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1 Introduction
The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN#90-e meeting [1]. Objects of WI are listed as following:
	· Physical layer aspects including [RAN1]:
· In addition to 120 kHz SCS, specify new SCS, 480 kHz and 960 kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480 kHz and 960 kHz, e.g., BWP and beam switching timing, 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 120 kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240 kHz, 480 kHz, 960 kHz) for SSB, and additional SCS (480 kHz, 960 kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480 kHz, 960 kHz) 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
· 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.
· 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 120 kHz SCS, 480 kHz SCS and/or 960 kHz SCS, as well as DMRS enhancement for 480 kHz SCS and/or 960 kHz SCS.


In this document, we focus on the issues of beam management from 52.6GHz to 71GHz for new SCSs, which includes BFR mechanism enhancements, beam switching related parameters in beam management procedure and beam switching gap handling for signals/channels, multiple beam indications for multi-PUSCH/PDSCH scheduling and enhancements to beam management for random access procedure.
2 Discussion
2.1 Study of Beam Management and BFR mechanism enhancements
· Aperiodic CSI-RS for Beam Management and BFR
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In Rel-16 BFR mechanism, UE measures periodic CSI-RS and SSB for beam failure detection and candidate beam selection. If the LBT mechanism is introduced for NR operation in unlicensed spectrum, gNB may fail to transmit periodic CSI-RS due to the LBT failure. If gNB did not transmit periodic CSI-RS, the RSRP of the beam measured by UE is likely to be lower than the threshold, and the beam would be regarded as not available to UE. If the gNB fails to transmit the periodic CSI-RS for multiple beams for a period of time due to LBT failure, all the measurement results on candidate beams may be below the threshold. UE will immediately trigger a beam failure event and indicate to higher layer. UE can be configured to trigger the beam failure recovery procedure when the beam failure instance indication has been received from lower layers for one or two times. In this case, the UE will enter a wrong beam failure recovery procedure which leads to radio resources waste and transmission delay. If the UE knows the LBT failure caused by the miss detection of the non-transmitted periodic CSI-RS, UE can disable the triggering of the beam failure instance. UE cannot detect no CSI-RS transmission from LBT failure or beam misalignment unless UE performs energy detection of CSI-RS transmission at every instance. 
On the other hand, the gNB has full knowledge of no CSI-RS transmission because of LBT failure. gNB could trigger the transmission of aperiodic CSI-RS and indicate to the UE at the next available instance. UE could use the A-CSI-RS to make up the measurement for beam management and perform DL/UL beam correspondence due to LBT failure of periodic CSI-RS transmission. 
Observation 1: When UE cannot measure the periodic CSI-RS at the scheduled transmission instance for beam management due to LBT failure, gNB could transmit aperiodic CSI-RS as the alternative measurement.   
Proposal 1: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with minimized specification impact. 

· Increased number of RSs
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]The maximum number of SSBs supported by a cell is 64 for FR2 or frequency range above 7 GHz.  The maximum number of RSs configured for beam management is 10. From [1], up to 64 SSB beams for licensed and unlicensed spectrum are supported for NR operation in 52.6GHz to 71GHz. The propagation loss would be much higher when NR operates in 52.6 GHz to 71 GHz. In order to accommodate the propagation loss in high frequency band, the beam width would be formed to sharply narrow. When the beam width becomes narrower, the coverage area of each beam would be smaller. The number of beams monitored and maintained/managed by UE needs to be increased to support UE mobility between beams. The beam management and CSI-RS configuration for beam management need to be enhanced for NR operation with narrower beam in 52.6 to 71 GHz. Furthermore, the number of bits in the TCI (transmission configuration indication) field in DCI for beam indication may need to be increased. The beam management frame work should be reused for NR operation in 52.6 to 71 GHz.  
Proposal 2: The beam management frame work should be reused for NR operation in 52.6-71 GHz.  

