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Introduction
In RANP#90e, the WID of from 52.6GHz to 71GHz frequency has been established in [1] and the potential beam management enhancement was captured as below under RAN1’s working scope
	According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Physical layer aspects including [RAN1]:
· 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


Moreover, during previous RAN1 e-meeting(s), an agreement on beam management was achieved as well
	Agreement:
Consider at least the following aspects in system operations with beams 
· Study of BFR mechanism enhancements, if supported
· e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth
· Study of UE capabilities on beam switch timing in beam management procedure
· Study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:
· beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported)
· Study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported


In this contribution, we would like to present our view on beam management enhancement for NR operating in the frequency band of 52.6-71GHz.
Beam management enhancement
During RANP#90e, companies noticed that there is ongoing enhancement for multi-beam operation under Rel.17 FeMIMO and discussed on which release i.e. Rel.15/16 or Rel.17 of beam management should be the baseline of Rel.17 beam management enhancement for above 52.6GHz. Fortunately, in RAN1#104e, it was agreed that both Rel.15/16 and Rel.17 can be considered as baseline for 52.6-71GHz. Since Rel.17 FeMIMO is now an ongoing topic, which feature(s) will be finally specified is not fixed yet. Therefore, more discussion will be needed to check whether such features specified in Rel.17 FeMIMO beam management are applicable to the frequency band of 52.6-71GHz. 
Beam failure recovery based on aperiodic CSI-RS
In Rel.15 and 16, the procedures of SpCell and SCell BFR were specified based on different mechanisms respectively. Particularly, the DL RS in set q0 (for beam failure detection, BFD) and the DL RS in set q1 (for new candidate beam determination, CBD) have been specified as periodic RS, i.e. SSB or periodic CSI-RS. With such restrictive RS settings, UE could periodically measure and evaluate the link quality and determine whether to send beam failure recovery request (BFRQ) to NW when all monitored links fail in the metric of PDCCH hypothetical BLER. 
However, when operating at unlicensed spectrum, NW may not be allowed to transmit periodic BFR RS (including both BFD RS and CBD RS) for every periodic occasion, due to channel access mechanism, e.g. LBT failure if any. In such a case, UE would have no chance to measure the DL quality associated with the monitored CORESET(s) in a timely manner and thus may not be able to measure the quality of CBD RS neither. Without indicated COT, the UE might do nothing for DL reception during a period when beam failure may happen. 
For more details, we depict the scenario of Rel.15/16 BFD in Figure 1. Specifically, a UE could only measure periodic RS, e.g. CSI-RS for BFD and/or CBD, when there is indicated COT from NW. If there is no COT covering the 2nd P-CSI-RS, the UE knows the situation that NW cannot transmit periodic CSI-RS due to LBT failure or any other issue, but anyway it misses an occasion to measure the P-CSI-RS for DL quality assessment. 
Observation 1 : Depending on periodic BFD RS and CBD RS, UE would not be able to evaluate DL quality at the periodic occasion(s), due to no indicated COT.
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Figure 1 [bookmark: _Ref61514731]: Illustration of BFD and CBD by using both periodic and aperiodic CSI-RS
To address such issue, only simple standard effort is needed that aperiodic CSI-RS dynamically triggered by NW could be considered as a supplementary tool for BFR. For instance, when NW finds no COT to send periodic BFR RS or CBD RS on a periodic occasion, it may find the next available COT to trigger aperiodic CSI-RS for UE to carry out DL measurement. Note that the aperiodic CSI-RS triggered by DCI should have the same QCL-TypeD with the DMRS of the monitored CORESET. To evaluate the performance of beam pair link(s), the UE needs to merge the result of periodic BFR measurement with that of aperiodic BFR measurement, if aperiodic CSI-RS is dynamically triggered. Hence, we have 
