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Introduction
In RAN1#104-e [1], following agreements on beam management for new SCSs were made:
	[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:
· [bookmark: _Hlk68037821]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 discuss potential issues and associated standards impacts on beam management enhancements for new SCSs in 52.6 – 71GHz.
Discussions
Timing and timeline associated with beam management
In RAN1#104-e [1], following timing and timeline associated with beam management were agreed:
· timeDurationForQCL
· beamSwitchTiming
· beamReportTiming
In Rel-15/16 NR, timing and timeline parameters associated with beam management generally decrease as subcarrier spacing increases. For example, timeDurationForQCL supports 7 symbols, 14 symbols or 28 symbols (i.e., 124.88 us, 249.76 us or 499.52 us) for 60 kHz subcarrier spacing while the parameter support 14 symbols or 28 symbols (i.e., 124.88 us or 249.76 us) for 120 kHz subcarrier spacing. In relatively lower subcarrier spacings, general decrement of timing and timeline parameters are reasonable due to relatively shorter PDCCH reception duration. However, in higher subcarrier spacings such as 480 kHz and 960 kHz, motivation to have decreased timing and timeline parameters is doubted as UE needs to decode DCI with similar DCI payload size while absolute amount of decreased PDCCH reception time is relatively smaller than lower SCSs due to smaller symbol duration. In addition, the UE in 52.6-71 GHz may require a more complex UE implementation to handle higher phase noise, higher subcarrier spacing and increased number of antenna elements/panels. Given the situation, it is preferred to maintain absolute time durations for timing and timeline parameters associated with beam management as shown in Table 1. In addition, whether to introduce reduced absolute timing and timeline parameters for higher SCSs should be carefully studied.
Observation 1: Motivation to have decreased timing and timeline parameters associated with beam management is doubted as UE needs to decode DCI with similar DCI payload size while absolute amount of decreased PDCCH reception time is relatively smaller than lower SCSs due to smaller symbol duration.
Observation 2: UE in 52.6-71 GHz may require a more complex UE implementation to handle higher phase noise, higher subcarrier spacing and increased number of antenna elements/panels.
Proposal 1: Maintain absolute time durations of timing and timeline associated parameter values in FR2 with 120 kHz SCS for timing and timeline parameter values for NR in 52.6 – 71 GHz.

Table 1 Proposed candidate values for timeDurationForQCL, beamSwitchTiming and beamReportTiming
	Parameter
	Subcarrier spacing
	Candidate values (symbols)