2.2 Beam switching related parameters
	Agreement:
For maxNumberRxTxBeamSwitchDL,
· Support at least 2 and 4 as candidate values for 480 kHz
· FFS: 7
· [bookmark: OLE_LINK14][bookmark: OLE_LINK17]Support at least 2 as a candidate value for 960 kHz
· FFS: Support for additional candidate value(s) including 4
Agreement:
For maxNumberRxTxBeamSwitchDL,
· For 480 kHz, support 7 as a candidate value for 480 kHz in addition to the agreed candidate values 2 and 4
· For 960 kHz, support one of the following alternatives
· Alt-1: Support 1, 4 and [7] as candidate values for 960 kHz in addition to the agreed candidate values 2
· Alt-2: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2
· No additional candidate values are supported
[bookmark: _Hlk80957802]Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS
Agreement:
· For additional beam switching time delay d of 120 kHz, support one of the following alternatives
· Alt-1: 14 symbols
· Alt-2: 28 symbols
· FFS: value for 480 kHz




According to the agreement in RAN1#106-e, beam switching related parameters may consider the following aspects:
· maxNumberRxTxBeamSwitchDL
The parameter 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 subcarrier spacing supported by the UE. When SCS is 480 kHz or 960 kHz, the duration of each OFDM symbol would be shorter which may not be reasonable for UE to perform beam switching as much as 14 times within a slot, Moreover, the minimum available value can be smaller in order to limit the times of beam switching indicated by the gNB within a slot. The value in specification (TS 38.331) can be updated as below:  
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,                          
[bookmark: OLE_LINK3][bookmark: OLE_LINK13]		scs-480kHz     				ENUMERATED { n2, n4, n7 }  				OPTIONAL,
		scs-960kHz     				ENUMERATED { n1, n2, n4 }     			OPTIONAL
	}
Observation 2: When SCS is 480 kHz or 960 kHz, the duration of each OFDM symbol would be shorter. UE may not support beam switching as much as 14 times within a slot.
[bookmark: OLE_LINK18][bookmark: OLE_LINK21]Based on the max candidate value 14 for 240 kHz, the candidate value 7 for 480 kHz and the candidate value 4 for 960 kHz should be supported. Based on the min candidate value 4 for 240 kHz, the candidate value 2 for 480 kHz and the candidate value 1 for 960 kHz can be supported.
Proposal 3: For SCS 480/960 kHz, the candidate value of maxNumberRxTxBeamSwitchDL can be {2, 4, 7} and {1, 2, 4} respectively.
· timeDurationForQCL
When UE receives a DCI for switching the beam for PDSCH reception and processing the PDSCH, the higher layer parameter timeDurationForQCL is the minimum number of OFDM symbols the UE needs to perform PDCCH reception and applying TCI information received in DCI for PDSCH processing. If the time offset K0 between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold timeDurationForQCL , the UE may assume that the DM-RS ports of PDSCH of a serving cell are QCL’d (quasi co-located) with the RS(s) used for channel tracking with the same TCI state. If the offset value K0 between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE[2].