Proposal 1 : Support aperiodic CSI-RS for beam failure detection (BFD) and candidate beam determination (CBD) at least for unlicensed band operation.
UE capability on beam-related timing
In Rel.15/16, when receiving a DL DCI, UE needs certain number of OFDM symbols to prepare dynamically indicated operation. To facilitate scheduling from NW, UE has to report capabilities on beam-related timing. Specifically (listed below, but not exclusive), including UE capabilities on the minimum gap between scheduling DCI and its scheduled PDSCH, the minimum gap between triggering DCI and triggered aperiodic CSI-RS, and the minimum gap between aperiodic CSI-RS and corresponding reporting which denoted as 	timeDurationForQCL, beamSwitchTiming and beamReportTiming, respectively. 
In RAN1#104e, all these three UE capabilities were discussed and agreed to be specified with new parameter values for new SCSs. From the aspect of UE processing timeline, we think at least UE should be allowed with the same time duration for new SCS as that of conventional SCS at FR2. Therefore, we modified existing value of SCS-60kHz and SCS-120kHz for SCS-480kHz and SCS-960kHz respectively. One may notice that the symbol duration of SCS-60kHz is 8 times of that of SCS-480kHz, so to keep same time duration for UE to prepare, we apply 8 times of symbols of SCS-480kHz accordingly. The same also holds for SCS-960kHz when taking the parameter values of SCS-120kHz as a benchmark.
· timeDurationForQCL
timeDurationForQCL     SEQUENCE {
    scs-480kHz         ENUMERATED {slot4, slotl8, slot16}   OPTIONAL,
    scs-960kHz         ENUMERATED {slot8, slot16}       		OPTIONAL
}                                                                                                         
· beamSwitchTiming
beamSwitchTiming     SEQUENCE {
		scs-480kHz     ENUMERATED {slot8, slot16, sym384, slot128, slot192} OPTIONAL,
		scs-960kHz     ENUMERATED {slot8, slot16, sym384, slot128, slot192} OPTIONAL
}                                                                                                              
· beamReportTiming
beamReportTiming     SEQUENCE {
   scs-480kHz   ENUMERATED {sym64, slot8, slot16}  OPTIONAL,
   scs-960kHz   ENUMERATED {slot8, slot16, slot32}  OPTIONAL
}                                                                                                            
Proposal 2 : While keeping the same time duration, extend the UE capabilities of timeDurationForQCL, beamSwitchTiming and beamReportTiming from SCS-60kHz and SCS-120kHz to SCS 480kHz and SCS 960kHz respectively.
As for another UE capability which was discussed in RAN1#104e, i.e. maxNumberRxTxBeamSwitchDL, it defines a UE capability on Tx and Rx beam switching within a slot. Clearly for the new SCS-480kHz and SCS-960kHz, the slot duration shrinks to 1/8 when compared with that of SCS-60kHz and SCS-120kHz respectively. It seems reasonable to provide new parameters values for maximum number of Tx and Rx change that a UE can support within a slot. 
The exact maximum number of Tx and Rx beam switch within a slot can be further studied and discussed in RAN1, if new parameters are agreed to be added. Taking short slot duration into account, RAN1 may need to consider new values, e.g. ‘n1’ and ‘n2’ which are highlighted in table below.
· 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.
· maxNumberRxTxBeamSwitchDL     SEQUENCE {
			scs-15kHz      ENUMERATED {n4, n7, n14}   OPTIONAL,
			scs-30kHz      ENUMERATED {n4, n7, n14}   OPTIONAL,
			scs-60kHz      ENUMERATED {n4, n7, n14}   OPTIONAL,
			scs-120kHz     ENUMERATED {n4, n7, n14}   OPTIONAL,
			scs-240kHz     ENUMERATED {n4, n7, n14}   OPTIONAL,
			scs-480kHz     ENUMERATED {n1, n2, n4, n7, n14}   OPTIONAL,
			scs-960kHz     ENUMERATED {n1, n2, n4, n7, n14}   OPTIONAL
}
Proposal 3 : Support new parameter value(s) of UE capability on maxNumberRxTxBeamSwitchDL for SCS 480kHz and SCS 960kHz respectively and these new values e.g. ‘n1’ and ‘n2’ can be FFS.
Beam management for multiple scheduled PDSCH/PUSCH
In RAN1#104e session 8.2.5, RAN1 agreed to support the function that single DCI schedules multiple PDSCH/PUSCH. Afterwards corresponding default QCL assumption and multiple beam issues were introduced and discussed in session 8.2.4 accordingly. In this section, we would like to present our views on related issues.
Multi-beam vs. single beam operation
	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