	timeDurationForQCL
	120 kHz
	14 or 28

	
	480 kHz
	56 or 112

	
	960 kHz
	112 or 224

	beamSwitchTiming
	120 kHz
	14, 28, 48, 224 or 336 

	
	480 kHz
	56, 112, 224, 448 or 1344

	
	960 kHz
	112, 224, 448, 996 or 2688 

	beamReportTiming
	120 kHz
	14, 28 or 56

	
	480 kHz
	56, 112 or 224

	
	960 kHz
	112, 224 or 448



Proposal 2: Whether to support reduced absolute time durations for timing and timeline parameters should be carefully studied.
In addition to the agreed parameters, maxNumberRxTxBeamSwitchDL and Additional beam switching time delay d were additionally discussed and agreed for further study. According to [2] and [3], maxNumberRxTxBeamSwitchDL and Additional beam switching time delay are used for following:
· maxNumberRxTxBeamSwitchDL
· Defines the number of Tx and Rx beam changes UE can perform within a slot. The UE reports one value per each subcarrier spacing supported by the UE. It is preferred to maintain the parameter and the definition in NR 52.6 – 71 GHz.
· Additional beam switching time delay d
· In Rel-15/16 NR, additional beam switching time delay d is used for aperiodic CSI-RS transmission if following conditions are satisfied:
· A triggering PDCCH and a triggered aperiodic CSI-RS are using different subcarrier spacings.
· A subcarrier spacing of the triggering PDCCH is smaller than a subcarrier spacing of the triggered aperiodic CSI-RS.
· It is expected to support cross carrier scheduling in NR 52.6 – 71 GHz as well as FR1 and FR2 considering possibly reduced coverage due to higher pathloss. For example, it is beneficial to allow a triggering DCI with 120 kHz or 480 kHz and a triggered aperiodic CSI-RS with 480 kHz or 960 kHz.
Proposal 3: It is preferred to support maxNumberRxTxBeamSwitchDL for higher 480 kHz and 960 kHz as well as 120 kHz.
Proposal 4: It is preferred to support additional beam switching time delay d for both 120 kHz and 480 kHz.
Support of multiple beams for multi-PDSCH/PUSCH scheduling
Supporting of multiple beams to have better reliability has been discussed from the beginning of NR. For single-TRP based transmission, the conclusion of the discussion was not to support multi-beam transmission due to lack of performance gain. For NR in 52.6 – 71 GHz, the performance gain is expected to be lower than Rel-15 considering relatively shorter slot duration and required beam switching time. Especially for 960 kHz subcarrier spacing, the performance gain may be even lower than 480 kHz as UE needs a beam switching time gap between PDSCHs due to short CP duration. 
Observation 3: For single-TRP in NR 52.6 – 71 GHz, introduction of multi-beam based transmission for multi-PDSCH scheduling does not provide performance gain considering beam switching gaps and short slot durations for higher SCSs.
For multi-TRP based transmission, the performance gain may be relatively better if UE supports multiple reception beams based on multiple UE panels without beam switching time. However, the performance gain is still doubted considering the shorter slot duration and should be carefully evaluated.
Observation 4: Performance gain from multi-TRP based multi-beam transmission should be carefully evaluated. 
In order to support a single beam operation for multi-PDSCH/PUSCH scheduling, following solutions are suggested based on the identified cases in RAN1#104-e [1]:
· All of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 
· According to Rel-15/16 beam determination, the beam for each scheduled PDSCH may be different as the beam is based on the latest CORESET beam with lowest CORESET ID. In order to prevent beam changes in the middle of the scheduled PDSCHs. It is preferred to use the determined beam of the firstly scheduled PDSCH for all of the scheduled PDSCHs.
· Some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· In addition to the different beams due to latest CORESET, the beam indicated by a TCI state in the scheduled DCI should be used for the some PDSCHs having scheduling offset equal to or greater than timeDurationForQCL. In order to prevent beam changes in the middle of the scheduled PDSCHs. It is preferred to use the determined beam of the firstly scheduled PDSCH regardless of timeDurationForQCL.
· Whether to indicate a separate TCI state for each scheduled PDSCH
· As discussed in the above, it is preferred to support a single beam indication for all of the scheduled PDSCHs. Given that, single TCI state indication via a DCI should be supported for multi-PDSCH scheduling and the indicated TCI state can be applied to the all of the scheduled PDSCHs.
· Whether to indicate a separate SRI for each scheduled PUSCH
· As well as multi-PDSCH scheduling, single SRI indication via a DCI should be supported for multi-PUSCH scheduling and the indicated SRI can be applied to all of the scheduled PUSCHs.
Proposal 5: When all or some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, apply a beam of the firstly scheduled PDSCH for all of the scheduled PDSCHs.
Proposal 6: Support single beam indication (i.e., single TCI state/SRI indication) for multi-PDSCH/PUSCH scheduling.
Support of RS transmission for shared spectrum operation
In 52.6 – 71 GHz, channel access mechanisms may have some impacts on beam management and other CSI generation. For example, periodic and semi-static reference signals may need some enhancements to cope with LBT failure. For the enhancements, following aspects should be considered:
· Periodic TRS
· UE achieves robust time/frequency tracking based on measuring SSBs and fine time/frequency tracking based on periodic TRSs (and possibly associated aperiodic TRSs). When channel is occupied (e.g., LBT is failed), gNB may not transmit the periodic TRSs and the UE may not identify the absence of the periodic TRSs. Incorrect measurement based on the periodic TRSs, which are not transmitted, may provide incorrect time/frequency tracking and performance degradation especially for high MCSs.
· Beam failure recovery
· UE supports beam failure recovery by monitoring periodic RSs and selecting candidate RSs for the recovery. As well as periodic TRS, when channel is occupied, gNB may not transmit periodic RSs and the UE may not identify the absence of the periodic RSs. Due to the absence, measured hypothetical PDCCH BLER and RSRP may provide incorrect beam failure detection and new beam selection. 
· Beam/CSI reporting based on periodic CSI-RS and semi-persistent CSI-RS
· As well as fine time/frequency tracking and beam failure recovery, beam and CSI may be corrupted due to the absence of the periodic CSI-RSs. In addition, semi-persistent CSI-RSs should be considered as the gNB is not able to activate/deactivate semi-persistent CSI-RS resource sets based on channel assessment results. 

Observation 5: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.
Proposal 7: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures 
One possible way to patch non-transmitted periodic/semi-persistent RSs would be supporting candidate RS resources for periodic/semi-persistent RSs. For example, the UE may be configured with candidate RS resources in addition to the periodic/semi-persistent RSs. As shown in Figure 1, the UE can utilize candidate RSs when the periodic/semi-persistent RSs are not transmitted due to LBT failure. In addition, gNB indication for pre-emption of not transmitted periodic/semi-persistent RSs should be considered to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI. 