When larger SCSs are used for PDSCH/PUSCH, the symbol duration will be shorter. In order to ensure the UE to have sufficient time for PDCCH processing, the number of symbols required for maintaining same QCL should increase in proportion to the SCS since the same absolute time interval is needed for different SCSs. The maximum value of timeDurationForQCL for 480 kHz and 960 kHz SCS can be the multiple of existing SCS, e.g. 56 symbols. 
The value in specification (TS 38.331) can be updated as below:
timeDurationForQCL         SEQUENCE {
        scs-60kHz             ENUMERATED {s7, s14, s28}        				OPTIONAL,                                    
        scs-120kHz            ENUMERATED {s14, s28}            				OPTIONAL,
 		scs-480kHz            ENUMERATED {s28, s56}     					OPTIONAL,
		scs-960kHz            ENUMERATED {s28, s56}      					OPTIONAL
   }                                    
· [bookmark: OLE_LINK22]beamSwitchTiming
When DCI schedules the aperiodic CSI-RS, the minimum number of OFDM symbols between the DCI triggering and aperiodic CSI-RS transmission with which the TCI state is applicable is BamSwitchTiming provided by UE. Since the SCS increases to 480 KHz and 960 KHz, the value in specification (TS 38.331) can be updated as below:
beamSwitchTiming         SEQUENCE {
        scs-60kHz      ENUMERATED { sym14, sym28, sym48, sym224, sym336}        OPTIONAL,                                    
        scs-120kHz     ENUMERATED { sym14, sym28, sym48, sym224, sym336}        OPTIONAL,
 		scs-480kHz     ENUMERATED { sym28, sym56, sym224, sym336}               OPTIONAL,
		scs-960kHz     ENUMERATED { sym28, sym56, sym224, sym336}               OPTIONAL
	}
· beamReportTiming
In NR R16, UE would report one or more results to gNB after beam measurement, and gNB could indicate the communication beam to UE according to the reporting. Specifically, UE would obtain the beam quality via measuring the corresponding SSB/CSI-RS, and report the CRI/SSB-RI and L1-RSRP to gNB as the beam quality reference. The number of OFDM symbols UE needed for generating beam report is indicated by beamReportTiming. When larger SCSs are applied, the value of beamReportTiming could increase in proportion to guarantee the duration for beam report generation.
The value in specification (TS 38.331) can be updated as below:
beamReportTiming			SEQUENCE {
        scs-60kHz             ENUMERATED {s8, s14, s28}        				OPTIONAL,                                    
        scs-120kHz            ENUMERATED {s14, s28, s56}            		OPTIONAL,
 		scs-480kHz            ENUMERATED {s28, s56}     			OPTIONAL,
		scs-960kHz            ENUMERATED {s28, s56}     			OPTIONAL   
	}  
Proposal 4: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz for the timeDurationForQCL, beamSwitchTiming and beamReportTiming.
· Additional beam switching timing delay d
When DCI schedule the aperiodic CSI-RS, and the subcarrier spacing of PDCCH carrying the triggering DCI is different from aperiodic CSI-RS, the additional beam switching time delay d is introduced to lengthen the beamSwitchTiming reported by UE, the unit of d is OFDM symbol which results in the shorten of d as SCS increases, hence the value of delay d should increase when SCS of PDCCH/CSI-RS is 480KHz or 960KHz. The value in specification (TS 38.214) maybe updated as below:  
Table 1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14