Assuming S-TRP operation, for multi-beam operation over scheduled multiple PDSCH/PUSCH, we see a few of drawback in following aspects.
UE Rx/Tx beam switch
For instance, UE Rx/Tx beam switch should be done within a CP duration, since multiple PDSCH/PUSCH are scheduled in a slot-by-slot fashion. Specifically, the CP length is only 73ns for SCS-960kHz whereas a UE may need multiple 100ns to retune its Rx beam.
Multi-beam selection
As RAN1 discussed and agreed, the intention for supporting multiple PDSCH/PUSCH is to increase throughput, but rather reliability. In other words, different TBs are transmitted in different PDSCH/PUSCH, but not the same TB. From this sense, one single best beam either in DL or UL can serve with best performance. 
As for M-TRP operation, in Rel.16, the PDSCH from two TRP can be transmitted with one TCI code point referring two TCI states (QCL-TypeD), i.e. two beams from two TRPs. We hope this kind of “multi-beam” operation can be differentiated from the multi-beam we discuss in this section. One simple solution would be each TRP applies the same beam to UE crossing all scheduled PDSCH. So, for each TRP’s view, it’s still a single beam operation for either PDSCH (specified) or PUSCH (to be specified in Rel.17 FeMIMO session). 
Finally, we failed to see any benefits to apply multiple beams for the scheduled PDSCH/PUSCH. Hence, we have
Proposal 4 : Do NOT support multi-beam operation for single-DCI scheduled multi-PDSCH/PUSCH.
Default beam operation
Since single-DCI scheduled multi-PDSCH was supported in RAN1#104e, two default beam issues raised which was captured in following agreement. To clearly illustrate the scenario, we have depicted Figure 2 and Figure 3. 
	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


In Figure 2, some PDSCH are scheduled with time gap between scheduling DCI and PDSCH smaller than timeDurationForQCL. Considering UE capability on decoding PDCCH and then preparing indicated Rx beam, the default beam should be applied at UE side, i.e. the CORESET with lowest ID in the latest slot the UE monitored. But for the other PDSCH which are scheduled later than the default beam threshold, there are two options on the table. First, it is to apply indicated Rx beam but problem is that UE has to switch Rx beam in a CP duration. It might be infeasible for some UE implementation. Hence, we have 

 
Figure 2 [bookmark: _Ref66114953]: default beam operation when some PDSCH are earlier than timeDurationForQCL whereas other PDSCH is later than the default beam threshold
Proposal 5 : For single DCI scheduled multiple PDSCH, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.

