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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. 
From the best of our knowledge, after two successful (with good progress in our view) RAN1 e-meetings, the foundation of Rel.17 multi-beam operation was built on the so-called unified TCI-state which serves DL and/or UL beam indication/updating. It seems not conflict with what we are trying to enhance for above 52.6GHz, assuming the topics in above agreement are the main targets for this sub-agenda. 
On the contrary, what we should do is to alter the group of multi-beam operation that the optional SCS 480kHz and SCS 960kHz were supported in frequency band from 52.6GHz to 71GHz when they specify the UE capability.
Observation 1 : The ongoing multi-beam operation under Rel.17 FeMIMO seems not overlapped with the beam management enhancement for 52.6-71GHz frequency band. Both agendas can be proceeded in parallel.
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 (BFRR) 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 time and 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 it in Figure 1. For Rel.15/16 BFR, a UE could only measure periodic RS, e.g. CSI-RS for BFD and/or CBD, when there is indicated COT from NW. When 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 2 : 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.
[image: ]
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 as illustrated in Figure 1. Note that the CSI-RS triggered by DCI should have the same QCL-TypeD with the DMRS of the monitored CORESET, 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 the dynamically indicated operation. To facilitate the scheduling of NW, UE has to report some 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. 
· timeDurationForQCL
· Defines the minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.
· timeDurationForQCL     SEQUENCE {
        		scs-60kHz         ENUMERATED {s7, s14, s28}   OPTIONAL,
        		scs-120kHz        ENUMERATED {s14, s28}       OPTIONAL
			}                                                                                                         
· beamSwitchTiming
· Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.
· beamSwitchTiming of value (sym224 or sym336) indicates the minimum number of required OFDM symbols between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition 'ON'
· beamSwitchTiming     SEQUENCE {
        		scs-60kHz     ENUMERATED {sym14, sym28, sym48, sym224, sym336} OPTIONAL,
        		scs-120kHz    ENUMERATED {sym14, sym28, sym48, sym224, sym336} OPTIONAL
			}                                                                                                              
· beamReportTiming
· Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
· beamReportTiming     SEQUENCE {
        		scs-15kHz   ENUMERATED {sym2, sym4, sym8}  OPTIONAL,
        		scs-30kHz   ENUMERATED {sym4, sym8, sym14, sym28}  OPTIONAL,
        		scs-60kHz   ENUMERATED {sym8, sym14, sym28}  OPTIONAL,
        		scs-120kHz  ENUMERATED {sym14, sym28, sym56}  OPTIONAL
			}                                                                                                            
One may also notice that these UE capabilities could be applied up to SCS 120kHz at FR2. But as for the frequency band between 52.6GHz and 71GHz, the SCS 480kHz and SCS 960kHz are now optionally supported. There is a lack of UE capability support for these new SCSs. Hence, we have the following observation and proposal.
Observation 3 : The UE capability of timeDurationForQCL, beamSwitchTiming and beamReportTiming defined in Rel.15/16 could be only applied up to SCS 120kHz at FR2.
Proposal 2 : RAN1 evaluates and extends (if necessary) the UE capability of timeDurationForQCL, beamSwitchTiming and beamReportTiming from SCS 120kHz at FR2 to SCS 480kHz and SCS 960kHz for 52.6GHz to 71GHz frequency band.
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 2 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 2 [bookmark: _Ref59989317][bookmark: _Ref60067156]: Beam refinement using CSI-RS
Proposal 3 : 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 : RAN1 evaluates and extends (if necessary) the UE capability of timeDurationForQCL, beamSwitchTiming and beamReportTiming from SCS 120kHz at FR2 to SCS 480kHz and SCS 960kHz for  52.6GHz to 71GHz frequency band.
Proposal 3 : Beam alignment during initial access procedure should be considered for NR above 52.6 GHz.
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