	3
	28

	5
	56

	6
	56



Proposal 5: 28 symbols are supported as additional candidate values for 120 kHz for the additional beam switching time delay d.
2.3 QCL assumption of the UE For multi-PDSCH scheduling with a single DCI
	Agreement:
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case




In NR Rel-15/R16, the QCL assumption of UE receiving a DCI with indication in switching the beam for the PDSCH reception and processing can mainly summarize into following instances. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]When the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the QCL assumption of the UE is the same as CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot. 
When the offset K0 between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are QCL’d (quasi co-located) with the RS(s) used for channel tracking with the same TCI state.
When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
When the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to perform independent reception of PDSCH and PDCCH associated with that CORESET with DL/UL correspondence is based on the PDCCH QCL assumption.
For the case of multi-PDSCH scheduling, a key point to consider is that different PDSCHs scheduled by the same DCI have different offsets from the scheduling DCI. According to the agreement above from RAN1#106-e, two cases were identified in RAN1#106-e:
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 

For the case 2, two options could be selected for multi-PDSCH scheduled by single DCI, and they could achieve reception gain in different scenarios.
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· [bookmark: OLE_LINK42]If the resource reservation is available for DMRS joint channel estimation, e.g. the PDSCHs are time continuous with same position in the frequency domain, then Alt 1 could achieve reception gain from joint channel estimation. The QCL assumption for the PDSCH(s) can be same as PDSCH(s) which have scheduling offset less than timeDurationForQCL.
· Alt 2: multiple QCL assumptions are applied 
· If the resource reservation is unavailable for DMRS joint channel estimation, then Alt 2 could achieve reception gain from the beam gain. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Since the performance of DMRS joint channel estimation could be improved by Alt1, and also considering UE complexity of multiple assumptions, Alt1 is preferred.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK23][bookmark: OLE_LINK28]Observation 3: For the case 2, two options could be selected for multi-PDSCH scheduled by single DCI, and they could achieve reception gain in different scenarios. The scenarios benefit to Alt1 could be easily satisfied by gNB scheduling. And considering UE complexity, Alt1 is preferred than Alt2. 
Proposal 6: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL and some have scheduling offset equal to or greater than timeDurationForQCL, Alt-1 below should be supported.
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs. The scheduled PDSCHs quasi co-located with the RS(s) based on the activated TCI states in the first slot with the scheduled PDSCH.
· Alt 2: Multiple QCL assumptions are applied. The scheduled PDSCHs quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state in DCI.

2.4 Beam switching gap
The normal CP length is approximately 146ns for 480 KHz SCS, which is long enough for beam switching time typically at about 100 ns. When SCS is 960 KHz, the CP length is about 73ns and is not sufficiently for the time of beam switching. So the additional beam switching gap is needed to introduce for 480/960 kHz SCS. There are two following possible solutions shown in Figure 1:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Avoided by gNB scheduling
The first potential solution is the gNB implementation to avoid scheduling any transmission during the transition of beam switching. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK9]In Rel-16, beam switching may occur in certain scenarios that the scheduling offset between DCI and scheduled PDSCH is equal to or greater than the threshold timeDurationForQCL. Then, for 480/960 kHz SCS, beam switching may occur in certain scenarios that the scheduling offset between DCI and scheduled PDSCH is equal to or greater than the threshold timeDurationForQCL+1. One symbol should be reserved for beam switching.
· Define a gap symbol in PDSCH resources
The second alternative is to define a gap symbol before the first symbol of PDSCH for beam switching. The original first symbol of PDSCH is used for beam switching, and the original second symbol of PDSCH is redefined as the starting symbol.
For the second solution, the threshold is still timeDurationForQCL, because the symbol used for beam switching has included in the PDSCH resources. 


Figure 1: Beam switching gap solutions
Observation 4: In order to guarantee the reception performance of PDSCH, the additional beam switching gap need to be reserved before the PDSCH.
Proposal 7: When the additional beam switching gap is introduced, QCL assumption needs to be investigated.
2.5 Multiple beam indications for multi-PUSCH/PDSCH scheduling
	Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· [bookmark: OLE_LINK51][bookmark: OLE_LINK52]The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs



[bookmark: OLE_LINK53][bookmark: OLE_LINK54]If multi-PUSCH/PDSCH scheduling is supported, the PDSCHs scheduled by a DCI may transmit on one   or multiple beams in different scenarios. When PDSCHs scheduled to transmit on the same beam, the existing TCI state field in DCI for the beam indicator could be reused. However, there might be more than one qualified TCI state for the narrow band operation above 52.6GHz, and with similar beam qualities. gNB may obtain diversity gain by scheduling multiple PDSCHs through PDSCH in different TCI states at different time. In particular for NR operation in unlicensed band, the interference for different beams might be different. Transmitting on different beams might reduce the possibility of PDSCHs transmission failure. 
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Another issue is for multi-TRP scenarios, single DCI scheduled multiple PDSCHs may need to be transmitted from different TRPs, which PDSCH would have different TCI states (different beams), as in Figure 2. In this situation, gNB could schedule the PDSCHs of different TRPs with different TCI states for PDSCH transmission. The indication of multiple beam direction needs to incorporate multiple TCI values in a DCI for PDSCH transmissions. However, each TCI will bring at least 3 bits’ overhead to the DCI, and when the number of scheduled PDSCH(s) is large, the overhead increase could be a serious problem. 