 
Figure 3 [bookmark: _Ref66114956]: default beam operation when all scheduled PDSCH are within the default beam threshold
When all scheduled PDSCH are within timeDurationForQCL, the default beam may vary from slot to slot, since a UE always has to follow the default beam from the lowest CORESET ID in most recent slot. To avoid such case, we have similar thought as
Proposal 6 : For the case when all scheduled PDSCH are within timeDurationForQCL, UE applies the same default Rx beam of the 1st PDSCH to all other PDSCH.
Aperiodic RS triggered across multiple slots
As single-DCI scheduled multiple PDSCH/PUSCH has been agreed in RAN1#104e, the DL overhead in control channel can be greatly reduced. When it comes to aperiodic CSI-RS in DL and aperiodic SRS in UL, it is a nature question whether single-DCI triggered AP-CSI-RS or AP-SRS across multiple slots are valuable or not to the newly introduced SCS. 
Let’s take the DL beam sweeping procedure via aperiodic CSI-RS as an example. As for P1/P3 DL beam sweeping procedure, a UE has to retune multiple times its Rx beams in a slot. From implementation aspects of UE Rx beam retuning, it normally costs the order of 100ns for UE to retune an analog beam in RF. Assuming AP-CSI-RS resource set with Repetition ON, a UE needs to refine its Rx beams within a slot (very short duration) multiple times. For such hash requirement, some UE implementation might be infeasible at all. Hence for SCS-480kHz or SCS-960kHz, it is better to allow more time for UE to retune its Rx beams, e.g. Rx beam change on a per slot level, rather than per symbols level. 
In Rel.15/16, multiple AP-CSI-RS can be scheduled across multiple slots. For better illustration, we capture it in Figure 4. Specifically, single DCI could only dynamically indicate one TriggerState which may contain multiple CSI-ReportConfigIDs. Each CSI-ReportConfigID at least associates with one ResourceSetting for UE to carry out DL measurement and the UE reports according to the CSI-ReportConfig. For one beam reporting instance, multiple CSI-ReportConfig are associated which seems undesirable from overhead perspective.  
[image: ]
Figure 4 [bookmark: _Ref66374492]: Rel.15/16 aperiodic CSI-RS triggering
As for UL aperiodic SRS, the SRS request field in either DCI format 0_1 or 1_1 could only trigger one SRS resource set within one slot. As for UL beam sweeping, i.e. SRS resource set configured with usage as ‘Beam Management’, please see Figure 5 where a UE needs to prepare multiple SRS resources with spatial relations within a slot. If high SCS is configured for the UL BWP, it might be infeasible for UE to carry out such UL beam sweeping.   


Figure 5 [bookmark: _Ref66375288]: Rel.15/16 aperiodic SRS triggering
Proposal 7 [bookmark: _Hlk68181041]: Study and specify if needed single DCI scheduled multiple aperiodic CSI-RS and/or aperiodic SRS across multiple slots.
Beam alignment during initial access
For the operation above 52.6 GHz, the use of narrower beams, even during initial access, would be beneficial in order to overcome extremely high propagation loss. However, the connection tends to be lost when using SSB with narrower beams, due to the change of environment or movement of the UE. In addition, enhancement to more than 64 SSBs would have a large specification impact.
Even in legacy NR, narrower beams are provided by CSI-RS. Therefore, narrower beams using CSI-RS during initial access could be considered. Figure 5 shows beam refinement using CSI-RS. At first, the CSI-RS configuration is broadcast via SIB1. From the CSI-RS configuration, the UE measures the best narrower beam among the CSI-RS set that is QCLed with the best SSB. Finally, the UE can report the best CSI-RS information in Msg3. From Msg4 transmission, the gNB can use the reported narrower beam to the UE. This would contribute to early and fine beam alignment.
[image: ]
Figure 6 [bookmark: _Ref59989317][bookmark: _Ref60067156]: Beam refinement using CSI-RS
Proposal 8 : Beam alignment during initial access procedure should be considered for NR above 52.6 GHz.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : Support aperiodic CSI-RS for beam failure detection (BFD) and candidate beam determination (CBD) at least for unlicensed band operation.
Proposal 2 : While keeping the same time duration, extend the UE capabilities of timeDurationForQCL, beamSwitchTiming and beamReportTiming from SCS-60kHz and SCS-120kHz to SCS 480kHz and SCS 960kHz respectively.
Proposal 3 : Support new parameter value(s) of UE capability on maxNumberRxTxBeamSwitchDL for SCS 480kHz and SCS 960kHz respectively and these new values e.g. ‘n1’ and ‘n2’ can be FFS.
Proposal 4 : Do NOT support multi-beam operation for single-DCI scheduled multi-PDSCH/PUSCH.
Proposal 5 : For single DCI scheduled multiple PDSCH, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.
Proposal 6 : For the case when all scheduled PDSCH are within timeDurationForQCL, UE applies the same default Rx beam of the 1st PDSCH to all other PDSCH.
Proposal 7 : Study and specify if needed single DCI scheduled multiple aperiodic CSI-RS and/or aperiodic SRS across multiple slots.
Proposal 8 : Beam alignment during initial access procedure should be considered for NR above 52.6 GHz.
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