the larger pathloss and, therefore, the total beam number could be much more than that in current FR2. However, simply increasing the maximum number of configured TCI states may not be desirable at UE due to cost/complexity considerations. One way to support the larger total beam number without increasing the configured TCI state number is to configure TCI states only for those potentially used beams, e.g. based on UE location. For example, if UE observes that SSB #5 is the strongest SSB, all TCI states can be configured only for the beams around SSB #5. However, the RRC reconfiguration latency may have more impact for higher SCS due to shorter slot durations. To reduce the reconfiguration latency, the contents of a TCI state including any QCL source RS ID, e.g. both QCL-TypeA/D RS IDs, as well as corresponding BWP/CC ID can be dynamically updated.
[bookmark: _Hlk61454248]Proposal 8: The contents of configured TCI states can be dynamically updated.
· [bookmark: _GoBack]The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.
In R16, UE can report a new beam in Msg3 of RACH initiated for SCell BFR when UE is in connected mode. Similar concept of reporting a better beam in Msg3 can be extended to RACH initiated for initial access. One use case is that UE may find a better SSB before transmitting Msg3 than the one selected for Msg1. In this case, UE can report the better SSB in Msg3, which can be used for the following RRC messages and hence reduce the initial access latency with improved beam quality. Otherwise, UE may only be able to report a better beam after RRC connection setup is finished. Another use case is when LBT is needed for transmissions. Due to LBT failure, UE may not be able to transmit Msg1 on the best SSB. In this case, UE can first transmit Msg1 on a non-best SSB and then report the best SSB in Msg3 to improve the beam quality for the following messages.
Proposal 9: Support UE report of recommended SSB in Msg3/A in initial access.
In R15/16, the beam of periodic channel/RS can only be updated by RRC reconfiguration. However, the reconfiguration latency may have larger impact on higher SCS due to the shorter slot duration. In addition, the beam of periodic channel/RS may need to be updated more frequently because the narrower beams are more likely to be blocked. Therefore, it would be beneficial to support dynamic beam update for periodic channel/RS, including periodic PUCCH/CSI-RS/SRS resources. 
Proposal 10: Support dynamic beam update of periodic channel/RS.
In case of higher frequency, narrower beams may typically be used to compensate for the larger pathloss. One potential issue is that the full beam failure may happen more frequently because the narrower beams are more likely to be blocked, i.e. all monitored control beams may fail with higher probability. In presence of full beam failure, UE may need to initiate RACH to recover the beam pair link. To minimize the chance of the lengthy full beam failure recovery, partial beam failure recovery can be considered at least for single TRP operation. In this case, UE will report individual control beam failure, which can be fixed quickly to avoid entering the full recovery.
Proposal 11: Support partial BFR for single TRP.
4. Conclusion
In this contribution we discussed enhancements for Rel-17 beam management for higher band. Below are the observations and proposals
Proposal 1: UE capability on beam switch related scheduling offset should be specified per new SCS, including timeDurationForQCL and beamSwitchTiming.
Proposal 2: UE capability on beam switch execution latency should be introduced per new SCS for required time gap between previous and new beams.
Proposal 3: UE capability on beam switch count should be specified per new SCS.
Proposal 4: UE capability on minimum beam dwelling time should be introduced per new SCS. 
Proposal 5: Clarify beam switch definition/scenario. Time gap should be inserted to where beam switch happens with duration satisfying UE capability.
Proposal 6: Investigate sub-band based beam report.
Proposal 7: Support default PDSCH beam invariant across slots to facilitate cross-slot combining for new SCSs.
Proposal 8: The contents of configured TCI states can be dynamically updated.
Proposal 9: Support UE report of recommended SSB in Msg3/A in initial access.
Proposal 10: Support dynamic beam update of periodic channel/RS.
Proposal 11: Support partial BFR for single TRP.
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