Figure 1 Example operation of candidate RS based on LBT failure
[image: ]
Proposal 8: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 9: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.
Support of efficient beam management due to narrower beam widths
In 52.6 – 71GHz, it is well known fact that pathloss increases as carrier frequency increases [4]. In order to compensate the increased pathloss, utilization of narrower beam than FR2 is expected. If we apply the existing beam management mechanism with the same number of beams for beam management (e.g., for configuration and activation/deactivation), more frequent RRC reconfiguration for candidate beams, MAC CE signaling to indicate/activate/deactivate new beams are expected. The increased signaling overheads and latencies will lead to inefficient system operation and corresponding performance degradation of NR in 52.6 – 71 GHz. In this regard, essential enhancements for beam management should be considered for 52.6 – 71 GHz e.g., increase of maximum number of CSI-RS resources and configured/activated TCI states.
Observation 6: In order to compensate increased pathloss and maintain cell coverages in 52.6 – 71 GHz, utilization of narrower beam than FR2 is expected.
Observation 7: If the existing beam management mechanism is applied with the same number of beams, more frequent RRC reconfiguration and MAC CE signaling are expected.
Observation 8: Increased signaling overheads and latencies will lead to inefficient system operation and corresponding performance degradation of NR in 52.6 – 71 GHz.
Proposal 10: Essential enhancements should be considered for beam management in 52.6 – 71 GHz e.g., increased maximum number of CSI-RS resources and configured/activated TCI states.
As well as beam measurements and beam indications, enhanced BFR operation should be considered for 52.6 – 71 GHz. Existing BFR operation allows up to 10 monitoring RSs and 16 candidate RSs for beam failure detection and new beam selection. If beamwidth in the higher frequencies reduces N times, then the maximum number of monitoring RSs should be increased to N times to have identical coverage in both horizontal and vertical domains. In addition, efficient utilization of the monitoring RSs can be considered as the simple extension of the monitoring RSs reduces efficiency of the BFR operation. 
Narrower beamwidth in 52.6 – 71 GHz may reduce reliability of an analog beam. The reduced reliability may reduce benefits of BFR operation in 52.6 – 71 GHz as existing BFR operation detects beam failure only when all monitoring beams fail. While FR2 operation dynamically recovers the beam failure based on relatively wider beam width, UE in higher frequencies may experience out of coverage when all monitoring beams fail. For better reliability, partial beam failure detection can be considered for higher frequencies. 
Observation 9: Due to the narrower beamwidth in 52.6 – 71 GHz, UE may not successfully recover dynamic blockage based on the existing BFR operation.
Proposal 11: Enhanced BFR operation to provide better reliability and efficiency should be considered for higher frequencies.
Proposal 12: Support partial BFR to achieve better reliability in 52.6 – 71 GHz. 
Summary
In this contribution, we discussed the issues for beam management enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observations and proposals: 
Observation 1: Motivation to have decreased timing and timeline parameters associated with beam management is doubted as UE needs to decode DCI with similar DCI payload size while absolute amount of decreased PDCCH reception time is relatively smaller than lower SCSs due to smaller symbol duration.
Observation 2: UE in 52.6-71 GHz may require a more complex UE implementation to handle higher phase noise, higher subcarrier spacing and increased number of antenna elements/panels.
Observation 3: For single-TRP in NR 52.6 – 71 GHz, introduction of multi-beam based transmission for multi-PDSCH scheduling does not provide performance gain considering beam switching gaps and short slot durations for higher SCSs.
Observation 4: Performance gain from multi-TRP based multi-beam transmission should be carefully evaluated. 
Observation 5: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.
Observation 6: In order to compensate increased pathloss and maintain cell coverages in 52.6 – 71 GHz, utilization of narrower beam than FR2 is expected.
Observation 7: If the existing beam management mechanism is applied with the same number of beams, more frequent RRC reconfiguration and MAC CE signaling are expected.
Observation 8: Increased signaling overheads and latencies will lead to inefficient system operation and corresponding performance degradation of NR in 52.6 – 71 GHz.
Observation 9: Due to the narrower beamwidth in 52.6 – 71 GHz, UE may not successfully recover dynamic blockage based on the existing BFR operation.
Proposal 1: Maintain absolute time durations of timing and timeline associated parameter values in FR2 with 120 kHz SCS for timing and timeline parameter values for NR in 52.6 – 71 GHz.
Proposal 2: Whether to support reduced absolute time durations for timing and timeline parameters should be carefully studied.
Proposal 3: It is preferred to support maxNumberRxTxBeamSwitchDL for higher 480 kHz and 960 kHz as well as 120 kHz.
Proposal 4: It is preferred to support additional beam switching time delay d for both 120 kHz and 480 kHz.
Proposal 5: When all or some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, apply a beam of the firstly scheduled PDSCH for all of the scheduled PDSCHs.
Proposal 6: Support single beam indication (i.e., single TCI state/SRI indication) for multi-PDSCH/PUSCH scheduling.
Proposal 7: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures 
Proposal 8: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 9: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.
Proposal 10: Essential enhancements should be considered for beam management in 52.6 – 71 GHz e.g., increased maximum number of CSI-RS resources and configured/activated TCI states.
Proposal 11: Enhanced BFR operation to provide better reliability and efficiency should be considered for higher frequencies.
Proposal 12: Support partial BFR to achieve better reliability in 52.6 – 71 GHz. 
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