Figure 2: Multi-TRP scenarios
If the single DCI field ‘Transmission Configuration Indication’ indicates two TCI states associated with a code point for single DCI based multi-TRP mechanism, the multi-PUSCH/PDSCH scheduling by the same DCI should be grouped when the number of scheduling PUSCH/PDSCH is more than two. For instance, in Figure 2, the PDSCH 0 and PDSCH 1 are in group 0, and the PDSCH 2 and PDSCH 3 are in group 1. The PDSCHs in the same group use the same TCI state. For multi-TRP scenarios, the TRP locations can be the rule for grouping.
Proposal 8: The multi-PUSCH/PDSCH scheduling by the same DCI should be grouped when the number of scheduling PUSCH/PDSCH is more than two.
2.6 Beam management enhancement for random access procedure
During the RACH procedure, the same beam is assumed by UE corresponding to the received beam from SSB selected by UE before transmit RACH Msg1. When UE transmit RACH Msg1, the UL beam direction is derived based on the beam correspondence to the SS/PBCH block beam. When UE receive the RACH Msg2, the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block that UE used for RACH association. The same DL/UL beam correspondence mechanism is assumed by UE for the operation in unlicensed spectrum. If the beam needs to be dynamically adapted during the RACH procedure due to UE mobility in moving to other cell portion or LBT failure on the beam for the operation in unlicensed spectrum, UE can restart the PRACH procedure from RACH Msg1.
For above 52.6GHz, narrow beam width beam formed operation would be expected. The beam adaptation of SSB detection and RACH procedure may be dynamically changed the DL/UL beam correspondence. Additional enhancement of beam adaptation for initial access needs to be studied.  
If the beam becomes narrower, the corresponding beam may likely misalign or vary in time during the initial access procedure due to the UE mobility or blocking of line of sight signals. The static DL/UL beam correspondence assumed by UE during random access procedure might not work properly. The initial random access procedure may need to dynamically adapt the UL beam among different RACH transmissions. The dynamic beam adaptation for RACH Msg3 and response to the Msg4 transmission needs further investigation.  


Figure 3: Procedure of Msg3/Msg4 beam re-selecting
Proposal 9: In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.

3 Conclusion
Observation 1: When UE cannot measure the periodic CSI-RS at the scheduled transmission instance for beam management due to LBT failure, gNB could transmit aperiodic CSI-RS and indicate to the UE as the alternative measurement.   
Observation 2: When SCS is 480 kHz or 960 kHz, the duration of each OFDM symbol would be shorter. UE may not support performing beam switching as much as 14 times within a slot.
Observation 3: For the case 2, two options could be selected for multi-PDSCH scheduled by single DCI, and they could achieve reception gain in different scenarios. The scenarios benefit to Alt1 could be easily satisfied by gNB scheduling. And considering UE complexity, Alt1 is preferred than Alt2.
Observation 4: In order to guarantee the reception performance of PDSCH, the additional beam switching gap need to be reserved before the PDSCH.
Proposal 1: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with minimized specification impact. 
Proposal 2: The beam management frame work should be reused for NR operation in 52.6 to 71 GHz.  
[bookmark: _GoBack]Proposal 3: For SCS 480/960 kHz, the candidate value of maxNumberRxTxBeamSwitchDL can be {2, 4, 7} and {1, 2, 4} respectively.
Proposal 4: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz for the timeDurationForQCL, beamSwitchTiming and beamReportTiming.
Proposal 5: 28 symbols are supported as additional candidate values for 120 kHz for the additional beam switching time delay d.
Proposal 6: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL and some have scheduling offset equal to or greater than timeDurationForQCL, Alt-1 below should be supported.
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs. The scheduled PDSCHs quasi co-located with the RS(s) based on the activated TCI states in the first slot with the scheduled PDSCH.
· Alt 2: Multiple QCL assumptions are applied. The scheduled PDSCHs quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state in DCI.
Proposal 7: When the additional beam switching gap is introduced, QCL assumption needs to be investigated.
Proposal 8: The multi-PUSCH/PDSCH scheduling by the same DCI should be grouped when the number of scheduling PUSCH/PDSCH is more than two.
Proposal 9: In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.
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