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1. Introduction
[bookmark: _Hlk54343086]he following agreements have been achieved for beam management for new SCSs in RAN1 #104-e.  
	[bookmark: _Hlk63407815]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



[bookmark: _Hlk525732985]
2. Beam Switch Related Issues
[bookmark: _Hlk61343253]In RAN1 #104e, multiple beam switch related parameters have been agreed to extend to new SCSs. For the corresponding UE capability, we support to at least include candidate values by proportionally scaling the values for 120 KHz SCS relative to the new SCS. For example, the candidate value for timeDurationForQCL should include 8 slots for SCS=480 kHz and 16 slots for SCS=960 kHz, corresponding to the 2 slots for SCS=120 kHz in R15. 
[bookmark: p1]Proposal 1: For UE capability on the following parameters per new SCS, consider as baseline to use values proportionally scaled by  from values for 120kHz SCS
· timeDurationForQCL, beamSwitchTiming, beamReportTiming, maxNumberRxTxBeamSwitchDL. 

In addition to UE capability related to beam switch action, the minimum required interval on executing consecutive beam switch commands should also be considered. This is limited by UE’s beam switch command processing capability. Therefore, a minimum interval between starts of two consecutive beam switches needs to be introduced, and the value can be fixed or up to UE capability.
[bookmark: p2]Proposal 2: Introduce a minimum interval between start of two consecutive beam switches.
· The value can be X symbols per SCS and can be UE capability. 

On whether to introduce a beam switching gap between signals/channels, we believe it is needed at least for 480 and 960 kHz SCSs. In addition, it would be beneficial to clarify the beam switch scenarios for gNB to appropriately configure the time gap to account for the beam switch execution latency. As a starting point, the time gap is needed at least between different SSBs, which may be received by different UE refined beams, and between CSI-RS resources for UE Rx beam refinement. 
[bookmark: p3]Proposal 3: Introduce explicit beam switch gaps at least in the following scenarios for 480 and 960 KHz SCSs.
· Between different SSBs.
· Between CSI-RS resources in a resource set with higher layer parameter Repetition configured as ON.
3. Beam Management Enhancement
As concluded in RAN1 #104e, the default PDSCH QCL assumption should be studied for single DCI scheduling multiple PDSCHs. 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. As for the detailed option, for the best flexibility, the default PDSCH beam can be decoupled from any CORESET beam and can be dynamically updated via MAC-CE or DCI. Therefore, wide beam can still be used for CORESET for reliability, while narrow beam can be applied to default PDSCH beam to maximize SNR. 
[bookmark: _Hlk68266106][bookmark: p4]Proposal 4: Support dedicated configuration of default PDSCH beam for better optimization flexibility.
· gNB can dynamically update the default PDSCH beam via MAC-CE.

Another open issue for multi-PDSCH/PUSCH scheduled by a single DCI is whether it is needed to indicate a separate beam indication per scheduled PDSCH/PUSCH. To reduce scheduling overhead/latency, multiple TBs with different reliability requirement can be scheduled by the same DCI. In this case, applying different beam indications to different PDSCHs/PUSCHs could be beneficial. For example, single beam and multiple beams can be applied to PDSCHs/PUSCHs carrying eMBB and URLLC traffic, respectively. 
[bookmark: p5]Proposal 5: For single DCI scheduling multiple PDSCH/PUSCH, the indicated TCI(s)/SRI(s) can be different across PDSCHs/PUSCHs with different reliability requirements.
· PDSCH(s)/PUSCH(s) requiring high reliability can be transmitted via multiple TCIs/SRIs, e.g. SDM/FDM based mTRP schemes.

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.
[bookmark: p6]Proposal 6: Support partial BFR for single TRP.

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.
[bookmark: p7]Proposal 7: 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. 
[bookmark: p8]Proposal 8: Support dynamic beam update of periodic channel/RS.

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. 
[bookmark: p9]Proposal 9: Investigate sub-band based beam report.

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: p10]Proposal 10: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.
4. Conclusion
In this contribution we discussed enhancements for Rel-17 beam management for higher band. Below are the proposals:
Proposal 1: For UE capability on the following parameters per new SCS, consider as baseline to use values proportionally scaled by  from values for 120kHz SCS
· timeDurationForQCL, beamSwitchTiming, beamReportTiming, maxNumberRxTxBeamSwitchDL. 
Proposal 2: Introduce a minimum interval between start of two consecutive beam switches.
· The value can be X symbols per SCS and can be UE capability. 
Proposal 3: Introduce explicit beam switch gaps at least in the following scenarios for 480 and 960 KHz SCSs.
· Between different SSBs.
· Between CSI-RS resources in a resource set with higher layer parameter Repetition configured as ON.
Proposal 4: Support dedicated configuration of default PDSCH beam for better optimization flexibility.
· gNB can dynamically update the default PDSCH beam via MAC-CE.
Proposal 5: For single DCI scheduling multiple PDSCH/PUSCH, the indicated TCI(s)/SRI(s) can be different across PDSCHs/PUSCHs with different reliability requirements.
· PDSCH(s)/PUSCH(s) requiring high reliability can be transmitted via multiple TCIs/SRIs, e.g. SDM/FDM based mTRP schemes.
Proposal 6: Support partial BFR for single TRP.
Proposal 7: Support UE report of recommended SSB in Msg3/A in initial access.
Proposal 8: Support dynamic beam update of periodic channel/RS.
Proposal 9: Investigate sub-band based beam report.
Proposal 10: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.
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